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Npepucaonue

Henr HacTosmero c60pHHKa — 03HAKOMUTBH UHTATeNs C HEKOTO-
PHIMH OCHOBHBEIMH NpO6/ieMaMH COBPEMEHHOTO YUYeHHS O HacJeAcT-
BeHHOoCTH. Ocofoe BHHMaHHe B HeM YAeJEHO TeM pasjieniaM reHe-
THKH, H3YUeHHe KOTOPHIX IIDOBOAMTCS NPEHMYLIECTBEHHO HA MOJIEKY-
JSIDHOM M OTYACTH KJETOYHOM YDOBHE.

[Mocneanne 10—15 ner xapakTepH3yloTcst He TOJIBKO HHTEHCHB-
HEIM HCNIO/b30BaHHEM (PU3HKO-XHMHYECKHX H OHOXHMHUECKHX METO-
JIOB NpPH H3yUeHHH TakKuxX (GYyHAaMeHTaJbHHIX NpobJeM TeHETHKH,
Kak mpofJ/ieMa CTpOEHHsI IeHa, MyTareHe3a M JIeHCTBHS TeHa Ha
NpH3HAKH, HO B GOJBLIIMMH YCIeXaMH, TOCTHTHYTBIMH Ha 3TOM NYTH.

ABrophl cOOpHHKa, HCCaeOBaTeN M, aKTHBHO paboraioliHe B
pas/HyHBIX 06JacTAX MOJIEKYJNSPHOA U KJeTOYHOH I'eHeTHKH, cTapa-
JIHCb OCBETHTb COBDEMEHHOE COCTOSIHHE 3THX Y3JIOBHIX MNpoGjeM.
Mbl HapgeeMcd, uTo MYGAHKYEMBIH COOPHHK GYAET ToJe3eH H HHTepe-
CeH He TOJIBKO AJIs1 T€HETHKOB, HO H AJS JuL, paboTaIoIKX B CMeX-
HBEIX C TeHeTHKOR CHenHaNbHOCTAX, TAKHX Kak GHoxuMusi, Suodusu-
Ka, MHKpoOHoJiorus, sM6puosiords M Ap. He saBassice yueGHBIM
nocobuem, 3Ta KHMra Moxer ObITh TakKe I0Jie3Ha /I acCUPaHTOB
B CTyZeHTOB-GHOJIOrOB.

Kak u B gpyrux ToMax TOH cepHH, pellaKUHs CUMTAET HYIKHBIM
OTMEeTHTb, YTO B TPyHe, HANHCAHHOM KOJIIEKTHBOM aBTOPOB, BO3-
MOXKHB!I HeZOCTAaTKH M npobennl. 3a yKasaHWs Ha HHX peRaKuUud
Gyner BecbMa NPU3HATEJNbHA UUTATENSAM.

Pedakyusn



BBEAEHHE

H. H Hlanupo

HecMoTpss Ha TO, UTO TepMHH oblUiasi TEHeTHKA He INpH-
HaJJeXHUT K YHCJAY TOYHO ONpejessieMblX, OH TOHHMAaercs BCEMH
JOCTAaTOYHO OAHO3HauHO. McenemoBaHusi mo reHeTHKe BelyTcsi Ha
caMblX pPasHoo0pasHbIX O00BEKTaxX, HauuHafg C MHKPOODPraHH3MOB H
KOHYasl uejoBeKOM. MHOroe H3 TOro, UTO CTAHOBHTCS NPH 3TOM H3-
BECTHBIM, HMeeT OTpaHH4EHHHIH HHTepec, CBSI3aHHBLIH HeNocpenacT-
BEHHO JHWb ¢ OOBEKTOM, Ha KOTOPOM NMPOBOINHTCA H3yueHHe, BMecTe
C TeM HaKOIJIeHO M HaKalJHBaeTC OrPOMHOE KOJHYECTBO (paKTHye-
CKHX JaHHBIX, HAa OCHOBE KOTOPBIX BO3HHKaIOT H (OPMHUDYIOTCA
o6lliMe TpeACTaBJeHHs] O HaC/eJACTBEHHOH CTPYKType OpPraHH3MOB,
0O 3aKOHOMEPHOCTAX M3MEHUYHBOCTH Hac/eJICTBEHHBLIX CBOHCTB W Mepe-
Jlaud uX U3 TIOKOJeHHS B IOKoJieHuwe. Tak BO3HHKaeT Ta 06JacCTb
YUEHHA O HacJAeACTBEHHOCTH, KOTODYIO MOXHO YCJOBHO Ha3BaTh
obulefi reHeTHKoH. UeM ke xapakTepusyercs coBpeMeHHas oblias
reHeTHKa, YTO ee OTJHYaeT OT TOI'O COCTOSIHHSA, B KOTODOM OHa Ha-
XOJWlach CPaBHUTEJbHO HEIaBHO?

Pa3purue m1060ft HayKH, B TOM YHCJ€ H TeHETHKH, HE OCYLIECTB-
JisleTCsl PaBHOMEDHO IO BceMy ee QPOHTY, XOTS, HECOMHEHHO, yCIeXH
JOCTHTHYTHI TNOBCIOAY. HaubGosiee GypHO pa3BHTHe HAET JIHIIL HA
OTAeJbHBIX pellaloliHX YuacTKaX; HMEeHHO 3eChb OTKPBLIBAIOTCHA HaH-
6osiee MHoroobelaoliHe TepCcneKTUBEL. /i COBpEeMEHHOro COCTOS-
Hust o0Ollell TeHETUKH XapakKTepHa IpexJe BCero ee CBA3b ¢ GHOXH-
MHe#l, xuMHedl B (pHu3uKol. Pemaiomue ycnexu nowIefHHX JIeT Odep-
JKaHBl IJIaBHBIM 00pa30M Ha TEX yyacTKax, /e eHeTHKH BBICTYNaioT
COBMECTHO ¢ XHMHKaMu H ¢u3ukaMu. YcraHoBsaenue poanm JHK B
Hac/leJCTBEHHOCTH, pacmundpoBKa ee CTPOEHHs, OTKDHITHEe Koja
HacaedcTBeHHON HHGOpPMauuu W NYTH ero  peaju3alu — BCE 3TH
BeJIHYaillne AOCTHXKEHUS TOCJAeJHHX JieT, HECOMHEHHO, BHIXOAAT 1O
CBOEMYy 3HayeHHI0 Jajleko 3a Npefenbl cOOGCTBEHHO TeHeTHKH. Bcee
OHM XapaKTEPH3YIOT HOBHl 3Tam — 3Tan MOJIEKYJApHOH OUOJOTHM.
Beixoa Ha MOJIeKyJSIpHBIL YDOBEHb CTaJ BO3MOXKEH B CBfI3H C BKJIO-
YeHHeM B KpPYyr OOBEKTOB reHeTHUeCKMX HCCIeIOBaHHH MHKDPOOpTa-
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HH3MOB — GaKTepHo(aroB H 6akTepUii B NepByI0 ouepeldb. BykBab-
HO Ha HalIMX Iya3ax, B OueHb KOPOTKHi OTPE30K BPEMEHH, OTHOIIe-
HHMe K reHeTHKe MUKPOODraHH3MOB IpeTepPHeNno KapAHHaJbHOe H3Me-
Hende. OT paccMoTpeHHsi GakTepHil H GaxkTepuodaros Kak CYILLeCTB,
y KOTOpBIX fK0OBl OTCYTCTBOBaJia Ta CTPYKTYpPHAas OpraHuU3alMs Ha-
CNeNCTBEHHOrO MaTepuana, Koropas Oblia BHSIBAeHa Yy  BCeX
H3yUYeHHBIX B 3TOM OTHOLIEHUH MHOTOYHCJAEHHBIX PACTHTENbHBIX H
’KHBOTHBIX ()OPM, y4YeHble NMPHIIIH K NPUSHAHHUIO MHKDOOPraHH3MOB
CaMBIMH YJIOOHBEIMH 06 BEKTAMH TeHeTHYECKHX HCClenoBaHuil, Paspa-
6oToHHBIEe pa3smoOOpa3Hble, NOAUAC BeCbMa OCTPOYMHBIE, MeTOLHYE-
CKHE NMPHEMBl Jalu BO3MOXKHOCTb NPOBOAUTE HHTEHCHBHOE H3YYeHHE
3aKOHOMEDHOCTe#i M3MEHUMBOCTH M HACJeICTBEHHOCTH MUKDOOpra-
HH3MOB: B UYAaCTHOCTH, OHH IO3BOJMVIH NPOBOJAUTH KOJHUYECTBEHHO
TOYHbIE TeHeTHYeCKHe SKCIeDHMEHTH Ha OTPOMHOM IO UHC/IEHHOCTH
MaTepuasje X B OuUeHb KODOTKHe CPOKH. DTO 0Ka3aJoCh HCKJIOYH-
TeJBHO BaXXHBHIM [J5 aHajluW3a TOHKHX TeHeTHMEeCKHX CTPYKTYD.
IlTpu pabore ¢ MUKPOOPraHH3MaMH ~— OTHOCHTEJIHLHO NMPOCTO YCTPO-
€HHBIMH 00beKTaMH — NOSIBUJIaCh BO3MOXHOCTb ONEPHUPOBATH ¢ HO-
CTATOUHO OOJBIIHMH MAacCaMH TeHOTHIHUYECKH OJHOPOAHOTO MaTte-
puana, uto O6JIerdyHsiO CHHTEe3 TeHeTHYeCKOro M OHOXHMHYECKOro
MEeTOAOB. ITO CO31aJ0 He0oOXOLUMBEIE METOJHUEeCKHEe IPeNIOCHIIKY
JUIST H3yUeHUs 3aKOHOMePHOCTel U3MEHUHBOCTH H HAacC/aeACTBEHHOCTH
He TOJIBKO Ha KJEeTOYHOM, HO H Ha MOJEKYJssPHOM YDOBHe.

Hcxona u3 Toro 3HaueHusi, KOTOpoe MWMeeT B HACTOslllee BPeMs
H3yueHHe MHKPOODPraHM3MOB MpPH pelIeHHd BOMPOCOB O INPUDPOLE
HaCNeJCTBEHHOCTH, Mbl OTKDBIBaeM HAcCTOSIIHA COOPDHHUK TI1aBOH
«['eneruxa Gakrepuil». B 3TOfl ryiaBe NpeicTaBJNeHbl OCHOBHHIE CBe-
JeHnsl, XxapaxkTepuayiollie 3aKOHOMEPHOCTH HAacC/eCTBEHHOH H3MeH-
UMBOCTH, Da3JjiHuHble (GOPMEI Nepefauyd reHeTHUeCKOH HHMOpPMaLHH
(xoHblorauus, TpaHCAYKUHSA U TpaHchopmauus), a Takxke ocobeH-
HOCTH CTPOEHHs TIeHeTHUecKoro ammnaparta Oaxtepuifi. Ha npumepe
NPUBEJEHHEIX B 3TOM TIJaBe AAaHHBIX MOXHO BHAETb, HACKOJBKO
riy00KO M BCECTOPOHHE HBYUeHO cefluac reHeTHYECKOe CTPOEHHe
6akrepuil.

PaccMaTpuBasi JIOCTHIKEHHS TeHETHKH MHKDOOPTaHH3MOB, Npex-
Jle BCEro Heo6XOAHMMO OCTAHOBHTLCS Ha BKJale, KOTODHIH OHa BHe-
clla B UEHTPaJbHYI0 Npo6JeMy TeOPeTHUECKOH TreHeTHKH — Nmpo6-
nemy resa. IlpencraBieHne 06 37eMeHTApHON eJMHHUE HACHAENCT-
BEHHOCTH, T. €. O TeHe, NpeTepneno MoJ BJHSHHEM MHKPOOHOHK
reHeTHKH rJjy6ouafiiiee H3MeHeHHe W MOJYUHJIO B HacTosulee BpeMd
yeTKYyI0 MOJIEKYASIPHYI0 OCHOBY. MMeloTcs TPH HMCTOUHHKE, OTKyAa
HCCEAOBATENN YeprnaJy U ueplaipT GaKTHUeCKUH MaTepHaJ, NO3BO-
JAIOUINA CYAWTH O CTPYKTYDHBIX OCHOBaxX Hac/aeIACTBEHHOCTH: BO-
NepBBIX, 3TO JaHHble O MOBEJEHHH HaCAeACTBEHHBIX (aKTOpPOB B
pacuienyieHns (BKJI0Yass M BOIPOCH CaMOPEMPOAYKUMH); BO-BTO-
DhIX, H3yUeHHe 3aKOHOMEPHOCTeH <«CIOHTAaHHOTO» M HHAYUHPOBAH-
HOro pasNuYHBIMH (DaKTOpaMH MyTalHOHHOIO IpoHeccd; HaKOHell,
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0cOGEHHOCTA JAEHCTBHS HACAEJNCTBEHHLIX (PaKTOPOB Kak (yHKUHO-
HaJbHBIX €IHHHIL, T. €. OCOOEHHOCTH BJHSHHS KaXAOTO M3 HHUX Ha
NpU3BaKH OpraHu3Ma.

Bce HasBaHHbIe METOABI B H3YyYeHHHM NPHPOABI HACJEdCTBEHHOM
CTPYKTYpbl OpPraHu3Ma MNpPHUBENH K MPeACTABJEHHIO O CyLIECTBOBA-
HHM YHHBEPCAJbHOH CTPYKTYPHOH €AMHHLB HAaCc/JeACTBEHHOCTH —
rewa. MaTepuanabHO TreH MBICAHJCS KaK yuyacTOK XxpoMmocoMul. Takoe
yucTo MOp(OSOrndeckoe NpejcTaBjieHHe O reHe ObLIO BHOJHE 06ocC-
HOBAaHHO H INOHSITHO, NOCKOJbKY HCTODHUECKH H3 BceX GHOJOrHYe-
CKHX HayK reHeTHKa Oblna HanboJsiee TeCHO CBS3aHa MMEHHO C IIHTO-
gorueit, TakuM 06pasoM, B 3TOT NEPHOA pAa3BHTHS TEHETHKH TIeH
NPEJCTaBAANCS 3NCMEHTaPHOMN, fasee HeeNHMOH eHHUIIER HACEl-
CTBEHHOCTH, KOTOpas BHICTYNaJia Kak LleJioe B Ipolecce peKoMGHHA-
uuil, MyTHpOBaHusT H AeHCTBHA Ha npusHak. MHTepecHo, YTO mep-
BbIM, MOJIOKHUBUINM Haya/i0 PEBH3HH MOAOGHOrO NPEACTaBJEHHS O
reHe, 6bin coBerckuil yuennlfi A. C. Cepe6poBckuil. UM ® ero wLiko-
Jofl ente B Kouue 20-x U HauaJge 30-x roAoB mpH paboTe ¢ Ap0O30-
¢ua0A ObLIM NOJAYUEHbl DE3YyJALTAThl, YKAa3blBalOLlHE Ha CJOXKHOe
CTPOCHHe reHa, KOTOpOoe y1aJjoch paciinpoBaTh JHIIL C Pa3BHTHEM
MHKPOGHOJIOTHUECKON T'eHeTHKW. DBLIIO yCTaHOBJIEHO, YTO HCCAENO-
BaTe/ik MMEJH JeJ0 C pa3jHYHBIMH 3JeMEHTAaPHbBIMH eJHHHIAMH
HacJIeCTBEHHOCTH B 3aBHCHMOCTH OT TOTO, KaKyl0 CTOPOHY HefiTeNb-
HOCTH reHoMa OHM H3ydaJsH. Tak, coryiacHO NPHHSATOH TEPMHHOJIO-
THH, [IPH U3YUEHHH 3aKOHOMEpPHOCTell peKOMOWHaLHUH 3J€MeHTapHOM
CTDPYKTYDOH SIBJASIETCSI PEKOH, NPH H3YYeHHH 3aKOHOMEPHOCTEH My-
TareHesa MHMHHMAaJIbHOM, faJjiee HelelHMONl eiuHHlleldl OydeT MYTOH,
1, HaKOHeL, TDH M3YYEHHH HaCJAEJCTBEHHBIX (aKTOPOB B HX JeHCT-
BUH Ha NpH3HAaK TakKasi eJJHHHIla HOCHT Ha3BaHHMe uuCTpoHa. Kax-
Jasg M3 3THX TpeX 3JeMeHTapHbIX CTPYKTYp NO CBOEMY CTPOEHHIO
He paBHO3HayHa Apyroil. IToxanyil, caMbIMH 3aMeuaTeJbHBIMH TOC-
THXKEeHUsIMH B 00/1aCTH NMO3HAHWSI TOHKOA CTPYKTYpPBI Hac/eICTBEH-
HOH OpTaHHM3alHM SBASIOTCS He TOJBKO J0KAa3aTeJbCTRAa HAJHUHS
TpeX BHAOB €JHHHIl HAac/leJCTBEHHOCTH, HO H yCTaHOBJeHNe HX PH3H-
KO-XHMHYECKOH, MOJEKYJSAPHOH npupoabl. dTofi mpobieMe H MOCBH-
LleHa BTOpasi riaBa cO6OpHHKa — «TOHKasi CTPpYKTypa reHas.

Oco6oe MecTo B COBpPeMEHHOH TreHeTHKE 3aHHMAIOT BONPOCHI
H3MEHUHBOCTH HAC/NeACTBEHHHIX CTPDYKTYD KJeTKH. PaHbllle 3aKOHO-
MEDPHOCTH MYTAIHOHHOTO Npollecca NMOJABEPraJIuCh JHLIb GOpMaNbHO-
CTATHCTHYECKOMY aHaJH3y, UTO SIPKO NPOSBHIOCH B pPaJHAlHOHHON
reHeTHKe NMPH H3YUYeHHH MYTAllHOHHOTO INpPOIecca, HHAYLUHDPOBAHHOTO
pasJHYHOrO BHJAA HOHH3HDYVIOIIMMH H3JyueHHssMH. Ha ocHoBe srtoro
u3yuyeHuss Oblia co3JaHa TakK Ha3biBaeMas TEODHs] MHUIEHH, MOJY-
yMBlIas WHPOKOe pacCHpocTpaHeHHe W MO3BOJIMBLIAS pACCMATPHBAThL
MYTalHIO FeHa Kak MOHOMOJIEKYJsApHyio peakuuio. Ho, HecMoTps Ha
fonbllIHe yCleXH, CONYTCTBOBABIIHE MaTeMaTHYECKOMY aHaJjHu3y KO-
JIMYeCcTBEHHBIX 3aKOHOMepHOCTefi MYyTalHOHHOIO [poliecca, YiKe
€ €caMoro HauaJjia 6bljla sICHa OrpaHHYeHHOCTb TakOro noaxoAaa. bujao
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OYEBHIHO, YTO TAaKUM 00Pa30M Hesab3sl BhLiAICHHTb KOHKPETHbE (H-
3UKO-XHMHYECKHe H OHOXMMMYECKHE peakliMH, JexallHe B OCHOBE
myrareHesa. To/IbKO mepexojl K HU3YYEHHI0 XHMHYECKHX MYTareHoB
H, uTO ente 6osiee BaXKHO, K H3YUEHHIO MyTareHe3a y MHKpPOOpPraHH3-
MOB, MMO3BOJIUJ NPHCTYNHTL K aHaAU3y 3T0# npobJeMBl Ha MOJEKY-
JIIPHOM ypOBHe. B OTHOCHTE/NBHO KOPOTKHE CPOKM 37eChb ObliH 10-
CTUTHYTHl GOJBbIIME YCHE€XH, KOTOPHIM OCOGEeHHO COAeflCTBOBaIH
9KCMNEPUMEHTHI, TJle 06EKTOM HCCJEI0BAHHS ABHJCA BHUpyC Tadau-
HOH MO3aHKH, a MyTareHOM — a3oTHCTas Kucaora. B artom cayuae
B onblTax in vitro yaanoch ycTamOBHTb, YTO XMMHYeCKOe A€3aMHHHU-
poBaHMe Jaxe OTAENbHOIO0 a30THCTOTO OCHOBAaHHSI B MOJEKYyJe
HYKJEHHOBOH KHCJOTBI MOXET H3MEHHTb TeHEeTHYeCKHe CBOHCTBA
BHpYyCa, T. €. 06YCJOBUTb MOSIBJEHHEe MYTallUH.

B Hacrosiiee BpeMs MBI SIBASEMCSl CBHAETENSIMH TOrO, KaK «XHU-
MH3aLHsI» TIPOHHKAET H B aHAJH3 MyTareHe3a Yy BBICIIMX OpPraHH3-
MOB, 3aXBaThHIBasi HE TOJIbKO TeHHbIH, HO U XPOMOCOMHBIH YDOBEHD.
HecoMHeHHO, 4TO 3HaHHE MOJEKYJSAPHBIX OCHOB MYT2L{HOHHOTO IIpO-
necca HMeeT OTHIOAb He TOJNBbKO NO3HABATeJAbHBIH HHTEpPEC; YCHexd
B 3TOH 06J2aCTH — MpeXKJAe BCEr0 yCHEXH Ha NYTH HanpasJEHHOTO
NOJy4eHMs] 3apaHee 3aJaHHbIX HacJeJCTBEHHLIX H3MEHEHUH, npak-
TUYeCKasi BaXXHOCTb KOTODPBIX He Tpebyer OCOGBIX KOMMEHTapDHEB.
Bonpochl npuUpojabl MyTallHOHHOTO INpOLEccCa Ha MOJIEKYJAAPHOM H
KJEeTOYHOM YpOBHE OCBellleHbl B IjaBe «XHUMHUECKHH MyTareHess.

Ho cux nop, roBops 0 3HaueHHH MHKPOOHOJOrHYECKOH TeHeTHKU
nasi oblieli TeOpUM HACJAeACTBEHHOCTH, MBI NpDeXJe BCEro HMeJau B
BUY Te (paKTHYeCKHe JaHHble U OCHOBaHHble Ha HHUX NpeACTaBJe-
HHUS, KOTOpBbIe HEMOCDEJCTBEHHO BBITEKAJH W3 H3YyYeHHUS CaMHX
daroB W Gakrepuii. OgHaKO BJHAHUE IeHEeTHKW MHKPOGOB Ha ApY-
rHe pasfefbl yYeHHsl O HAC/eACTBEHHOCTH 3THM He OrpPaHHYHUJOCH.
Tak, MUKpOGHOJIOTHYECKAad FeHeTHKA OKa3aJsa oueHb 60JbHIoe BJMA-
HYe Ha TeHeTHKY MJIEKONMHMTAIOIIHMX B COBCEM UHOM NJjaHe. B 3mauH-
TeJbHO/ Mepe MOJ ee BJAMAHHEM B IOCJeZHHE TOAbl cO3laHa HOBafd
nepcnekTHBHas 06/1aCTh — reHeTHKa COMATHYECKHX KJETOK MJeKo-
nuTaolux. OKaszanoch NPHHLUHIHAJALHO BO3MOXHBIM, HCIOJB3YS
psii METOJAHK, CXOJHBIX C MHKPOOHOJOrHYECKHMH, NMPOBOJAHTL TeHe-
THYECKHH aHaJ/u3 IOTOMCTBA CTOJb BHICOKOOPTAHH30BAaHHBIX KJETOK,
KaK COMaTHYeCKHe KJIeTKH MJEKOMHUTAIOLUX, BKJO4Yas M YesoBekKa.
[pexne Bcero Guisia pa3paboTraHa MeTOAHMKa KJIOHHPOBAHHA KJETOK
MJIEKOTIUTAIOIKX in vitro, mo3BoIUBIIAS HCCAeAOBATeNSAM NOJYYdaTh
TIOTOMCTBO OTJ€/JbHO B3ATOH KJeTKH. Ho a/1s1 mpoBeneHHs reHerdye-
CKOro aHa/ju3a HeJOCTATOYHO MOJYYHUTh NMOTOMCTBO OT OTIAEJBHBIX,
M30/HPOBAHHLIX KJeTOK. [lepefaua reHerHuyeckoll HHGOpPMaUHH OT
OLHOH KJETKH K JAPYyroil — BTOPOoe HeoOXOAHMOe YCJNOBHe AJs TeHe-
THYECKOTO M3yuenHs Ji000oro o6bekra. Boblie TOro, BaXHO, 4TOOI
B MOTOMCTBe IIOJIyYeHHBIX THODPHAHBIX KJETOK MOTJO NPOHCXOJHUTh
pacuwengenye. JIPyruMH CJIOBaMH, HeOGXOAHMO, YyToOb B MMOPHIHOI
KJeTKe NPOMCXOJAHJ NpPOLEecc PeKOMOHHALMH HacjeACTBEHHBIX (ak-

10



TOPOB, B pe3y/bTaTe KOTOPOrO MoJyiaeMoe OT KJETKH NOTOMCTBO
cTajio Obl reTeporeHHBIM, T. €. MOSBHJHCH Gbl peKOMOGHHAHTH. Bce
nepeyucJeHHble YCJAOBHA OKa3aJHCb BBINOJHHMBIMH B COMaTHuye-
CKHX KJeTKax MJeKonuramlux. Tak, B 3kclepuMmenTe Sblja Moxa-
3aHa BO3MOXHOCTb IepeJayu reHeTH4ecKod HHpopMaluu oT oAHOR
"KJIeTKH K Apyrofi. IIpexne Bcero yjpanoch yCTaHOBHTb, YTO MH(OP-
Mallisi MOXeT ObiTb IepefaHa, Tak e KaK H Y MHKPOOPraHH3MOB,
nyteMm Tpaschopmauuu. Obpabotka ogHoro Buja kJiaerok JJHK, Bbi-
JeJeHHOR M3 KJETOK JADYroro BHAA, NPHBOAMJIA K COOTBETCTBYIO-
ueMy H3MEHEHHIO KJeToK peuunueHnTta. Ho He Tonbko myTem TpaHc-
¢OpMaLHK 0Ka3aJoChb BO3MOXHHM MepenaBaTh HHOOpPMALUHIO B
COMAaTHYeCKNX KJeTKax. B Hacrosuee BpeMsi ycTaHoBJieHa M «THO-
PHAH3aLHUSA» 3TOTO BHAA KJeTOK. TUlaTeJpbHO NPOBejeHHble B HEKO-
TOPHIX. 1af0opaTOPUAX HCCIENOBAaHUs MOKa3aJH, yTo in vitro B KyJb-
Typax HMeeT MeCTO CIHMsiHMEe COMATHUYECKHX KJIETOK, B De3yJbTaTe
KOTOpOro o6pasyloTcsl HacTOsLHe MOpPHUAHBIE KIETKH, COAepXKallue
B CBOHX sJpaX XpPOMOCOMHble HaGODBHl HCXOIHBIX DOAHUTENbCKHX
KJIeTOK.

Hakowmell, B coMaTHyeckHX KJETKaX MJEKONHUTAOUIUX HMeeTcd
Kak Obl ClleUMasNbHBIH MeXaHH3M, cnocoOHBI o6ecHneduTh MpoOLECe
peKOMOHHALUU HaCJAeICTBeHHBIX (akTopoB. TakuM MeXaHH3IMOM
SIBJISIETCA COMAaTHUYeCKHUH KpPOCCHHTroBep. $IBJeHHe COMAaTHUECKOTO
nepekpecta BnepBble ObLIO OTKPBHITO M HOAPOOGHO H3Y4YEHO Y ApPO-
3opusbl. Ilo3xe cOMATHUECKHH mMepeKpecT HCHOOJAb30BaJICs A
KapTHPOBAHUS TEHOB Y HEKOTOPbIX MHKpOOpra€uaMoB, Takas
BO3MOXHOCTb, HECOMHEHHO, CYLIeCTByeT H JJsi COMaTHYeCKHX
KJIeTOK MJIEKONHTAIOUIHX, HO ee TOJBbKO elile HaYUHAIOT NbITATbCH HC-
N0JIb30BATh.

Mb! ocTaHOBW/IMCH Ha KJIETOYHOR TeHETHKE HeCKOJbKO GoJee
nogpo6HO MOTOMY, YTO OHA eHle He NpHBJeKNAa K cefe JOJXKHOTO
BHHMaHHs. BMecTe ¢ TeM MepCNEKTHUBHOCTb 3TOrO HAaMpaBJI€HHS
BeJuka. Tak, M3yueHHe TeHEeTHKH COMaTHIECKHX KJeToK oGeniaer
MHOT'O HHTeDEeCHOI0 ¢ TOUKM 3PeHHsi TIOSHAHUS PeryJsiTOPHBIX MeXxa-
HU3MOB M CBSI3aHHBIX C HMUMH 3aKOHOMepHOCTeH AuddepeHHpOBKH.
MMetoTcst Bce OCHOBaHMA CYHTATh, UTO HAPSAAY C TEMH MeXaHH3Ma-
MU peryJasiliud, KOTOpble HalijeHbl y OakTepufl, KJIETKH MJEKOIH-~
TalOUIUX, B TOM 4HCJe YeloBeka, MOTyT o6sajaTh U IPYrHMMHU, HbIHE
ellle HeH3BeCTHHIMH. HecoMHeHHO TakXe W TO, UTO M3YyYyeHHe 3aKO-
HOMEpHOCTeH KJeTO4YHOH JAu¢depeHUHPOBKM MOXKeT ObiTb MpOBe-
JeHO JHUIBb Ha KJeTKax, o6JafaomuX e, T. . Ha KJIeTKaxX BBICIINX
OPraHH3MOB, & He MHKPOOPraH43MoB. Bo MHOTHX OTHOIIEHUSX OYeHb
CYUIECTBEHHO H3YueHHe 3aKOHOMEDHOCTeH MYTalLlHOHHOTIO Ipolecca -
B KJEeTKax MJeKonuralouux. B gactHocTH, nociensee ocobo BaXXHO
[/ TOHUMAaHUs NMPHPOABl MAJUTHH3ALHH KJETOK, T. €. HaCJeLCTBEH-
HO O0O6YyCJOBJIEHHOTrO IpeBpallleHHsi HOPMaJbHOH KJETKH B ONyXO-
JgeBylo. Bce mepeuncieHHBble BbIIe BONPOCH GOJMBIIOH TeopeTHUe-
CKOAl U NpaKTHYEeCKOH BaXXHOCTH MpPH JafbHelllleM Da3BHTHHU I'eHe-
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THKH COMATHYECKHX KJIETOK MOTYT CTaTh H CTAaHYT 0G'bEKTOM MpsAMOH
aTakH B 3KCNEePHMEHTe,

B rnaBe «['eHeTHKa COMAaTHYEeCKHX KJ/ETOK MJEKONMHTAIOUIHX H
yesgoBeka in vitros ocsenieHo daKTHUecKoe cocTosinue 3TOH npobJe-
Mbl B Hacroslliee BpeMs.

YcraHoB/eHHe 3aKOHOMEPHOCTefl AeHCTBHS TeHOB Ha IpPH3HA-
Kk — 3TO, NoXKaJyH, ofHa U3 HaHbosee CJAOXKHBIX 3aJay TeHETHKH.
IIpo6nemMa B3aMMOOTHOLIEHUS I'eHA M NpH3HaKa Obljla B CBOe BpeMs
BbifleleHa B 0COObIH Dasien HayKH, NMONYUHBLIMEA Ha3BaHHe (edo-
reHeTHKH. DTOR npobjieme NOCBsLIEHO 60JIblIOE YHCAO HCCIeJ0Ba-
HUH, NMPOBeJEHHBIX HA CaMBbIX pas3Ju4HbIX O6bekrax. JIHTENbHBIH
NepHoJ BpeMeHHU JeHCTBHe IeHOB M3yyaJoch JUIIb Ha yPOBHe Opra-
HH3Ma. 3aecb ocob60e BHHMaHHe YIEJS/NOCh BBHISIBMCHUIO POJH BHEUI-
HHX YCJOBHil B CTAaHOBJEHHH (peHOTHNA, a TaK¥Ke PasJHYHBIM (Op-
MaM B3aMMOLEHCTBUS Fe€HOB NPH OCYLIECTBJEeHHH NpH3HaKoB. Ho yxe
naBHo OblJla OCO3HaHa He06XOOUMOCThL pa3BHBaTh OHOXUMHUECKHE
MeTOJAbl HA KJETOYHOM H CYGKJIeTOYHOM YPOBHAX AJsi GoJee yray6-
JIGHHOTO aHaJ/Jii3a BompocoB <peHoreHeTHKH. PaloTel Takoro pona
yCNEeUIHO HayaJd NPOBOAUTHCH H HA MHOTOKJETOYHBIX OPraHH3Max.
Tak, uennsle gaHHble GbLIM NOJAYYEHbl NPU H3ydeHUH AeHCTBHS Tre-
HOB, ONpeleJAIUHX OKPACKY Tna3 y Apo30¢hHJbl, OKpacKy LBETKOB
y HEKOTODPHIX BHJOB pacTeHHH, U BO MHOTHX APYMHX Hcc/eJOBaHHAX.
Bo Bcex sTHX caydyasx Guln pacuudpoBaH B OHOXHMHUYECKHX Tep-
MHHaX 3HauHTENbHBII OTPE30K NMyTH OT reHa K npHsHaky. Ho Hau-
Gosblllee pa33uTHe (eHOreHeTHKa MOJYYHJIa, KAK H MHOTHe JApyrue
pasie/bl TeHETHKH, NPH Tlepexoie K MHKPOOHOMOTHYeCKHM O6beK-
TaM HccaefoBaHusl. MayueHwe Husllux TpHGOB, CpeAH KOTOPHIX
npexje BCero AOMXKHa OBITh OTMeueHa HeHpocnopa, a Takxe 0Oak-
Tepuil ¥ (arop o6OraTWIO HAlUM lIPefCTaBJeHHsl O JeHACTBHH FeHOB
He TOJbKO Ha KJETOYHOM, HO yXe M Ha MOJeKy/JasipHOM YpOBHe.
Js wanocTpaldd CKa3aHHOIO NOCTaTOYHO elle Pas3 HalmOMHHUTb 06
ycrnexax B pacuindpoBKe NMyTeH peaju3alliH Hac/leJCTBEHHOTO Koaa
JHK, B nosHaHHH MeXaHH3Ma I'eHEeTHYECKOro KOHTPOJNSA perynsalun
6eJKOBOT'0 CHHTE3a M BbIABJAEHUH B OaKTepHa/bHOH KJeTKe B3aHMO-
CBSI3AHHO JAeficTBYIOILEH CHCTEMBI CTPYKTYDPHBIX I'€HOB, T€HOB-pery-
JATOpPOB M penpeccopoB. HakoHell, BaxkHOe 3HaueHHe HMeeT 0606-
LieHHe, clejlaiHoe Ha oCHOBe Oonbwioro ¢aKTHYeCKOro MarepHada,
MOKa3aBlIero, YTo KaXIblil TeH KOHTPOJHPYeT CHHTE3 JIKIIb OJHOMO
{pepmenta — 06061leHHe, TOJYYHBIIEe BHPA3HTEbHYIO GOPMYJIH-
POBKY: «OJHMH reH — OJHH (QepMeHT».

Ho, HecMoTps Ha HeCOMHeHHble yCIleXH B IIO3HaHHH 3aKOHOMep-
HOCTeH CTAHOBJIEHHS HaCJeJCTBeHHBIX IIPH3HAKOB OpPraHu3Mma, Ipej-
CTOHMT TIPONTH ellie AJMHHBIA MyTb JO TOTO, KaK yCleXH B Ha3BaHHOH
06J1aCTH CTaHyT AOCTAaTOYHO OUIYTHMBIMH. B 3TOH CBSI3H yKaxeM,
YTO TOYHO TaK XKe, KaK M3yueHHe 3aKOHOMepHOCTeH JNeHCTBHS reHa
Ha NPHU3HAK He MOXeT ObITh OTPAHHYEHO YPOBHEM OpraHH3Ma, OHO
He MOXKeT CBOJHTbCS B JMHUIIb K MOJEKyJspHOMY HJH KJETOUHOMY
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ypoBHsiM. Bosiee TOro, H 310 HEO6XOAUMO 0COGO MOAYEPKHYTH, A%
YCHEINHOro H3yyeHHs B3aHMOOTHOHIEHHSI IeHa M IpH3HaKa Tpe-
6yloTc yoMJIHS MOMHMO TEeHETHKH ellle H JAPYrHX OHOJOrHYeCKHX
RUCUHIIMH H B NePBYIO ouepelb 3IMOGDPHOJOTHH.

B HacTosimiee BpeMsl 3Ta KOMILUIEKCHas nmpobGjeMa JAeHCTBHA Te-
HoMa Ha (eHOTHN YyCHJIeHHOo pa3pabaTbIiBaercs, O Heft ByJeT ckasa-
HO B rJaaBse «['eH H MpH3HaK».

Mul cuuTaeM, uTo COOpPHHUK B LEJIOM AOCTATOYHO NMOJHO oToGpa-
JKaeT COBPEMEHHOe COCTOSIHHE psja OCHOBHBIX OOIereHeTHYeCKHX
npo6saeM. M3BecTHoe TeMaTHYeckoe pasHoobpasve cOODHHMKA LEJH-
KOM onpejensieTcs WIHPOTOH Kpyra BONPOCOB, BXOISIIHX B COCTaB
o61el reHEeTHKH.

BMecTe ¢ TeM B mojAxode K W3yuaeMbIM BONDOCaM €CTb HEYTO
obiiee, HECOMHEHHO XapaKTepHOe 1/ eHeTHKH CEerojHAIUHEro IHA.
AT1o obllee 3aKAOUaeTCA B TOM, UYTO paccMaTpHBaeMble HpejCTaB-
JIEHHsI, KaKuX Obl pa3HooGpa3HbIX BONPOCOB OHH HH KacaJHCh, pas-
BUBAIOTCA Ha OCHOBE OTKPHITHH, CHlelaHHBIX B MHKPOGHOJOIHYECKO
reHeTHke. B ofmux cayyasix 3TO NPSAMOi BKJaJ [aHHBIX, ITOJYYeH-
HBIX IIPM H3YYeHHH HACJeACTBEHHOCTH Gakrepuit u ¢aros, B obule-
reHeTHYeCKHEe NpeJCTaBJ/JeHHs, B JPYTHX — 3TO CXOACTBO C MHKpO-
6HoJIorHYecKofl reHeTHKON B METOAMUYECKHX MOJAXOLAX K H3YYaeMbIM
SIBJIEHHSIM, B TPeTbHX — NONBITKAa ONpejesquTh Ha 6oJjiee BBICOKUX
YPOBHAX OpraHH3alHH CYILeCTBOBaHHe PeryJsTOPHEIX MeXaHH3MOB,
aHaJIOTHYHBIX TeM, KOTOpble GbLIH OGHapy»KeHbl Yy GaKTepui, H, Ha-
KOHell, BO MHOTHX CJy4asX — 3TO yCTaHOBJeHHe MAaKCHMAaJbHO BO3-
MOXHOTO KOHTaKTa C XHMHell B (DH3UKOH, KOHTAKTa, NOJHOCTHIO
onpaBjaBluero ce6s ¥ NPHHeCIEro CTOJb BBIJAIOUIHEC] YCIEeXH B
o6s1acTH TeHeTHKH MUKPOOPraHH3MOB.
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1. Beenenue

3a mocnennne 15—20 ner crano OYEBHIHBIM, YTO OGaKTepuH H
(aru — npekpacHble OOBEKTHl AN H3yYeHHd (pyHIaMeHTaJ bHBIX
npobJseM reHeTHKH. BMecTe ¢ TeM B TeueHHe HOJTOro nepHoga Bpe-
MeHH 3TH OPTaHH3MBbl He IIPHBJEKaJH K cefe J0CTaTOYHOrO BHUMA-
HH# reHeTHkoB. OMmUOGOYHO CYUTANOCh, YTO GAaKTEpHH JIMIIEHB AH(-
(bepeHUUPOBAHHBIX CTPYKTYD, ONpefeNslOlUX HX HacleACTBeHHBIE
npusHakd. OTciola BO3HUKJIO HEeBepHOe MpeacTaBJjaedHHe o6 060c06-
JeHHOocTH O6akTepHil H BHPYCOB OT JPYrHX KJacCCOB KHUBBIX CYIIECTB
H O HEBO3MOXKHOCTH HX HCMOJb30BAHHS /51 H3YUEHHS I'eHeTHYECKHX
npo6aeM. Takoe HeraTHBHOEe OTHOIIeHHe K GaKTepHfM H BHpycam
NOJAKDEN/IANOCh TEM, UTO OHH H3-3a MaJblX Pa3MepOB, JaGHABHOCTH
TIPU3HAKOB OrpaHUYHBAJH BO3MOMXHOCTH TI'eHETHYECKOrO aHaJH3a.
Hako#en, He3sHaHHe MeXaHH3MOB TeHeTHYeCKOro oOMena y Gakre-
pufl 4, TeM GoJjlee, Y BUPYCOB He [103BOJIAJIO H3YYUTD OPraHHU3aLHIO H
CTPYKTYPY HX HacJeACTBEHHOI'O annapara.

BHCTpHIfl nporpece reHeTHKH MHUKPOGOB, KOTODBIE MBI OTMeyaeM
3a nocjseqHee BpeMs, 0OYCJHOB/IEH MHOTUMH NPHUYHHAMH, H B NEPBYIO
ouepelp OTKpPBITHEM y GaKTepHfi H ¢aroB MeXaHH3MOB TeHETHYe-
cKoro obMeHa.

Y BhICUIMX OpraHu3MOB oOO0MeH HacJ/aelCTBeHHOH HHGpopMalHu
obecneynBaercsl B Tpoluecce Mefioza. ¥ 6aKTepHH H BHPYCOB Cylie-
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CTBYIOT Jpyrue MeXaHH3MBbl, a HMMEHHO: TpaHchOpMauHs, TpaHC-
AYKIHS M KOHblorauus. I'eHeTHyeckHii o6meH y (aros ocylecTB-
JsieTcd B Tpollecce HX PenpoAyKUHHW BHYTPH KieTkH. OTKpbITHE
3THX MeXaHH3MOB NepeHoca HacJ/eJCTBeHHOro MaTepHaJja B coyeTa-
HHH ¢ pa3BHTHEM METOLOB OHOXMMHUYECKOH TeHeTHKH MNpPHBENO K
pacinugpoBKe reHeTHYECKOH OpraHusauni GakTepHil M BUPYCOB.

’ Hrtorn HccaeIOBaHHM NOKa3anaH, 4To 6akTepHH H BHPYCHl, TakK
JKe KakK M BCe OPTaHH3MBI, 06JaJal0T ClelHaTH3HPOBaHHLEIMH CTPYK-
TypaMy, HeCylUMMH Hac/e[ACTBeHHy© HHpopMauuio. MmeHnHo Ha
GakTepusix Oblna BNEpBble YCTAHOBJEHA XHMHUYecKasy MPUPOAA Ha-
celCTBEHHOr0 MarepHasna, U 3THM CaMbIM Obl1 3agoxed (pyHAa-
MeHT MOJEKy/JsipHON reHeTHKH. Kak H3BecTHO, mocjedyiollee pas-
BHTHe 3TOH HOBOH OTPAcJ/JH IeHETHKH 3aBepLIMJIOCh pelleHHeM MNpos-
JeMbl reHeTHuecKoro Koja. Illlupokoe ucnosb3oBadHe 6akTepuil H
¢aroB B reHeTHKe OO6OTaTH/IO Hac CBeJeHHAMH 00 OpraHH3auuH
HaCJIeICTBEeHHOI0 MaTepuasa, HauumHas OT 1eJ0ro reHoMa H KOHuas:
3JeMeHTapHbBIMK €ro eJIHHHIAMH.

[TockonbKy OCHOBOH BCeX 3THX M psina JAPYrHX JAOCTHXKEHHH
OblJI0 NMO3HAHHE MeXaHW3MOB reHeTHUecKoro ofMeHa y 6axkTepuil H
¢aroB, To Mbl COUJH LleJecOO0pa3HbIM YIENHTh 34ech HauboJbllee
BHHMaHHe BONpOCaM, KacalolluMcs CIoCo60B nepeHoca HacJeacT-
BEHHOro MaTtepuaja y OakTepHii.

2. Slpepable cTpYRTYpbl GaKTepHi

DKBHBAJEHTOM #Apa KJIETOK BBICUIHX OPraHH3MOB y GakTepHil
SBJAIOTC XpOMaTHHOBble 06pa3oBaHusf, ONMHCaHHble TOX pasiHu-
HbIMP HaHMeHOBAaHUSIMH: «XPOMAaTHHOBBIE TeJbLIA», «GaKTepHaJbHOE
ANpO», <«HYK/JIEOUA», <«SINEPHbII SKBHUBAJEHT», MJH <«sJepHas Ba-
Kyoab». Takoe pasHoo6pasne 0603HaueHHHl BO3HHKJIO BCJELCTBHE
TOTO, YTO OPraHH3alM¥ T'eHEeTHUeCKHX CTPYKTYp y Gakrepuil U KJae-
TOK BBICIIHX OPraHH3MOB OTJHUAKTCH APYT OT ApYyra.

B ornMuMe OT silep pacTeHWi#l M JKHMBOTHBIX, OaKTepHAJbLHBIN
HyKJ1eoUJ He orpaHuueH aucddepeHunpoBaHHofi meMOpaHoil H
BecbMa BapHaGusen no ¢opme (puc. 1). ITorumopdusm Hykmeonza
3aBHCHT OT CpPelbl, B KOTOPOft HAXOAHTCS GaKTepHsl.

Llutosoruyeckne Ha6IOKEHHS YKa3biBAIOT, YTO HYKJIEOHABl He-
JATCs B NepuHoj pocTa GakTepuanbHofi kjaetkH. Kak npasuvio, ge-
JIeHHe HYKJEeOHNOB TNpeIlecTBYeT [JeJeHHI0 Gakrepuu. Jlenenue
HyK/leOHZa OCYyIleCTBJSIeTCS NyTeM NPOAOJBHOIO pacllelNeHHs Ha
LBa HOBBIX HYKJeouna [1—3].

Bakrepuanbuble HYKJ€OHIB, NOLOGHO XPOMOCOMaM KJETOK pac-
TEeHHH H XKUBOTHBIX, colepxart [IHK, Koropas BbISiBASeTCA NOJO-
JKHUTeNbHON peakuuell PejbreHa H cheiHcuueckoit Quioopecues-
UHell NpH OKpacke AaKPUAMHOM-opaHiKeBbiM. Cneli¢pHYHOCTh Ha-
GJ10faeMbIX LHTOXHMHYECKAX DeakUUil NOATBEPXKAAETCs TeM, UTO
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npusHakoB. Bce u3pecTHbie (eHOMeHbl ofMeHA HacCJaeICTBEHHBLIMH
JeTepMHHaHTaMH y OakTepHil 3aBeplIalOTCS TeHEeTHYECKON peKoM-
GUHanHel, a moJyueHHble B pPe3yabTaTe 3TOro 0COOH C HOBOH KOMOH-
HaluMel TeHOB HAa3bIBAlOT peKoMOGHHaHTaMH. OnvcaHO TPH OCHOBHBIX
MexaHu3Ma o6MeHa reHeTHUeCKMM MaTepuaJsoM y GaxTepHH: TpaHc-
dopMauus, TpPaHCAYKIHA U KOHBIOTALHA.

CnenyeT OTMeTHTb, YTO YyCIIeXH B INIO3HAHHM TeHeTHYECKOH Op-
raHu3auuy OGaKTepHaNbHOH KJETKH CTajdd BO3MOXKHBLI Iocjde 3Ha-
YHUTEJILHOTO Nporpecca B H3yyeHWM H3MEHUHMBOCTH OakTepuil, pas-
pabOTKH METON0B CEJIEKUHH GaKTepuil M Pa3BUTUS HCCIELOBAHHE B
obnactu GakTepuaJbHOro Myrarenesa. Ilostomy, mpexnae yem pac-
CMOTpeTh YKa3aHHble TpH (eHoMeHa reHeTHueckKoro obmeHa y 6ak-
TepHUH W pe3yJbTaThl H3YueHHs IeHeTHUeCKOH opraHu3auuu OGakre-
pHAJBHOH XPOMOCOMBI, LeJecoo6pa3HO INIPHBECTH HEKOTOpHle [aH-
Hble 00 H3MeHUHBOCTH GAKTEpHil M JaThb PAL onpejeneHHH, HeobXo-
IUMBIX AJS AajJbHeHLIero H3J0XeHHSs.

1) I'eHoTun u eHoTHn GaKTepPHi

TenoTunom 6axkTepHil, KaK U I'eHOTHNOM JI060TO Apyroro opra-
HH3Ma, 0003HAydlOT COBOKYNHOCTb T€HOB, T. €. HX TeHeTHYecKHH

NTOTeHIIUAaJMA.
Ta6auma 1

BsanmooTHomeHne MeXAYy reHOTHNAMH H COOTBETCTBYIOLWHMH

theHOoTHIAMH
Penoran
Tesorun HA cpejfe, copcpxanlei Ha Cpcie, He cogCP.Kau(ci
JIAKTO3Y JIAKTO3Y

DeHOTHIHYECKAS H3MEHUHBOCTD
+ » [T}
lac* JIAKTO30-TI0JIOXK HTEJIBHBII «> JTAKTO30-0TpHIlaTe b blit

2

[eHoTHNHUeCKas H3MEHUHBOCTH
ac JIAKTO30-0TPHLLATEJNBHBIH <> JIAKTO30-0TPHILATE/IbH bIH

()

DeHOTHII XapaKTepu3yeT KOMIJIEKC INIPH3HaKOB, HabJ/i01aeMbiX
y 6GakTepHH B KOHKDETHbIX YCJOBHSIX ee CyIlecTBOBaHUs. TakuM
o6pa3om, peHOTHN GaKTepHH NpeicTaBJseT co00H pe3ysabTaT B3aH-
MOJeHCTBHA ee TeHOTHNa H cpejbi. MHBIMH ClIOBaMH, laHHasa TeHe-
THYecKasi AeTepMHHaHTa OaKTepHH MPOABJsSeTCA (DeHOTHNMHYECKH
JHUWb B ONpPELeNeHHbIX YCAOBUAX BHEIUHEH Cpelbl.

Hanpumep, psa 0akTepHil cnocob6eH CHHTe3UPOBATb PepPMEHTH,
ofecneyyBapllue (pepMeHTHPOBAHHE JIAKTO3bl. ¥CTAHOBJEHO, YTO
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5TOT NpH3HaK O0OYC/JOBJEH CNelHa/bHEBIMH TFeHaMH GaKTepHalbHOM
xpomocoMbl. HacieqcTBeHHOe H3MeHeHHe 3TOro CBOHCTBAa BO3HH-
KaeT BeJedCTBHe MyTalHH XOTsl OBl OAHOrO M3 TeHOB, KOHTPOJH-
pylouux 3T0T npusHak. Takas OakTepusi HE CHHTE3HDYeT COOTBET-
cTBylomHe (pepMEHTH, HEe3aBHCHMO OT TMpPHCYTCTBHA YyriaeBola B
cpene (taba. 1).

M3 raba. 1 ciaenyer, UTO H3MEHEHHe CIOCOOHOCTH 6akTepuit d)ep-
MEHTHPOBaTb J1aKTO3y MOXeT ObITb Pe3y/bTaTOM JHOO0 H3MeHEeHH
B TeHETHUYECKOM ammnapare, JHO0 H3MeHeHH# cpeibl, B KOTOPOH Ha-
xonutea Oakrepus (ctpesnka 2). B nepBom cayuae MBl roBOpUM ©O
FeHOTHITMUECKOH H3MeHYMBOCTH, BO BTOPOM — O (eHOTHIIHYECKOIL,
He HacJlelyeMol, H3MeHYHBOCTH. Dta Tabauua HJIMOCTPUPYET O1HO
U3 (yHAAMEHTaJbHBIX [IOJOXKEHHH TeHEeTHKH: B3aHMOOTHOLIEHHe
MeXJy TeHOTHNOM U ()EHOTHIIOM 3aBHUCUT OT YCJOBHIt OKpyKaiolileH
cpejbl.

2) BakrepHaJbHbie MyTallHH

Myrauyeli HaspIBalOT H3MeHeHHe TeHOTHNa, He CBA3aHHOE C pe-
KOMOWHAUMOHHBEIM MexaHu3MoM. JlaHHOe onpele/eHHe BKJIOUAET
MYyTallMd, BO3HMKalOllWe B pe3yjbTaTe BHYTDUTeHHbIX H3MeHEHHH,
BCJAELCTBHE yTPAT TeHeTHUECKUX AeTePMHHAHT (/eselHusi) WJIH HX
nepepacnpefieseHysi B XpoMocoMe (HHBEDCHS M TPaHC/JOKAlMA).

bakrepuaJsbHbie MyTauuH OOHApYKHUBAIOT N0 NOABJEHHIO Ha-
CJ1eJCTBEHHbIX (FeHOTHIIHYECKHX) H3MeHEHHH, KOTOpble MOTYT OTHO-
CHTbCSl K JIIOGOMY H3 H3BeCTHBIX NPU3HAKOB MHKpooprauusma. [lo
Mepe paclIMpEeHHd HalUWX 3HaHWH, KacawlUuXcs CTPYKTYphbl, ¢u-
3HOJIOTUH W OGHOXUMHH OakKTepHUl, yBeJUUHBAIOTCA BO3MOXKHOCTH
oOHapy’KeHHsI PA3HBIX TUMOB MyTaHTOB. K TakuM BaXKHeHIUHUM NpH-
3HaKaM OTHOCSITCS:

I. AykcorpodHOCTb K aMUHOKHC/JAOTAM, T. €. HECIIOCOGHOCTL Gak-
TEPHH CHHTE3HPOBATh COOTBETCTBYIOLIYI0O aMHHOKHCJIOTY. AyKco-
Tpod pacTeT Ha NMUTATEJNbHOH Cpejle TOJIbKO B MPHUCYTCTBUH FOTOBO#
aMHHOKHCIOTbl. MHUKpOOpraHusM, Crnoco6HBIHl CHHTE3UPOBATh COOT-
BETCTBYIOLlHE AMHHOKHCJAOTBl M ApYrue Heo0Xo1uMble 1Js KH3HH
COeJlHHEHH s, Ha3blBaeTcs NPOTOTPOdOM.

2. AyKkcoTpodHOCTb NO TypHHAM.

3. AykcoTpOQHOCTb NO MUPUMHUHHAM.

4. AykcoTpoHOCTb O BUTAMHHAM.

5. CnocobHOCTb WKW HecrnocoOHOCTh OaKTepHH YTHIU3HPOBATh
pasyiHyHble HCTOYHMKH IHEPTHH.

6. UyBCTBHTENBHOCTb WJIH PE3HCTEHTHOCTb K PA3/JHYHBIM aHTH-
OaxkTepUaJbHBIM BELIECTBAM WJIH 3aBHCHMOCTb OT HHX.

7. UyBCTBHTENbHOCTh HJIM PE3UCTEHTHOCTb K OakrepHodary.

8. JlusoreHHoCTb W AP.

Hns o6o3HaueHHsi MyTaHTOB HpEMJONKEHa CJeaywllas cucTe-
Ma CHUMBOJIOB: ayKcOTpO(HOCTb M NPOTOTPOPHOCTb 0603HAUAIOT
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HayaJbHBIMH OyKBaMH aHIVIHHCKOro Ha3BaHUs MeraboJiiTa, HampH-
Mep, noTpe6HOCTb B THUCTHIHHE — «AiS»> MAH <«hiS™», B TPUNTO-
$aHe — «fry» unu «fry~», B apruHHHE — «arg» UNHU «arg~» u T. L.,
{IPOTOTPOQHOCTb MO APTHHUHY — «arg+»,

Ecay Ha reHeTHueckoli KapTe M3BeCTHO MOJIOXKEHHE MYyTHPOBAB-
wero Jokyca (cM. «OpraHn3anusi reHeTHYeCKOro anmaparta y 6ak-
TepHii»), TO K HauMeHOBaHHIO MeTabosuTa H06aBASIOT GOJBIIYVIO
JIATHHCKYI0 OykBy, 0603Hauamllylo JoKyc. O603HaueHue «Ais B»
XapakTepuadyeT  THCTHAMHOBBIH  ayKcoTpod, MyTauusa KOTO-
poro JokanusoBaHa B Jokyce B, a «his E» — aykcotrpod, y koro-
poro MyTauus npousowia B Apyrom Jokyce—E. [naa nuddepen-
UHpOBaHHs ABYX MYyTaHTOB B OJLHOM H TOM e JIOKyce K 0603Ha-
YeHu10 no6aBasioT apabekyo uudpy, Hanpumep try D-10, try D-55,
4TO O3HayaeT TpuUnTodaHOBble aykcoTpoddl B jsokyce D-10 u D-55.

CoOTBeTCTBEHHO JBOMHBIE H TPOHHBIE ayKCOTPOPH 0603HAUAIOT
CIEAYIOLHM 06pa3oM: arg= cys™ WM arg cys, T. e. aykcotpod, 3a-
BUCHMBIH H OT aprMHUHA, U OT LUCTHHA.

Ecau npofimoli ayKkcorpod nosayueH B pesyabTaTe ABYX MHOC/e-
JIOBAaTE/NbHBIX HE3aBUCHMBIX MYTAlLHOHHLIX aKTOB, TO KaXXIyIO MY-
Taluu 0603HAYaIOT TpeMs HavaJbHBIMW GyKBaMW Ha3BaHHS Map-
Kepa, HanpuMep, arg cys; ecay e OH MNOJY4YeH B pesyabTaTe OJ-
HOrO MYTAUWOHHOrO CcOOBITHSI, T. €. B OakTepuM OJHOBPEMEHHO
BO3HHKJH [ABe MyTalHH, TO TaKoit aykcotpod ob6o3Haydaercs ABYX-
OYKBEeHHBIM CHMBOJIOM, HanpuMep ph fy, 1. e. 6akTepus, 3aBUCUMAs
oT (peHHNMaNaHWHA W THPO3HUHA,

CnocoGHOCTb (pepMeHTHPOBATh VIVIEBOAbI, HALPHMep JAKTO3y H
apaGHHO3y, o6Go3HayaloT lact w ara*, a MyTauuu, NpUBOJAIIHE K
Hecroco6HOCTH (epMeHTHPOBATL 3TH YIJIEBOAB,— lac—, ara~.

UyBCTBHTENBHOCTh K CTPENTOMUIHHY OMHCHIBAIOT CHMBOJIOM
Sm-s, pe3uCTeHTHOCTb — Sm-r, a 3aBUCHMOCTb — Sm-d, pPe3HCTeHT-
HOCTb K NeHHUUNNHHY — Pen-r.

JIu3oreHHocTh OaKTepHM INOMevalOT HaHMEHOBaHHEM YyMepeH-
Horo (para B ckoOKax Ioc/ie Ha3BaHHA lITaMMa OaKTepHH, HalIpPHMED
E.coli K12 (A), 4yBCTBHUTEJIbHOCTb H PE3UCTEHTHOCTb K ¢param —-
T1,5-s u T1,5-r.

MyTHpOBaHHE MO IIEpeYHC/IEHHBbIM IPDHU3HAKAM JaeT BO3MOX-
HOCTb, KaK y’)Xe YKa3blBaJoCh, OCYLLeCTBUTb 3(P(heKTHBHYIO celeK-
LU0 MYTaHTOB H HX KOJHYECTBEHHBLIH YyYeT.

O6byHO OGakTepHaJbHble MYTaHTHI [eNsT Ha JABe KaTeropHu:
1) cnoHTaHHBlE, T. €. BO3HHKAOUHE TNOJ BJUSHHEM (AKTODOB
BHelIHell cpelnl, HO 06e3 BMeLiaTeJbCTBA 3KCIEeDHMEHTaTopa, H
2) uWHAyUMpOBaHHbIE, T. €. BO3HHKaWOLIHe B pe3yapTate o6paboTKu
OaKTepHaJdbHON NOMYJSILUKM TAaK Ha3bIBA€MbIMH MYyTareHHbIMH areH-
TaMH, K YMCIAy KOTODbIX OTHOCATCS pa3JHYHble BHUABI DalHaLHUH,
TeMneparypa, (arn, aHTHOHOTHKH M XHUMHUeCKHe coelMHeHHA. Pas-
paboTKa MeTOAOB HMHAYKUHH u or6opa OGakTepwalbHbIX MyTaHTOB
SIBUJIaCh Ba)KHeflueil MPeANMOCHIIKOH IJsi paciutpOBKH MeXaHH3-
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MOB reneTHuecKoro o6MeHa y MHKpo6OB. DTO NO3BOJHAO NMPEOAC-
JieTb OCHOBHOE TNpENSATCTBHE, JIMMHTHPYIOIlee Pa3BHTHE TEHETHKH
MHKpPOGOB, T. e. HH3Kyl10 4yacrtoty (nopsaka 10-°—10-8) nosyuenus
pPeKOMOHHAHTHBIX THMOB — oco6eli, BO3HUKILHUX B De3yJabTaTe reHe-
THYecKkoro o6MeHa MeXJy ABYMS KJETKAMH, OTJHYAIOUMMHCA JPYT
OT Apyra no CBOHM reHoTHnaM. MHbIMH cioBamH, cOBpeMeHHas re-
HeTHKa MHKDOGOB pacrnojaraet MeTOAAaMH T'eHeTHYeCKOTO aHaJjau3a
¢ BBICOKOH paspeliaimouieii cnoco6HOCThIO, ATO AajJ0 BO3MOMKHOCTL
OTKpPbITb HOBBHIE MEXAHH3MBl M 3aKOHOMEPHOCTH MpPOllEcCa TIeHeTH-
YyeCKMX peKOMOWHAlUHH, H3yyeHHe KOTOPHIX OblJIO MaaOgOCTYyNHO Y
OpraHu3MOB, pPa3SMHOXAIOIIUXCS NOJOBBIM NyTeM H 06Jafalolux
CJIOKHOOPraHH30BAHHBLIM SIAPOM.

3) Tpaucdopmauus

[Ipoueccol reneTHueckKoi pekoMOHHAuUHH y 6GaKTepuh, KakK H Y
JAPYTHX OpPraHH3MOB, NpPEeLyCMaTPHBAIOT CYLIECTBOBAHHE MEXaHH3-
MOB [EpPEHOCA TEHETHUECKOro MaTepHajla M3 OJHHX KJETOK B [IpY-
rue, OTJAHYAIONLHECs CBOMM TeHOTHRCM, CIOHUM H3 TaKHX MeXaHH3-
MOB sBJsieTcsl Tpanc(OpMalMsl HACJIeACTBEHHBIX NPH3HAKOB Yy 6ak-
TepHii, o0yc/oBJeHHasi BBeleHHeM B KJjeTkKy uysepoanoit [HK.
B TtpaHcdopMauuu ydacTBYIOT 6aKTepHs-AOHOP, ABJAILIAACH HC-
toynukoMm JHK, u 6akrepus-peuundent, BocnpuauMalomas THK
JoHODA.

®enomen tpancdopmauud 6akTepuit 6pl onucakw ele B 1928 r.
Tpuddurcom [5] npu HByUYeHHH NPHPOIAB BHDPYJEHTHOCTH NHEBMO-
KOKKa.

Ipudpdurc npeBpatHn OGecKancynbHblii aBHPYJEHTHBIH BapHaHT
OJHOTO THNa NHeBMOKOKKa (R-dopma) B ADYroH, BHDPYJEHTHEHIA
TN, obaapatouui Kancymaoh (S-dopma). Takywo HacieacTBeHHO
¢duxcupoBanHyw TpaHchopMalHio NMHEBMOKOKKOB I'puddurc Habaio-
Jaj B omeltax in vivo. Melllam NMOJKOXKHO BBOAMJIOCH HeGOJbILOE
KOJIHYECTBO JKHU3HEAESATENbHBIX KJeTOK R-MHEBMOKOKKA W 6oJiblloe
KOJIHYECTBO S-NHEBMOKOKKOB, YOHUTHIX HarpeBaHHeM.

IMocTMOpTanbHO OT 3THX Mbllell BHIAENSAJIH KaNCyJbHBIH BHDY-
JIeHTHbIH THEBMOKOKK S+THIA.

Hab6aonenns [puddurca 6bld NOATBEPKIEHB APYTHMH HCCJIe-
JOBaTeNAAMH, H O4eHb CXopO ObIJIO MOKa3aHO, 4TO TpaHCc(opMauHio-
MOXHO HHAyLHPOBaTh in vitro.

Becoma BaxnbiM 6bli0 HabGmopenne Cwa u daycona {6], xoTo-
pble YCTAHOBHJIH, YTO OUYHIEHHBIH NMHEBMOKOKKOBBLIA NOJHCaxapHI,
BXOASILMI B KalCyJdy, He MHAyUHpYeT npeBpallende R-tuna B S.

Hanee Annosei [7] nokasaj, uro npeBpallleHHe R-IHEBMOKOK-
KOB B S NpOHCXOAMT in vitro B mpHcyTcTBHH O€CKNeTOYHHIX 3KC-
tpakToB S-tTuna. TakuM o06pa3oM, B pe3yJbTaTe 3THX PaboT, BHIIOJ-
HEHHBIX [0 KJacCHYECKOTo HccejenoBanus DeepH ¢ coTp. {8], crana
OUEBHJHON BO3MOXKHOCTh H3MEHEHHUs Hac/elCTBEHHBIX MNPH3HAaKOB
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MuKpoba kax in vivo, Taxk u in vitro B npucyTcTBMH GaxTepuH-10-
HOpa HJM MPOAYKTOB ee paspymiesua. Onnako npupona $akropos,
HHAYUMPYIOLMX TPaHchopMaunio OaKTepuit, ocraBanach Heus-
BECTHOH.

1944 roa — roa nybaukanuu HccaenoBaHusa DBepH ¢ coTp. {8] —
ABHJICA TIepeJIOMHBIM 3TaloM B COBPEMEHHOHN reHeTHKe U MOJEKY-
JAPHOH OHONOTMH. DTHM aBTOPpaM YIaJoCh YCTAHOBUTb XMMHUeE-
CKylo mnpupony TtpaHcdopmupylomero akropa (T®P) nHeBMOKOK-
KOB W MOKa3aTb YTO UM HABJAETCH [NE30KCUPUBOHYKJIEHMHOBAs KHC-
aota. OrpoMHoe 3HayeHWe ITOrO OTKPBLITHHA M TO BJHSIHME, KOTOPOE
OHO 0Ka3aJlo M OKa3blBaeT JO CHX TNOp Ha Pa3BUTHE TEHETHKW U
MOJIEKYIAPHOH OGHOMOTHH, 3aKJl0uaeTca B TOM, UYTO NOHATHS «reHe-
THYeCKas JeTepPMHHaHTa», «(aKTop HACAEICTBEHHOCTH», «TE€H» MPH-
o6peJl KOHKPeTHOe XHUMHUeckoe cOiep:KaHHe, a 3TO, B CBOIO oOue-
peab, MOCAYXKHUIo OCHOBOH AJs PAa3BUTHUS HOBBIX HUIEH MOJIEKYyJasp-
HOM W OHoxumuuecKofl reHeTHKH. OCHOBHOH BBIBOJ IJBepH H €ro
COTPYIHHKOB 0 TOM, uTo T® upenrnuen JJHK, ocnoBan Ha caenyro-
1mux akrax.

Koneynblii npoAyKT, obsagaBiinii TpaHcHOPMUDYICLIEH aKTHB-
HOCTbIO, BblJeJeHHbIIl U3 3KCTPAaKTOB NHEBMOKOKKOB, AaBaJs MNoJO-
JKUTEJNbHYIO peaKuuio ¢ AndeHUJaMHHOM H OTPULATEJbHble peak-
uuu Ha Genok u PHK. Ceposordueckue TeCThl MOATBEPAMIH YH-
CTOTY MOJIy4eHHBLIX NPenapaToB, TaK KaK OHHW He NAaBaJji NpelunH-
Talud ¢ ChiBOPOTKON MPOTHB MHEBMOKOKKa-AoHopa. MHakTuBaums
T® nocae obpaborku [IHK-a3ol oxkoHUaTeNbHO NOATBEDHHMAA, YTO
€ro reHeTHyeckas akTHBHOCTh obycaosiaena [AHK. Has uuakrusa-
uun TP TtpeGoBatoch  HUUTOKHOe  KOJHYECTBO  (epmeHTa:
0,005 y/mM4 MOJHOCTBIO HHAaKTHBUPOBajo mnpenapar, a 0,001 y/ma
BLI3BIBAJIO YaCTHUYHYIO, HO SIBHYIO NOTepH akTUBHOCTH. OaHako Bbl-
BOA JBepu U ero coTpyaHHKoB 06 upeHtHudHoctd TP n JHK 6bla
MOJABEPrHYT COMHEHHID B CBf3M C HEBO3MOXHOCTBIO BHLIAIBJIEHHSH
Oenka B TpaHCHOPMHUPYIOUIHX Mpernapatax XHMUYECKHMH ¥ HMMy-
HOJIOTMYEeCKHMH MEeTOAaMH, HeJOCTATOUHO YyBCTBHUTEJNbHBIMHU 1718 00-
HapyXeHH He3HauMTeJbHbix npumeceli. UyscrBurenbnocTs TP
JHK-a3e ofbacHsgack TeM, 4TO OH NpeiacTaBiasgeT COoOOH HYyKJeo-
MPOTeH], MHAKTHBAIUS KOTOPOro «pepMeHTOM CBSi3aHa C paspyuie-
HHeM KoMmIJeKca. J/19 OKOHYaTeNbHOTO BHISICHEHMS HCTHHHOH NpH-
poabl T®, HauuHas ¢ 1944 r., 6bL10 NpoBe1eHO GOJBIIOE YMCIO HC-
cJellOBaHMH, pe3yJbTaThl KOTOPBIX CBOLATCA K CJAEIYIOLIEMY:

1. Ouuctka TP or npumeceii OGeanka, PHK u noaucaxapuaon
He COMPOBOXKAAETCH CHHXKEHHEM OHOJOrHYEeCKOH aKTHBHOCTH, Xou-
KHUC MOKa3aJ, 4To KosuuecTBo Oesnka B TpaHchopMHDYIOLleM Hak-
rope NMHeBMOKOKKa cociaBaser Bcero 0,02% (cMm. 3amenrodd [9]).

3amenrotpd [9] mpuUBOAUT pacyeT, COTNACHO KOTOPOMY KOJHYe-
ctBo mpuMmecei Gesaka B JIHK, Boimenennoli us Hemophilus in-
fluenzae u HeoBxomuMOH A5l TpaHcHOpPMAUUH OMHOH KJETKH, MpH-
6au3uTeabHO paBHO 6 Mosexkysiam ¢ Becom 10° m opmHoli — c Be-
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com 10% Ecnu Takoit Genok siBAsieTcss AeHCTBYIOILMM BellleCTBOM
T®, To npuxoauTCA NPU3HATL 32 HHM HEBEPOATHO BBICOKYI AKTHB-
HOCTb.

OpHako BOIpOC O Hajuumu GenkoBbix nmpumeceét B TO gm0 cux
MOD HeJb3s1 CUHTATh OKOHYATEeJbHO peIleHHBIM, TaK KaK B MpHBe-
JeHHBIX Bbille pacyeTax MnpeanoJaranoch Hajauuve B TD Henkor
C OTHOCHTEJLHO BBICOKHM MOJIEKYJSPHBIM BECOM.

Adpyccu-Teitnop [10] ykasbiBaer, UTO ec.aH Kaxk71asi MOJeKyJa
JHK T® nHeBMOKOKKa coeiuHeHa ¢ ONHOH MoJekyJjo# 6enka, paB-
HO} MoOJeKyJe pUOOHYKJIeashl, To oTHomeHHe 6enka K JJHK pasuo
14-103

7108
3aHHOe XOUKHCOM, KOTOPOe TeopeTHYeCKH MOMKeT MpPUCYTCTBOBATL
B JIHK w He ofHapyXuBaTbhCci JOCTYHNHBIME MeToiaMu. Ilpu 3stom
JIONyCcKaeTcs, 4TO Ka)KAas MoJeKysaa TpaHcpopmupylomero ¢ax-
TOpa HaXOIUTCA B KOMILIeKCe ¢ MoJgekysao#l 6eaka. Heobxoaumo
IIOIUEPKHYTL ciedyiolliee: npucyTcTBue B 1T cienos Genka HH B
KaKol Mepe He nojABepraeT COMHEHHIO, YTO ero TreHeTHyecKas ak-
TUBHOCTL obycaorieHa JIHK. 3HaueHue 3Toft runoreruueckoit 6en-
KOBOH UYAaCTH MOXeT BbIpa)KaThc JUO0 B CTAOUAH3ALUE MOJIEKY.J
JHK, au6o B ToM, 4TO 060K, BO3IMOXXHO, BBIMOJHAET POJbL MycC-
KoBoro (akTopa B reTepoKaTaJUTHYECKOH AKTHBHOCTH HJH peIH-
wauun JHK.

2, ArenTny, pearupytomue ¢ JJHK, nnakrusupytor T®, Brile yxe
yKa3blBaJoch Ha crneiuduveckyno HHaktusauwio T nesoxcupubo-
6onykJeasol. Tpanchopmupyomas aktusocte T cauMaercs: Tak-
XKe TpH AeficTBuM yabTpatduoseToBuX [YP] U peHTreHOBBIX JyueH,
A30THCTOH KHCJOTH, opManblerdjia, aHajoroB unpura u ap. Ile-
peuHcJeHHble areHThl, KaK HW3BECTHO, XapaKTepU3YIOTCH BbICOKOMH
MyTareHHoH aKTUBHOCTBLIO. DTH pe3yabTaThl JOKa3bIBAlOT, YTO HO-
cuTeqeM reHernueckoit akTHBHocTd T asisierca JJTHK. HaobGopor,
BO3/eHCTBUSA, NPUBOAAIIME K JeHaTypaluuu OeJKOB, He HHAKTHBH-
DYIOT TpaHcHOPMUDYIOULYIO AKTHBHOCTbL. IlociedHsas coxpaHsercs
npu obpaborke 4M MmoueruHol [10] v nMpH AeHCTBUH TeMmepaTyphl
B Juamnas3oHe, BHI3bIBalOlleM JeHaTypauuto Oenka. MHaxktupauus
ouyumennoro T® H. influenzae Haunzaercs Juilb T0CJHE YaCOBOH
o6paboTku npu Temneparypax soilie 81° [11] u 6vIcTpo Hapacraer
B jianasoHe oT 85 no 95°

AHanus pesyJbTaTOB 3THX OIBITOB yKa3bliBaeT Ha CyLleCcTBOBa-
HHe PasHBIX MeXaHM3MOB HHaKTUBauuu TpaHchopmupyromeir JTHK.

[lepBLift Bompoc, NOAJEKAaBIIMKR paspellleHHIo, 3akK/aioyagacs B
BLISICHEHHH KOppeJIsUUd MeXAy TpaHCcPOopMHpYIOillell aKTHBHOCTHIO
H cTeleHbl0 ¢usuyeckol nAerpamauuu moJgekyssl JHK. Mosexy-
aspubli Bec T®, onpenensieMbiii Mo KOHCTaHTe CeJWMEHTalLMUH,
BSI3KOCTH DPacCTBOPOB M APYTHMH crnocob6aMH, paBeH 0Kosao 5. 108,
Biiu3kue 3HaueHHs MOJEKYJISPHOro Beca OBIIM NOJAYYEHH B OMBITAX
®aioka ¢ cotp. {12] npu 6ombapaupoBke TP NMHEBMOKOKKOB 3.1€KT-
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poHamu u AefitpoHamu. EcTh ocHOBaHusa mosarath, uTo TpaHcdop-
MHpYyIolllasi aKTHBHOCTb COXPaHsieTcsl NpHU pacnaje moaekyasl JHK
Ha (parMeHTH C MOJIEKYJNSIDHBIM BecoM nopsinka 3—5-105 1. e.
Npw pa3fejeHHd HCXOZHOA Mosekyabl Ha 20 yacTelt ¢ paspHBOM
npubausutensHo B 0,19% Bcex MeXHYKJAeOTHIHbIX cBsiselr {13).

Jlutman {14] ycraHoBusa, uTOo MHHMMaJbHbIH pasmep JHK T®,
NpH KOTOPOM KOMIETEHTHAasl KJeTKa crnocobHa ero yTHJIH3HPOBATbh,
paBen 4.105,

Hanvbuelitnas gerpagauvs JHK conpoeoxnaercs norepeit
TpaHchopMmupyollefi akTHBHOCTH. HaGaionaeMas npu 3ToM HHaK-
THBalUHsi MoxKeT ObITh CBSI3aHA JHGO ¢ moTepeil cocoGHOCTH TpaHc-
tdopmupylomeit JTHK npoHukate B Kiaerky, qubo ke ¢ NOBpexe-
HHeM ee reHeTHUYECKO aKTHBHOCTH KaK TAKOBOH. YCTaHOBJIEHO, YTO
3H3MMaTHyeckH perpaaupoBanHas JIHK c Tpylom mnpoHukaer B
TpaHcopMaGuabHble Kaetkd [15]. Opnako M3 3TOro Heab3st GBLIO
chenarth 3akJIoYeHHe O [POTHAXKEHHOCTH yyacrka MmoJaeKyaol JIHK,
NMPOHHUKAIOULEr0 B KJETKY, KOTOPHIII HeCeT TeHeTHUEeCKYI0 NeTepMH-
HaHTy ¥ BKJIOYaeTcs B mpouecc pekoMGunanuu. ['eHeTHueCKHe AaH-
Hble yKasblBalOT, YTO OTAEJBLHBHIN reH 3aHHMaeT TOJBKO YacTh MO-
Jekyabsl tpaHchopmupylomein JHK, 1. e. B pekoMOHHALHIO BKJIO-
yaeTcsi He BCA MOJeKyJa.

JIuTMaH monbiTajsach YCTaHOBUTh MCTHHHBlEe pa3Mephl TOH YacTH
mosekyan JIHK T®, kotopasi oTBeTCTBEHHa 3a €€ TIE€HETHUYECKYIO
aKTHBHOCTb. JIJ11 3TUX lLieJiefl OHa COMOCTaBHJIa XMMHUECKHe U reHe-
THUECKHe H3MeHeHHs, HalOJawpaslrHecs B T mnHeBMOKOKKa INpH
o6pabotke Y u asorucroit kucioroit [14]. IIpu nosax HNO,, BB
spiBatomiux 99,9% MHAKTHBAUHH AaKTHBHOCTH ITHEBMOKOKKOBOIO
T®d, nezamunuposagocs oT 10 no 159% ryanuHa u 1—29%' agenuHa.
JlesaMHHHpOBaHHe LUTO3WHA B YCJIOBHAX 3THX ONBITOB He OBLIO
BHIsIBJIeHO. McXoisa M3 NPeNNosoXKeHHs O TOM, UTO KaXkJoe Je3aMH-
HHpPOBaHHe NIO60TO H3 3THX ABYX OCHOBaHHi 06ycyoBaHBaeT HabJalo-
nasiumiica Guonoruueckuit sddekr, JlutMaH onpeaensier pasMep
HHAKTUBHPOBaHHOTO yuactka B 150—200 map ocHoBaHHM.

OcraeTcs HesicHBIM, 3a KaKoH 3Tan FpaHCHOpPMALMH OTBETCT-
BeHHa 3Ta 4YyBCTBHTesqbHas o6Jgacte JIHK nueBMokokkoBoro TO.
Heof6xoauMa Jan oHa aJg 3¢P¢deKTHBHOrO CnapHBaHusdA, T. €. Aas
ob6benunenus JHK peuunuenta ¢ ¢parmentom JHK gponopa, anas
peKoMOGUHAUHK WM e IS OCyllecTBJeHHs APYrux a3 peakuuu
tTpaHcdopMaluH. Bo BeskoM cayuae, OYEBHAHO, YTO B 3aBUCHMOCTH
OT CTeNmeHH Jerpamaliid TpaHchopMupywoulero Qakropa MOryT
6bITh HapylleHbl N0 KpafHelt Mepe ABa MeXaHH3Ma: TepBHY-
Hblll 3Tan TpaHcopMauuH, T. e. mpoHukHoBenHe IIHK B kietky,
H mnocaeayoulde (asbl peakiMH, pa3BepTHIBAIOLIHeC BHYTPH
KJIeTKH.

3. Unaykuusa myrauuii B pedyibrate 00paborkn TP xumuue-
CKMMHM MyTrareHamH. M3BecTHO, YTO a30THCTast KHCJOTa SIBISETCH
MyTareHoMm, feHCTBHe KOTOpOro oGYCJ/OBJE€HO JAe3aMHHHPOBaHHEM
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aszorHceThix ocHoBauui JIHK. HefictBue HNO, Ha T® nHeBMOKOKKa
TaKKe CONPOBOXKJAeTcsl HHAYKUHEH MyTalluil. B 3THX ONBITaX B Ka-
yecTBe JOHOpA HMCIOJIb30BaJCA IITAMM ITHEBMOKOKKA, PE3HCTEHTHBIH
K CTPENTOMHLHMHY, HO UYBCTBHTE/JbHbIH K ONTOXHHY M aMHHONTEDH-
ny. JHK nponopa o6pabateiBanack in vitro HNO,, a noToM HHKY-
GHpoBasach ¢ KJETKaMH pellMIHeHTa, KOTOPble 3aTeM BbICEBAJHCh.
Ha ceJekTHBHble cpelbl. KosuuecTBo TpaHChOpMaHTOB IO NpPH3HA-
Ky Sm-r yMeHbIIAJOCh IO Mepe YIJHHEHHHd BpeMeHH 06pabGOTKH
JHK, a KoanuecTBO TpaHCc(GOpMaHTOB No npusHakam Am-r u 0-r
YBEJHYHBAJIOCh, HOCTHIasi MaKCHMyMa IpPH OTHOCHTEJbHO HH3KOM
YpOBHe MHAKTHBAllUH INPH3HAKa CTPENTOMHUIMHOPE3HCTEHTHOCTH.
Uubimn caoBamu, HNO, uuayuupoBasa MyTaiuu B H30JHPOBAH-
ot IHK nonopa, Kotopble 3aTeM (HKCHPOBAJHCh B I'eHOMe pellu-
TIHEHTA.

Hacnencreennnlft xapakrep H3MeHeHHH TIeHeTHUeCKHX CBOHCTB
JHK nonopa noxreepxkpasncsa teM, uto JJHK, Boinenennas us tpasce-
(hOpPMHPOBAHHBIX KJeTOK, Oblsia crmoco6Ha TpaHc(OpPMHPOBATH IO-
3THM NIpH3HAKaM CBeXHH ITaMM pelHIHeHTa.

4. AKTHBHOCTb A€HATYDHPOBaHHO# u peHatypupoBaHHOi JHK.
TpaHchopmupylomero dakropa. OgHMM H3 BaKHEHLWIHX JOKasza-
TeJIbCTB npupoAsl T® sABAAIOTCS pPe3yJbTaThl ONBITOB C JASHATYPH-
poBauHoil u pesarTypupoBannoii JHK. Hamomuum, uro Kerarypa--
WS 3aKJYaeTcss B pasjefeHHH JBYHATYaTOH Mosekysabn JIHK
Ha OTJAeJbHblE MOJHHYKJEOTHAHBIe HHTH, Takoe pasfe/eHHe INpo-
HCXOJNHT BCJEICTBHE paspblBa BOLOPOSHBIX CBsi3eH, 0ObeIHHAIOUMX.
IBe MOJHHYKJEOTHAHbIe LeNoukH. JleHaTypalnuss MOXKeT OHTb BhI3-
BaHa TeMmmepaTypoil B auanasone 85—100°, cumxennem pH no 2,5,
WJIH NoBbiIUedHeM ero ao 12,0, nefictBneM 8 M MoueBHHBI HJH
95% -HpiM OpMAaNbIETHAOM.

JBe H30JHpOBaHHble IOJHHYKJEOTHIHBE HHTH, TOJyYeHHbIE
P TEMIOBOH JeHaTypallHH, MOXHO OOBeIHHHTb B JBYHHTUATYIO-
CTPYKTYDy TPH Me/J€HHOM OXJaxJeHuu pacteopa [16, 17].

BaxXHO MOAUEPKHYTh, UTO AEHATYPAUUs M peHaTypauus — Ipo-
necchl, cneunduueckde nis aeyHuruatoidl JJHK. 3to npuaaer oco-
6oe 3Hau€HHe pe3yJbTAaTaM ONBITOB, B KOTOPHIX GBLIO NOKa3aHo,
uTO JeHaTypalids CONPOBOXKJAaeTcs HHaKTHBAanHe#l TpaHcPopmu--
pylouiero ¢ akropa, a peHaTypaluus — ee BoccTaHoBJAeHueM [18, 19].
OO6mbscHenne HU3KOH TpaHchHOPMHUpYIOUEHl aKTHBHOCTH ILEHATYpPHPO-
BanHo#l JHK mul Haxoaum B paGorax Pomaxep n Xoukuca, JlepMa-
Ha u Toabmaxa [20, 21], 3 KOTOpBIX CJeAyeT, UTO AEHATYPHPOBAH-
Has TemiaoM JIHK ¢ TpymoMm npoHHKaer B TpaHCHOPMaGHJAbHYIO-
KJETKY.

Taxum o6pa3oM, Ha OCHOBAHHH BCEH COBOKYNHOCTH '(PakTos, yc-
TaHOBJIEHHBIX NPH H3YUEeHHH INpPOLECCOB MHAKTMBALIUH H3OJHPOBaH--
#oro Td, NpUXOAUTCH NPHU3HATH, UTO HOCHTEJEM €ro reHeTHYeCKMX
ceoiicrs aBasercs JHK, wesaBUcUMO OT BO3MOXKHOI'O TPHCYDCT-
BUsS B HeM HeGOJbLIMX KoJuuecTB OGeska.
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Hekoropwie daktophi,
onpeneasiomue shdekTHBHOCTL TPaHChopMaHH

Qdenomen TpaHchOpMaLHH, OTKPBITBIH, KaK YKa3blBaJoCh,
Yy MHEeBMOKOKKOB Ha MpHMepe Kancynoo6pa3oBaHHs, BCKOpe Obli
obHapyKeH H y APYrHMX MHUKPOOPTaHU3MOB B OTHOIUEHHH Pa3JIHYHbIX
npu3HakoB. TpancopMauus pe3sUCTEHTHOCTH MHEBMOKOKKCB K Ie-
HHLIMJIJIEHY M CTPENTOMHLHHY Oblia onucaHa Xoukucom B 1951 r.
{22]; y nHeBMOKOKKOB e Oblia oOCylLlecTBJeHa TpaHchopMaLusd
tunocneutuueckoro M-nporenna [23]. Kpome NHEeBMOKOKKOB
KCIEePUMEHTaNBHEIM OOBEKTOM, IIHPOKO NPHMEHSAEeMBIM JJis H3Y-
yeHHs TpaHchOpMalHH, fABIAOTCA Oaktepuu poda Hemophilus.
AseKcaHlep M ero COTPYALHHKH TPaHCGHOPMHUPOBAJH IITaMMbl R-THIIa
B S-Tum, a 3aTeM MOKa3aju BO3MOXKHOCTh HHIYKLHH y 3THX GaKTe-
pHH CTPENTOMHLUHHODE3HCTEHTHOCTH., DTHMH XKe Hcc/eJoBaTelsIMH
6bly1a ocylllecTBeHa TpaHchOpMalHsA Y MEHHHIOKOKKOB [24—26). Tle-
peueHp GakTepHaJbHBIX BHIOB, Y KOTOPBIX 0Ka3aJoCh BO3MOMKHBIM
BOoCcnpoM3BecTu teHoMeH TpaHcopmauuu, Obl1 gonosHeH B. sub-
tilis u ctpentokokkamu [27—30].

O6blyHo uacToTa TpaHchoOpMalWH pPasJHYHBIX NPH3HAKOB OKa-
3biBaencs BeauunHoi mopsaaka 1-10-3, Uro kacaercsa nauubix Bya-
BeHa O BO3MOXHOCTH TpaHchopmauuum GakTepu#l KUHWIEYHOH Tpyn-
MBI, TO OHH MOKa He ObLIM LOCTOBEPHO MOATBepKIeHbl. Takum 00-
pasoM, HeCMOTpPA ‘Ha TO, YTO C MOMeHTa OTKDBHITHS (deHoMeHa
‘TpanchOpPMaluy y MHEBMOKOKKOB MIPOLIIO OKoJM0 20 JeT, KOJHYecT-
Bo GaKTepua/JbHbIX BHAOB, y KOTOPBIX YAa/0Ch BOCIPOU3BECTH 3TO
sBJdeHHe, OCTAaeTCs [OBOJBHO OrpaHUueHHBIM. Biecre ¢ Tem Hesb-
35 He OTMETHUTb, YyTO mnepeveHb TpaHchopMabUIbHBIX GakTepuil Me-
JeHHO, HO 6e3ycaoBHO pacwupsercs. Tor dakr, uto Tpanucdhopma-
uusi o6HapyxKeHa y GakTepuil, OTHOCSILLHUXCH K (Pa3JH4YHBIM ceMeil-
CTB@M H pOAaM, CBHIETEJLCTBYET O pacnpoCTPaHeHHOCTH <peay
G6aKTepuil 3TOro GeHoMeHa Kak MeXaHH3Ma Iepefayd TeHeTHYECKOH
nHpOpMAaIHUH.

UeM e OOBACHHUTb TOT (PAKT, YTO 10 HACTOSILErO BPEMEHH Mbl
pacrnoJjiaraeM OTHOCHTEJbHO HeGOJbLIMM YUCAOM TpaHc(opMabHib-
HbiX cucrem? Ilo Mepe HakonieHus HaGAIONEHUH O KUHETHKEe TpaHC-
dopMalHy CTaa0 OUEBUAHBIM, UTC JaXKe Pa3/IMUHBIe HITAMMBI OJHO-
ro ¥ TOrO e BHJAa Pe3KO OTJIHUYAITCA MO cBoell TpaHchopMaGHJIb-
HOCTH. Bckope 6bl10 moKasaHo, yto Ha 3(p¢eKTHBHOCTL TpaHcdop-
MalHH BJHSIOT CBOHCTBA <CpeAbl, B KOTOPOH OCYLIECTBJSETCH
peakuusa. Tak, TpanchopMauus NHEeBMOKOKKOB 3aBHceJa OT Kauye-
CTBa HacTos Msca. XuMuuecKuMu (akTOpaMH, CTUMYJAHPYIOLHMH
TpaHchOpMALHIO [THEBMOKOKKOB, oKasaJuchk nupodocdar {7] u cu-
BOPOTOUHBIH anbOymun [31]. dakrops, ycuauBawouiue TpaHcdop-
M&IHI0, HeOAMHAKOBBl [J$ pasjHuHbIX cHcTeM. Hanpuwmep, TpaHc-
tbopmauus Hemophilus, B oTiHYKe OT MHEBMOKOKKA, OCYUIECTB/A-
€TCs B CJIOKHOU cpe’e, HO 6e3 gobaBienus aabbymuua [32].
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Psan HabaoLeHUH TIPUBEAK K 3aKJIIOYEHHIO O TOM, 4TO CImoco6-
HOCTb KJETOK TOABEPraThCcs TpaHchOpMalUH OmpeiaetseTcss Kak
CBOUCTBAMH cpeabl, TaK ¥ (QU3HOJOTHUECKHMM COCTOSHHeM CcaMoi
6axkrepuy. Bakrepun B onTHMaJbHOM JJs TpaHchopmanuu ¢usHo-
JIOTHYECKOM COCTOSIHUM Ha3bIBAlOT <«KOMIETeHTHHIMH». CocToanue
KOMIIETEHTHOCTH HabJI0JaeTcss JUllbL B onpeienedtoil ¢ase pas-
BUTHS GaKrepuit [33]. ATO COCTOAHHE MOXKHO 3adUKCHPOBATH, €CJH
KYJbTYPY [IOIBEeDTHYTb r1y60KOMY 3aMopaxupanuio (34, 35]. Uun-
MH CJ0BaMH, BOIMONKHOCTb Te€HETHYEeCKOro 06MeHa myTeMm TpaHC-
dopMauuu peryaupyercss caMoil 6aKrepuell W 'CCyLIeCTBJsIETCSA
JHIbL TPH ee ONpegeSeHHOM (PU3HOJOTHUECKOM cocTostHUH., Pakro-
Pbl  BHeIIHeH cpeabl MOTYT BJHUATb KaK Ha TepPBUUHBIE 3Tambl
npouecca TpaHcpopmanuu (BeposiTHOCTh KoHTakTa MoJekya JHK
¢ KJeTKOH M «buKcalUs WX Ha TMOBEpPXHOCTH KJETKH), Tak H Ha ee
BHYTPHKJeTOUHblE 3Tanbl. CyllecTBOBaHHe MPOIYKTOB MeTaboJu3Ma
6aKTepHUH, OTBETCTBEHHBIX 32 KOMIIETEHTHOCTb DENUIHEHTHBIX KJje-
TOK, OBLJIO YCTAaHOBJEHO B KyabTypax [. influenzae. Komneredrabie
KYJbTYPBl 3TOTO MHKpO00a, JBa)K[bl OTMBIThIEe COJIEBBIM PacTBOPOM
OT ‘Cpedbl, B KOTOPOH OHU BHIpALIUBAaJNCh, Tepsau Ha 97Y% crnocob-
HOCTh TpaHchopMHUpoBaThes. CMOCOGHOCTh TAKUX KJIETOK NOABEPraTh-
Cs TpaHCcOpMAaUUH YAaCTHYHO BOCCTAaHaBJMBaJach MOCAe HX pecyc-
NeHAUPOBaHUSA B 6yaboHe JleBHHTaNs, copepxalem 3-10-3M cnep-
MHHa ¥ oT 3 g0 6% HagocaloOUHON XKHIKOCTH, MOJYUYeHHOH Mocae
LHEeHTPH(PYFUPOBaHHST KOMIETEHTHOH KyJabTypel. Bompoc o npupo-
Jle KOMIEeTeHTHOCTH NOJYYHJA pa3BUTHe B HccaeqoBanuu IlakyJga
¢ cotp. [35]. OTH aBTOpBI BLIIEJHAH H3 KOMIETEHTHHIX KYJbTYp
CTPENTOKOKKA BHEKJEeTOUHbI $aKTOp, CTHUMYJHPYIOUWHUH TpaHCchOp-
MaUUI0 CTPENTOMUIUHOPE3UCTEHTHOCTH CTPENTOKOKKOB, CTHUMYJIs-
1HA BbIPAXajach B COKpalUleHHH OTPe3Ka BpeMEHH, HeoGXOLHUMOFo
IJIs1 pPa3BUTHS COCTOSIHUS KOMIIETEHTHOCTH M B PE3KOM YBEJHYEHHU
yucaa TPaHC(HOPMHUPOBAHHBIX KJETOK, JOCTHTaBLIHX y HEKOTOPBIX
wrammoB 30—40% or ofurero xoauvectBa kaetok ([lakysa, He-
ony6auKoBaHHble NaHHble 1963 r.). ®akrop, oTKpbiThil Ilakyjaa ¢
COTPYAHHMKAMH, <Cnoco6eH HHAYUUPOBATb KOMIMETEHTHOCTh B 2—3-
YacoBLIX KYJAbTypaXx CTPENTOKOKKA, Korja GakTepHu OOGBITHO HE MO-
ryT TpaHcQOpPMHPOBATbLCS; TNPOIEHT NpeBpalleHUs HEKOMIETeHT-
HBIX GakTepHil B KOMIETEHTHble 3aBHUCUT OT TEMIEPATVpPLI U JOCTH-
raet MakcuMyma mpu 37°

Becpma BaxHBIM cBOHiCTBOM cTHMyJsiTopa TpaschopMabuiabHO-
CTH OKasaJacb ero cnepudUYHOCTb: (AKTOP, BHIAEJEHHBIH H3 KOM-
MeTEHTHOUN KyJAbTypbl Streptococcus sanguis, CTUMYJIHPOBAJ CI0OCO0-
HOCTb K TpaHo(hOpMalUU Yy FOMOJIOTHYHBIX HEKOMIIETEHTHBIX KJIETOK
1 He aKTUBHUpoOBaJ IutamM challis, u Hao6opor. He uckioueHo, uTo
HHTEHCHBHOCTb CHHTE3a 5THX BelleCcTB H HX CBolicTBa (ycTOHYHBOCTB
HJIM 4YBCTBHTEJBHOCTh K (DaKTOpaM cpelbl) ONpelesseT PasjHYHYIO
yacToTy Tpaucdhopmanuy, HabaogaeMylo y pa3Hbix 6aKTepui.

OrxocuTenbHG HenaBHO [36] ObLT OTKPHLIT IeHeTHUYeCKHH (akTop,
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BJAMAIOLME Ha 3¢deKTHBHOCTh TpaHchopmauud. OCHOBHOH OMBIT
(puc. 3), nokasmBajomuit cyumecrsoBanue B JTHK momopa dakro-
pa, cnocoGHoro yrueratb TpaHCOpPMauHIO, 3aK/IIOYANCS B CJAEAYIO-
eM: OblO B3STO ABa WITaMMa NHeBMOKokKa (Rx u R;), uyscTBH-
TeJbHBIX K CTPENTOMHUUHY W 3puTpoMuuuHy, [lpu Tpanchopma-
nuu mraMma Rx npenapataMu 1€30KCHPHOOHYKJIEHHOBOH KHCJOTHI,
TNOJYYEHHOH OT CTPENTOMHLUHMHO- H 3DPUTPOMHUHHOPE3HCTEHTHOTO

LJOHOP dep*
Sm-r,Er-r n4ep
}Hs\
Rx Sm~-s, Er-s R; Sm-s,Er-s
A I ! A
Lt __peuwnnwentu 1 _}
| ]
| TpauncpopMaHnTh |
Ry Sm-r=Ry Er-r R;Sm~r<R;Er-r

Puc. 3. Cxema onbrra I'puna [47] .(o6bsicHeHHe ¢M, B TeKcTe)

JoHOpa, TpadchopMaHTH N0 060OHMM TNpH3HAKaM BO3HUKAAd C ONH-
HaKoBoil yactoroi. Ecan ke B KauecTBe peuHNHeHTa UCIOJIb30BAJICS
Bropoit mwraMM (R;) u Ta xke camas JHK, to konuuectBo Tpauc-
topMauui N0 NOpPHU3HAKY CTPENTOMHIIMHODE3HCTEHTHOCTH pE3KO
CHUXaJioch., I'pHH, OMHCABLUHH 3TO sIBJE€HHe, BBICKa3aJ THIOTe3y
0 TOM, YTO CleunH(H1ecKoe yrHeTeHHe TPaHCHOPMaUUH [0 OJHOMY
U3 JBYX IIPU3HAKOB W TOJbKO B OTHOLUEHHH OJHOrO LitaMma obyc-
JIOBJIEHO TeHeTHYecKHM (akTopoM (Henpeccop HAH «dep»), KOTO-
pblil CLEMJeH B XPOMOCOME J0HOpa C HETEPMHHAHTOH, ONpelens-
tonlej] crpentoMuunHopesucreHTHocTh. [lo manubIM ['puHa, 3ddexr
yriuetenuss oOycJOBJeH TeM, UTO YYacTOK TpaHchopMHUpyollleH
OHK nonopa He sapaserca romosordunbiM JHK mramma R;, no
roMosorued JHK wramma Rx. B otnnune or npyrux ¢axkropos,
OnpejeasionIMX 4acToTy TpaHchopMauuH (¢pH3HoIOrHYECKHE, (PH3H-
yeckHe), JAenpeccop AefCTBYeT TOMbKO B MOMEHT OOBbeAHHEHHA
reHoMa JoHOpa W peuundenta. EcTecTBeHHO BO3HHK BONpoOC, CY-
UIeCTBYET JIH 3TOT (haKTOp B KJeTKe [0 NMpHOOpeTeHHs el CBOHCTBa
pPe3HCTEHTHOCTH K CTPenTOMHLHHY, BJHSET JH OH HA YpPOBEHb pe-
3HCTEHTHOCTH MWJIM e INpensiTCTByeT B3aUMOJeHCTBHIO (parMeHra
JAHK nonopa ¢ IHK peuunuenra, INociaenyiouniee nayueHHe 3TOro
BoIpoca nokasaso [37], utro caMm no cefe jJgenpeccop, Kak 4 mpen-
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nonaran I'pHH, He BJHsieT Ha yPOBEHb DE3UCTEHTHOCTH K aHTHOHO-
THKY, HO CHHXaeT BepPOATHOCTb OObefUHEHHs NBYX TI'eHOMOB,

[Ipupona u reHeTHueckKHH MexaHH3M fAeficTBHA Aenpeccopa 06b-
SICHAIOTCA  cJeAyloluM obpasoM: uHQopMalius, 3aKOZUpOBAaHHAS
B yyaCTKe XPOMOCOMBI, KOHTPOJHDPYIOUIEM YYBCTBHUTENBHOCTH K aH-
TUGHOTHKY, H3MeHseTCss B pe3yJabTaTe MYTalUH, KOTOpas MOXKeT
CONpPOBOXKAAThCA OJHOBPEMeHHBIM NepepacnpeneNeHHeM reHeTHYe-
CKOro MaTepHaJsa, T. e. HHBepcHefl.

Hannune B tpanchopmupytomest JHK unsepTupoBanHoil obaac-
‘PH 3aTPyIHseT o6beHeHHe reHOMOB JOHOpA M OJHOTO U3 pelLHIIHeH-
TOB M CHHXaeT TpaHCHOPMaumHI0 CTPENTOMHIHHOPE3HCTEHTHOCTH.

MexBHaoBas TpaHchopMaLus

B npemsinymeM pasgene GbJIO YKa3aHO, YTO HEOJHHAKOBASN
TpaHchopMupyloulass aktuBHocTb [ HK, nabaionaemas B pasnanu-
Hble NePHOABLl POCTAa OJHOI'O H TOT'O e LITaMMa DEelHIHeHTHbIX 0ak-
TepHHA HJIH Xe Y pa3HblX IUTaMMOB B OJIHH H TOT Xe NepHOA HX
Pas3BHTHSA, 3aBUCUT OT (PHU3HOJIOTHYECKOTO COCTOSHUSI MHKP0Da, Ha3h-
BaeMOTO KOMIIeTEeHTHOCTBbIO. Hapsiny ¢ 3THM H3BecTHO H Apyroe 00-
CTOATEJNbCTBO, JUMHTHpYIOUee 3(dekTHBHOCTL TpaHCchOpMailMu, a
HMEHHO OTCYTCTBHe CTPYKTYpHO# romosorun Mexay JHK nouopa u
JHK penunuenta. C 0AHMM U3 TAKUX CJAYyYaeB Mbl I03HAKOMHUJHCb
APU ONMCAHHH MeXaHH3Ma JeficTBHA Jenpeccopa. PaccMOTpUM Mex-
BHJAOBYI0 TpaHchopmanuo. Ecau Mbl TpaHchOPMHPYEM OJHH H TOT
JKe UITaMM, HaXOASIHUACA B OAUHAKOBOM '(DH3HOJOTHUECKOM COCTOS-
#uy, ¢ noMoulipio JIHK, xapakrepusyomefics 0AHHAKOBHIMHU (DH3H-
KO-XHMHYECKHMH CBOHCTBaMH, HO BBILEJEHHOH M3 Pa3UYHBIX MHK-
poOHBIX BHJOB, H HabJawoJaeM IOpH 3TOM DA3JHYHYI0 4acTOTy
TpaHnchOpMalUH, TO 3TO MOXHO OOBACHUTL JHGO TreHeTHUecKOH re-
Teposoruunoctbio Mexay JHK moHopa u HaclemcTBeHHBIM annapa-
TOM DELHNHEHTa WU Ke OCOGEHHOCTAMHU aJcopOiUU U NPOHHKHOBE-
uus JHK pasanunbix BUIOB Gakrepuil B KileTky peuunuesra. Cka-
3aHHOe HMeeT NPSAMOE OTHOLIeHHe K MeXKBHIOBOH TpaHchoOpMalHH,
OTKpBITON y npeactaButenell pona Hemophilus {38, 39].

Oco6eHHOCTBbIO MeXBHAOBOH TpaHchOpMaUHH, oTaHyawmoulel ee
OT BHYTPHUBHJOBOH, SIBASIeTCS OTHOCHTEJbHO HH3Kas 4acToTa BHIXO-
Aa tpaHcpopMmantoB. [To manueiM Uleddepa [40], romMocneunduue-
ckas TpaHchopmauus iutaMmMa Rd Re30KCHPUOGOHYKJIEHHOROH KHc-
JIOTOH M3 CTPENTOMHLUHHODE3HCTEHTHOro MyTaHTa 3TOro ke LITaM-
Ma 3aBepuIaJach BHIXOJOM TpaHc(OpPMAaHTOB € 4acTOTOR OKoJo 1X
X 10-3, Tlpu reTepocnenncdryeckux TpaHchopMauusax oOHa Oblia
3HAYUTEJIBHO HHUXKe !,

1) Rd X OHK — Fid Sm-r — uacrora tpanchopmauuu 3 X 10-6;
2) Rd x OHK — A61 Sm-r — uacrora tpanchopmauuu 1 X 10-7

! O6osnauennsi: Rd —wramm H. influenzae; Fid — wtamm H. parainfluen-
zae; A61 —wtamm H. suis.
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Huskas uactotra MexBHAOBOH TpaHchOpMAalHK He CBfi3aHa C
KOMIIETEHTHOCTbIO KJETOK, 8 32BHCHT OT Oco0eHHocTelt TpaHcdop-
mupyiouteii JIHK. M3MeHeHHe KOMIETEHTHOCTH OJMHAKOBO OTpa-
JKaeTcs Ha retepocnenu@Hueckod U romocnenudpuueckcit TpaHcdop-
Mauuax. OTHOILEHHe YacTOT BBiXOAa TPaHChHOPMHPOBAHHBIX Kile-
TOK TPH 000HMX THINAX DeaKUHWH OCTaeTCsl NOCTOAHHBIM B KYJbType
JAHHOrO BH1d, HAaXOAAUIEHCH B pa3HbIX (PU3UOJOTUUECKHX COCTOS-
HUsAX. CTa0HJABHOCTD 3TOrO COOTHOWIEHHs HAGJIOAAI0T U NPH H3Me-
nenu konuenTtpauud JIHK, a Takxe npu pasiuuHofl mporosxu-
TesbHocTH KoHtakta JAHK moHopa ¢ kaeTkol penunuenra [41].

Haxkoney 6bl10 MOKa3aHo, YTO pa3/H4He B 4YaCTOTaX MEXK- M BHYT-
PUEHAOBOH TpaHchoOpMaUUH He MOXKeT OHITb OGBSACHEHO HEOJHHA-
KoBoH cnocobroctbio JJHK noHopoB QukcHpoBaThcs Ha penuNHeH-
Te H NPOHUKAaTb BHYTpb Hero [40]. Bce »5T0 npuBOAMT K BBIBO1Y
0 TOM, 4TO 3P(EKTHBHOCTb TPaHCHOPMAUHH HapHALY €O CBOHCTBAMYU
penunuenta (KOMIETEHTHOCTh), onpeaensercs ocobenHoctamu JHK
J0HOpa W, BepoATHEe BCEro, CTENeHblo ee TreHeTHUeCKOoro nogobus
¢ IHK penunuenra.

Mexannsm tpaHchopmanuu

KoneunbiM pesyabTatoM Tpascopmalliu fBJSETCH, KAaK YKa3bl-
BaJOCb, M3MeHeHHe TeHOTHNA peLMIHeHTa. IDTOMY NpelllecTByeT
pAl CcOOHITHHA, HayaJoM KOTOPbIX fBJAETCS KOHTAKT TpaHCHOPMHU-
pviomedt THK ¢ noBepxHocTblo Tpancopmupyemost Gakrepuu. O6-
wasn cxema TpaHCHOpPMallUM U MOCTEN0BATENBbHOCTh OTAENBHBIX ee
sranos cocrout [40] u3 caeiylowux npoueccos: 1) agcop6uun Mo-
Jekyanl tpaHchopmupylourefi JIHK wna mnoBepxHoCTH GaKTepHH;
2) npouukHoBeHus MoJgekyasl JITHK BuyTpb kiieTku; 3) cneunduue-
CKOrO CrapHBaHUA BHEJPUBIUEHCH MOJEKYJIbl C XDOMOCOMHBIMHU CTPYK-
TypaMH pellUniHeHTa; 4) BKJIOYEHHS TeHeTHUEeCKO# NeTSPMHUHAHTHI B
XPOMOCOMHYIO CTPYKTYDY DELHIHEHTa; 5) CerperupoBaHUsl TPaHC-
hOpMHUDPOBAHHOTO HYyKJeouaa OakTepud B XO0i€ OLHOTO HJIH JBYX
JeneHus.

B cnnitax ¢ JHK . influenzae, meueitnoit P#2, 6bi1o nokasano,
YTO KOMIIETEHTHAA KJEeTKa MOIJIOWAeT pajfHOaKTHBHOCTb U COXpaHf-
eT ee mocJe oTMbiBaHus H o6pabotku peunnuenta JHK-aszof. Yuc-
Ji0 MOJIYUEHHBIX TPaHCHOPMAHTOB NPOMOPIHOHANBHO KOJHUECTBY
norsoitennoit JJTHK {40, 42]. PesyabraThl ONBITOB ¢ H30TONAMHU X0PO-
110 COTJ1acyIOTCA ¢ JaHHBIMH, NOJy4YeHHBIMH nocae o6pa6otky JTHK-
aszofi kommiaekca JIHK+kaerka-penunnent. Bbl10 ycTaHoBJeHO,
uyto nepBas aza TpaHchopmauuy ob6paTHMa, TaK KakK B 3TO BpeMs
KoMnaexkctpaHchopmupyemas kinerka+ JIHK He yeroiiuue kK
IIHK-ase, BTopasi — Heo6paTuMas — ycTofiuuBa K o6paboTke dep-
menTtoM. JIHK noHopa, MpOHUKIIYIO B KJETKY PeuHNHeHTa, MOXKHO
0OHapYXHUTh MyTeM paspyluieHus oOpabOTaHHLIX KJeTOK JIM30LH-
MoM. B nosyueHsblx Juszarax BeisiBagercss T, yyBCTBHTeJbHBIH X
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JHK-a3e. Akrunocts T®, 0cBOBGOXKAEHHOTO H3 KJAETOK Ha NepBbIX
sTanax Tpancgopmaiuu, coorBercrByer Kosauuectsy HK, mnorgo-
meHHoMy KaerkaMd. OTJIHUHTENbHOH OCOGEHHOCTBIO NEPBOTO H BTO-
poro atana (amcopOuHs, TPOHHKHOBeHHe) TpaHCHOpMaLHUK sIBJSETCH
OTCYTCTBHe  CHelHPHUUYHOCTH,
T. €. PeIUNHEHT B OJHHAKO-
BOH cTeneHH norJoutaer
TpaHCHOPMHUDPYIOIHE PaKTOp
H HeTpaHCcPOPMUPYIOULYIO
IOHK, a rakxKe roMo- u rerte-
pocneuuduunsie JHK npu
BHYTPH- H MEXKBHIOBOH TPaHC-
dopmanuu. Bwmectre ¢ Ttem
M3BECTHO, 4TO HeTpaHCHOPMU-
pywowas [AHK, nob6asneHHas
k cmecu T®+xaerka, yrHe-
TaeT peakilHio TpaHcdopma-
uuMd. XOYyKHC HcchenoBas 3a-
BHCUMOCTb BBIXOJA TPaHC-
($HOpMAHTOB OT KOHLEHTDPAIUH Lc-m-”-// . X ,
tpaHcopmupyrouei JHK B _ 0wt o w? o
NPUCYTCTBUH HETPAHCHOPMHU- Konuenmpayus JHK-S mwe wa, \g
pyooueii. Ha mnpuBeaeHHoM
pucyHke (puc. 4) uzobpaxe- Puc. 4. 3asucumocts Sm-r-tpanchopmu-
Ha AKTHBHOCTDL IIHEBMOKOK- plel.Lleﬁ aKTHBHOCTPj OT KOHUCHTpalHH
xopoit JIHK, Hecywiefi npu- . oﬂHK’ ”secy”*;’;‘ q’a:mpﬂi’:" .
— Smors IT — Smr: 51"
SHak CTpenToMUIHKOpe3H- o o RHK. .
CTEHTHOCTH. Mpl BUIUM, 4YTO IV — 3aBHCUMOCTb BbiXoJa TpaHcpOpMaHTOB OT
KOJIH4YeCTBO Tpchcboledpo- obitelt Kouuentpauud JHK. ¥Ykasanuble cMmecH
BAHHDBIX 6aKTepHﬁ nponopuu- ¢ <nocroponnett» JIHK (Takxke u3Bneuedsoft Hu3
OHAaJIbHO KOHIEHTPalHH ﬂHK NHeBMOKOKKOB, HO hecyllefi BMecTo dakTopa Sm-r
dakTop F) n06GaBJAANH B BO3PacTAaIOILHX KOJH-
TaYKaH 3aBUCHMOCTb Coxpa- yecreax kK 06paauaM TOH Ke KYJAbTYDBI. ﬂpo~
HAEeTCa 40 TeX nop, IIOKa NOJKHTENIbHOCT MHKyGauud — 5 Muu., t 37° [58]
KOHUeHTpauus aKTHBHOH
JOHK He nocturser yposHs,
paBHoro 0,1 y/ma. ITocie 3T10r0 cnoco6HOCTh KJAETOK pearupoBaTh C
JHK «Hacbimaercsi» 4 Ha KPUBOJ NosiBasieTcss maato (KpuBasi /).
JIuHellHass 3aBHCHMOCThL COXpaHsieTcs H B Tex cayuasx, koraa JIHK
NHeBMOKOKKa, 06J1afiaBIiiler0 CTPENTOMHUIMHOPE3UCTEHTHOCThIO, pas-
6aBJsiiach B 2 U 5 pas npenapatom NHeBMoKokkoBo# JTHK, He 06-
JganaBuefi npusHakoMm Sm-r. O1HaKo MosiBJeHHe IJIATO B 3THX C.IY-
4asiX CHHXKAJOCh, T. €. «HacChllleHHe» KOMIETEHTHbIX KJeTOK Npo-
HUCXOAHJIO0 TpH Gojdee HHU3KUX KOHHEHTPAUHAX TpaHChOPMUDYIO-
et JJHK, uto cBUAeTenbeTBYeT O HAMHUMH KOHKYPEHLUHUH MeX1V
reHeTHUECKH - aKTHMBHBIMH W HeaKTHBHbIMH Mosekyjaamu JHK.
Takyio KOHKYpEHLHIO ONUCHIBAIOT KaK (peHOMeH YrHeTeHHs TpaHC-
tdhopMaLuu.

~

S
=
1

Haxnon = 0,95

Yucno mpancpopmupobanneiz kaemox 6 ma. g
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H3ayuenne yruerenuss tpancdopmammu H. influenzae wuerpamc-
¢opmupyromeit JIHK nokasano, uto spdekT yrueTeHus 3aBHCHT OT
CTeMeHH HachIIeHUA KJAeTKH MoJjeKyjaaMu o6oux tunos JIHK. Ecanu
KOMIIeTeHTHAs KJeTKa pelUMNHeHTa HachlllleHa MoJekyaaMy To
(MHO>KecTBeHHOCTh 10), TO OTHOCHTE/NbHO HEBGOJBIIOH H3GHITOK CO-
ayrereyiome JJHK yrueraer smixon tpancthopmauntos. B orcyrer-
8He HachllleHns O6axTepuit TpaHcthopmupyouleii [THK yruertenne
BHIXOAA TPaHCHOPMAHTOB HAOMIONAETCA JHIUL [PH 3HAYHTENBHOM
usbniTke KoukypentHol JHK. [Tpu 3ToM B 060HX CIyuasx HaHMEHb-
lwKe KoHueHTpauuu conyrersyowelt JIHK, o6ecneunsalomue yrue-
TeHHe TpPaHcPOPMAHTOB, OKA3aJHCh KOHCTAHTHBIMH H pPaBHBIMH
0,1 y/ma, 1. e. MuoxectBenHocTH 10. ¥Yka3aHHble B3aHMOOTHOILLIEHHS
uaocTpupytores taba. 2 [40].

Ta6auma 2

Yruetenne Tparcdopmauuu HerpaHchopmupytomest JJHK kak dyHxuus
Konuexrpauun T (B %)

YrHeTeHHe TpaHCHOPMALH¥ NPH H3GLITKE
MHOKECTBEHHOCTD HerpaHchopmupyomeit JHK, pasHoM
TparchopMHUpYyIomed
AHK 100 10t 102 108 194 108
10-8 0 0 9] 0 40 82
10-2 0 0 0 45 95 —_
1071 0 0 35 87 —_ —
100 0 52 93 — —_ -
10t 42 80 98 — — —
102 3 88 - — - —_
6-102 53 — — —_ - —
1,8.109 49 —— — — — —

Taxum o6pasoM, yrHeTeHHe TpaHOpOpPMAallHH BO3HHKAeT B pe-
3yJbTaTe KOHKYDEHIHH MeXJRY IeHeTHUECKH aKTHBHBIMH M HHEPTHBI-
mu mosekyaamu JTHK.

H3noxenHoe Bhlllle 00bsICHEHHE OCHOBAHO Ha MPeIONOKEHUH 06
OHOPOAHOCTH GaKTepHaJNbHON MONMYJSIHH MO CBOEH KOMIIETEHTHO-
CTH, 4TO €aMO no cebe TpebyeT 3KCNepHMEHTAJbHBIX A0Ka3aTeNbCTB.
OfHako OYEBHAHO, U4TO ONHCHIBA€MOe YrHeTeHHe TpaHCcHOpMalHK
CBS3aHO ¢ BHYTDHKJETOUHBIMH CTagHsIMH peakuud. Yro ke npouc-
XOLMT ¢ Mosekysoit TpaHcdopmupyloied [JHK mocie nponnkHoBe-
HHA ee B KJeTKy peuunueHta? [Ipexne Bcero HeoO6XoguMo 6HLJIO
EbISICHUTb, KaK OBLICTPO peUUNHEeHT NpHoOpeTaeT Hac/aedCTBEHHBIH
[IpU3HAK JOHOpa mochae noraomenus TO.

B onbitax ¢ xaopaMdenukogoM (cmeuHpuueckufi HHrHOHTOD
cuHTe3a 6enKoB), J0GaB/JeHHbIM K KJeTKaM MHEeBMOKOKKa, HaXOIHUB-
IHMCS B TeueHHe 3 MHH. B KOHTaKTe ¢ TpaHodopmupyromedt JIHK,
OBIJI0 YCTAHOBJIEHO, YTO HapacTalollee HapYlIeHHe KJIeTOYHOrO MeTa-
60J1113Ma, BbI3BAHHOE aHTHOHOTHKOM, CONDOBOMXKIAETCA «H3Jede-
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HHeM» Gakrepuii ot BHeapenHoli JTHK. 3dpyccu-Te#nop [15] npu-
¥OAHT K BHIBOAY, uTo TpaHcOpMHpYyiollee AeficTBHe MOKeT GbiTb
3a6JIOKHPOBAHO XJOPAM(PEHHKOIOM HEMOCPEACTBEHHO MOCJe MOrJIo-
wenns JJHK kaetkoit. MHBIMH c/I0BaMH, B 3TOT NepuoA elile HeJb3sl
roBoputs 0 Tpanchopmaunn. Kaerkn c norgoumennot JHK npa-
BHJbHee Ha3bIBATb MOTEHIHAJbHBIMH TPaHCHOPMAHTAMH. YCTOHYH-
Boe cOCTOsIHHE TpaHChOpMalMM pa3BHBaeTcss B GaKTepHsIX 3HAUH-
TenpHo Mo3xe, mocie norjouwenus JHK {15].

Ha rpaduke puc. 5 BHAHO, uTo OGpaTHMOCTb TpaHChOpMAaIHH
coXpaHsieTCsl B KJeTKe Mo KpaiHeil Mepe B TeueHne 10 MuH., 3aTeM
qUCA0 HeoOpPaTHMBIX TpaHC-

($OpMaHTOB DE3KO BO3pac- g KS:BU
TaeT M [OCTHraer MaKCH- \ K22’
MyMa K 22-fi MHH., nocjae

yero MOMyJAsiiHs CTabHJIH- . g
supyercs. Bropasa BoJHa
crabUMM3alUKM  HacTynaer
or 40-i1 mno 60- mun. Ta-
KM o6pa3oM, COCTOsHHe
ycToituuBOoH TpaHcopMa-
MY B KyJAbType pa3BHBa-
erca crynendaro. Como- . . . . 0310’
CTaBJjeHHe JAHHAMHKH (op- 2w 40 60 80 100
MHPOBAaHUS CTabHJbHBIX Jnumensnocmo 06pabomxu TROPAMDERUNONTH, MuK
TpaHCcHOpPMAHTOB C MpoO- ‘

lleccOM  JeJIéHHSI  BaKTe- Puc. 5. ®opmupoBamme  TpaHCHOPMaHTOB

o B KJIeTKaX, o6paGoTaHHBIX XJOPaMPEHHKOJIOM,
Pl TIpUBOAHT K CJAEAYIO-  [[udpamu ma KpHBHX NOKAasaHo BpeMs Hauwa-
meMy 3aKJ/JIOYEHHIO! NMOCJH€  na AeHCTBHS aHTHOMOTHKA INocje KOHTAaKTa

agcopbunu TpancopMupy- peunnuenta ¢ JHK nowopa [23]
owert JHK B 6aktepn-

aJbHOH MOMYJISAUHH NPUCYTCTBYIOT JIHIIb NOTEHUHANbHO-06GpaTHMble
TpaHchopManThl. Heo6paTuMoCTh BO3HHKaeT B KJeTKaX JHIIb NMPH
onpeneseHHOM (PH3HONOTHYECKOM COCTOSIHHH, KOIJIa ¢ MOMEHTa To-
riomenus kiaerkoit [JHK npomno 2/; nepuona renepauuun. Koanue-
CTBO CTaOHJBHBIX TPaHCODMAHTOB B MAHHBIH OTPE30K BpPEMEHH
AJisi ONpefe/ieHHOH KyJbTyphl ¥ KOHKPETHOTO reHa — BeJHUHHA MO-
CTOSIHHAS.

CryneHuatocTh (hOPMUPOBaHHS HeoOpaTHMbIX TpaHCHOPMAHTOB
32BHCHT TaKXe OT UHKJOB Da3MHOXeHHUS KJerTok Koau-
uecTBO HeoOpaTUMBIX TPaHC(HOPMAHTOB, BO3HHKIIKX IO NMEPBOrO Ae-
NeHUs1 KJIeTOK, NOCTOSIHHO 10 ONpeNeseHHOTO MOMEHTa, MpeNuIecT-
BYIOIlETO BTOPOMY JeJIeHHIO, KOI'Ja HOBas 4acCTb HecTaGHJBHBIX
TpaHC(hOPMaHTOB NpeBpaliaercss B cTabuibHble. KoHeyHbI ypOBEHb
npeBpalleHUs] TOTEHUHAJbHBHX TPAaHC(HOPMAHTOB B CTaGHJbHBIE OI-
penensieTcsi GHOJIOTHUECKHMH OCOGEHHOCTSIMH H3Y4aeMOH KYJbTYpBHI.

XapakTepHast 0COGEHHOCTb TPaHC(HOPMALIUY 3aKAI0YAeTCS B TOM,
YTO BHeCeHHass B GaKTepHIO reHeTHUeCKasl NeTePMHHAHTA He pemJiH-
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LUUPYETCS CHHXPOHHO C [ej1eHHEM KJETKH, MOCKOJbKY OTHOCHTEJbHO®
KOJIMYECTBO TPaHCHOPMaHTOB, O6HAPYKUBAEMbIX MOCJE NEepPBOTO Ae-
JIeHHsl, PABHO KOJIMUECTBY, BHIABJISEMOMY 10 nefneHusi. Takum obpa-
30M, COCTOSIHHE <CTaOWJILHOCTH TpaHChOpPMaHTa XapakTepusyer
co6oit nponecc uHTerpanuy Tpadcopmupyromei JTHK ¢ xpoMocom-
HBIM annapaTtoM OakTepuH. DTa HHTerpauusi HacTynaer B Olpeje-
JIeHHOH (ase HHMKAa JeJeHHs U He OCYLIECTBISETCS cpasy IPH OLHOM
H TOM XK€ JeJIEHHH BO BCEX KJeTKax, MOTJIOTHBIIKX MOJIEKYJY TPaHC-
dopmupyomeii JTHK.

Hurerpaudss AByX TreHeTHUeCKHX HauaJ B KJeTKe peUHIHEHTa
lipexcras/asier co60H BaXKHEHIIMH 3aK/IOUMTENbHBIH 3Tan TpaHcdop-
MalKH, BbIpaXKaloLUHACA B Nlepexosie OT COCTOSHHS HecTaGUJBHOCTH
(moreHunanbHEle TPaHCPOPMAHTH) K CcTaGHJIBHOCTH (TpHBEAEHHHE
Boilie onbiThl JdpyccH-Tefmop ¢ BausiHMeM XJopaMdbeHHKONA).
Ponp uHTErpaumu reHoMoB B (GOPMHPOBAHWM CcTaGHABHBIX TPaHC-
¢bopmanToB HoKasbiBaercs TeM, uto JJHK moHopa, BHegpuBiuasics
B KJETKYy pelHIHeHTa, He cmocob6Ha UHAYUHPOBATh CHHTe3 (hepMeH-
TOB [0 TeX Top, MOKa OHa He OOBEAMHHTCH ¢ XPOMOCOMOH GaKTe-
pun [43]. M, nHakoHen, TOT akT, 4TO HEBO3MOXKHO OBGHAPYXKHTb
tpaHchopmupyowyio JHK B penunueHTHHX KJIeTKax yepes HEKOTO-
poe BpeMs mnoche noraomenus umu JHK nonopa {44], ykasuBaer
Ha obbeanHenue BHeapuBulefics JIHK ¢ GakTtepHalbHOH XpoMoco-
Moil.

KakoBbl Xe MeXaHH3MBl, o6ecNeudBalollHe HHTerpaldio ABYX
FeHETHYECKUX HauaJ B xome TpaHchopMauuii?

HexkoTtopble cBefeHHSI 0 MOJIEKYJSDHOM MeXaHH3Me HHTerpalHu
IAHK nonopa ¥ reHoma pensiiHeHTa ObUIH HOJYYeHbl B OMNbITaX ¢
nsotonamu [45]. B Hux 610 MOKa3aHO, YTC Cpa3y Iloc/e BHeJpeHus
okoJio nosoBuHbl [THK HaxonuTes B KieTKe B BUAEe OXHOH HUTH, BTO-
pas noJIOBHHA pa3pyllaeTcs OO0 AHAAH3a6HJbHBIX OJUTOHYKJIEOTH-
0B U Heopranuueckoro ¢ocdara. Ilo Mepe HHKyOauuHu KJIETOK C
TpaHchopmupyoweii JTHK pannoakTHBHOCTL HaTHBHOH ¢paKuUUH
6akrepuanaeHoii JHK  peununuenta Bospacrana. McTouHHKOM
5TOH pPaJHOAKTHBHOCTH SMBJSIOTCA (ParMeHTHl paspyLIeHHON HHTH
JHK nonopa, HcnoJb30BaHHble B X0de OOBIYHOI'O CHHTE3a, H OLHO-
mutuatas JIHK, uacts xoTopoii uenukom Bkatouaercs B JHK peui-
nueHTa. YBeJuuyeHHe panuoakTuBHocTH HaTHBHOH JHK peunnuenra
U HcuesHoBenue ogHonutuatoli JHK noHopa cooTBercTByer MOMeH-
Ty nosizjenus TtpaHcdopMaHToB. TakuM 06pa3oM, OJHOHHTUATAA
HHK poHopa, ¢ TpyJIOM NPOHHKAIOUIasl B KJIETKY, HAXOLACh BHYTDH
Hee, ABJAsieTcs TeM cy6GerpaTtoM, Koropblii oGbenuusercs c JIHK
GaxTepuu, Ecau e HCKYCCTBeHHO oOOecneyHTb NPOHHKHOBEHHe B
Gakteputo onHonntuato [HK, to Knerka TpaHchopMupyeTcs
[18—20]. Onuako, Kak yYKasblBaJoCh BhbIllle, He BCSl TPOHHKINAs Mo-
aexyna JJHK Bkawouaercs B renoM Gakrepuu. OTciofa cienyer, 4uTo
KOJIMYECTBO [eHETHUeCKUX NETePMHHAHT, JIOKaJH30BaHHLIX B OJHOH
mosekysie JITHK, cnocoGHBIX BKJIIOUHUTECA B FeHOM pelHIHeHTa, JIH-
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MHTHPOBAHO, T. €. OTPAHHYEHO Y3KOH obJaacTbio. Bompoc o Tom, Ka-
KOB Anamnas3oH TpaHcHOPMAaLMH, WIH KaKOe KOJHYECTBO reHOB MOX-
Ho MepellaTh GAKTEDHH, PEIIACTCH B ONMMTAX €O CUCIVIEHHOH W He-
clenJenHoft TpancopManuen.

CuenJjeHHasi U HeclelieHHas TpaHc(opMauus

Ha nepBblX 3Tanax H3ydeHHs TpaHc(opManus OMHCHBanach Kak
nepefaya reHEeTHUECKHX (PAKTODPOB, He3aBHUCHMBIX OJMH OT JApYroro.
OnuHOUHBIA TeHeTHYeCKHH JoKyc, JokaausoBanHubil B JIHK nonopa,
dopMHpYeT TPaHCHOPMAHT C OJHHM H3MEHeHHEIM pu3HaKkoM. Jluneh-
" Hasl 3aBUCHMOCTb MEXJY KOJHUYECTBOM TPaHCHOPMAHTOB H KOHLEHT-
pauueit JTHK [46—48] ykasniBaer, uto ofpasoBande TpaHcdopman-
Ta ecTb Pe3yJabTaT B3aHUMOJEHCTBHA OJHOH GaKTepHH ¢ eIXHHHUEH
tpancdopMmapylomeii aktuBHocTH, OfHako B moc/efywoileM Gbuld
omucaHbl TpaHchopMamuu 0o JABYM IIpU3HaKaM: TpaHcdopManus
aHTHTreHOB y [1. influenzae [49] npusHakoB (HepMeHTHPOBAHUS MaHHU-
Ta H CTPENTOMUIMHODPE3NCTEHTHOCTH Y MHeBMOKOKKa [50], pe3ncreHT-
HOCTH K KaTOMHMIMHY H CTPENTOMHUMHY Yy GakTepuii pona Hemo-
philus [51]. OBoitnble TpanchopMal Ui MOTYT ObITh BEI3BAHBI CMECHIO
mosekya JHK, BeigeseHHblX W3 pasHbBIX IITAMMOB, KaXXAblfl U3 KO-
TOPBIX HeceT OTAe]bHYIO reHeTHueckylo Metky, uau oxsoir JHK,
BHAEJICHHOH H3 KJIeTKH, MeueHHOl ABYMs WJIH 6ojiee MyTaHTHHIMH
reHaMH,

B nmepBoM ciyuae yacroTa nBOHHEIX TpaHcHOPMALHH ONHCHIBAET-
¢ Kak (QYHKUHA 4acTOT OTHeNbHHIX TpaHchopmauuid. Bo BTOpOM
clyuae HaGMw0[al0T ABa pesyJbTaTa: KOrja KOJWYeCTBO IBOHHBIX
TpaHcPOPMAHTOB PABHO YHCHAY TpaHCHOPMaHTOB, O6HADYKHBaeMOMY
IpH OAHOBPEMEHHOH Iepelaye IBYX He3aBHCHMBIX IIPU3HAKOB; KOrAa
KOJHYecTBO OBOHHEIX TpaHcHopMaHTOB G6oOJblle KOJHYECTBA, OXH-
JaeMoro IpH TpaHcHOpPMalUHH OTAeNbHBIMH NpH3HakamH (tabm. 3).
ITepBolid THO TpaHchOpMaHTOB BO3HHKAeT 3a cueT TpaHchoOpMauHuu,

Ta6auna 3

Tpauchopmauusa H. influenzae cuenaeHHbMH H HecueneHHBMH
resamu [48]

KonuuectBo TpadchoOpMaHTOB, PEe3HCTEHTHRIX
K aHTHOHOTHKA M
AHK
C ’ K CK
C+ K 1,9-10% 8,6.10¢0 8,2.102
CK 1,0.103 2,8-108 3,8-10¢

Npumeuanune. C— pesuCTeHTHOCT> K CTpenToMul uHy; K —
pesucTedTHOCTb K KaTamuiuny; C -+ K —cmecs JHK, Bhige neHHBIX U3
OTAeNbHBIX pesucTeHTHHX wTammoB; CK — JHK, BhlgesenHas us mram-
Ma, Pe3UCTEHTHOro K 06ouM aHTHOHOTHKAM.
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WHAYLHPOBaHHOH ABYMsi Mosekynamu JIHK, a TpancopMaHTh BTO-
poro THna 3a cYyeT OJHOH MOJIeKYJBl, Hecyllel o6a resa.

U B nepBoM, U BO BTOPOM cayuae TpanchopMmauus o6ycioBiaeHa
B3aHMoJelicTBHEM oTAenbHOM Mogaekyan JIHK ¢ koMneTeHTHOH kJjer-
Koii, JIBoiiHble TpaRCOPMaHTHI, BO3HHKAWOLIHe NPH KOHTAKTe KOM-
nereHTHbIX 6aktepuit ¢ JIHK, MeueHHOfi ABYMSA CuENMJeHHLIMH IeHa-
MH, GOpMHUDYIOTCSl B pe3yJbTaTe OJHOCTYNEHUATOro aKra. JlBoiiHbie
TpaHcOpMaHTH, MoNydyaeMble npu BozfefictBuu rpenapatos JIHK,
CO/lepKalUHX CMeCb MOJIEKYJ, HeCYIUHMX pasJHyHble TeHBl, (OpMH-
pyloTcsl B pe3yJbTaTe MABOHHOIO akTa B3aHMOJAEHCTBHSA KJETKH C
IBYMs reHeTHUeCKH pasanuHo MeueHHHMH JIHK. 3Tto xopoio moka-
3biBaeTcsl ONBITAMH CO CTYNMEHYaTOH MHAYKUHEH Da3/jHuHBIX YPOB-
HeH PEe3UCTEHTHOCTH K aHTHOGHOTHKaM [62]. ¥V Tpex myranrtos H. in-
fluenzae ypoBeHb PE3HCTEHTHOCTH K CTpenTOMUUHMHY 6bla 10, 100 u
700 y/ma. Okasanoch, 4TO 3TO CBSI3aHO C CYIUECTBOBAHHEM B XPOMO-
coMe GakTepuii HBYX reHeTHUeCKUX YYacTKOB, MYTalHs OIHOTO H3
KOTOPbIX NMPHBOAUT K (OpPMHpPOBaHHIO ycToiuuBocTH mnpotus 10y,
a Broporo — npotus 100 y. CooTBeTcTBeHHO BapHaHT, o6aagaBUINni
BHICHIEH pe3UCTeHTHOCTHIO (700 y/Ma), ABASACH MYTaHTOM MO ABYM
He3aBHCHMHEIM JokycaMm. Tpu tuna JJHK Owuin BBIAE/EHBl U3 mepe-
YHCJAEHHBIX MYTAHTOB H HCIIOJIb30BAaHBI B OMbITAaX TPaHCHOpMaIUH.

JHK u3 mramMa Sm 1 y Sm 19 ye ungyuuposanu tpaHcdop-
MaHTOB C ycroitunBocTbio npotuB 700 y/ma. [TonyueHubie TpaHcdop-
MaHTH 006Jajanu ypOBHEM pE3UCTEHTHOCTH, COOTBETCTBYIOILUM
WITAMMY, H3 KOTOPOrO OHH GBIIH TOJYYEHbI.

Ilpu nepekpecrHo#t TpaHcpopmauuu wmramm Sm!iox JJHK
Sm1° y mwramm Sm19X JHK Sm!® tpanchopMmanTte obaaganu
BBICIIHM YpPOBHEM DE3UCTEHTHOCTH, T. €. KaXJAas H3 YKa3aHHBIX
JHK nomonHana TEHOTHN pPeUUNHEHTa, BKAIOYASCh B XPOMOCOMY
KaK He3aBHCHMas eIHHHIA, B pe3ysabrate yero {popMmHpoBancs ¢e-
HOTHII, XapaKTepHbIA A5 ABOAHOro MyTaHTa.

OHK, BhimeneHHas H3 1ITaMMa ¢ pe3ucTeHTHocTbio K 700 y/ma
CTPeNTOMHUMHA, HHAYUHPOBa/Ja TpaHCHODPMAHTH TpPEX THIIOB!
1) ¢ ypoBHeM pe3ucTeHTHOCTH, paBHbIM 10 y/ma; 2) ¢ ypoBHeM
100 y/m2 u 3) ¢ pesucreutHoctblo mnpotuB 700 y/ma. Koauyecrso
TpaHCHOPMAHTOB TPEThEro THIA COOTBETCTBOBAJO 4acCTOTe TPaHC-
dbopManuu NO IBYM He3aBHCHMBIM FeHETHUECKHM JOoKycaM, HaXxons-
IIUMCsl B pas3juyHbX MoJsekyaax JAHK.

[Tpu tpanchopmaunn Gakrepuu JHK, necyuueft cuensenssle re-
HBl, YacToTa MOSBJEHHUS JBOHHBIX TPAHCHPOPMAHTOB KoJeblercd,
TakK Kak U B 3TOM cJayuyae TpaHchopMauus ssasiercsi PyHKuue Ko-
JIHUeCTBAa KOMIETEHTHBIX KJETOK M KOJHYECTBAa MOJEKYJ, KOTOpble
¢ HUMH pearHpywt. [loatomy Gosiee TOYHO cuHTaTh, U4TO TOKa3aTe-
JleM ClleNMeHHOH TpaHcpopMauuu OyaeT He TOJbKO 60JblIoe KOJIH-
YeCTBO TOJYYEHHBIX JBOHHBIX TpaHCHOPMAHTOB, HO H IOCTOSIHCTBO
OTHOLIEHHS] 4acTOThl MNOSIBJIEHHS NBOHHBIX TpaHC(HOpPMAaHTOB K OIH-
HOUHBIM TNPH PAa3IHUYHBIX KOHUEHTPALUHAX KOMIIETEHTHBIX KJETOK H
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AJHK. OtrMeueHo TakXKe, 4TO BHIXOA TpaHcGOPMAHTOB GyHAeT pasjH-
YeH TIpH pa3JHYHBIX CLEIVIeHHBIX IpH3HakaXx. Hanpumep, uHncio
TpaHc(hOPMaHTOB o npu3HakaM A U B moxer ObThb GOJBLIHM, 4eM
no npu3HakaM A u C. 3to onpefensercs pacCTOHHeM MeXAy re-
HaMu mo AuauHe xpomocoMbl. JIHK, BHaeneHHaa U3 ABOHHOro TpaHe-
tdopmanTa, aHanoruyHo ucxoanoir JHK ponopa, Tpanchopmupyer
KJeTKH Tpex THHoB. Hamnpumep, B mnpHBeleHHOM BhIllle ciyuyae
TpaHcOpMaHThl OYAYT XapaKTepU30BATbCA CJAEAYIOLIUMH TNpH3HA-
KaMH: CTPENTOMHIHHOPE3HCTEHTHOCTbIO, KaTaMHUHHOPEe3HCTEHTHO-
cTbio, ABOHHOM pesucTeHTHocThIO (C M K).

KakoBo mpoucxoxaeHue OAHHOYHBIX TpaHCHOPMaHTOB IIPH
tpaHchopmannn JITHK, Hecymell nBa cueneHHbIX MYTAHTHHIX reHa?
Xoukuc u Mapmyp [50], n3yuaBiine TpancopManHio NHEBMOKOKKOB
JIBYMS CIeNJIEHHBIMH NpH3HaKaMH (cdepMeHTHPOBaHHE MaHHHTA H
PE3HCTEHTHOCTh K CTPENTOMHUHMHY), NOJaraiT, 4TO TpaHcpopMmaH-
Thbl, HeCyILllHe TOJBKO OAMH M3 IIPH3HAKOB JOHOPA, BO3HHKAIOT B pe-
3y/abTaTe peKOMOMHauuu Mexay ¢parMentoMm BrecensHodt JHK wu
OHK peunnunenrta. I'yaraa, udyuaBuminii 3ToT ke Bompoc Ha H. i
fluenzae [48], TakxKe yKasplBaer, YTO OJHON M3 TNPUYHH NOSBJIEHHSA
OJHHOYHBIX TpaHcOpMaHTOB NpH paGoTe co CuenJeHHBIMH MPH3HA-
KaMHu fiBasieTcst pekoMOuHanus Mexay ydactkamu JJHK 6Gaktepuu-
penunuenta u Tpanchopmupywowmeir [JHK nonopa.

Kak ke ocyuiecTBasieTcsi HocaeqHHH 3Tan TpaHcopMmauuy —
cOOGCTBEHHO TeHeTHYecKuil OOMeH, 3aBeplIalOLiuiica mepenavell pe-
LHHUIIHEHTY TeHa JoHopa? BaxHoe 3HaueHHe JAJd TOHHMaHHUA
MeXaHH3Ma BHYTDHKJIETOYHBIX 3TamnoB TpaHchopMauud HMEIT
OMBITH, B KOTOPHIX C NOMOILBIO TeHETHYECKHX METOJOB ONpesenscs
pasMep TpancopMHpyOUHX eAHHHI. XoukHCc ¥ DBaHc [53] nmoay-
qHAN CcyAb(aMHIHODE3NCTEHTHBE MYTAHTBI NTHEBMOKOKKA, KOTOpHIE
NpHU JeJEeHHH COXPAHAJIH YPOBEHb PE3HCTEHTHOCTH HCXOAHHIX KJIETOK.
Onnako IIHK, Bbimenennass H3 TakHX KyJbTyp, TpaHchopMHpoBaJa
GOJIBIIHHCTBO PEUHIIHEHTHHIX KJIETOK B PE3HCTEHTHBbIE, HO C pasJiuy-
HbIM YPOBHEM YCTOHYHBOCTH K cynabdamuny. Tosbko y HeGoJbIIOro
yuc/Ma TPaHCPOPMAHTOB YPOBEHb PE3HCTEHTHOCTH GblM paBeH TakKo-
BCMY V HCXOJIHOH KyJbTypbl. I'eHerHuecKUll aHAJU3 HCXONHOH KYJb-
TYpbl NOKa3al, 4TO B €e FEHOTHNE HMEIOTCA TPH JAETEPMHHAHTH
(a, 6, 8), KaxJxad U3 KOTOPBHIX KOHTPOJHUPYET COOTBeTCTByIOUJ,HH
YpOBEHb PE3HCTEHTHOCTH K CyJbhaMHIY.

U3 TpamcdopMantos, nugyunposannbix JJHK mramma ¢ Makcu-
MaJIbHO# UyBCTBHUTEJbHOCTHIO, ObIIM BBIJeJieHbl BADHAHTBI, Xapakre-
PH3YIOILHECS CAeAYIOIHMH reBQTHIaMH: a, 6, 8, ab, 68 u abs. Kax-
Jblil M3 3THX IITAMMOE XapaKTepu3oBaJjcsA cHeUH(DHUHLIM [JA HEro
ypoBHeM peaucrentHoctH. [JHK, Bmaenennas H3 3tux Tpancdop-
MAaHTOB, MHAYUHPOBaJa B HOBHIX PELHIHEHTaX JIHIIL OnpeleseHHbIA
VPOBEHb PE3HUCTEHTHOCTH, COOTBETCTBYIOIUHWA [JaHHOMY TeHOTHIY.
KonuuecTBenHoe paclpefeneHie oTAeJbHHX THIOB TPAHC(HOPMAHTOB
6u10 chaenyiomee: 0,4% — tuna abs, 20% — TunoB ab u 68,
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79,6% — Tunos a, 8, 6. Takum 06paszoM, B 3TOll CHCTEMe MBI HMeeM
JeJO ¢ MPOCTEHIMHMH TeHeTHYeCKHMH JeTepMHHAHTAMH, KOTOpble
6osiee yacTo BHEADSJHCH B [EHOM DELUIIHEHTa, YeM KOMILJIEKC B
LeTIoM. _

HHbiMHu cioBaMH, yeM OoJibliie reHetTHueckass 06JacTh, TeM MeHb-
e IWAaHCOB HA TO, UYTO BCE JIOKAJHU30BAHHBIE B HEH JNeTEepMUHAHTHI
OKaXKYTCH TNepelaHHBIMH B XPOMOCOMY KOMIIETEHTHOH KJIETKH.

B macrosillee BpeMs, KpoMe TDHBEIEHHBIX Bhllle JaHHLIX [45],
HeT NPAMBIX SKCIePHMEHTAJbHBIX J0Ka3aTeNbCTB AJii OKOHUATENb-
HOTO DeIUeHHs] BOIIPOCAa O TOYHOM MeXaHH3Me I'eHeTHYECKOH PeKOM-
fHHalMH, IPOHCXOASALLIEH NpH TpaHChOPMAIHH.

OnHako Ha OCHOBAHHH KOCBEeHHBIX ITOKa3zaTesell Gojee mpHeMJie-
MBIM SIBJISIETCSl IPEJACTABJEHHE O TOM, YTO PEKOMOHHALHUS B KJICTKE
PEeUHIHEeHTa OCYLIECTBISAETCA 3a CYeT Pa3pblBa H BOCCOENUHEHUS
B3auMofeficTeyoiHx MoneKys JTHK, a He 3a cuer uaGuparesbHOro
KOMHPOBaHHSA. DTO MNOAKpeNJsieTcss CJAeNYIOLHMH [FOJOXEeHHAMHU:

1. Buenpupmascsa JJTHK aonopa He pemunypyercs B KJIeTKe pe-
LUIHeHTa B NIEDUOJ ee NepPBOTO JAeJeHHs, XOTd B 3TO BpeMs H ¢dop-
MHDYETCSl 4acTb HeoOpaTHMBIX TPAaHCHOPMAHTOB.

2. KosnuecTBo KJIETOK, coAepxKalux tpanchopmupyomyo JHK,
TiocJIe TIePBOrO JIeJIEHHsI TAKOe :Ke, KaK H J0 IepPBOro JAeJeHHs.

3. 3aBHCHMOCTb MeXKAY OPOTAKEHHOCTHIO FEHETHUECKHX JeTepMHU-
HAaHT Y YacTOTOH BHIABAEHUS TPaHCHOPMAHTOB CBHAETENBCTBYET
O TOM, UTO TeHETHUYECKasi HHTerpaliusi, MPOUCXOAAllass NpH TpaHC-
¢opMaluH, OCYIIeCTBJSETCS B, OrpaHHYEHHOM YyacTKe MoOJeKy-
aul [THK. CrnemoBatenbHo, pekoMOHHAUUS fBJSETCA CJEICTBHEM
nesopranusauuun JJHK nonopa. BHenpuBllefics B KJIeTKy pelH-
TIHeHTa.

4) TpaHcRyKuHUSA

TpaHcaykuus — peHOMeH nepeHoca TeHeTHUecKoro MaTepHaJa
H3 OfHHX GaKTepuil B ADYrHe, OCYLUIeCTBJIseMbl YMepeHHbIMH Oak-
TepHaNbHRIMH BupycaMu (daraMu). YMepeHHble ¢aru cnocoGHBI U3-
BJIeUb ‘U3 GakTepHH-IOHOPA HEKOTOPYIO YaCTh €€ TeHeTHYeCKOro Ma-
TepHasa U TIEPEHEeCTH ero B KJAETKY peuunueHra. TakuMm o6pasom,
TPAHCAYKUHIO MOXKHO ONpPENeIHTh KaK H3MeHeHHe C IOMOILbIO ¢a-
ra HacJelCTBEeHHbIX cBOMCTB GakTepHU-peHITHEHTa B HANpaBJEHHH
HACJe[CTBEHHHIX NPH3HAKOB GakrepHu-noHopa (puc. 6).

HOdBa Tuna TpaHcaykums (Hecneuuduyeckas M crnenHduyeckas).
®enoMen TpaHcAVKUHH Obi omucad Llunnepom u Jlemep6eprom
c darom P22 {54]. B atux onmitax 6bl10 MoKasaHo, 4To obpaboTka
KyJbTYp, He GeDPMeHTHPYIOIHX apa6HHO3y HJH PaMHO3Y, GHJIbTpa-
TaMHd ¢ aroJM3aToB KJIeTOK, 06aafaBIUINX 3THMH CBOACTBaMH, IIPHBO-
AHT K NOSAB/iCHHIO GaKTepHil, pacllemIsiollux 5TH yrjiesonsl. Cmo-
co6HOCTh hepMeHTHPOBATh apaGHHO3Y H PaMHO3Y Y TakHX 6axkTepHil
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‘TpaHcAYKUHIO MOXHO BbI3BaTh (parom, mnOTepsiBIIHM HHGpEKIHOH-
HOCTb mocJje O6JAyueHHs YAbTpadHOJeTOM, a TaKXKe y HMMYHHBIX
OGaktepuil, koria (ar agcopOupyeTca U HUHBEUHPYET B GaKTEpPHIO
JHK, Ho akrtuBHas uH(eKUHA OpH-3TOM He Bo3HHKaer. Crenopa-
TEJbHO, [JJs OCYIIECTBJIEHHS TPAaHCAYKIHH HeoGXOAMMBI 3aKpemJje-
HHe uyacTHUB ¢ara Ha GaKTepHH-PELHIIHEHTE H HHbEKUHS B Hee CO-
JIEPXKUMOTO TONOBKH ara.

TpaHcAyKIHMS OCYUIECTBASETCA TOJBKO ONpede/JeHHBIMH THIA-
MM yMepeHHbIX ¢aroB. Tak, u3 23 HCTBITAHHBIX yMepeHHLIX (haroB
JHLIb OAHH obnajfan TpaHCAYLHpYlOLlell akKTHBHOCTbIO. Kak mpaBh-
JI0, CcrneuH(UUHOCTb TPAHCAYUHPYEMOTO INpPU3HAKA OIlpeaesieTcs
6akTepHeH-10HODOM, a He ¢paroMm. OQUH H TOT XKe ¢dar MoXKeT TpaHc-
JYLUHpCBATh pa3jiMuHble NMPU3HAKH OT NOHOPOB K OaKTepUsM-pelH-
nuenraM (uecneuuduueckas tpaHcaykuusa), Hanpumep, dpar P22 8
onblTax Lluagepa u JlenepGepra 6vla HCIONB30BAH AJAS TPaHCAYK-
UMY NpU3Haka pacllensieHus yriaepoJoB [54]; oH ke okasaJscs nepe-
HOCYUHKOM M JPYrHX IDH3HAKOB, B UaCTHOCTH YCTOHYHBOCTH K CTper-
TOMHUIHUHY M NPOTOTPOPHOCTH B OTHOLIEHHH al€HUHA, a TAKXKe F€HOB
S. typhimurium, KOHTPOJHPYIOLLUX CHHTe3 TpuUATO(aHa, NPOJUHA,
apruHuHa, ajleHHHa, LMCTeHHa U ucTHHa [65]. YacToTa TpaHCAyKUMH,
WM OTHOLUEHHE WHCJa TPAHCAYUMPOBAHHBIX KJETOK K KOJHUECTBY
6axtepult, agcopb6upoBaBmux (ar, OLMHAKOBA IJsi pasHOOOGpAa3HbIX
MPU3HAKOB H BEHIpaxKaercs MokasatelsiMH nopsaka 10-°5—10-7
Taxkum o6pa3oM, B GOJBIIHHCTBE CJAyYaeB TPAHCAYKUHs HeCHelH-
(¢UUHa B OTHOMIEHUH NPHU3HAKA, NE€PEHOCHUMOro OT GaKTepHH-I0HOPA
K Gakrepuu-peuunuenty. Hapsay c¢ 3TuM pesyabTaT TpaHCAYKUH,
T. €. H3MeHeHHe TeHOTHNA peLUNHeHTa, 3aBUCHT H OT GaKTepHH-pe-
UHUIHEHTa, DTO 03HAUAET, UTO OJHH M TOT XkKe (ar, pa3MHOKHBIIUCH
Ha JIOHOPE, XapaKTepHu3yIoLIeMCs TeM HJH UHLBIM HacjielyeMBIM NpHU3-
H2KOM, He B COCTOSIHUM NepelaTh ero BCeM IITaMMaM-pelHIIHeHTaM.
ITo mauubiMm Bunkaepa [57], u3 nAeBsiTu 0e3XKryTHKOBBIX IITAMMOB
CaJIMOHeJUI, UCIOJb30BAHHBIX B KaueCTBe DEUMNHEHTa, y ABYX He
yaaJjioch BbI3BaTh TPAHCAYKIHUIO reHa o6pa3oBaHus KryTukos, OTme-
YeHO TaKXe, YTO OGaKTepHUsS-DELHIIHEHT, HHEPTHAst K BOCHPHATHIO
OJIHOTO TeHa, IePEeHOCHMOro JaHHBIM (aroM, TpaHCAYUHDYETCH 3THM
XKe ¢aroM mo apyromy reny. @ar P22 asasercs 3ppeKTHBHBIM me-
peHocuMKOM GaKTtopa NpOTOTPOGHOCTH B OTHOLIEHHH afe€HHHa Ha
wtaMMax S. typhimurium Dg n- Dyg, HO He TepeRaeT 3TO CBOHCTBO
JpYroMy HITaMMY, XOTSl TPAHCAYUHPYET €ro B PE3UCTEHTHBIH K CTPen-
ToMHLHHY [64]). ‘

CrucTeMarTHyecKoe H3yUeHHe KOMIIETEHTHOCTH PEUHIIMEHTOB, T. €.
CnocoGHOCTH Pa3/HYHBIX IITaMMOB GakTepuil BOCIpHHUMATh B X0I€
TPAQHCAYKUHH T€ WJH HHHE reHbl, OBIJIO0 NPOBEAEHO Ha SOJOTHCTOM
cradunokoxkke [60].

B xauecTBe n10oHOpa Gblia HCNONB30BaHA KYJAbTypa, BhlpabaToiBa-
IOULaf NMeHUIHIJHHA3y H Pe3HCTeHTHas K XJopreTpauukauny. U3 47
LITaMMOB-PCLUIHEHTOB 25 0Ka3aJHuCh KOMMETEHTHBIMH K TeHY
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Fase (pe3dcTeHTHOCTb K NeHHUMJUIMHY). M3 3tux 25 mrammos 14
OBbLIM M3YUEHBl KaK PELHIHeHTH IeHOB, KOHTDOJIHPYIOUIUX PE3HCTEHT-
HocTh K xJoprterpauHknuny (Tef) u HoBoOuoxuny (Nov), Tpanc-
LYKIMS OCYLIECTBJAAJNACH TeM Xe (aroM, uTo H B NEPBOM CJaydae.

OkKa3saJioch, UTO T'eH DE3HCTEHTHOCTH K XJOpTeTpauukauny Tet
flepefiaBajicsi cO 3HauuTeJbHo OoJbluell yacToToll, ueMm reH Pase,
a red Novu, XoTd M mepefaBaJcs KaxKAoMy U3 14 mrtamMoB, HO uac-
TOTa €ro TPaHCAYKTAHTOB CHJbHO BapbupoBaJja. Ilpupoma pasauy-
HOM KOMIIETEHTHOCTH KJIETOK NpPW TPAHCAYKUHH Pa3HbIX NPH3HAKOB
He BBISICHEHA. .

[TocKoJabKy B 3THX ONBITaX pa3Has 4acCTOTa BBIXOZA TPaHCIyK-
TaHTOB HabJlofajach NPH NPHMeHeHWH OAHOTO M TOro Xe (ara
W OJHHX M TeX XKe KyJbTyp, TO NIPeN0JOXKeHHe 0 pa3JuYHOl cTemne-
HH TNpPOHUKHOBEHHS pDAa3HbIX TeHETHYECKHX JeTeDMHHAHT B pelH-
nueHT maJjoBepositHo. CKopee Bcero, pasyuddsi B KOMIETEHIHH Onpe-
LeJNsIoTcA MeXaHH3MaMH BHYTDHKJIeTOUHOH a3bl TpaHCAYKIHH,
T. €. CTENEeHbIO COBMECTHMOCTH MeXAy GparMeHTOM XPOMOCOMBL 10-
HOpa ¥ XpOMOCOMOH pelHIHeHTa.

AnbTepHaTHBHOE OOBSICHEHHE 3aKJI0YaeTCs B MPENNONOXKEHHH,
YTO aCCOIIMAlUs «XPOMOCOMBI» (hara-mepeHOCUHKAa ¢ PasJHUHBIMA
reHeTHYECKUMU NeTepPMHHAHTAaMH NOHOPA OCYLLeCTBJSETCS MOo-pas-
HOMY. DTO NpeANOJOKeHHe OCHOBAHO Ha HabJIoeHuH, 4TO OTHOIIE-
HHe 4acTOThl TPaucAYKUMH reHOB Pase u Tef y S. aureus, paBHoe
1:10, nameHs10Ch NPH NDUMEHeHUU APYrux ¢aros, 3a CueT YMeHb-
IIeHHs1 BBIXOAA TPAaHCAYKTAHTOB TOJbKO 10 TNpPHU3HAKY Pase, a 1o
npusHaky Tef OHO 0CTaBaJ/OCh TAKUM XKe.

Hapsiay ¢ onucaHHBIM Bbllle HeCclleUH(HUUECKHM THIIOM TPaHCIYK-
IIUY HMBBECTeH H APYro#, KOTOPHI# XapaKTepH3yeTcs BHICOKOH CIIElH-
(HUYHOCTBIO — CNOCOOHOCTBIO (ara NMEepeHOCHTh OT [A0HOPA TOJBKO
onpeneneHndsle reubl. Mopae, Jlemepbepr E. u JlemepGepr . [66]
06HapyKuau, uyto ¢ar A, NOJNyuYeHHBIH B pe3y/bTaTe MHAYKIHH JH-
30reHHBIX GaKTepHii, (epMEHTHDYIOUINX TajaKTo3y, TPaHCAYUHDPYCT
KCKJIOYHTeNbHO 3TOT reH. HenaBHo Oblia OTKDHITa ClenH@HUecKas
TPaHCAYKIUS TeHa cUHTe3a TpuntodaHa ymepeHHolM cdarom @80,
KOTOPBIN JIoKaauayercs B xpoMmocoMe E. coli K12 6an3ko oT Tpum-
tTotharnoBoro mMapkepa [67]. IloneiTki TpaHcAynHpOBaTe 3THM (harom
KakHe-1H00 Apyrde reHel Kpome TPHUNTO(PAHOBOro 0Ka3aJHCh He-
yradneiMu [68].

Ecnu npuHATH BO BHHMAaHHe, UTO yKasaHHBle Npodaru JoKaJu-
3yIOTCA Ha XpoMocoMe GaKTepHil PAJOM € yYacTKOM, KOHTPOJHDPYIO-
ILMM pacllelJieEde rajakTo3bl HJIH CHHTe3 TpuntodaHa, TO ode-
BHJHO, YTO B ONHCBIBAEMOM BapHAHTe TPAHCAYKIHH TeHETHUECKHH
MaTepHasa (ara-nepeHoCUHKa H TpaHCAyuHpyeMbH (GaKTOp TecHO
CBSI3aHbl, T. €. B3aHMOOTHOILEHHSI MeXJAy HnpodaroM # XpoMOCOMOH
GaKTepHH COXPaHSIOTCS B BEreTaATHBHOM H 3pesioM (pare, Hcmoabaye-
MOM M1 TpaHCAYKUHH. CNOCOGHOCTb K TPAHCAYKUHMHM 3aBHCHT OT
cnoco6a moayueHus A u O80. Ecau oHH Mosay4ailorcss B pe3yJqbTaTe
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HHAYKIHH JH30TeHHbIX OaKTepHH, TO OHH TpPaHCAYUHPYIOT COOTBET-
CTBYIOLHe NIPH3HAKH. ECam XKe OHHM NOJy4YeHBt B pe3y/bTaTe JHTHYE-
CKOTO IIMKJa B 4yBCTBHTEeNbHOH E. coli K12, To oHM He TpaHCHyIH-
pyloT GaKTepHIO-pELHNIHeHT. IDTO CYILeCTBEHHO OTJHYaeT NaHHBIA
THII TPAHCAYKUHH OT HeclenU(pHUECKOH, HanpuMmep TPaHCLYKIHH
daramu S. typhimurium P1, P1 dI, Tpaucayuupyouasi akTHBHOCTb
KOTODBIX He 3aBHCHT OT HX CYLIECTBOBAHHS B KJeTKe NOHopa B ¢ase
npogara [69].

TlpuunHoil 3THX pasaHuUHil ABJIAIOTCS HEONHHAKOBBIE MeXaHH3MbI
(GOpPMHPOBAHHA TPAHCAYUHDYIOIINX dacTHL ¢dara npu ofoHx THMax
TPaHCIYKIHH.

MexaHn3M TpaHCAYKIAH

MexaHu3aM nepBBIX 3TaNoB TPAHCAYKIHMH 3aKIOUaeTcss B TOM,
4TO NpH HHOEKUHH yMepeHHBIM 'baroM 6GaKTepHH-J0HOpa reHeTHUe-
CKHE CTPYKTYpPHI MocJelHell pacllenJsaioTcs Ha «pparMeHTH H BKJO-
Yal0TCsi B T€HOM TpaHCAyUWpyloulero gara.

Oasi noHMMaHHs TpPaHCAYKIMH KaK MeXaHH3Ma Iepelauu
HacJelCTBEHHbIX NIPHU3HAKOB Y MHKPOOOB HEOOXOAHMO OTBETHTbL Ha
JBa BaXXHBIX BONpOCa:

1. B xakoM COCTOSIHHH HaXOAHTCS reHeTHuecKuil ¢parmeHTt 6ak-
Tepuu-A0HOpa B YacTHIle TpaHcAynupylomere ¢ara? HMHpIME cioBa-
MW, BKJIOUAETCS JIH TeHeTHUYeCKHil MaTepHas OakTEepHH B «XPOMOCO-
My» GaxTepuodara WIHM XKe OHH HaxojasTrcsd B OenkoBoi o6oJouke
¢ara He3aBUCHUMO ADPYT OT Apyra.

2. Kax ocyulecTBasieTcsl HHTerpalusi MexIy TeHeTHYecKHM arn-
napatoM OaKTepUH pelUNHeHTa H (pparMeHTOM XPOMOCOMBI JOHOpa?

H3BecTHO, 4TO TPaHCAYKUHMSA ocyllecTBasieTcs 6e3 JH30TeHH3a-
IIHH, T. €. yMeDeHHHH dar nmepefaeT DELUNHEHTY eHeTHUECKHH Ma-
TepHaJ JOHOpa, He JH30TeHH3UPYS KJETKy; IoKasaTeneM 3TOro
SIBJSIETCS HeCnoCOoGHOCTh TPaHCAYIUPOBAHHOH GakrepHu CMNOHTAHHO
HJIY MHAYLMDPOBAHHO (POPMHPOBATBH 3DPesible YaCTHIH (ara.

Axamc u Jlypua [70] nokasanu, uto ecau ¢arom P1 3apasuth
BaxTepHio-PENUIIHEHT, TaK 4TOo0Bl Ha KJAeTKy INPHXOAHJach ORHA
yacruua <$ara, T0 GOJBIIMHCTBO TPAHCAYUHPOBAHHEIX KJAOHOB OyaeT
He Ju3oreHHo. Takoil xe pesyabrar Obl1 noayden Ap6epoM ¢ cOTp.
{71] u KamnGesnom [72] mpu TpaHCAYKUHH NpH3HaKa (pepMeHTalHH
ranakTosnl ¢ noMometo ¢ara A. Jlusatamu kaerok E. coli K12 gal*
o6pabaTelBaJUCh PEUUNUEHTE gal~ TakuM o0pa30M, 4TOOB Ha Kax-
AyI0 KJeTKy NMPHXOAMUIOCH MeHee ofAHOH uyacruupl ¢ara. Cesnexknuo-
HUPOBaHHble GaKTepuu gal*t HM CIIOHTAHHO, HH JIOCNe HHAYKIHH HE
dbopmupoBaau yacTuy ¢ara.

Tako#i xKe pesynbTaT Obl1 NOJYYeH NPH TPAHCAYKIHH TPeHa,
KOHTPONUDPYIOLIEro CHHTe3 MeTHOHHHa, mtamMmy 23-M  Bacillus
subtilis darom S1 {73]. B nonoJHeHwe K 3THM JaHHBIM cJeAyeT
ynoMsiHyTh onbIThl Llunaepa u JlepepGepra [54] ¢ BHpY/JeHTHBIMH
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myTaHtaMH ¢ara P22, KOTOpHIA OCyLIECTBAAA TPAHCAYKUHIO NPH
cynepuH(peKIHN KIeTOK, JU30TeHH3HPOBaHHbBIX (parom P22.

ATH pe3syJbTaThl, KK H YIOMSAHYTHIE Bhillle JaHHbE O TPaHCAYIH-
pyloliell aKTHBHOCTH YMepEHHbIX (paroB, HHAKTHBHDPOBAHHBIX Yo,
jpaccMaTpuUBaid KaK CBHJETeJIbCTBO DPa3/eNbHOTO CyIIeCTBOBAHHS
B yacTHIe TpaHCAyUHpyollero $ara HacJeACTBEHHBIX AeTEPMHHAHT
6axkTepHH-10HOpa H caMoro ¢ara. Takoe mpeanosioxeHue OCHOBBI-
BaJIOCh HAa MBIC/JAW, YTO TPAHCAYUUPYIOWUH 37AEMEHT QYHKIHOHHDYET
He32BHCHMO, TIPH KaXylleMcs UCKAIO4YeHHH (YHKIHOHAJIbHOH aKTHB-
HOCTH TreHeTHUeCKOTo ammnapara ¢ara. OQHako 3TO NpeAnoJoXKeHHe
H3MEHHJOCh B CBSI3H C OTKpPbITHeM (paKTa, MTO TPAHCAYKTAHTHI, MO-
JYUEHHbIE TIOJ BJAMAHHEeM (ara A, NpeacTaBasioT cobol aedeKTus-
HO-JIM30TeHHble mTaMMbl [71, 74—75).

B pesyanbraTe TpPaHCAYKHMH OHH TNPHOODETAIOT HMMYHHTET K
¢ary A. CiaenoBaTesbHC, TPAHCAYKUHS OCYLIECTBJASETCH HENMOJJHO-
LIEeHHBIMH 4YacTHLAaMH yMepeHHOro (ara, AeheKTHBHOCTb KOTOPHBIX
BbIpaxaeTcs B IOTepe ONHON WUJAH psifa AETEPMHHAHT, KOHTPOJIUDY-
IOIUX BETeTATHBHBLIA LUK/ Pa3BUTHA (ara. DTH HedeKTUBHBIE 4Ya-
CTHUB GPOPMHPYIOTCH B KJETKe JOHOPa B MpolLecce pa3BuTus dara
o6o3HayaloTca CHMBOJOM Adg (nmedeKTUBHBIH dar A, TpaHCAYUH-
pyouui npusHak galt).

Kakos MexaHu3aM Hx 06pa3oBaHHS?

SkcnepUMeHTa bHble HaHHbIE YKa3bIBalOT, UTO JAedeKTHBHOCTDb
TpaHCAyLHpytoulero ¢ara 06ycaoBJeHa 3aMeHOH CerMeHTa ero re-
HOMa cerMeHTOM 6aKTepHaJbHOTO reHOMa; 3TO BbIpaXKaeTcs B H3Me-
HeHHW Kak (PU3HYECKHX, TAaK U TeHeTHYeCcKUX CBOHcTB (hara.

CreneHb reHeTHyeckoro o6MeHa MexXay O6akTepueli-IOHOPOM H
TPaHCAYUUPYIOIWIUM (aroM BapbupyeT B pPa3HbBIX cucTeMax. B tpaHc-
AyUHpyoux nedeKTUBHBIX yacTduax dara A (Adg) or /4 no /5 re-
HOMa 3aMeIlleH0 COOTBETCTBYIOIIMM (parMeHTOM reHoma OaKTepHH.

Ho naxe B omHOM UM TOM Ke TpaHcayuupymoleMm ¢are CTeNeHb
3aMellleHus1 reHoMa (ara reHomoMm GakTepuu HeonuHakopa. Komm-
6en moKasaJg, 4TO pa3juuHble 06pasusl dara A dg, TpaHCAYUHDYIO-
LIero mpusHak gal*, oTaMUalOTCA APYT OT ApYra 1o HaJH4YHIO OCTa-
TOYHBIX TE€HETHYECKHX MPH3HAKOB, XapaKTepHbIX /A5 HCXOAHOrO
dara.

Bce 3TH Habn0AeHHs1 XOPOLIO COTJIACYIOTCS C pe3yJbTaTaMH HC-
CJelOBaHHUSl TpaHCAYUUPYIOUIHUX &aroB A B rpajueHTe INJOTHOCTH,
B KOTOPOM OBIJIO YCTAHOBJEHO, UTO pasjHuHble 06pa3ubl Takux Qa-
TOB JU60 Jerue, Jubo TSXKejlee HOPMAJbHBIX, T. €. COAEPXKAT HHOE
kosmuuectBo JIHK; sto cBsizano ¢ 3amewenueM yuactka JHK dara
¢parmentom JIHK 6akrtepuu-nonopa. Pasnmunas niaotHocTh Adg
M HCXOAHBIX (paroB YKa3biBaeT Ha TO, YTO TEHETHYECKHH CETMEHT
GakTepuu, BKIIOUamIlelicss B ¢ar, HEOAHHAKOB 110 MOJEKYJISAPHOMY
BECY C 3aMellleHHbIM CerMeHTOM (para.

Bce npuBefieHHbBle 1aHHble GBIIH NOJNYYEHb! NIPH H3y4YeHHUH (aroB
A dg. HccnenoBanue NPYruX TPAHCAYUHPYIOIHX (paroB ycTaHOBHJIO
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CYIEeCTBEHHble OTJIHMHSA OT ONHCaHHOH cucreMbl. Tak, HampHMmep,
TpPaHCAyUHUPYIOllHe BapHaHTH KulleuHbix (paroB Pl u P22 u cra-
¢HI0KOKKOBOro (para, mo JaHHBIM CelMMEHTAaIlMOHHOTO aHaJaH3a,
CYLLEeCTBEHHO He OTJHUAlOTCs OT HH(peKLUHOHHOTO ara, 4To CBHIE-
TEJbCTBYET O HAJHUMH B HHX OJIH3KHX KOJHUECTB Te€HETHUECKOTO
marepuaJa [65, 69].

Bropoe BaknHoe otauuue 3THX (daroB oT Adg 3sakjlouaercs
B TOM, UTO UX TPAHCAYLHDYIOIlasi aKTHBHOCTb He CBsi3aHa C MpeaBa-
PHTEJNBHBIM CYILECTBOBAHHEM BHYTPH JoHOpa B (haze mpodrara. B ot-
auuue ot (ara Adg B ¢are Pl d! (Bapuanr dara Pl, tpancnyuu-
pYIOLLWH reH (pepMEHTUPOBAHHS JAKTO3bl) He YCTAHOBJAEHO NOTEPH
KaKo#-1H60 reHeTHUecKOH neTeDMHHAHTHl HCXOXHOro (para.

[Ipennonaraercs, uto B redoMe (ara Pl umerorcs ywactky, cro-
coGHble K 00MeHy ¢ ¢parmenTom GaKTepuasabHoH xpomocoMsl, O6-
MeHHBaeMble YYaCTKH XPOMOCOMBI (hara COZep:;KaT Majo TeHeTHye-
CKHX JETEPMHHAHT WIH He HMEIOT HX, NIO3TCMY TpPaHCAYLHPYIOLIHE
BapuaHuTel ¢ara Pl ¢ Tpynom nuddepenuupywores kKak gedexTHB-
Hble [76].

CuenoBaTeabHO, CTEMEHb U XapakTep jeeKTUBHOCTH cHopMHPO-
BaBllleTOCS TpaHcAylUHpYyollero ¢ara o6ycJoBAeHE CBOHCTBAMHU TOR
yacTH reHoMa para, KoTopasi 3aMelllaeTcsl B HeM Ha OaKTepHAJbHBIH,

dusnueckas audpdepeHnanua pas3JuHuHBIX A dg-daro coraa-
cyercs ¢ JaHHBIMH TOHKOTO FeHeTHYeCKOro aHaJu3a, CBHAETeJNbCTBY-
IOIIUMH O TOM, UTO 3TH (hard TepsIOT pa3aHyHble y4acTKH HOPMaJlb-
Horo redHoma. O6uIMM nNpu3HaKOoM And Bcex A dg-daroB sIBASETCH
TO, YTO B Npefeax yTPaueHHOTro yyacTKa reHOMa Blerja HaXOJHT-
csl HeTepMHHAHTA, KOHTPOJUDYOLlas AuanasoH AeficTBus ¢ara, Tak:
HasbiBaeMblfl A-nipu3Hak [77]. BaxHas oco6GeHHOCTb 3akJioyaercs
B TOM, UTO CTeneHb 3aMellleHHsl yyacTKa reHoMa ara CErMeHToOM
HaKTepHaJbHOH XPOMOCOMEI V Da3HBIX JUHHH A dg-(haroB He H3Me-
HsleTCsl B mpouecce pocra 6akTepunm HIH (ara.

CJaenyIOUUM 10Ka3aTeJbCTBOM HHTErpalliy B TPaHCAYLHPYIOLLEH
U&CTHIlE FeHETHUECKHX 3J€MEHTOB OaKTepHH-IoHOpa U dara-nepe-
HOCYMKAa daBJsiercsl NoJydeHue FHff nusatoB ¢ara A, CnocoGHBIX
¢ GosbIION 4acTOTOM MepeHOCHTb Npu3Hak galt B gal- GaKrepud.

Belllle yIOMHHA/MO0Ch, YTO YacTOTa TPAHCAYKIMMW HeBeJIHKa U KO-
aebaerca ot 10-7 mo 10-5. Takue moKasaTesu 4acTOTHl IOJNYYEHB
npu TpaHcAyKuuM galt-npusHaka k E. coli K12 gal~ c nomounio
tara, HHAYLMPOBAHHOrO B Jau3oreHHOH Kyabrype K12 gal+ (A).
darosu3aThl, falollde HU3KYI0 Y4acTOTy TPAHCAYKUHH, 0603HauaioT
uHnekcoM Lft (ot aura. Low frequency of transduction).

~ EcJau redeTHueckuii MaTepwan (paroBoii uacTuubl, objanaloiled
TpaHCAyUHPYyIOled aKTHBHOCTbIO, 00beIHHEH C reHeTHUeCKHM (par-
MeHTOM GakTepuu, TO, TONaB B KJETKY peLHNHeHTa, OH JOJIXKeH
COXPAHHUTbCH B Hell B 00'beIMHEHHOM COCTOSIHMM M B CJydae penpo-
IYKIHH BOCIPOH3BOJHTBCS CcOBMecTHO. Eciuw Xe cerMeHThBl XpOMO-
COMBI JIOHOpPa M 4YacTHLBl ¢hara CYIIeCTBYIOT Pa3fesbHO, TO MpH
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BOCNPOH3BeeHUH Ne(eKTHBHBIX yacTHIl ¢ara oHH He OYAYT 06BeaH-
HeHBl B noToMcTBe. FIHaue roBopsi, NoTOMCTBO Ae(eKTHBHBIX UaCTHIL
¢ara, nojyueHHoe H3 TDPAHCAYLUHDOBAHHBIX KJETOK, He JIOJKHO
obsagaTh TpaHCAYUHDYIOIEH aKTHBHOCTBIO.

[Tockoabky y JdedeKTHBHBIX (aroB OTCYTCTBYIOT HEKOTOpHIE
TeHbl, 06pa3oBaHde OGOPMJIEHHBIX YACTHI TaKoro ¢ara oGbIYHO He-
soamoxHo. Ho B ToM cayuae, xoraa B kJeTke, Hecyulieil neheKTHB-
HbIll mpodar, pa3sMHOXKXaeTcsl HOpMaJbHBIA dar A, obpasyercs Takxke
MHOTO AetheKTHBHBIX YacTHI, cNOCOGHBIX TPAHCAYLUHPOBATHL MpPH3HAK
gal+ {75]. JInzarel, comepxaine GoJblIoe UHCJIO0 TPAHCAYUHPYIOUIHX
yacTHl ¢ara, obo3Havalor uuaekcoM Hft (ot anrn. High frequency
of transduction). ITonyuuTh HX MOMKHO NyTeM HHAYKUHH YO TpaHc-
JYKTAHTOB U3 JIM30TEHHBIX KYJbTYp, 06paboTaHHbIX daroM A dg [66].
TakuM o6pa3oM, B JaHHOM cJyuae KOMIJIEKC — reHeTHUeCKu#l par-
MeHT ¢ara + reHeTHueckuii ¢dparMeHT OaKTepHH,— HaXOJAIHHCA
B MCXOJHOH TpPaHCAyUMPVIOUIEH YacTHIle, COXpPAaHSieTCd H B NOTOM-
CTBe, 4TO MOIJIO ObITh JIHIb NPH HX COBMECTHOH DENPOAYKIIHH.

CunenoBaTebHO, TPAaHCAYUHDYIOWHUA ¢aKTop NOsIBJAsSETCS B pe-
3yJbTaTe TeHeTHYeCKOH peKOMOMHAlluw MeXIy Hac/eJCTBEHHbIMH
CTPYKTypaMu yMepeHHoro «bara u 6akTepuH J0oHOPA, B KOTOPO# OH
pasMHOXKaeTcsd. B gaHHOM ciydae BO3HHKaeT CHTyalus, MpH KOTO-
pofi «reHetHyeckas JeTepMHHaHTa GakTepHu Beaer cebsa Kak uacTh
reHoma cara» [74].

JKako6 u BonbMaH mpeanosaraioT, YTO DEeKOMOHHAUUs MeXIy
TeHeTHUYeCKHUMH CTPYKTypaMH OakTepuu W npadara, 3akaHUMBaio-
mascs obpaszoBauueM jaedekTuBHOro (ara, obycaoB.aena OmMHGKOH
KONHPOBAHUA BO BpEMs pemsuKauuu c¢dara B Jau3orenioir Oaxre-
pun [74] Beiirap ¢ cotp. {78] npeanosaraer, uto GOpMHPOBaHIie
Adg-dara TMpOHUCXOOUT B Tpoliecce, aHAJOTHYHOM ABOHHOMY Kpoc-
CHHTOBEpY.

Kamn6enn {77] cuuraer, uto mpodar, o6beIHHEHHBIH ¢ XPOMOCO-
moit E. coli K12, o6biuHO Mpw HHAYKUHH OTPbIBAeTCs B ydyacTKax,
rle pou3owo oObelHHeHHe ABYX TeHOMOB; B pe3yJbTaTe 3TOTO
BOCCTAHABJMBAETCS HOPMaJbHBIH reHoOM ¢ara A. B Tex cayuasx,
KOrjla pacujieHeHHe ABYX T'eHOMOB IIPOHM3OLLIO B APYrHX TOUYKaXx,
BO3HHKAIOT BAPHAHTH A dg, HECYLIlHe YyYacTOK XpOMOCOMbI OaKTepHH.

Taxum oOpasoM, Be HCKJIIOYEHO, YTO TeHeTHUecKHH ¢(parmeHT
6axkTepud nomajaetr B TPAHCAYLUHPYIOIlYIO uyacTuly dara AByMs
cioco6aMu: 1) NMpw HHAYKUMH Ju30TeHHOH OaKTepuu, Korga OTAe-
JIAIOIKICA TeHoM ¢hara yBJAekaeT uacTbh OaKTepHAJbHOrO TreHOMa
B3aMeH uyacTd cBoero cobctBeHHoro (¢ar Adg); 2) B pesyiabrare
o6MeHa ¢parMeHTaMH B XOJie BEreTaTHBHOTO LIHKJAa Pa3BUTHS yMe-
peHHOro d¢ara.

UeM xe OOBACHHTD, UTO B OIHUX CJydasX Takas peKOMOHHaIHsA
oCylecTBJsieTcs cNenudUuHo, T. €. B TreHOM ara BKJOYAIOTCH
ONpefle/ieHHble JeTepMHHaHTH OaKTepuu (cneuuduyeckas TpaHC-
IyKUusi), a B JAPYTHX — HecrneUH(PpUyHO, Korja TPAHCAYyUHPYIOLIHH
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(ar moxer nepenaBaTh pasjuuHble NpPH3HAKH. BeposATHo, 3TO 3a-
BUCHT OT JIOKaJH3alUH NdHHOTO npodara Ha XpoMocoMe GakTepHH.
Ecnn ymepennnlft ¢ar, HanpuMep A, Bceraa NPHKpEnJisieTcss K cer-
MEHTY XpOMOCOMbI GaKTeDHH B TOM yuyacTKe, KOTOPBIH KOHTDOJHPY-
eT (epMEHTAaLMIO TalaKTO3bl, TO TPAHCAYLUHUPYIOUIHH BapHAHT 3TOTO
¢dara (Adg) Oyler NepeHOCHTb 3TOT NPH3HAK B OaKTepHIO-pel-
TIHEHT.

[TpoTHBONONOKHEIM NpHMepOM siBasieTca dar 363, 1159 KOTOPOro
He yCTaHOBJeHa H30upaTenbHasi XpOMOCOMHas Jokaausanusa. Ka-
ko6 n Bosnbman [74] npemanmosaraiot, uto ¢ar 363 He 3aHHMaeT
[OCTOSTHHOTO y4acTka Ha XxpomocoMe E. coli K12, a Moxer ¢ukcu-
pOBaThCA Ha Pa3fIMUHBIX ee cerMeHTax. Taxkoil ¢ar, B oTJaHuHe OT
dara A, cnocoGeH OCyIIeCTBAATb HeCnenn(pHUecKylo TpPaHCAYKIHIO.

CnefoBaTenbHO, CNEUM(PHYHOCTD MJIH Hecneld@HYHOCTL TPaHC-
AYyKUHY ABJsIeTCS OTPaKeHHeM XapaKTepa CBSI3H MeXAY XPOMOCO-
Mo# 6aKTepHH H TeHOMOM yMepeHHOro ara.

HTo e NMPOHCXOAMT B KJETKe DELHUNHeHTa, B KOTOPYIO BHeIpH-
sace JIHK tpancayuupymomero ¢ara?

Ha npumepe TpaHcaykuuu npussaxa galt ¢arom A dg nokasaHo,
4TO peuunueHT gal~ mpuobperaer mpu3HaK galt, HO MOJy4YeHHbIE
TPAHCAYKTAHTbl He SIBJAIOTCH HCTHHHBIMH pPEKOMOGUHAHTAMH: OHH
OTUWIEIVIAIOT TaJaKTO300TDHI[aTeNbHble HEjiU30TeHHbIE KJOHBI, T. €.
SIBJSIIOTCA reTeporeHoTaMu. JlaHHbBIM TepMHHOM 0603HAYalOT Mepo-.
3UTOTHl — HENOJHble IUIJIOHIB, B KOTODBIX NMPHCYTCTBYIOT He BCe
ajJeJu GaKTepHH-IOHOpPA U DelHUmHeHTa (NHM AUIIOHAHB TOJBKO
B OTHOUIEHUH TIEPEHECEHHLIX T'eHOB). DTO OTJAHYAET HX OT MNOJHHX
3UTOT (TOJIOBUIOT) BHICIIHX (POPM, KOTOPble COAEPKAT reHOMBI MYXK-
CKOH ¥ XeHCKOH KJeTKH. B oTiHuMe OT reTeporeHoT, MepO3HIOTHI,
colepxalllue HIEeHTHYHBIE aJlJieJlH, Ha3blBalOT FOMOTEHOTAMH.

B npuBeneHHoM npuMepe ajnelb gal~ SABASETCS YaCThIO XPOMO-
COMBI DELUIIHEHTa U Ha3bIBAeTCH SHIOreHOTOH, a annenb galt mnpex-
cTaBjsieT co60l UaCTb reHoMa 0aKTepHH-IOHOpA, OHA COOTBETCTBEH-
HO HasbiBaeTCfl 3K30reHoToil. Takum 06pa3oM, reHeTHUECKYIO CTPYK-
TYpPV OIMCBIBAEMOTO0 TPAHCAYKTaHTa MOXHO H306pa3uTh B BH/E
dopmyasl gal-fex. gal+,

Mexny GaxkTepHaJbHOM XPOMOCOMOil pelMNHEHTa W BHECEeHHOH
B KJIETKy «XpoMOCOMO#» (ara MHOTJa BO3MOXKHBI peKOMOUHAIWH,
B pe3y/jbTaTe Yer0 BO3HHUKAIOT HEJTH3OreHHblE, TaJaKTO30H0JOXKK-
TeJIbHbIE TalJIOWAHBIE WMJIH AWNJOUIHBIE CerperaHTol. MexaHusm
Takoll pekOMOHHAIMM CBOIHTCA K BHENDPEHHI0 B OaKTepHAJbHYIO
XpOMOCOMY peLIINeHTa cerMeHTa mpodara A dg.

Cynbba reHeTHYecKoro (rparMeHTa, BHECEHHOTO B KJIETKY pelU-
ITHeHTa, MOoXeT ObITh pa3auuHo#. HOTAa 0 HEBBISICHEHHBIM NPHUM-
HaM (mpu nocdedymoolleM JdeJeHHMH KJeTKH pelHIHeHTa) Tepfer-
csl Adg-npodar Bmecte ¢ ¢pparMeHTOM XPOMOCOMHI AOHOPA H NOTOM-
CTBO pelUNHeHTa OCTaeTCs HEM3MEHHBIM, T. €. NMPOUCXOMHUT OTHIeN-
Jenne gal-ranaouga. IToteps Adg-npodara ykasbiBaer, 4TO OH He
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HEOOXOMUMBIX I/ pa3MHOXeHHs dara. B arom caydsae JHK
yMepeHHOro ¢ara o6beAMHHTCA ¢ XPOMOCOMOH GaKTepHH u Mocael-
HAs cTaHeT NM30reHHOH. YMepeHHbIH dar, UKCHDOBAHHBIH Ha XpoO-
MocoMe GaKTepHH, COXpaHsieT cnlocOGHOCTb KOHTDOJUPOBATHL CHHTE3
penpeccopa. Eciu 11M30reHHYI0 K/JETKY MOBTOPHO 3apa3uTbh IOMOJO-
THYHBIM (paroMm, TO penpeccop, CHHTE3UPOBAHHBIA MOJA KOHTPOJIEM
npodara, 6aokupyer ¢ynxkuuio JHK cynepunbunupyrouiero dara.

Tpancayuupywoiine daru coxpaHsoT 3Ty Yacts resoma (C-o6-
J7acTb), HO B HHX OTCYTCTBYIOT JApyTHe y4acTKH, a HMEHHO CTPYK-
TypHbIe TeHbl, o0eclleuHBaIOIIHE CHHTE3 DPa3JHYHBIX KOMIOHEHTOB
yactuibl para. Takue nedekTuBHBle (ard, IPOHHKHYB B PelHIHEHT,
TNPUAAIOT eMy COCTOSHHE MMMYHHTETa, 2 CaMH KJeTKH CTaHOBATCH
JedeKTHBHO JU30TeHHBIMH.

Ha ocHOBaHHH 3TOr0 MOHATHO, YTO MMMYHHTET IOMO- H reTepo-
TEHOT, BO3HHKIUMX B Pe3yJbTaTe TpPaHCAyKLIuu darom Adg, oby-
C/IOBJIEH TPHCYTCTBHeM B Gakrepuu C-ob6aactd reHoma ¢ara A.
Henu3oreHHOCTh W OTCYTCTBHE HMMYHHTETA y YCTOHUHBHIX TallJIOH-
10B gal* 3aBUCAT OT TOro, 4TO NPH B3aHMONEHCTBHH XPOMOCOMBI pe-
LUNHeHTa C TPAHCAYHHMDPYIOWUM (aroM B FeHOM pelUIHeHTa HHKOD-
nopupyercss Jullb pparMeHT GaKTepHaabHOH XPOMOCOMBI, (paroBas
e 4acTb FeHOMAa 3JHMHHHDPYeTcd. MHBIMU cloBaMu, B KJIETKe JOHO-
pa B reHoM ¢ara BKJOuaercsi gal-o6/1acTh XPOMOCOMBL GAKTepHH,
HO XpOMOCOMa pelHIIHeHTa He BKJouaeT B cebs C-o6nacts dara.
DTa u3bupaTeqbHOCTb BKJIIOYEHHMS yKa3blBaeT Ha OTCYTCTBHE TOMO-
JIOTHH MeXJy OCTaTOYHOH 4acThio reHoMa (para B TpaHCAYLHPYIO-
el yacTvie U 6aKTepUANBbHOA XPOMOCOMOH.

Hrak, Mbl BUWIHM, YTO T'eHeTHYecKHH ¢parMeHT JOHOPa, BHECeH-
HbiA JedeKTHBHEIM yMepeHHBIM ()aroM B KJEeTKy pellHITMeHTa, MOXKET
OHITL yJasieH H3 KJeTKH, DeIJIHIHMDPOBAThCS COBMECTHO C XPOMOCO-
MOl pellUNueHTa WJW XKe BHEADUTbCA B Hee,

Bosmoxen ele uerBepThlfi cayuail B cyabGe ¢parMeHTa AOHOpA,
4 HMeHHO aBTOHOMHOe CYINeCTBOBaHHE €ro M INepefgaya IO OJHOH
JIMHHUM JO4ePHUX KJIeTOK. DTO 03HauaeT, YTO XPOMOCOMa DeLUNHeHTa
penJuiuupyercd, a (pparMeHT AOHOpPa OCTAaeTCss HEH3MEHHBIM H NpPH
JeJlIeHHH TIonajaerT TOJNbKO B ONHY M3 JOUEPHHUX KJeToK. [laHHoe
sIBJIeHHEe Ha3blBaloT abOpTHBHOM TpaHcaykuueHd. AGOPTHBHAS TpaHC-
AYKLUS ONMHCAaHA NPH Nepeflade reHoB S. fyphimurium, KOHTPOJH-
PYIOLIHX TNOJBHXKHOCTb OaKTepud [56], reHOB, meTepMHHHDYIOUIUX
CUHTe3 NypuHOB {79], n cunrte3 B-d-ramakrosuaass [80].

Taxum 06pa3om, TpaHCHYKIHUA cjaraercs U3 clAeAYIOUIHX 3TANOB:
1) pacmensenuss 6akTepHajJbHOH XPOMOCOMBI B pe3yJbTaTe DeNpo-
AYKIHHM B 3apa)KeHHOH HJHM JHM30reHHOH 6aKTepHUM BereTaTHBHOTO
yMepeHHoro ¢ara; 2) BHeIpeHHs COOTBeTCTBYyMollero ¢parmenta
XPOMOCOMEI IOHODa B TeHOM (para; 3) mnepenaud reHeTHYECKOTO Ma-
Tepuana  GakTepuu-A0HOpa OaKTeDUHU-PelUNUeHTy; 4) dopMHDPOBa-
HUST MeDO3UTOT M Nocaeayomell pekoMbuHanuy Mexay GparMesTom
XPOMOCOMBI JIOHOPA W XPOMOCOMOH peIUITHEeHTA.
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2. Jlas ocyluecTBJeHUs peKOMGHHALHM Heo6XOAUMO MPUCYTCTBHE
HENOBPEeXAeHHBIX M JKH3HelesaTeJbHbIX OaKTepHfi 06GOHX MITaM-
MoB [82].

3. Ipusnaky, 10 KOTOPBIM He MPOH3BOAMJIACH CENeKIHs, cerpe-
THPYIOT CpedH PEKOMOHHAHTOB B COOTBETCTBHH C JIHHEHHBIM pacro-
JIOXKEHHEM TEeHOB B OJHON rpymie cluemneHus [83)].

Mopdoaoruyeckoe BopaxkeHHe npouecca KOHBIOTAUHUH

Ilpu KoWblOrallH® MABYX KJIEeTOK MeXAYy HHMH (GopMHDYyeTed
LHMTOIJIa3MaTHYeCKU MOCTHK, YeDe3 KOTODHIH TeHeTHYeCKHH MarTe-
pHaJ oRHOi 0cobu mepexoAuT B Apyrylo. O6benuHeHHe KJIETOK NPH
KOH'BIOTAIHH MOXKHO 06HapyXHuTh B ()a30BO-KOHTPACTHOM MHKDOCKO-
me W NpH OOBIYHON MUKPOCKONHH Ha OKpallleHHbIX npenapaTax [84,
85]. DIeKTPOHHOCKONHYECKOe H3yueHHe KOHBIOTallHK BBISIBHJIO CJe-
AyouiHe MopgoJoruieckue oco6eHHOCTH, XapaKTepHble 11 3TOrO
npouecca [86]: a) KOHTaKT KOHBIOTHPYIOUIMX KJIETOK OCYLIECTBJASET-
cA Ha OTPaHHYEHHOM yyacTke; 6) clapHBaHHe KJIETOK MOXET IIpo-
H30HTH IO KOHLAM, TIO OGOKOBHIM NOBEDPXHOCTSAM M MeXAY KOHLOM
1 G0KOBOH NOBEDXHOCTBIO KJIETKH; B) LHUTOMIa3MaTHYECKHI MOCTHK
perujeH u jJocTuraer TOMMWHHH To 300 mmk.

Ionosas nuddepeHunauus KOHBIOTHPYIOHMIHX KJETOK

ITepBbiM yka3zaHHeM Ha (GH3HOJOTHYECKYI0 AHGBEpEHIHALHIO-
MEeXAY ABYMS PORUTENbCKUMH IITaMMaMH, YUacTBYIOLUIMMH B CKpe-
LUIMBaHUH, siBAsieTC OTKPpbITHe Xelica, chaenaHHOe MPH CKPelHBaHHH
JBYX FeHeTHYeCKH OT/IHYAIOUIXCSl IITAaMMOB, ONHH H3 KOTODHIX OBLI
DE3UCTEHTEH K CTPENTOMHIMHY, a Apyroil uyscTeHTeseH {87]. Xeiic
NI0Ka3a/s, 4TO KOJHYEeCTBO peKOMOHHAHTOB, OOHapyXKHBaeMBIX Ha
CeJeKTHBHOH cpejle, 3aBUCHUT OT BBIXKHBAeMOCTH Ha Hell JHILIb OJHO-
ro U3 POAMUTENBbCKHX WITaMMOB. Tak, KOJHYECTBO PEeKOMOHHAHTOB
B CKpellMBaHMM mMTaMMa A, YYBCTBHTEIbHOTO K CTPENTOMHIUHY,
€ aHTHOHOTHKODE3HCTEHTHBIM MTaMMoM b OyneT omuHakNBBIM npU
BbiCeBe Ha Cpefy ¢ aHTHOHOTUKOM H 6e3 Hero. Ilpu od,ar ot KoM-
6UHALKH, T. € NPH PE3UCTEHTHOM IlITaMMe A W YYBC1Bh 2JBHOM
mwtaMMe b, pekombuHaHTEl OyAyT OOHapy»KeHB JIHIIE Ha Cpele
6e3 crpentoMuuuHa. CJrenoBaTesNbHO, POJib LITaMMa A CBOJ 1TcA K
nepenaye mrTaMMy B reHeTHueckoro MaTepHaJsa, IOC/IE YEro €ro
NPUCYTCTBHE HeoBs3aTeNbHO, TAK KaK PEKOMOHHAHTHI BOSHHKAIOT B
mraMMe B, MHbIMH ciaoBaMu, 6bIIO NMOKAa32HO, YTO NPH CKpelluBa-
Huu ABYX 6aKTepuii OfHa sIBJAsieTCA AOHOPOM, a Apyrasi — pelHNHeH-
ToM. Hcxoma M3 3TuX AaHHBIX, Xelic cHOpMYIHpPOBaJ KOHIEMIHIO
06 OZHOCTOPOHHEM IepeHOCe TeHeTHUeCKOTo MaTepHasja IIPH CKpe-
muBanuu 6akrepuit (puc. 9).

l'unorte3a Xefica 6bl1a NOATBepXAeHAa Pa3JHUYHBIMU MeTOIlaMH,
B YAaCTHOCTH OBLIO NOKA3aHO, YTO KJeTKa AOHOpa, H30JUPOBAHHASN
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nocje KOHBIOrauMH, HUKOraa He sBJseTcss pekomMGuHanToM [88].
CrenoBaTenbHO, NOHOD ONJIOJOTBOPSET KJAETKY PEUHITHEHTA H TOJb-
KO BHYTDH NOC/JelHEeHd NPOMCXOAHT NepepacnpefeseHHe MexAy re-
HEeTHYECKHM MaTepHaJoM poautenell. Mcxoms u3 3Toro, KJeTkd AO-
HOPa HMEHYIOT MYXCKHMH KJeTKaMH, oG6/JajawliuMu (GaKTopoM
maonoBuTOCTH (F*), a KNeTKH penunHeHTa — JKeHCKHMH, He o6Ja-
Aapouwumu 3THM (akropom (F~). JleACTBHTe/NbHO, CKpeLlHBaHHE

HCXOOHBIE IITAMMDI

A b
|thr* leut B} met biot™| [thr~ leu= B met+ biot* |
S N -
y l ! y
ASm-s ASm-r b Sm-s b Sm-r
CKPEIIIVIBAHUE

ASm-s ><'|B Sme-r ASm-r X BSm-s

CTPSNTOMHILHH Ges CTPEeNTOMHIIHHA CTPENTOMHIHH Ges CTpENTOMHILHHA

pekoM6HHAT peKoMGHHAT

+ -

pekoMGuHaT

pekoMGHHAT

Puc, 9. CxeMa onnra Xefica (0o6bsicHeHHe CM .B -TEKCTe)

wtaMmMoB F— X F- Bcerla CTepHAbHO, NPH CKPELIHBAHHM MITAMMOB
F+XF+ ofHapy»uBaeTcs HEKOTOpPOe KOJHUEeCTBO PeKOMOHHAHTOB,
4YTO CBA3aHO ¢ MPHCYTCTBHEM B FT-miTaMMax He6oJblIoOf YacTH Kie-
TOK, Beayliux cebsi, KaK eHckHe rameTbl — F~ {89]. Jluwp npu
cKpellnBaHuH mTaMMoB F+ X F— peryispHo o6pasyioTcs peKOMOH-
HaHTH ¢ uacToroii okoJjo 10-6, CywectBoBaHue ¢daktopa F, KOHTPO-
JHpyoLlero cnoco6HocTh OGakTepHH (QYHKIHOHHPOBaThb B KauecTBe
JOHOpa, AOKa3blBaeTCss BO3MOMHOCTbIO NepefauH storo ¢akTopa oT
F*+ gk F--gkneTkaM, B pe3yJbTaTe 4ero NnOCJAelHHE NMpeBpallaloTcs B
F+-apuant. [lepenaua F-daktopa nNpH cKpeluBaHun F+XF-
IITAMMOB OCYLIECTBJISIETCS C O4eHb GOJBILIOH uacTOTOH, KOTOpas B
1000 pas npeBbIIIAaeT 4acTOTY HOJY4YEHHS PEKOMOHHAHTOB B 3THX
e CKpelUHBaHMAX. DTO yKasblBaeT Ha aBTOHOMHOCTh F-takrtopa
B KJeTKe OT NPOYHX reHeTHUYecKHX AeTepMHHaHT {90—92]. Ynowms-
HyTasi BHICOKas uacToTta nepenoca F-dakTopa B pelHINHEHTHLIE KJET-
KH TIOCJY}KHJIAa OCHOBAHHEM YNOJAOOMTb 3TOT Ipollecc HHGEKIHH
YYBCTBHTEJIbHLIX GaxkTepHil parom u cuurath F-pakrop WHbeKUHOH-
HBIM areHTOM. " ,

Bblo ycTaHOBJEHO, uTo Ha 3¢ deKTHBHOCTL nepeHoca F-¢akropa
PEUHNHUEHTY BAWAET IUTaMM, B KOTOPOM _HAXOLHTCS JaHHBIH
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F-dbakrop. CrenoBaTe/bHO, OAHH H TOT e F-hakrop, HaxoasAlMics
B pa3MYHBIX KyJbTypaxX, PeNJIMUHPYETCA B HHUX C PA3JHYHON 4aCTO-
To#, nM60 nepenaeTcss ¢ pasHoil creneHbio 3bdekTHBHOCTH. CNOH-
TaHHOe npeBpalleHne Ft+-knerok B F- MPOMCXO/UT KpaiHe DeKo
¥ cBA3aHO c noTepell HJIH HHaKTuBauuell F-pakropa. OnHako npH
IOMOILM aKPUJHHOBHX Kpacureseil, cojeit Ko6anbTa ¥ HUKes NOY-
TH Bce KJeTKu F+-nomynasuud Moryr 6bITh mpespallensl B F— [93—
95]. Bbicokas CTepHVIM3VIOUIasl AKTHBHOCTb AKPHJHHA KOCBEHHO
YKa3blBaeT Ha TO, YTO aKTHBHHIM HauajJoM F-dakropa sBasercs
JHK.

Bricokas yacrota nepenaqn camoro F-hakTopa CBHAETENbCTBYET
O TOM, YTO HH3Kas 4YacToTa PeKOMOHHaHTOB, HabJjofaeMas mpH
ckpemBanun F+XF=, e CBA3aHa ¢ MaJbiM KOJHUIECTBOM MeXKJe-
TOYHBIX KOHTAaKTOB, a 3aBHCHT OT APYruX NpuuuH. BoigcHeHue Hx
CTaJI0 BO3MOXKHBIM NOCJEe OTKPBITHA y OaKTepuii ABYX THNOB JOHO-
poB. TlepBHIl H3 HHX — yKe ONHCAHHBI F+ —INpH CcMeWHBaHHU C
F--xnerkaMn 0o6yc/0BAMBAJ MNOsSBJAEHHE DPEKOMOHHAHTOB C HH3KOMH
yactoTofl. BTopoit THN JI0HOpa B CKpelHBAHHY C 3THUMH XKe F~-KJert-
KaMH HHAYUHPOBAJ TIOfABJEHHE pPeKOMOHHAHTOB C OYeHb BHICOKOH
yacrotoit, nopaaka 10-1—10-3,

,HOHopcxHe F+-mtaMMel, o6ecne!mBaroume BLICOKYI0 YacToTy
pekoM6HHaHTOB, o6o3HauawoT cuMmBonoM Hfr (High frequency of
recombination). TlepBuit Taxofl wtamMM 6bl1 OTKPHIT B 1950 r. Ko-
Baasy [no 96] cpenu myrtantos E. coli K12 (wmramm 58—161). B or-
JuuHe OT HcxoaHoro F*-wramMa, Hfr BapuHaHT He nepeHOCHN
F-daktopa B kJeTKy peuunuenta. [lpu ckpewusanuu HfrX F- no-
TOMCTBO COCTOSJIO M3 KJaeToxk Hfr u F-.

SHaynTeabHBll BKJAaA B pacuindpoBKy npHpoin Hfr-uiramMmoB
6b11 cuenal XedicoM [91], mokasaBiiuM, uto Hfr-liTaMMBl SBAAIOTCS
«MyTaHTamu» F*-Gakrepu#i. Xefic ycTaHOBHJ, 4TO NpeBpalleHHE
F+-mitamMa B Hfr He cBfsaHo ¢ notepeft F-dakrtopa. EMy yaaJnoch
MOJYYHTb OOpaTHble «MYTaHTHI», T. €. mpeBpaTHTb Hfr-utamMm B
ucxoaHbfi F+. Takoll o6paTHHIE «MYTAHT», aHAJOrMYHO HCXOJHOMY
F+-mtamMmy, 6ua cnocobed nepeHocuth F-thaktop B GaKTepHio-pe-
LMIIHeHT, HO He /laBaJ NpPH CKpelUMBaHUH GOJbIIOIO KOJHYeCTBa pe-
KOMOGWHAHTOB.

TakuMm o6pa3oM, B3aHMOOTHOlIEHHE MeX Iy F+, F- u Hfr-xner-
KaMH MOXHO H306pasuTh cienywomedt cxemoir [89]:

F*+ 2 Hfr
{
F—
Mexanusm nepeHoca XpoMOCOMHOro MaTepuaJa
B npolecce KOHbIOTrauuu

Bousbllloe 3HaueHHe B MOHHMaHHH MeXaHH3Ma FeHeTHUYeCKHX pe-
koMGuHauuii y 6aktepuit uMesn BhBoA Xefica 06 OJHOCTOPOHHEM
nepeHOce TeHETHYECKOro MaTepHasa OT MYJKCKOH KJeTKH K JXeH-

52



CKOH, YTO CJIelOBaJIO YyXe H3 ONHITOB cKpeluiuBauua F+XF— u oco-
6eHHO ACHBIM cTaJ/IO mocje OTKPuiTHA Hfr-mrammoB. Chenyoiunm
3TanoM B pa3BHUTHH IIPEACTaBJEHHA O MeXaHH3Me OOMeHa TeHeTH-
YeCKHM MaTepHaJIOM NPH KOHBIOrauud GakTepHii ABJASETCS KOHLEMN-
Il O YacTHYHOM MepeHoCe XPOMOCOMEI JOHOpa. DTO sBJEHHe BHI-
paxaercss B TOM, UTO IIPH KOHBIOTaUHH HEKOTOPHE TeHH Mepefaior-
‘ca KjaeTkaMd ¢ Oojblied wacroTol, ueM jpyrue. PaccMoTpHM
cayuall cKpDELUMBAHHMA [BYX <cJelyiOlUX IwtaMMoB: Hfr thr+leu*
B+ Az-s Ti-s lactgaltmaltxyl*man+Sm-s X F-thr-leu-B,~Az-r
Ty-r lac—gal-mal-xyl-man—-Sm-r.

[Tocsie 4yacoBOro KOHTaKTa YKa3aHHBIX KYJLTYpD NMPOH3BeJeM Bhl-
CeB Ha CHHTeTHYECKYIO cpelly, K KOTOpPoH H06aBJeHbl IVII0KOo3a, BUTa-
muH By n crpentomuuud. Ha Takofi cpene nosiBATCS KOJMOHHH pes
KOMOHHAHTOB, DPE3HCTEHTHHIX K CTPENITOMUIMHY H CIIOCOGHBIX CHHTE-
3UpOBaThp TPEOHHH u JeluuH, CJeJOBaTebHO, MBI CEJIEKLHOHHPO-
BaJIi KJETKH C reHoTunoM thrtleu+Sm-r. Ilocnepyioluuii aHaau3
O0TOOpaHHBIX KYJbTYP MOKa3ajJ, YTO B TEHOTHIIE MOJYYEHHBIX pe-
KOMOHHAHTOB MNPHCYTCTBYIOT MYTaHTHble TeHn mal-xyl-man— u
OTCYTCTBYIOT TreHbl JoHOpa mal*xyltman*. Ocra/jbHHe reHbl, NO
KOTOPBIM He IPOBOJAHJACH CeJeKUHs, paclnpelesNUIuch Cpel pe-
KOMOuHaHTOB thr*leutSm-r caepywowum o6pasoM: TOH YYBCTBH-
' TeIBHOCTH K a3acepHHy (Az-s) o6GHapyxuBascs y 909% pekom-
6uHanToB, T-s (uyBcTBHTesibHOCTL K ¢pary TI1) B 70%, lact B
45% u gal+ B 25Y%. Pa3nuyHas BepoSITHOCThb Nepefayd TEHOB, NO
KOTODBIM He MPOBOJAHJACH ceseKuus, oT Hfr nonopa K F~-pelunueH-
TY XapaKTepH3yeT JOKaJH3aUUIO 3THX IETePMHHAHT B XPOMOCOME
JOHOpPa OTHOCHTEJIbHO I'eHOB, KOHTPOJIHDYIOIIHX CHHT€3 TPEOHHMHA H
JeituiHa. B naHHOM ciyyae HauGoJee ylaJeHHBIMH OT TeHOB thr+
leut oxasancsi reH gal*. CilefoBaTesbHO, YeM Jajiblie B XPOMOCO-
Me [IOHOpa pachoJiOXKeH NaHHBIH TeH OT ADPYTHX, Tepelaloliuxcs
DDH KOHBIOrauMu ¢ GosblIofi yacTOTOH, TeM MeHee BepomeH -€ro
IIEPeHOC B KJETKY pelHNHEeHTa.

I'unore3a 0 yaCTHYHOM MEPEHOCE XPOMOCOMH 6bma nozmaepx(- _
IeHa u pa3BuTa B OJjecTsamux pa6orax Boabmana u )Kakoba [74,
97, 98].

CylHOCTh X MCCJeMOBaHUH CBONHJIACh K BHIABJEHHIO pPeKOMOH-
HAaHTOB INOCJIe MEXAHHYeCKOro pa3pyLleHHs KOMILJIEKCa KOHBIOTHpPO-
BaBIUIHX KJIETOK B Da3/iHyHbBle OTPe3KH BpeMEHH OT HauaJja CKpelLH-
Bauusa (puc. 10). KonplorupoBanHuble KJeTKH Pa3[efsiJHCh BCTPSAXHU-
BaHHEeM B cMecHTelle YopHHra. B 3THX onbiTax GBIJIO YyCTAHOBJEHO,
YTO NEePEHOC TeHETHYECKOTO MaTepHasa OT AOHOPA K DeLHIHEeHTY
OCyLIeCTBJIeTCS B CTPOrOH Moc/ef0oBaTeNbHOCTH, T. €. ODPHEHTHPO-
BaHHO. [Toc/ie1oBaTEIbHOCTD NIePeHOCA OTAENbHBIX FeHEeTHYECKHX ‘Me-
TOK (MApKepoOB) B DeLHUNHEHTHYI0 GAKTepHIO TOYHO COOTBETCTBYET
NOC/Ie10BaTENIbHOCTH HX DACNOJIOXKEHHs: B XpOMOCOMe JoHopa. Ko-
JMYECTBO NepEHECeHHbIX TeHOB OT A0HOPA K PelHNHeHTy 3aBucut Ot
BPEMEHH HX KOHTAKTa, HO PelKo ObIBaeT MOJIHKIM.
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Puc, 10. Cxema xountorauun Hfr-Gakrepufi (c xryTtukamu) c F—-Gaxkrepuamu
(6es KryTHKOB),

YacH NOKa3HBAOT BpeMs OT Hagalla NPHTOTOBJNEHMS CMecH KyJabTyp. ByKeamm ofoanadena
IOC/IeAOBATENBHOCTD DACNOJMOXKEHHR OTAENbHHIX TeHETHUYECKHX NEeTePMHHAHT BJAOJb XPOMOCOMMLY
xonopa (no JXXako6y u BoabMany)

Ecnn cmech Gakrepuit mramMoB Hfr X F- nopseprayTs BCTpsi-
XVMBaHHIO He Gojiee yeM yepe3 8 MuH. OCJe Hauaja KOHTaKTa, TO
pPeKOMOHHAHTEI B IIOTOMCTBe BooOLie He obHapyKuBaioTcsa. Uepes
30 MuH. mocje Hayasa CKpEIHBAHHS NOYTH BCE MPHU3HAKH, BbISB-
JsieMble cpelH PeKOMOHHAHTOB C BBICOKOH 4acCTOTOH, OKa3biBalOTCHA
nepeHecedHBIMI. [eHbl, JIOKaJH30BaHHBIE B XDOMOCOMe JOHOpA
GaHM3KO APYT K APYTry, NMEPeHOCATCS B PE3HCTEHTHYIO KJAeTKy IpH-
MepHO dYepe3 OAMHAKOBble HMHTepBaJbl BpPeMeHH. Tak, HalpHMep,
H3BECTHO, UTO NEeTepMUHAHTA NMpPHU3HAKa (epMEHTHPOBAHHS raJakTo-
3l (gal*) Haxomurcs B XxpoMocoMe qusorenHoit E. coli K12 oyenb
611u3k0 or npodara A. MeTomaMu K/IACCHUECKOTO CKpPELIHBaHHS
nokasaHo, u4to B TIL-gal-cermente xpoMocoMbl E. coli K12
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reHeTHYECKHe YYaCTKH, KOHTDOMHPYIONIHe OTAENLHHE NPH3HAKH,
pacriojiaraiotcst B onpejeseHHoM nopsanke (puc. 11). Jromy. coor-
BETCTBYET TIOCJEJ0BATENbHOCTb M~ CKOPOCTb MNepeHoCa YKa3aHHBIX
TeHOB B KJeTKy peunnuenta. Ilepenoc Bcerna Hauummaercs ¢ yyacr-
Ka xpoMocombl TL n 3akanuuBaerca npodarom A. Bpems nepenoca
YyKasaHHbIX T€HOB OT INTaMMa NoHopa Hfr B knerky F- coorBerct-
BenHo paBHfercs 9, 24 u 26 muH. Beanunna sTOoro cermenta pasHa
1, 1/5 nAuHBI XPOMOCOMBI OaKTepHH.
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Puc. 11. Cxema opranusanun xpomocomm E. coli, wramm Hfr

@ — NaTHHCKHMH GYKB2MH INOK23aHa NOCAEROBATENbHOCTb Nepefauyn OTAEHbHHX MapKepoB NPH
KOH'BIOTAlLHY DAa3JHYHHX INTaMMOB, 6 — CXeMaTHUecKoe H306paKeHHe XPOMOCOM DAa3THIHBIX .
mTaMMOB. B CKOGKax yKa3aHbl leHeTHUIECKHEe MapKepHl. ) i<

OGo3uauennss MapKepoB: TL — cHuTe3 TpeonHHa B Jefiuuna; M — MeTHOHHHA; B.—-‘rﬂa;ﬁma;

Lac — depMenTHpOBaHHE JIAKTO3H; Gal — ranaxroan; Mal — MaabTO3H; Xyl — KCHIO3HE;

Mt]l — manuuTONa; AZ — YYBCTBHTENLHOCTb HJH DE3HCTEHTHOCTb K  asHAY HaTpHA. - S -—
K cTpentoMunuyy; T: — Kk ¢ary Tl (mo Xeficy, ¢ umameneunsmu) [{13] .

Bckope, onwako, Gblo HaWIeHO, yTo pasaunuHble Hfr mwrtaMMbl
E. coli K12 nepeHoCAT penHIHeHTy reHeTHYEeCKHe NeTeDMHHAHTH J0-
HOpa ¢ pasHO# moc/aefoBaTeNbHOCTHIO. [as Bcex ITaMMOB OBlIO
YCTaHOBJEHO, YTO NEepeHOC OPHEHTHPOBAH, T. €. HaUHHAeTcs C onpe-
JeJeHHON JeTepMHUHAHThI, HO NpPH3HAKH, OOHapyXUBaeMble cpexu
PEeKOMOHHAHTOB C BBICOKOH 4acTOTOMH, AJS KaXJAOoro liramMMa ObLId
pasjauusbl. Ba)kHo TO, YTO NpPH3HAKH, OKa3aBllWecs CHENJeHHbIMHU
TIpH CKpeIUHBaHWM AaHHoro Hfr-muramma -¢ F~-KyJabTypoil, coxpa-
HSJH CLENJIEHHOCTh NpH npuMeHenww npyroro Hfr-moHopa.

IIpu ucnonbszoBanuu Bcex Hfr-mitaMMoB, Kak H-luTaMma Xefica,
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Hab/oa/ics YaCTHYHBIA IepeHOC IeHeTHYeCKOro MaTepHana OT JO-
HOpa peLHIHEeHTY.

Taxkum o6pasoM, M3 3THX NAHHBIX CJENYeT, YTO NMPH KOHBIOTA-
uun Hfr-mrammoB ¢ F--KyJbTypamH TIPOHCXOXHT ODHEHTHpPOBaH-
HbIH, OLHOCTOPOHHHH, YaCTHYHLI NEepPeHOC TeHeTHYeCKOTO MaTepHa-
Jla JOHOpa B KJETKy pelHIHeHTa. YYaCTOK XpPOMOCOMH GaKTepHuH,
BHEApAWIIEHCA NEPBHIM B KJETKY pelHnHeHTa, 0603HavaloT GyK-
Bo#t O (Origine).

YacTuuHbill mepeHoc oGBACHSETCs TeM, YTO BO BpeMs Iepexoja
XpPOMOCOMBI JOHOpA yepe3 IHUTONJAa3MaTHUECKHH MOCTHK B KJETKY
peUuUIIHeHTa MOTYT IPOUSOHTH CIIOHTAaHHbIE Pa3pbIBE XPOMOCOMBI,
B pe3ysnbTaTe 4ero He Bce TeHH OKaXYTcsd NepeHeceHHBIMH. UeM
najblie oT yuacTka «O» HaXORHTCS TeH, TeM MeHee BEpOATHO €ro
nonajaHve B GaKTepHiO-pelHIHEHT.

CkopocTtb neperoca 3a | MuH. cooTBeTcTBYyeT npumepHo 20 enu-
HHLIlaM pekoMOusauun (cM. «OpraHusaluus TeHETHYECKOro ammna-
pata Gakrepu#»), T. e. 0KosMo 10° mapaM HYKJIEOTHIOB, YTO XOPOIIO
cornacyerca ¢ xoauuectBoM IHK B snpe E. coli, paHom 107 ma-
paM HYKJEOTHIOB, H BDeMeHeM IlepeHoca BCell XpPOMOCOMEI, paB-
HbIM npuMepHo 100 MuH. [96]. 3HaueHune pa3pbIBOB XPOMOCOMBI KaK
takTopa, 06yCcNOBAUBAIOILETO YACTHYHLIM NepeHOoC, HaIVIsAHO Io-
Ka3aHo B ONBITax ¢ pacmagom P32 [99].

UlramMM Hfr, meuenHbilt P32, xpanuics B XHAKOM asore. B pas-
Hble TIDOMeXyTKHU BpeMeHH Opasu npolbl, KOTOpPEIE OTTAMBAaJUCh H
CKPeIHBAJHCh C HeMeueHHbIM F—-mtaMmMmoM. KosnuecTBo pekoMGu-
HaHTOB 3SKCHOHEHUHAJbHO YMEHBIIAJOCh KaK (YHKIUA BpeMeHH
XpaHenus. Eciu paspblB NPOHUCXOANI MeXNYy NPU3HAKAMH, HAXOMASA-
muMucs OJuXe K NPOKCHMAaJIbHOMY KOHIY, ycJaoBHo 0603Hauae-
mbpiMa E w F, to yuacrok xpomocombl ABCDE nepenocuics, a
yuactok FGHIKL wu 1. A. He nepemocunaca. Yem 6GoJblile aTOMOB
dochopa HaxOAUTCA MeXAYy HavaJbHBIMH yYacTKaMB XPOMOCOMBE
(«O») u paHHBIM reHOM, TeM 0oJiee BEpOSATHO, YTO MpPOHM30HJET
pPa3phiB M IMCTaJbHBI YJ4aCTOK OKAXKETCS He INePEHECEHHbIM B XKeH-
CKYIO KJETKY. e

OtkpbiTie pasHbix Hfr-mtammos, o6nafgaBmiux coeuuduy-
HOCTBIO MepeHoca OTHAeNbHBIX Ha60pOB TeHOB B GaKTepHIO-pelH-
IHEHT ¥ OTJIMYAIIIMXCA APYr OT Jpyra I[OC/IeN0BaTelbHOCThIO
nepeHoca FeHOB, HanboJee ynayHO OOBACHSETCS NPeNIOJOKeHHeM,
yto xpomocoMa E"coli K12 cymectByeT B K/eTKe B BHIE 3aMKHY-
TOM LUDKYJSpHOH CTPYKTYypHl (pHc. 11), KoTropas MOMKeT pBaThcs
B Pa3JIMUHBIX YYacTKax.

B 3aBHCUMOCTH OT JIOKAJHM3alUN TOYKHM pa3pblBa B HUDPKYJISIPHOH
XpOMOCOMe JOHOpa NIpH MOCJeAyIollell KOHDBIOralluM, reHeTHUYecKHe
JleTepMUHAHTH JOHOpa GYAYT NepeHOCHTbCS B KJETKY DElMRHeHTa
¢ pasHoll mocaenoBaTenbHOCTbI0. Heo6xonumo 6blLI0 BHISICHHTD, Ka-
KOH MexaHHM3M ofecleydBaeT Pa3pbiB XPOMOCOMBI JOHOpPA, YTO 00Y-
CJIOBJMBaeT cleltMpUUHOCTh STOrO HABJEHUSA, T. €. MECTO pasphiBa W,
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c/e/loBaTeIbHO, ODHEHTHPOBAHHHMH IepeHOC pPa30pBaHHON IHPKY-
JPHOA XPOMOCOMHI.

OTBeThl Ha 3TH BONPOCH MBI HAaXOMHM TIJaBHHIM 06pasoM B
ucciienosannsax Xeitca, BonbMmarna u JKako6a, peayJabTaThl KOTO-
PHIX TNO3BOJHJHN €O374aTh CTPOHHYIO TeopHio o mpupoge Hfr-mram-
MOB H MeXaHH3Me IIepeHOCa TeHeTHYeCKOro MaTepHalia IpH KOHDB-
IOTallHH,

M3 stux paboT MOXKHO chenath CAelylollHe OCHOBHbIE BBHIBOJBI:

1. MyXcKHe NoJIOBble KJIETKH SIBJSIOTCS HOCHTeJasMH (akTopa
¢eprunbHocTH (F+), KOTODHIH HaXOAHTCS B HHUX B aBTOHOMHOM OT
filpa COCTOSSHHH. DTOT BBIBOJ [ 0Ka3blBaeTCsl HE3aBHCHMOCTbIO Tepe-
daud GaKTOpa OT XPOMOCOMHBIX N€TEPMHHAHT ¥ BO3MOXKHOCTBLIO €ro
3JMMHHYMPOBAHHA € NOMOUIbI0 aKpHIHHa 0e3 TMOBpeXIeHWs saep-
HBIX CTDYKTYp OGakrepuu.

2. baxrepus Moxer colepxkaTb HecKosabko Komuil F-dakrtopa,
KOTODHIH DasMHoXaercsd B KieTKax ObicTpee, yeM silepHble CTDPYK-
Typbl. EcTb oCHOBaHHMA nosaraTb, uTo F-¢axkTop (HKCHpPOBaH Ha
KJeTOUHON cTeHKe OakTepuun. B nonynsuum F*-1wITaMMOB BO3HH-
KaeT HeGosbluasi yactTb Hfr-MyTaHTOB, KOTOpble H OTBETCTBEHHH 3a
NOSIBJIEHHSt DeKOMOMHAHTOB NpH ckpeumHBauun F+XF- {100]. Hfr-
MYTaHTHl, NMPUCYTCTBYIOUIHE B NONYJASLHAX pasHbIX F+-IITaMMOB,
TIpUHAAJeXaT K PasJWYHBIM THIAM H HaXONATCSH B HHX B PasHLIX
KOJIHYeCcTBaX.

Takum ofpasom, runoresa Boabmana u )Kako6a npeaycMmartpu-
Baer cyluecrBoBaHue B F*-mtaMMmax aBToHOMHoro F-dakropa, Ko-
TODHIH C ONpeneneHHON YacTOTOH NpPHKpenssieTcss K LHUDPKYJsSPHOMN
XpomocoMe XoHopa. [IpH KOHBIOTAaUHMH NOCTeNHSAST paspbiBaercs B
TOuKe NpHKpeleHHss F-akTopa M CTaHOBHTCS JuHeHHOHN. JluHeir-
HOCThb fIBJIsIeTCSl HEOOXOAUMBIM YcJaoBUeM AJs1 3b(eKTUBHOrO OpUeH-
THPOBaHHOTO IlepeHoca TeHeTHUECKONO MaTepHaJsa OT JOHOpa K pe-
munuedTy. CBOOOIHBIH NPOKCHMaJbHBIH KOHell XpoMocoMbl («O»)
MepBbIM HauHMHaeT BHeADATbCHA B JKEHCKYIO KIeTKy, a cam F-tdaktop
HaXONUTCS Ha ITPOTHBONIOJOXKHOM KOHIE H II03TOMY I[IPaKTHUECKH
pPelKo momajaeT B pellUNUeHTHYI0 Gakrepuio (puc. 12). ,

¥YcraHoBaeHo, uto pasnuuHsle F-aktopbl, o6HapyKeHHbBE B
pasanunbix Hfr-mrammax E. coli K12, nabupaTenbHO NPHKPEMIRIOT-
Cf K OTAEeNbHBIM Yy4acTKaM XPOMOCOMEL. BcuencTBue 3TOro paspulB
XPOMOCOMBI y pasiuyHBIX Hfr-1iTaMMOB NPOHCXOIHUT B pasHbIX Me-
cTax, 4To U OCYCJOBJMBAaeT HEOJHHAKOBYIO TOCJ€N0BATENbHOCTD
IepeHoca OTJAEJbHBIX MapKepoB oT pasHbix Hfr-monopos. Te npu-
3HAKH, KOTODHlE JIOKAJM30BAHBl Ha INPOKCHMAaJbHOM KOHIe Daso-
pBagHoO#l XpoMOCOMEl JaHHOro Hfr-mraMma, 6ynytT oGHApYKHBATbCA
cpelH pPeKOMOMHAHTOB ¢ BBICOKOH 4acTOTOHM, a JIOKaJH30BaHHHE B
AMCTaJbHOM OTpe3Ke, B TOM uucie H caM F-(hakTop, — C¢ HHU3KOM.

O6patHbiil npouecc, T. e. npeBpallenHe Hfr-mrammos B F+,
BeposiTHee BCEro, CBA3aH C OTPHIBOM F- q)axTopa OT XPOMOCOMH! B
nepexonoM ero B F*-cocrosinue [102]. -
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Tlocne Toro kak F-haxTop HHTerpHpyeT ¢ XPOMOCOMOR, KJIETKA
OKa3blBaeTCs HECNOCOOHOH XPaHHTL €ro B aBTOHOMHOM COCTOSIHHH.
Ona craHOBUTCH «HMMYHHOH» K BHEXPOMOCOMHOMY (pakTopy mJIo-
HLOBUTOCTH. DTa CHTyalus OJu3Ka K COCTOSHHIO MMMYHHTETa JH30-
TeHHBIX OaKTepui#l, HeBOCNPHHMUYMBBIX K CyNepHH(EKUHUH TFOMOJO-
ruMHbM darom {102).

Myxeckaq xnemxa Keneraa xnemna

RS,
sl
SE rretat Fro-a”
Q9 x
t 2 *
“3 (= 1S

O O 88—~ O

Fto~a”

unmezpupobannod (HFT)

; S0~
2 FS— O

Puc. 12. CxeMa koWbloranuu GakTepuil (3WrsarooGpasxoll JmHHel
noxazau F-daxrop)

Hpupona réHeTHYeCKoro MartrepHanaa,
MEPECHOCHMOTO IIPH KOHBIOTAlUHH

Psin 9KchnepuMeHTa/JbHBEIX (DAKTOB JOKa3blBaer, YTO B XOje
gonbiorauuu JIHK nepexonut ot JOoHOPa K pelHNHeHTy. D10 GBLIO
YCTaHOBJEHO H3MepeHHeM NepeHoca P32 or jnoHOpa K peuunHeHTy
{103], a Takxke nytem onpepeneHust Buenperud P32 B dar T2 nocae
3apa)eHnus UM (ParouyBCTBHUTEJNbHBIX F~-KJETOK, CKPEllleHHBIX ¢ Me-
yeHbIM (paropesuctenTHbiM Hfr-nonopom [104]. B 3THx ombitax
ObLIO MOKa3aHO, YTO pPaJHOaKTHBHHIA (ochop NepeHOCHTCS JHIIb
or Hfr-xnerok x F--GaktepusM. PacyeTH TOATBEpKAAOT, UTO
neperoc JTHK, meuennoit P32, or Hfr. x F~-KRJeTKaM HeNOJHHIH H
cocrtaBasieT oT !/jp no !/s vactu JHK, Bxoasielt B xpoMocoMy n0-
Hopa [74]. DTOT pe3ynbTaT COrjacyercss ¢ AaHHLIMH TeHeTHYEeCKHX
WCCJHEJOBaHHH H NOATBepXKJaeT OJHO H3 BaXKHEHUIHMX IOJOXKeHHHk
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runotesnl Xefica 0 YaCTHYHOM IIeDEHOCE T'eHETHUECKOro MaTepHasd
npH Kowbioorauud. IlpAMoe HoKa3aTefbCTBO HAaJAHUHSA HENOCPEACT-
senHoro nepexoga JIHK or noHopa k peuunuenty Obljio npencras-
JeHo Bonbmanom u CrentoM (cM. JKakoG6, BoabMan {74]), npocie-
JUBINHMH TIepexoj PajHOaKTHBHOCTH OT JIOHOPA K DELMIHEHTY MNpH
ckpemuBaHnun wramMa Hfr, meuendoro H3-tuMuausoM, ¢ HeMeue-
HbIMU F~-ka1eTkaMu. [3BecTHO, UTO THUMHIHH BKJIIOYAeTCH TOJBKO
B JIHK, nosTomy mnepeHoc MeTKH B KJETKY DeLHIHEHTa OTpa)Kaer
nepexon camoit JIHK nonopa. Uepes aBa uaca mocsae cKpelnpaHus
B pellnHeHTe OOGHapyXuBajoch 7—12% MeyeHOrO0 THMHAMHA, YTO
COOTBETCTBOBAJIO mepeHocy or /s 1o !/s xpomocomul. Beioaw! o me-
peroce IHK ot Hfr-noHopa B F~-peunnueHT GBUIH MOATBEpKIEHbI
denaBHo CuuibBepoM {[105]. B onmitax Cunbeepa RoHopoM Gbli
mramMM E. coli K10, pesucrenTHbi Kk ¢pary T6. dtor mraMm cro-
cobeH B TeueHne .10 MuH. nepejaTbh F—-peuuNHeHTY TeHbl, KOHTPO-
Jupylomue ¢hepMeHTHPOBAaHHE JIAKTO3HI.

Knerkn poHopa wmeruau MC-TuMHAMHOM, a- TakXe HMC-ypauu-
JoM, MC-nponunom, "C-musunoM, 4C-nefiupnom u 4C-aprugnnom.
Hcnonb3opande MeYeHOro ypalWJda M aMHHOKHCJAOT JaBaJjo BOa-
MOMHOCTb YCTAHOBUTb, TIPOUCXOAMT JH BO BDPEMsS CKpelHBaHHS
nepeHoc PHK mn Geakos. [locae ckpemuBaHus ¢arouyyBCTBHTENb
Hble KJIETKH pelHNHeHTa JH3HDOBaJHCh, H B GUIbTPOBaHHBIX (aro-
Ju3atax onpejaessaach pPagHOaKTHBHOCTD.

PesynbpraThl 3THX ONBITOB CBOASATCA K caenyiouemy: 1) Kouu-
vectBo JIHK, nepenocumoit or Hfr-moHopa peuunueHTy B TeueHHe
90 Mmus., paBussioch 9%; 2) He Gblo OGHAapyXeHO mepeHoca HHU
PHK, uun Geaka; 3) nepenoc JJHK ue ocymectBasiaca or F+ k F+
unu or F— x F-, _

CJie0BaTe/NbHO, MOMHO CUHTaTh JOKa3aHHBIM, UTO NPH KOHB-
loraiun oT JoHOpa K peumnuenty nepeHocurcs JHK, koamuectso
KOTOPOH OOBIYHO COOTBETCTBYeT !/3—I1/15 yacTH XpPOMOCOMEIL.

Mepomukcuc H GopMHpOBaHHEe PEKOMOMHAHTOB
B KJEeTKax pelHNHeHTa

[Ipn Koublorauuy, Kak HOpH TpaHChOPMAaUHH H TpPaHCAYKIHH,
B DEIUNUEHTHYIO KJETKY NepeHOCHTCS JHLb YacTh XPOMOCOMBI J0-
Hopa. B oTyinuve OT nmepBHIX ABYX (eHOMEHOB TeHeTHUecKoro obme-
Ha, B x0Je KoHblorauun Hfr-mirammo ¢ F—-KieTKaMu B peLUIH-
€HTHYIO KJIETKy TonajaeT 3HauHTeJbHO OGOJbLIMH YyYacTOK XpOMO-
combl. TeM He MeHee, KaK NPaBHJO, U B 5TOM CIyuae MB MOXeM
TOBOPHTH JIHIIb O YAaCTHYHOM IEPEHOCe XPOMOCOMBI JOHOpa pelH-
nHeHTy. DTO M ABJAAETCA IJIaBHBIM OTJIMYHEM KOHBIOralHH OakTe-
puil OT MOJIOBOrO mpouecca y BHICIIMX (POPM, Y KOTOPHIX IPH CJaHUA-
HHUH TIOJOBBIX KJIE€TOK oGpasyerca mosHas 3urora. CJefoBaTenbHO,
NPH KOHBIOrau¥u B OGOJbLIMHCTBE CKpellHBaeMblXx nap OakTepuii
¢opMHpPYIOTCS YaCTHYHBIE 3HrOTH — MePO3HroTel. Mepoauniona-
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HOCTb — COCTOSIHHE BPeMEHHOe, B JlaJIbHedlleM H3 MepO3UT0Thl BO3-
HHKaeT TallJIoMJHOe NOTOMCTBO.

[Tocsie KoHblOrallud B Mepo3uroTe (opMupyercsi PeKOMOHHAHT-
Hasg XpOMOCOMa, B KOTOPOH GOJBIIHHCTBO A€TEPMHHAHT NPOUCXOMHT
OT DelHNHeHTa, a YacTb — OT JoHOpa. IloCKo/bKY B pelHNIHEeHTHON
6axTepuu MOXeT ObITb HECKOJbKO HYKJEOTHAOB, TO PEKOMOHHAHTHI
BHISIBJIAIOTCS epe3 HECKOJbKO reHepallHil, B TeueHHe KOTOPBIX MpO-
HCXOAHT cerperauus peKOMOMHAHTHOH XpOMOCOMBI OT XPOMOCOM
peunnueHTa.,

CaM MexaHu3M (OpPMHPOBaHHS PEeKOMOHHAHTOB ellle HeLOCTa-
TOUHO u3ydeH. [Ipw KOoHBIOralliH, TaKKe Kak H NpH TpaucopMa-
UMK ¥ TPAHCAYKLUHH, B PELHIHEHTHOH KJeTKe leJass XpoMocoMa
B3auUMOJelcTBYeT ¢ (parMeHTOM XPOMOCOMB! JOHOpa. 310 06CTOS-
TeNbCTBO HCKJII0YAeT BO3MOMKHOCTb IIOJYYEHHs] DELHNPOKHBIX pe-
KOMOHHAHTOB, H MLl He MOXEM, <JelI0BaTe]bHO, NPOCAEIHTb 3a
NepexoaoM IeHeTHYeCKOro MaTepHaJja peldIlHieHTa B TeHOM JOHOpa.
CyuiecTBYIOT ABe TOYKH 3peHHS HAa MeXaHH3M TeHeTHYeCcKoro o0-
MeHa MeX1y (pparMeHTOM IOHOPa H LeJOH XpPOMOCOMOM pelHNHeH-
tTa. Bo3aMoxHO, 4TO pekOMOHHaHT o6pa3yeTcss B pe3y.bTaTe pa3phl-
Ba XPOMOCOMBI DELHIIMEHTA U BOCCOEJHHEHHsT ¢ (pParMeHTOM [10-
HOpa. Bropoii npennosaraeMblii MeXaHH3M 3aKJA0YAeTCHd B TOM, 4TO
pekoMOHHalUHUs ¥ GaKkTepHH MPH KOHBIOTAUMU H TPAHCIAYKIHH, a TaK-
XKe y ¢aroB OCylIecTBJASETCA B pe3yJbTaTe TaK Ha3blBaeMOro H30u-
paTenbHOro KomupoBaHus. IIpH 3ToM B Xo#e penHLHPOBaHHT
POIUTENbCKHX XDOMOCOMHBIX HHTell KONMUpOBaHHe HAYUHAETCS Ha
OIHO# M3 HHX, a 3aTeM MOXeT NepeKJIOYHTbCH Ha APYryio.-BHoBL
BO3HHKAaIas CTPYKTyPa 4aCTHYHO KOMHUPYeT OAHY HHUTb U YaCTHY-
Ho napyryiwo. CienoBaTenbHO, OHa HeceT reHEeTHYeCKyl wHHdopMa-
uuo o6ouX popHTeNel, T. e. sABJAseTCH PeKOMOUHAHTHOMH.

4, Opramu3amuss remeTHYeCcKoro ammapara Oakrepui

Kak yxasbiBajoch paHee, Oaktepusi siBasieTcst ranJgouaom. Ha-
Ik 3HAHUSI OTHOCHTEJbHO FeHETHYeCKOfl opraHusauHu GaKTepHa/b-
HOB XPOMOCOMBI OCHOBaHBI I1aBHbIM 06pa3oM Ha pes3yJabTarax, Io-
JYYEHHBIX [PH H3yYeHHH ONMHCAHHBLIX BblIIE MEXaHH3MOB TeHeTHue-
CKOro o6MeHa: TpaHcopMauuH, TPAHCAYKLUHH H KCHDBIOTAlHH.
Kaxzblit u3 (eHOMEHOB MOXKeT ObITb HCIONb30BaH /sl H3yueHHs
CleIYyIOLIUX BOIPOCOB: B KaKOH IOCJA€IOBAaTEeJbHOCTH pacnoJia-
raloTcss B XpOMOCOMe OTHAeNbHble TeHeTHYeCKHe JieTepMHHAaHTH,
KOHTPOJIUDPYIOIIHE Te HJIM HHble NpHU3HAKH, KAKOBA NPOTSKEHHOCTH
OTJe/NbHHIX JeTePMHHAHT, KAKOBO pacCTOsiHHEe MeXJIy HHMH H Ka-
KOBa CTPYKTypa CaMHX TeHETHYeCKHX AETepMHHAHT, KOHTPOJIHPYIO-
LIMX OTJAeJbHBIH NPH3HAK (COCTOST JH OHH M3 CyOBEIUHHL H 4TC
ABJISETCS. B XpoMOcOMe GaKkTepuH eNMHHUEH (YHKIUH, MyTAallHH H
pekombGuHauuH)? OTBeTHl Ha 3TH BONPOCH! HaeT TeHeTHYeCKUH aHa-
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Jiu3, B OCHOBE KOTOPOTO JIEXHT KOJIMUECTBEHHBIH yueT peKoMOHHaH-
TOB, BO3HHKIIHX B pe3y/bTaTe FeHeTHUECKOro o6MeHa, reHOM KOTO-
PHIX cOAEpXKHT GOJBUIYI0O 4aCThb XPOMOCOMBlI PEIHIIHEHTa H 4acTh
reHoMa joHopa. B pesysnbraTe M3yuenus mnpoilecca peKOMOGHHALMH
OBUIH cO3/laHbl reHeTHYeCKHe KapThl psifa ‘GaKTepHil, npeacTaBasio-
1He coboil YCJOBHYIO CXeMY XPOMOCOMBI, Ha KOTOPHIX IIOKa3aHHI
OT/le/IbHBIE YYACTKH, AeTeDMHHHPYIOHIMe Pa3/iMuHble Npu3HakH. Ie-
HeTHYecKasi KapTa NpeldycMaTpHBaer MOCJeJ0BaTeJbHOCTh PacroJo-
JKEeHHs OT/Ae/bHbIX FeHeTHYEeCKHX JeTePMHHAHT, OTHOCHTENbHYIO NPO-
TAXKEHHOCTb PACCTOSHHA MeXJy HHMH, BHIDAXXEHHYIO B YCJIOBHBIX
eJMHNIaX, H TIPOTSKEHHOCTb CAMHX [eTePMHHAHT, BHIPAXKEHHYIO B
ITHX Xe elMHHULAX.

Takum o6pasoM, AJsi NMOCTPOEHHS TreHETHYECKHX KapT Heo6Xo-
AHMO: 1) uMeTb GakTepHasbHBIE KYyJBTYDbl, OTJHUAIOUIMECH APYT
OT Jpyra IO TeHeTHYeCKMM Mpu3HaKaM, 2) OCYILEeCTBHTb MEXAY
HHMH reHeTHueckull o6MeH H 3) obsanaTh cnocobamm or6opa pe-
xoM0OuHaHTOB. IloJIHOTA reHeTHYeCKOM XKapThl, ee [eTajd3alidfl B
3HAYNTENBHOH cTelleHH 3aBHCAT OT 3(GdEeKTUBHOCTH CaMOTO Mexa-
HU3Ma reHeTHuyeckoro ob6MmeHa, T. €, OT YaCTOTBHI NOSIBJIEHHSA DPEKOM-
OYHAHTOB, a TakKXe H OT pa3pellaioulefi COcOGHOCTH MeToja ce-
JIeKIIHH — OT BO3MOXHOCTH OT60Opa PEKOMOGHHAHTOB CpEIH OrpoM-
HOro KoJHuecTBa ocoOell, y4acTBOBABIIMX B CKpellHBaHHU. Pas-
BHTHE 3KCIIePHMEHTAaJbHON TeHeTHKH B 3HA4YHTEJbHOH Mepe oIpe-
JAensJioch YCOBEpILEHCTBOBAaHHEM MPHEMOB aHaJ/H3a, OTBEUalIHX
YKa3aHHHM TPeGOBaHHUSIM.

Mcnonn3oBanne OakTepufi B KauecTBe OOGBeKTa 3KCIIepHMeH-
TaJbHOH TEeHETHKH HAMHOTO pacCIIHPHJIO BO3MOXHOCTH CaMOTO re-
HeTHueCcKOro aHasausa. l'anjouaHocTh 6aKTepHi, HJH IPHCYTCTBHE
B HUX HacJelcTBeHHOH HHdopMallnu B OJAHOM Habope, HCKAIOYaeT
MacKUPOBaHHE TeHETHUECKHX JEeTePMHHAHT H3-3a SIBJCHHS JIOMH-
Ha#THOCTH. OTpoMHOe KoJHuecTBO ocobell B 6aKTepHaJLHBIX KYJb-
Typax Mo3BoJiAeT HaGJIofaTbh pe3yJbTaThl IeHeTHuecKoro obMeHa,
Ja)e eCc/HM TaKOBOH OCYyLIeCTBJseTCS C BecbMa HH3KOH uacToTol
(nopsinka 10-7). TouHple MeTOJbl CeNEKLHH Heaal0T BO3MOXKHBIM
KOJIHUEeCTBEHHBI aHa/M3 mnpouecca. M HakoHel, onmucaHHBIE paHee
pasiuuHble CNOCOGbl TEeHEeTHUECKOro oOMeHa, KOTODble OTJIHYAIOTCA
APYr OT APyra He TOJBKO MO MeXaHH3My, HO ¥ IO BeJTHUMHe (par-
MEHTa «XPOMOCOMBI», MlepelaBaeMoro OT JOHOPa PeLHNHeHTY, AAIOT
HHpopMauHo 06 ee OpPraHH3alHM B LEJTOM H O CTPYKTYpe OTAe/b-
HBIX ee yYacCTKOB. '

PaccmoTrpuMm npocTeiiliye cJjyvyaH IOCTPOEHHsI TeHeTHUeCKOH
xapTel GakrepuH. IIpeAnosoXHM, MB HMeeM fABa mTamMMa 6akTe-
puli, XapaKTepHSYIOUIHXCHA IUeCThI0 TeHeTHYECKHMH TIpH3HAKaMH,
ycnoBao o6osHauenuniMu A, B, C, D, E, F (nuguit TMn). Hac unre-
pecyer, KaK pacloJioXeHsl B XxpomocoMe GaKTepud JeTepMHHAHTHI,
KOHTDOJIUPYIOLHE 3TH TpPH3HaKu. IIpexaeBcero w3 MCXONHOH KyJb-
TYPBl INOJYywaloT JBa BapHaHTa, OTJMYaloOHIMecs APYT OT JApyra
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MyTalHAMU OTHeNbHbIX reHoB. OGOSHAUMM TeHOTHN. YKa3aHHBIX
MYTaHTHHIX INTaMMOB CJaeRylomHM obpasom: 1) A,B,C,d,e,f u
2) a, b, ¢, D, E, F, rie 60abiiuMi GYKBAMH NMOMeYEHH! HeH3MeHeH-
Hble TeHBl, 4 MaJbIMH — MYyTHPOBAaBIIIHe TFeHBHI.

Ilpu crpelmBaHHu TNPOH30HJET PeKOMOMHAUHMS M BOSHHKHYT
[TOTOMKH, B XPOMOCOME KOTOpBIX OYNyT o6befAuHeHB TEHH O6GOHX
ponutesed. Ecin Mul Hcmosb3yeM METOABI CesEKIMH, 1ONMYCKAIOUIHE
ot6op ocolefi mo OTJAeNbHHIM NPH3HAKAM, TO OKAaxeTCH, UTO KOJIH-
yecTBO peKoMOHHaHTOB, o6saanawumx renaMu AF w af, 6yger mak-
CHMaJIbHbIM, a reHaMu As u aB MuHHMaabHBIMH. [IpomexyTounoe
MOJIOXKEHHe MeXJy 3THMH peKOMGHHAHTaMH 3aiiMyT pexomﬁnnamb}
tuna Ac v aC, AD u ad, AE u ae.

B3aHMOOTHOIIeHHeE MeXJy UHCJIOM yKasaH‘Hbe THIIOB pexomﬁn-
HaHTOB oOKaxerca caenywownm: AF>AE>AD>Ac>Ab.

IlepepacnpesiesienHe reHeTHueCcKOro MartepHasa Mexay OGaKrte-
pHel-I10HOPOM H pelMIHEHTOM JIerko oObACHSEeTCS HAa OCHOBe KJac-
CHYECKOTO KPOCCHHTOBEepa, T. €. NepeKpecTa XpPOMOCOM B TOMOJIO-
FHYHBHIX yyacTKaX. Tak ke KakK H Y BBICIIHX OPraHH3MOB, YacTOTa
pekoMOuHauuil (cTelleHb BepOATHOCTH OOMeHa ABYX Y4acCTKOB XPO-
MOCOMBI) TPONOPUHOHANbHA PACCTOSHHIO MeX1y HuMH. OueBHJIHO,
4YTO peKOMOHHaHTH THNOB AF W af BO3HMKAlOT NP MepekpecTe B
JI060M H3 Y4acTKOB YKA3aHHOrO OTpe3kKa GaKTepHaJbHO# XpOMO-
COMBI, a pekoMOHHaHTH Ab 1 aB nulb B TOM cJayuyae, eciu nepe-
KpecT NPOHCXOJIUT TOAbKO B HauaJbHOM yyacTKe. DTO JaeT BO3MOXK-
HOCTb NOCTPOHMTL TeHETHUECKYyl0 KapTy GaKTepWH B BHJE JHHHUH, Ha
KOTOPOf TOYKAMH OTMEUEeHO IIOJIOXKEeHHEe OTJeJbHLEIX FeHOB, a pac-
CTOsIHMEe MEXJy HHMH NPONOPUHOHA/NBHO YacTOTe pPeKoMOHHAUME.
3a eIWHHLY JAJHHLH Ha TeHeTHUECKOH KapTe YCJOBHO NPHHATA Hac-
ToTa pekombGuHauun, paBHas 19%.

IlepBasi reHeTHueckas Kapra OGaxrepuii 6blia co3mana Jlemep-
Geprom aJs mramma KuimeuHoit nasouku K12 [83] B xauectse
reHeTHUeCKOH MeTKn (MapKepa) HCIOJIb30Baslach ayKCOTPO(DHOCTb.
OnuH M3 pOAMTENbCKHX LITaMMOB Obll ABOHHBIM ayKCOTpoid)OM no
GHOTHHY H MeTHOHHHY bio—met—, a IprrOH——TpOHHbIM Hecnoco6-
HBIM CHHTE3MpPOBaTb TpPeOHHH (thr—), mefinun (leu—) W BUTAMHH
B; (Bi~). B nanbnefiem JlenepGepr yBesqnunsa KOJHUECTBO Mapke-
poB, no6aBHB, B YAaCTHOCTH, CIOCOGHOCTh (hepMeHTHPOBAThH JaKTO3Y
(lact) wu HeuyBcTBHTENBHOCTb K ‘Gaktepuodary T6 (Te-r). Ilapm
CKpellMBaeMbIX LITAMMOB OTJHYaJHChb TakKxXe JAPYr oT Apyra 4yB-
ctBuTeabhoctbio X dary Tl (mapkepwt Ty-s u Ty-r).

leneruueckas Kapra E. coli K12, noctpoennas JlexepGeprom Ha
OCHOBAHMKH OTHOCHTENbHOH YacTOTHl [IOsBJAEHHS pekomMOMHaALUk
MeXIy YyKa3aHHbIMH TIeHeTHYeCKMMHM INpH3HaKaMH, IIpeicTaBJieHa
Ha puc. 13.

Ilpn paccMOTpeHH# 3TOH KapThl CTAHOBHTCH OUYEBHAHBIM, UTO
B XpoMocoMe OaKTepuu OTHAeJNbHbBIE TIeHeTHYeCKHe JAeTePMHHAHTb
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pacmnosaraiorces GJU3KO Apyr OT Apyra (CHeIIeHHBle TeHbl), Boiel-
CTBHE Uer0 peKOMOHHAIMS MeXAY HHMH — OTHOCHTEJBHO PeIKoe CO-
6viTné. PaccTosuMe MeXAy JPYyrMMH AeTepMUHAHTAMH OTHOCHUTENb~
HO BeJNIMKO (HeCLEeNJIeHHbe TeHbl), N03TOMY BEPOSITHOCTb pPeKOMOH-
HAaNMKE MeXJy HHMM YB&JIHYHUBaeTCs.

M3 3T0#1 e KapThl cjaelyeT BeCbMa BAaXKHBIH BHIBOA O TOM, UTO
ee MOJHOTA 3aBHCHT OT BO3MOXHOCTH NPOBENEHHs CKpelluBaHHk
cpelu map IITaMMOB, OTJIMYAlOLIMXCA JPYr OT APyra XapakTepom
myrauuii. Ecain Mel pacnosnaraeM GOJNBLIMM YHCJAOM IITAMMOB, V'
KOTOPBIX YJaJIOCh BBI3BaTh M PETHCTPHPOBATh CaMble pasHoOGpas-

20 38 5 17 )
| . — 1 1 1 1 ] )
thr T lac 76 met 8,
leu fiot

Puc. 13. TlepBas renermueckas Kapra E. coli K12

Hble MyTalluH, TO 3THM CO3JalOTCSl NPeANOChUIKA AJs 3aNoJHEHHS
«besbix» MATEH Ha TeHeTHUECKOH KapTe AaHHOro Mukpo6a. Cieno-
BaTeJIbHO, T YBeJHUEHHEM BO3MOXHOCTell Hal/I0feHHs 3a MyTa-
LUUSAMHK OTAEJbHBIX TE€HeTHYECKHX AeTePMHHAHT H pa3paboTku 3d-
(eKTHBHBIX CMOCOOOB CeNEKIHH W3 NONYyJsHHH ocobell — HocHTe-
Jefl 3THX MyTauufi — OyAyT PpacCUIUpsITBCA M YTOUHATHCA Hallk
3HaHHs O reHeTHYECKOH CTPYKType XpoMocoMbl Oakrepuil. Ecan xe
MyTallisl COOTBETCTBYIOLIETO reHa NPUBOAUT K TaKUM H3MEHEHHSIM
tdenoTHna, KOTOpble HE PETUCTPHPYIOTCH JIOCTYIHBIMH METOJaMH,
TO YY4aCTOK KapThl, I'ZIe 3TOT IeH JIOKAJH30BaH, OCTaHeTCA He3anoJ-
HEHHBIM, TaK KaK TeHeTHYecKas Kapra 0aKTepHM CTPOHTCH, MO Cy-
LUIeCTBy, NyTeM ONpeAeJeHHsl JOKaau3anuy MYTalUH OJHOrO reHa
MO OTHOLIEHHIO K MYTallHH ApPYroro.

ITockonbky uyacroTa peKOMOHHAHTOB SBJSIETCS BaXXHEHLIHM
KpHUTepHeM, NOJb3YSCh KOTOPHIM, JOKaJH3YIOT AAHHBIA TeH Mo OT-
HOIIEHHIO K APYroMy B XpoMocome GaKTepHH, TO eCTECTBEHHO, YTO
TOYHOCTh TeHeTHUYeCKoro aHaju3a 6yder GoJiee BHICOKOH NpHU CKpe-
WHBaHUAX 6aKTepHH, Y KOTOPBIX YaCTOTa MOSIBJEeHHS DPEKOMOHHAH-
TOB JOCTAaTOYHO BeJHKa. [lepBble »Ke ONBITbI FeHETHYECKOH pEKOM-
6unanuu npopodunuch Jlegep6eprom Ha wrammax E.coli Kl2,
XapaKTepH30BABIUUXCS HH3KOH 4YacTOTOl peKOMOHMHaIMH.

ITo mepe pacuiHpeHHSI W3yuyaeMblX T'eHETHUECKHX MPU3HAKOB M
croco6oB CeJeKIMK PeKOMOHHAHTOB CTAHOBHJIOCH OUEBHAHBIM, YTO
reHeTHUeCKUil aHaJiu3, NPOBOANMEIN B CHCTeEMax C HH3KOH 4acTOTOH
pekoMOHHAaNWH, CONMPsKEH C TPYAHOCTSMM, a pe3yJabTaThl, MNOJY-
yaeMble Pa3HBIMH aBTOPaMH, OKa3bIBAIOTCS HHOIAA NPOTHBOpPEYH-
oM. HanomuHuM (cm. «Konwbloranuss O6akTepHi»), UYTO 3STHMW
mraMMaMi Opii F+ W F— M, XOTSl NOCJEIOBATEJbHOCTb TEHOB B
OTJEJAbHBIX TPYIax CHelJIeHHs1 yCTaHaBJHMBaJach JOCTATOUHO TOY-
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HO, HONBITKH paCHOJOXHTb 3TH TPYNNB Ha TeHETHYECKOH KapTe
JAaBaj¥ Nopoll pasHopeuuBble pesyabrathl [74]. OGHapysxenue Hfr-
INTaMMOB Pa3bACHHJO NMPHYHHBI 3THX NPOTHBOpeuHit U obecrneynso
JaJbHeHIIHH Nporpecc r€HETHUYECKOro aHajau3a y OakTepuil.

Hsyuenue oraenpHbIXx Hfr-mTaMMOB npuBeno K BBIBOAY, UTO
o6blyHO xpomocoMma E. coli K12 uupkynsapHa u paspbiBaeTcsi B TOM
yuyacTKe, rae Ha Hell ¢uxcupyercs F-cakrop.

ITpuMenenne meTOfa pa3pbiBa KOHBIOTHMPOBABLIHX KJETOK H
H3yueHue BJIMAHHMA pacnaja P32 Ha nepeHoc OTAeNbHBIX TEHOB OT
JOHOpA DeLUITHeHTY MO3BOJHJIO CO3AaTh NOAPOOHYIO TeHeTHYECKYIO
KapTy XpOMOCOMBI KHIIEYHOH INAaJOYKH.

BakrepnasbHasi XpoMocoMa INpeAcTaBaseT co6ol 3aMKHYTYO
CTPYKTYPY, COCTOSILLYI0 M8 IUCKPETHBIX I'eHeTHUECKHX JeTepMHHaHT-
reHOB. 3Jechb YMECTHO paccMOTpeTh 3BOJIOLMIO €aMOro IOHATHA
«TeH».

Ha sape pa3BuTus TeHeTHKH reH paCcMaTpHBAJCS Kak ejH-
HHUA QYHKIMH, pPeKOMOHHALMM H MyTallul — KakK npeaen ¢yHK-
LIUOHAJBHOH NEeJUMOCTH XPOMOCOMBL, :

ITo mepe pa3BHUTHsI TeHeTHKHM HaKaN/JIHBaJHUCh JAAHHBIE, YKa3bl-
BaloliHe Ha CJOXHYI0 OpraHH3aluio rena. ['eH Havanu paccMarpH-
BAaThb KaK KOMILJIEKCHYIO CHCTeMy, DTO €TaJO OYEBHAHBIM IOC/IE OT-
KDBITHA y ApPO30(HJIBE MHOMXKECTBEHHOIO ajljeJH3Ma, Korlda ycTa-
HOBHJIH, YTO aJJiely OAHOTO I'eHa OTJIHYalTcs Apyr ot Apyra. Mues
O CJIOXHOM CTPOEHHH reHa, cOpMyJHDOBaHHAs Ha OCHOBe TeHETH-
YECKONO H3y4eHHS JpO30GH/IB, NOJTyYHJa [pajbHelilllee pas3BUTHe
B MHKpPOGHOH reHeTHKe.

JlauHble, noJyyeHHble NMPH H3yuyeHHH OaKTepHi, OTJIHYAIOUIHXCH
JAPYTr OT Apyra no BHEIUIHHM NpH3HaKaM, o6oraTWin Hac CBeleHHs-
MH O NPHpOJE M OpraHH3alliM XPOMOCOMBl KakK LeJOro ¥ I03BO-
JIWIH JIOKAJH30BaTh B Hell yYacTKH, NeTepPMHHHPYIOLIHE OTIAE&IbHbIE
NpU3HAKH.

OpnHako OHHM He BCer'Jla JaBaJii BO3MOXHOCTb OTBETHTh Ha BOII-
poc, TNpeacTaBJasgeT #H co6oH (QparMeHT XPOMOCOMBI, KOHTDPO/IH-
PYIOLINH, HanpHMep, CHHTE3 AMHHOKHCJIOTHL MJH Olpelessiolini
YpOBEHb PE3UCTEHTHOCTH K aHTHOHOTHKY, (QYHKIHOHAJBHYIO eIXHHH-
Iy HJTH K€ OH COCTOHT M3 psAla cyObelAuHHL, QYHKUHOHHPYIOUIHX
He3aBucHMO. XOTs MyTalHs B JI000M yuyacTKe 3TOro ¢parmeHtra H
3aBeplIaeTcd OJLHHAKOBHIM (H3HOJOTHUECKHM 3(P¢eKToM, OJHaKo
3TO He HCKJIOUAET CJOXKHOCTb CTPOeHUS (parMeHTa U CylUlecTBOBa-
HHSl B HeM OTHEJbHBIX €IUHHI, (YHKIHOHHPYIOIIHX HEe3aBHCHMO
JApYr oT Apyra u ofecrneyHBaIONIHX OTIEJNbHBIC 3Tallbl B LENH CJAOXK-
HOH OHOJIOTHYECKOH peaKIHH.

CTpoeHye TeHeTHYECKUX NeTepMHHAHT GaKTepuil ObLIO OeTasrH-
3SHPOBAHO B pe3yJbTaTe H3yUeHHs1 peKOMOHHAUHE MeX1y MyTaH-
TaMH ¢ OJHO3HAUYHHLIM H3MeHeHHeM (eHOTHNA. DTO OCYIIeCTBJAAIOCH
MyTeM CKpelllMBaHHA HEe3aBHCHMBIX MYTaHTOB, NpHHaAJeXAIIUX K
ONHOH (PEHOTHNHUYECKOH TIpynne, HJIM Xe NyTeM OCYUIECTBJIEHHS
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MeXKAy HUMH TpaHCAYKUMH Jubo TpaHchopmaumn. OKasanoch, yTo
IBa MYTaHTa, HecnocoGHbie CHHTE3HpPOBaTh ONHMH H TOT Xe ¢ep-
MEHT HJIH aMHHOKHCJIOTY, [AaBajH INPOoTOTPOPHHIA pPeKOMOGHMHAHT.
Yactora pekoMGuHaLKi B CKPELIHBAHUM TAKHX NMap MyTaHTOB GBLia
HHM3KOH, UTO CBHIETE/BCTBOBAJIO O CUEIVIEHHH YYaCTKOE, H3MEHEeHHe
KOTODBIX NMPHBOJAHJIO K OMHOH H TOH e ayKcoTpogpHocTH. Bee Hesa-
BHCHMble ayKcoTpodHble MYTaHThl, HYXJAalourHecs JAJs pocTa
B HaJHYHHM TOTO HJIM HHOrO $axTopa, 0Kas3aJochb BO3IMOXKHLIM pas-
JAeJUTh Ha TPYIMIBL, COOTBETCTBYIOIIHE OTHE/NbHBIM 3TallaM ero CHH-
te3a. Tak, HampuMep, 77 MyTaHToB S. fyphimurium, HecrocoGHBIX
CUHTE3UpOBaThL TpunrodaH (fry-MyTaHThl), pacHpelessaHch 10
CIEAYIOIUM TPynnaM, COOTBETCTBEHHO CXeMe OHOCHHTE3a TPHUITO-
dana: try A-13, try B-40, try C-6 u try D-18 [106].

B onetax TpaHCAYKUHH YCTAHOBJEHO, UYTO PeKOMOHHALHS CpelH
MYTaHTOB B Ka)XJoH rpynne — co6HTHe peiKoe, a MeXAY MyTaHTa-
MU JPYTHUX TPYNN NMPOHCXOAMUT yallle. DTH YETHIpe TPYNNB MYTaHTOB
BO3HHKJIH B UYeThipeX OTAEJbHBIX YYacTKaX «XPOMOCOMEI», KaiIblH
M3 KOTOPBIX KOHTDOJHPYET OTJeJbHbIHl ITAN CHHTe3a aMHHOKHCJOTHL.
CienoBaTtesibHO, KaXAbI U3 3THX YUaCTKOB OTBETCTBEH 34 UHIUBHU-
AyalabHYylO hYHKUHIO ‘GaKTepHaabHOro reHoma. CorsacHO TepMHHO-
jJoruu [leMepena, TakoH Y4acTOK XapaKTepH3yeTCst KaK TeHeTHye-
CKHH JIOKYC, 2 1O aHaJIOTHU ¢ DYHKIHOHAJbHOH eIUHHIEHl reHOMaA
tara, upenrucduuupoBanHofi DensepoM, ero MoxHO HasBarb UH-
CTPOHOM,

JanpHefiInf aHaMU3 CTPYKTYPH reHeTHuecKoil o6sacTH XpoMmo-
coMbl S. typhimurium, xouTposupyloliefi cHHTe3 ~Tpunrodaxa, mo-
Ka3aJ, YTO NOPSANOK pAacCHOJOXKEHHS TeHeTHUECKUX JIOKYCOB, HJH
LHCTPOHOB, ONpeleNslOIIUX Pa3Hble 3TAllbl PeaKLUHW, COOTBETCTBYET
NOC/e0BATENBHOCTH OTAENbHLIX peakuuil cuurtesa [107].

M3yueHne CTPYKTYpbl THCTHAMHOBO! 06sacTH XpoMocoMel S. fy-
phimurium TakxXe OBIJIO OCYIIECTBJAEHO C INOMOLIbIO TPaHCAYKUHH
[108] (puc. 14). YcranoBneHo, uTo 3Ta o06Jacth, BKJlOYalolias
1,3-10% nap uykaeotunos [109], cocTouT u3 9 reHeTHYEeCKHX JIOKY-
coB. HMayuenwe GYHKIMHM 3THX JOKYCOB B THCTHAMHOBOM YyuacTke
«XpoMocoMmbl» S.fyphimurium mnoKa3ajo, 4TO HEKOTOPHIE H3 HHX
KOHTPOJIMPYIOT CHHTe3 MHAMBHAYaJbHBIX ¢epMenToB (F-, A-, H- u
C-y4acTOK CXeMbl), COCTOSIIUX TOJbKO H3 OJHOH MNOJMIENTHAHON
nenouku (MoHoMephi). Jlpyrue Jokyce (E u B) KOHTPOAHPYIOT
CHHTE3 T[I0JHMEPHBIX (HEDPMEHTOB, COCTOSIIHHX H3 CYObeIHHHL,
NpeICTaBSIIOIHNX cO00f OTJeNbHble NMOJHIENTHAHbIE LENOYKH, CHH-
Te3 KaXJAOH H3 HHX KOHTPOJHPYeTCS OJHHM H TeM € TeHOM.

B macrosiniee BpeMs H3BECTHO TaKKe, UYTO HEKOTOpble (epMeH-
Tbl BKJIOYAIOT J[BE pasHble TOJHUIENTHAHBE MeNouyKH, cnenHpHy-
HOCTb KOTOPBIX KOHTPOJHPYETCS! OTAEeJbHbIMH TeHeTHUECKHMH JIOKY-
camu (yuactku cxeMbl Da u Db). Takue mBa s0Kyca MOFyT ObITh
CUeIJIeHHLIMH, XaK 3TO IIOKa3aHo Ha cxeMe (puc. 14), Hjau Hecuem-
JIEHHBIMH. : : .
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U, HakoHell, MMeloTcsl (epMEHThbl, KOHTPOJHPYIOliHe Gosee yeM
OflHy cnelnduyeckylo peakuuio (6udyHKUHOHANbHBIE (epMeHTHl —
Ha cxeMe B u D). Takum o6pa3oM, Mbl BHAHM, UTO 06JACTb XPOMO-
coMHl S. typhimurium, OTBETCTBEHHAs 3a CIOCOGHOCTb MHUKpPOGa CHH-
Te3UpOBAaTh FMCTHAHH, IPEACTABAsIET COGOH BeCbMa CJOXKHYIO CTPYK-
Typy, TA€ OTHe]bHbie YYaCTKH KOHTPOJHPYIOT CaMOCTOATeJbHbIe
cnenuprueckre QyHKIHH.
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Puc. 14. Xpomocoma S. typhimurium [123]

Cilo)kHasi OpraHH3alfsl TeHeTHYECKHX [JeTEePMHHAHT, YCTaHOB-
JleHHasi B ONbiTaX O TPAHCAYKUHH Ha NpHMepe TPHNTO(AHOBOH H
THCTHIHHOBOK o6JiacTell XpoMocoMet S. fyphimurium, B npuHUHIE
OJHO3HAYHA AJS HHBIX TeHeTHUECKHX JeTepPMHHAHT 3TOTO XKe MHK-
pobGa U Apyrix BHAOB GakTepHil.

C noMompb0 TPaHCAYKIEHOHHOTO aHa/u3a OblIO NI0KAa3aHO CJIOXK-
HOe CTPOEHHe y4yacTKa XPOMOCOMEI, NeTEePMHUHHDYIOILEro y CaJjiMo-
HeJJIbl CHHTE3 TPeOHHHA (UeTwbipe JIOKyca); Ha/JHYHe NATH TeHETH-
YeCKMX JIOKYCOB JJisi M30JeHuuHa M H3oseiuHH-BaauHa [110]; rene-
THYeCKH AuddepeHUHpOBAHHEIE yUaCTKH OBLIH BHISIBJAEHB! B Npeje-
Jax ofJacTel reHoMa, NETEPMHHHPYIOIHX CHHTe3 ajeHHHa [111]
u uucrenHa [112, 113].

Ipu rtpancnykuuu E.coli darom Pl 6bl10 ycTaHOBJIEHO cCylle-
CTBOBaHHEe YeThIpeX TeHeTHUEeCKHX JOKYCOB, KOHTDOJHDPVIOIIMX OT-
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JdeJdbHble 3Talbl GHocuHTe3a Tpuntodana [114, 115], u Tpex n0Kycos,
KOHTPOJIHpPYOIIHX ¢epMeHTHpOBaHHe apaGuuo3nl [116].

Y cTadHI0KOKKOB OLLTO II0OKAa3aHO CYLIECTBOBaHHe ABYX ClUeEIN-
JICHHbIX JIOKYCOB, KOHTDOJUPYIOUIHX cuHTe3 TpunTodana [117].

BeiBoj O CylIeCTBOBAHHH OTAEJbHBIX I'eHETHYECKHX JIOKYCOB HJIH
LIHCTPOHOB B NpeJeJax ONpeleJeHHONH 06JacTH XPOMOCOMBI, KOH-
TpoJMHpYIOllel NaHHBIA NPHU3HAK, cHeJaHHBIH Ha OCHOBe TPaHCAYK-
IIMOHHOTO AaHaJH3a, COrjacyercss C pe3yJbTaTaMH, NOJYyYeHHBIMH
IpH KOHDBIOTAMH M TPpaHcpOpMalliy MYTaHTOB, OTHOCAIIUXCS K OX-
goH (EeHOTHIHYECKOH Tpymme.

YrnoMsiHyTble Bbillle JaHHble ONHTOB XoOukHca H JBaHca (53]
TaK:Ke CBHIETENBbCTBYIOT O HAJHUMH Y IHEBMOKOKKOB JIOKYCOB,
KOHTPOJHUPYIOIUMX pa3Hbii YpOBeHb DE3HCTEHTHOCTH K CyJabda-
MHIY.

3ameuaTe/]bHBIM OKasaJoCb TO, YTO B pANe YNOMSAHYTBIX CJYy-
yaep (PYHKUHOHAJbHO CBSi3aHHble TeHETHYECKHE JIOKYCHI Hallle BCETro
pacnoJioxKeHbl B XxpoMocoMe Gakrepuil 6JM3KO ADPYr K ApPYry, a Io-
CJeNOBaTeNbHOCTh HX Ha KapTe COOTBETCTBYET IIOC/eNOBaTeNbHOCTH
GHOXHMHUYECKHX peaKuuil, KOHTpoaupyeMblx uMmu [118].

Takum oGpa3oM, HaHHble GHOXMMHYECKOH TeHeTHKH MHKPOOOB,
NoJy4YeHHble BHepBbole Ha Neurospora, a 3aTeM H Ha OakTepusx,
[I03BOJIUJIM YTOUHHTH MOHSITHe T'eH H ONpele/HTb ero Kak yyacTOK
XPOMOCOMBI, KOHTPOJHpYIOUEl CHATe3 OTHeJbHOrc nentuna. HHH-
MH CJIOBaMH, NOCTyJaT <«OJUH TeH-— ONHH GepMeHT» OCTaeTcs
CHPaBeJJUBLIM JIMIIb JJS1 JETEPMHHHDOBaHHS MOHOMeDHBIX ¢ep-
MeHTOB. B Gosee oflueM BHIe 3TOT IOCTyJaT (popMyJaupyercs cie-
AYIOIIHM 06pPAa30M: «OIHH T'eH — ONMH HEeNTHI».

Ucxoma us 3Tcro onpefesieHHss TEPMHHB: TeH, IeHeTHYeCKHH
JIOKYC M IHCTPOH SABJSIOTCS CHHOHHMaMH. OJIHAaKO B HEKOTOPHIX
CIyu{ X HEBO3MOXHO ONpejleJUTh CYLIeCTBOBAHHE TIeHEeTHUECKOro
JIOKyCa Ha OCHOBAaHHMHM CONOCTaBJEHHS JaHHBIX peKOMOWHALUH
¢ GHOXUMHUECKUMH 3KCIepHMeHTaMH, B 3THX cayuasix MOXHO IpH-
O6eriyTh K (YHKIHOHAJAbHOMY TeCTy, IO3BOJSIOLIEMY pPa3ienauTh
CJIOXKHYI0 TEeHeTHUeCKyl0 006/1acTb Ha He3aBHCHMble (yHKUMOHAJb-
Hble eMHHUIIB — Ha JIOKYCHI, HJH IKCTPOHBI.

CyLIHOCTh 3TOTO TeCcTa CBOAMTCH K BBISCHEHHIO B3aUMOOTHOLIE-
HUB MexXJy NoJIoXKeHMeM MyTauud B XpOMOCOMe H (YHKUHei.
GOyYHKUMOHAJNBHBIH TeCcT, YCTaHABJAMBAIOWIMI HaJHyHe OTAeJNbHBIX
crielld pHYECKHX JIOKYCOB, BBHISIBJASIET, HMEIOT JH ABa MYyTaHTa, OTHO-
cSAIIUXCA K ONHOA ¢eHOTHIHYeCKOH rpynme, H3MEeHEHHS] B OJHOM
H TOM JKe WJIM B pPasHBIX yyacTKaXx XpoMOCOMbl. EcjH rereposmuro-
Ta a/6 uMeeT ¢eHOTHN, MONOGHEIH roMo3uroraM a/a uiu 6/6, 10
Torna a u 6 paccMaTpKBAlOTCs KaK MYTaHThl, BO3HHKIIHE B OAHOM
AeTeDMHHAHTe, KOHTPOJHPYIOIIeH OAHY cCHeun(HUECcKylo (QYHKIHIO.
Ecnu Xe Takas reTeposurora xapakTepusyercsl AMKHUM (eHOTHIOM,
T0 @ ¥ 6 paccMaTpUBAIOTCS KaK MYTaHTHl, BOSHHKIINE B pe3yJibTa-
Te M3MEHEeHUH B pPas3JHUHBIX reHaX (reHeTHUeCKHX JIOKycax HIIK
LKCTPOHAX), KOHTPOJHUPYIOIUUX OTJeNbHble (YHKUHH. B mnepBoM
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cjlyyae Mbl FOBOPHM, YTO MYTAaUMH a@ H 6 He KOMILIeMEHTapHH], a BO
BTODOM — KOMIJIeMeHTapHbl. JINKHH (eHOTHN reTepoO3HroTHl OyIeT
B TOM <CJydae, eCJH JBe peUecCHBHBIE MYTAlHH JOKaJH30BAHbI
B OAHOH xpoMocoMe (yuc-xkoHgurypauus). Bropaa xpoMocoma,
Hecyllass [Ba HEMYTAHTHBIX reHa, OOeCHEYHT KOHTPOJb CHHTE3a
Heo6XoAHMBIX MeTabonuToB. Takoil ke pesyabTar Mb HabJlofaeM
B TPAHC-KOH(HTypaluK TOJbKO TOrjna, Korja ofe MYTallHH, OTHO-
cslIMecss K JABYM PpAasJHYHBIM TFeHEeTHUYeCKHM JIOKycaM, JIOKalH30-
BaHBl B pa3HbBIX XpoMocoMax. B aTom caydae xpomocoma I, ne-
(beKTHasi MO [epBOMY JIOKYCY, OCYLIECTBUT IOJHOLSHHBIH KOHTPOJb
cuHTe3a ¢epMenta B, a xpomocoma II, nedektnas mo BTOpOMY
JIOKycy,— cHHTe3 (epMeHTa A. B pesyabTaTe B KJeTKe OKaXeTcs
BeCb KOMILIEKC (pepMEHTOB, HeOOXOAUMBIH MJs1 OCYILeCTBJIEHHUS
peakuun A—B.

Ecnu e ofe MyTauuu pacloJioXeHbl B pasHbIX XpoMocOMax
(Tpauc-gkoHurypanusa); HC B OJHOM JIOKyCe, TO TaKad KJeTKa
6yneT HUMeTb MYTaHTHbIA (eHOTHN; B 3TOM cJydae IOJHOIEHHbIH
reHeTHYeCKHH KOHTPOJb OCYLLECTBUTCS JUIIb B OTHOIIEHHH OAHOrO
tepMeHTa, a BTOPCH OKaxeTcsl IdeQeKTHBbIM.

Takum o6pasom, AJs ONpeneseHHs B XpOMOCOMe Dsifia JIOKYCOB,
KOHTDOJIUDYIOLINX OTHeJbHbie (PYHKIIHH, HEOOXOMUMO HMeTb Habop
He3aBHCHMBIX MYTaHTOB, XapaKTepPH3YIOLIUXCS OJHHAKOBBIM (hEHOTH-
IIOM, H YCTAaHOBUTb KOMIIIEMEHTapHOCTb 3THX Myrtauuit, Caenyer
NOJ4EePKHYTb, YTO OMUCAHHBIH TeCT KOMILIEMEHTapHOCTH, HJH, Kak
€ro Ha3biBAIOT, YUC-TPAHC-TECT, HE3ABUCHM OT TeCTa PeKOMGHHAIMH
M JIEFKO OCYLU@CTBUM B OTHOLIEHHH NMILIOWAHBIX OPraHH3MOB, B KO-
TGPHIX MapHble XPOMOCOMEI TeTEepPO3HrOT MOTrYT OBbITb HOCHTEJNSIMH
pellecCHBHBIX MyTaluil. [IpuMenHTeabHO K GaKTepHAM Tako# (YHK-
IIHOHAJIbHBI TeCT (YUC-THARC-TECT) TaK¥XKe OCYILIECTBHM C IIOMOILBIO
aGOpTHUBHOH TPaHCAYKLHH, NPH KOTOPOH AHIJOHA COAEPHKHT IMOJ-
HYI0O XPOMOCOMY peluilHeHTa Hu ¢parMeHT XPOMOCOMBI JOHOpA.
HanoMHHuM, uTO NpH aGOpTHBHOH TpaHCAYKUMH (GparMeHT XpoMOCO-
MBl . JJOHODa He PemIUUHUpyeTCs W He PeKOMOHHHPYeT ¢ XPOMOCOMOH
peunnuenta. AGOPTHBHASI TPAHCAYKLUHS KaK METOJ BbISIBJEHHS Tre-
HETHYECKHX JOKYcOB Gblia Hcrnosab3oBaHa Osekw y caamoHnens {79].

JonycruMm, 4TO pPelUNHEHTOM fIBJAETCS ayKCcOTpPO(dHBIH MyTaHT,
TpeOyOIUit AJsl, CBOET0 poCTa HAaJUUKs B MHUHHMAJbBHOH cpefe
aMUHOKHCJIOTB, BATAMHHA MJH a30THCTOro ocHoBaHHMA. B KauecTBe
JIOHOpa Hcmoab3yeM mnpororpod. Ilocse npoBeneHHss TpaHCAYKLUUH
H BbICEBa TPAHCAYUUPCBAHHEIX KJETOK Ha MHHHMAaJbHYIO Cpeny
Ha Heil .OynyT oOHapy:KeHbl KOJOHHH HOPMAaJIbHOrO THna (TpaHc-
LYKT2HTH-IIPOTOTPOGB) U MUKPOKOJOHHH. MHUKPOKOJNIOHHH (HOPMH-
PYIOTCS] 32 CUET KJeTOx pelHIHeHTa, B KOTOPHIX npousolna abop-
THBHasl TPaHCAYKUHA. B HHX pparMeHT AOHOPa NPH KaxAOM Jele-
HHH NepelaeTcst TONbKO OJIHOH KJeTKe, OCTaJlbHble KJIETKH He HMEeIOT
3TOTO0 (parMeHTa H, CJeJ0BaTEJbHO, JHILEHbl MeHeTHUECKHX JIeTep-
MHHAHT, OGecneyHBAIONIHX KOHTPOJb CHHTE33a COOTBETCTBYIOLLErO
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PakTopa. ITH KJETKH He pa3MHoxKaloTcs. Eciau poHOpOM BMecTo
JMKOTO THIA B3STb MYTaHT, XapaKTepH3YIOLIHHACA TaKoH Xe ayKco-
TpOPHOCTHIO, KAK M PEIMIHUEHT, TO MHKPOKOJOHHH BO3HHKHYT, €CJIH
MyTauusi J0HOpPa IpPOH30ILJIa B OJHOM reHe, a MyTalHs PELHNHEH-
ta B ApyroM. HHBIMH cioBaMu, npororpodHocTb B aBOpTHBHO-
TpaHCAyLIMPOBAHHOH KJeTKe PellUNHeHTa BO3HHMKAeT JHIIb B CJyyae
KOMIJIeMEeHTaPHOCTH MyTauul. PparmeHT OaKTepHHU-IOHODa, HH-
KOPNIOPHPOBAHHBIA B DENMIHEHTHYIO KJIETKY, BOCIOJHHT B HeH reHe-
THUeCKHH fedeKT, BLI3BaHHHEIN MyTauHell B ee xpoMocome, Ecan xe
y MYTaHTa-I0HOpa H Y MyTaHTa-peLUHNHEeHTa H3MEeHeHHs [IPOH30UIIH
B OJTHOM JIOKyCe, TO IPOTOTPO(HOCTb He BO3HHKAaeT, H MHKPOKOJO-
HUH Ha YalllKaX He 6yAyT oOGHapy:KeHbL

Takum ob6pas3oMm, abopTHBHAs TPaHCAYKUHA MeXAY (GEHOTHIIH-
YecKH NOJOOHBIMH MYTaHTaMH JaeT BO3MOXKHOCTh YCTaHOBHTb Ge3
GHOXHMHUYECKHX TECTOB pasJjHuHe uaH OOLHOCTb FeHEeTHUeCKHX JIO-
KyCOB, MyTHPOBaHHe B KOTODBIX NPUBOJUT K OJHO3HAUHBIM BHELIHHM
neekTam.

B of6iieM pe3ysabTaThH, NOJy4YeHHBIE C NOMOLIbK- aBOpPTHBHOH
TPaHCAYKLUHH, XOPOIUO COTJIACYIOTCS ¢ NaHHBIMH PeKOMOHHALHOHHO-
ro aHaausa M ‘GuoxumuueckuMu tectamu [118, 119]. B nocaennee
BpeMsl HaKaWJIMBAIOTCA JaHHblE, YKa3blBalOIHe, YTO KOMIJeMeHTap-
HOCTb BO3MOXKHa He TOJIbKO IIPH MYTalHsX, JOKAJH30BaHHBIX B pas-
HbIX TeHeTHUYeCKUX JIOKyCaX HJIH HHUCTPOHAX, HO H B Npejenax OJLHOTO
reHeTHUYeCKOro JIoKyca. DT JaHHble, NOJYyUeHHble [[apTMaHOM H ero
COTPYAHHKaMH, KacatoTcs Jokyca his B (puc. 14) v S. typhimurium.
Yka3zaHHBIH JIOKYC KOHTPOJHMDYET aKTHBHOCTb JeTHIpasbl, KOTopas
npeBpalliaeT HMHIA30JaIIHLepoa-PocopHbil 5PHp B HMHAA30alle-
Tos-hocdopublil 3¢up. Cpenu 34 anaedbHBIX MyTAaHTOB JOKyca his B
18 ynaJjoch pasmelHTh Ha YeThipe PPYNMBL IO X KOMIJIeMeHTapHOH
CNOCOGHOCTH B OTHOLIEHHH APYT K JAPYry.

MyTaHTbl Kaxa0i rpynnsl OBIM HEeKOMIJIEMEHTapHBIMH JADPYr K
IApYry, Ho IOTMOJHAMM JNI0G0H MyTaHT ocTaJbHEIX Tpex rpynn. Jpy-
rde JecsiTh aJJeJbHbIX MYTAHTOB OblJIM KOMIJIeMEHTapHbIMH B OT-
HOLUEHUM OJHOH MM ABYX I'PYIIN, HO He AOMOJHSJIH OCTaJbHbIE JBE.
M, HakoHell, ocTaJbHBlE I1eCTh MYTaHTOB OLIH TMOJHOCTBIO HEKOMII-
JemeHTapHbl. PeKoMOWHANMOHHBIH aHa/u3 YCTAHOBHJ JIOKAJH3alHIo
Bcex YeThIpex TPYmm B Ipejesax reHeTHUecKoro Jokyca his B. Ta-
KMM 06pa3oM, OKa3aJoch, 4TO U B 1npejenax OTIEJbHOro TreHa
HaXoAfATCs cyObelHHHUIb], BhIIBJAAEMble TeCTOM KOMIJIEMEHTaPHOCTH.
Hemepen ¥ [apTMag Ha3Baau UX KOMIJIeMeHTapHBIMH €IMHHIAMH.
B CB3M € 3THM OHHM CUHTAIOT, UTO LUCTPOH (KaK YKa3biBaJOCh,
TEPMHH, OJM3KHH 1O CMBICIY TepMHHY <TE€HETHUECKHI JOKYC»)
He Bcerjia MOXKHO XapaKTepH30BaTh KaK YYacCTOK KapThl, Iie Jo-
KaJH30BaHbl HEKOMIJIEMeHTapHble MyTauuu. BeposTho, B HEKOTO-
pBIX CJy4asX TeHbl (FeHeTHYECKHil JIOKYC HJIH LHCTPOH) BKAKOUAIOT
B ce6sa nuddepeHuvpyemble y4acTKH, T. €. YNOMHHaBIIHeCs BbILIE
KOMIJIeMeHTapHble eHHUIB. MexaHH3M BHYTPHreHHOM HJU BHYTpH-
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noxycHoli komniementapHoctd Iapmman #u cotp. [109] o6wbsc-
HAIOT cjeqylolluM o6pa3oM. lHekoTopble reHeTHYecKHe JOKYCHI, B
YacTHOCTH his B, KOHTPONMPYIOT CHHTE3 MNOJHMEPHOTO (epMeHTa,
COCTOSIIIEr0 K3 HIEHTHUHBIX INOJHNENTHIHBIX Lenouek (puc. 14).
HonycTrM, uTO B KJETKe PEelHIHeHTa MPOU30llia MyTalus, BbI3BaB-
was pedexT B MOJHIENTHIHON LENOUKe, a B KJETKaX JOHOpa B npe-
JeJlax 3TOro Xe reHa — MyTalldsl B JPYroM YyvacTKe, BhHI3BaBllas
npyroi nedekt B nosunentuie. B aGopTHBHO TpaHCAYyUHPOBAHHOMH
KineTke 6ynyT CHHTe3HpoBaTbca 06a IO-pasHOMY ae(eKTHBIX MOJIH-
NenTHaa, HO B pe3ynbTaTe oObeduHEHUs HX ob6pasyercs DOJHMeEp,
obnanaomuil GepMeHTATHBHON aKTHBHOCThIO. OueBHAHO, 4YTO Y
IByX MYTaHTOB B 3aBHCHMOCTH OT MeCTa MYyTallMH H, CJIel0BaTe/b-
HO, XapakTepa Ae(eKToB, BO3HHKAWOILIHX B MOJHNENTHIE, TaKash KOM-
nJeMeHTapHOCTh MOMKET OKa3aThbCs HEBO3MOMKHOH JHO6O B CcHJY 3Ha-
YHTeJbhHOH JeHAaTypalWu NeNnTuna, JubOo mpH noTepe y Hero crnoco6-
HOCTH OObeNHHEHHs C ApPyro#l nedeKTHOH LEmOYKOMH.

EcrecTBeHHO BO3HHKAaeT BONPOC: W3 KAKHUX 3JEMEHTOB MOCTpOeH
caM reH? B HacToslllee BpeMst MOMKHO YTBEPAKAATh, UTO I'eH, KOHTPO-
JUPYIOILMA CHHTe3 cneuu(UUYEecKOro IEenTHAa, COCTOUT U3 MeJbyad-
KX 3JeMeHTOB (aHIJ. «Sifes») — yyacTKOB, KOTOpbie MOMKHO OT-
AeJUTh OPYT OT ApyTa C IIOMOIIBIO TecTa PeKOMOUHAlKMH. DTH yuacT-
KH Ha3bIBAlOT pEKOHaMH. 31ecb HeOGXOLHMO HANOMHHTh (CM.
Bbllle), YTO YacTOTa PeKOMOHHAUH{ B 3TOM ciayyae OylLeT OueHb
HHU3KOH, NOCKOJBKY DeKOMOHHHpYeMble YYacTKH HaXOAATCH B XpO-
MocoMe oueHb 6J1H3KO ApYT OT Apyra. CiaenoBaTeJbHO, TeCThl pPEKOM-
6MHAIMOHHOTO aHaJH3a B Ipejeaax OLHOTO reHa JOJKHBI 06/1anaTh
OUeHb BHICOKOfl paspellarolei croco6HOCTEIO, TAK KaK HeoOXOAHMO
OCYILIeCTBHTb OTOOP BecbMa PeiKO BO3SHHKAIOUINX PEKOMOHHAHTOB
H3 6OJBUION0 KOJIHYECTBA KJIETOK POTHTENBCKHX THIOB. PaccMoTpum
6osiee mOApPOOHO MPUHLUUILI MeHETHUECKOTO aHanu3a OTAEJbHOTO JO-
Kyca. Eciin Mbl 3HaeM, yTo JIOKyC A NeTepMHHHpyeT CHHTe3 (epMeH-
Ta Pp, To MB MOXKeM OTO6pPaThb pPSA HE3aBHCHMO BO3HHKIIHX My-
TaHTOB, Ne)EeKTHOCTL KOTOPBIX ONpefensieTcsi HeclnoCOGHOCTBIO CHH-
Te3upoBaTh UMEHHO 3TOT (hepMeHT. [IpoBeleM peKOMOHHALHIO MeX-
Ay 3THMH MYTaHTaMH, NpPHMEHHB JJf 3TOr0 TPaHCAYKUHIO. Mot
YBHAHM, YTO BC€ MYTaHTHl IO CHOCOGHOCTH AaBaTh PEKOMOHHALHIO
pasgensiTcst Ha TPH TPYINIEBL

I. MyraHnTbl, peKOMOHHHpPYIOLIHE APYr ¢ APYroM H palolllie B
pe3ynbTaTe JHKUH (DeHOTHIL.

OTH TOUEUHbiE MYTAHTH I[IPOM30LIIH B pe3yabTaTe H3MeHeHHUd
a3JIMYHBIX YYaCTKOB B IpefefaX JaHHOrO TeHEeTHYeCKOro JOKyca.
aKHe MYTaHTB MOXHO Ha3BaTb ncespoajnensmu. emepen [120]

Ha3BIBAaeT MX HeHAEHTHYHBIMH aJnensMu, a PomeH [121]— rerepo-
ajaaenamu.

2. MyTaHThl, KOTOpble PEKOMOHHHPYIOT TOJIbKO C HEKOTOPBIMH
MyTaHTaMHu THna I.

Ilpennosaraercs, YTO OHH NIPOU3OLITY B pe3yabTaTe H3MEHeHHUS
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IBYX HnH GoJjiee COCEAHHX YYACTKOB B NpeAesax AAHHOIO TreHa.
CremoBaTesbHO, B OTJIHYHE OT TOUEUHBIX MYyTalHA HX MOMHO Ha3-
BaTh NPOTSKEHHBIMH MYTAallHSIMH WJIM MHOTOTOYeYyHBIMH. XapakTep-
HBIMH ‘0COGEHHOCTSIMH AaHHOTO THIA MYTalH ABJSETCA TO, YTO OHH
OGHapYXKUBAIOTCS 3HAYHTEJbHO peXKe, UeM TOUYeuHble, He PEKOMGH-
HHUPYIOT ¢ TECHO CLEIVIEHHBIMH MapKepaMu H He 06JiafanoT crnocob-
HOCTbIO JaBaTb OOpaTHble Myranud. Bce 3To cBHueTenbcTByeT o
TOM, YTO MHOTOTOUEUHble MYTALHH SABJSAIOTCA PE3YJbTaTOM CJOXKHBIX
u3MeHeHHH B reHoMe GaKTepHH, TaKMX, KaK BHIafeHHe yyacTKa
XpOMOCOMBI (Jesielusl) HJAH nepecTpofika ee (MHBEpCHS, TPaHCJO-
KallHs).

3. MyraHThl, KOTOpble He PEKOMOHHHPYIOT APYT C APYTOM, HO pe-
KOMOMHHMPYIOT ¢ MyTaHTaMH THNZ a@. DTH TOUEUHBIE MYTAHTHI MPO-
H3OLULIH B De3yJibTaTeé OJHHAKOBHX NOBPEX/JCHHH B OAHOM H TOM
J)Ke yyacTKe reHeTHYecKOro Jiokyca, MIx MoXHo Ha3BaThb UCTHHHBIMH
aJjieNsIMH, HIEHTHYHBIMH ajJensamu (eMepell) uau romoasnsiesiiMy
{PomMmeH).

DKcnepHMeHTatbHble HaHHBlE, TIOJIYUEHHBIe B ONBITaX 1O TpaHce-
JOYKIHH, ROKa3blBAalOT, YTO Pa3JMYHBIE TeHEeTHYECKHE JIOKYChl 6ak-
TEpUaJIbHOH XPOMOCOMEI COJEpPKAT OOJbIIOe KOJHYECTBO €JHHHIL
pekomOunanuu. IIpy 3ToM oOTAenbHbIE I'eHbl OTJAHUAIOTCH JAPYr OT
Jpyra KONMHYEeCTBOM BBIIBJISIEMBIX B HHX PeKoHOB (Tabn, 4).

Ta6aunua 4

OpraHu3alus HEKOTOPHX reHeTHYECKHX JIOKYCOB B XpOMOCOMe
S. typhimarium [118]

Yucno

Kommnemen- HayueHo BBISIBJIEHHEIX

Jlokyc TapHuIEe TOYERHRIX PEKOMOHHUHPY-

eRAHHL{B MYTaHTOB eMRIX YYacTKOB

(PEeKOHOB)
hisE. . . . ... ... 4 13 . 13
hisE. . ... ... .. 1 37 34
hisAH .. ... ... 2 A 25 A 25
H 2 H 2
hisB ... ... ... 4 34 A
hisC . . ... .. .. 1 35 33
hisD ... ... ... 2 61 99
hisG . ... .. 1 11 11
iry A ... L. X 10 10
try B . ... ... X 32 X
try C X 11 X
iryD . ... ... .. 1 12 12
proA ... .. 1 20 20
proB . ... 1 20 | 20

IlpumMeuanne. [laHHbe He NMpHBEJEHH — X.
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JesMocTh TeHeTHYECKOTO JIOKYca Ha COCTaBJISIOIIHE €0 PeKo-
Hbl ABJisercsi 06LUM NpaBuioM. Mbl 06HapyXHBaeM PEKOHbl y pas-
JUYHBIX BHAOB OGakTepuil u (aroB He TOJNBKO C IOMOINBIO TpaHc-
JYKIHOHHOTO aHa/ju3a, HO 4 B ONBbITax Mo TpaHchOpMaIHH, a Tak-
JKe NIpH KoHbloranuH 6akTepufl, MyTalHH Y KOTOPBIX JIOKAJIH30BaHbI
B OXHOM TeHe.

Ecnn HCXOZMTH M3 TOTO, 4TO XpoMmocoMma S. fyphimurium mnpen-
crasjsieT coboit Mosekyny JHK, umemomywo okoso 2-107 nap Hy-
KJIEOTHAOB, a THUCTHAUHOBAs o06JacTh, COCTOAI A" MHHUMYM H3
10 reuos, Bkaouaer B ce6a 1,3-10* nap HYK/JIEOTHAOB, TO OTIeJbHBIH
PEKOH MOXKeT COCTOAITb M3 HEeCKOJIbKUX Nap HYKJaeoTHHoB. OcHOBHOE
CBOHCTBO DEKOHA BBIpPaXkKaeTc B €ro CMOCOBGHOCTH PeKoMOGHHHPO-
BaTb, WM BCTYNaTb B TeHeTHuUecKUH o6MeH. BosHnukaer Bompoc,
HUTParT JK 3TH cyGbelUHHUL B THpeLesaX reHa ONXMHAKOBYIO POJib?

OTBer Ha HEro MOXKHO TMOJIyUHTb, H3YUYHB CBOHCTBa psAga Hesa-
BUCHMBIX 6aKTeDHaJbHBIX MYTaHTOB, MYTALHH Y KOTODBIX HAaXOAAT-
cst in60 B pasHBIX PEKOHAX OJHOTO reHa, JHGO B OJHOM H TOM XKe
peKoHe.

HanoMuuM, 4To OTHE/NbHBIN T€H WJIH TeHETHUECKHH JIOKYC KOHT-
pPOJUpYyeT HHAMBHAYaJbHYI0O GYHKLUMIO KJEeTKH, BbIpaXKaloLlylocs B
CHHTE3€ NOJHIEeNTHAHOH LenouYKH. MyrallnH, BO3HHMKAIOUIHE B JIIO-
6OM M3 YYacTKOB 3TOrO JIOKYCa, OKa)XyT BJHSHUE HA BeCb JOKYC B
LeJOM B TOM cMbIcie, uTo 6yler HapylleHa ero (yHKUHUS H HCKa-
JKeHa CTPYKTypa cOOTBeTcTBywoulero nentuga. OqHaKO MOXKHO TIpen-
NOJOXKHUTb, YTO B 3aBHCHMOCTH OT MecCTa H3MeEHEHHS JIOKyca, T. €.
OT XapakTepa HCKaXeHus HHOpOpMALHH, 3aKOJHPOBAHHON B HeM,
pasiHyHble MyTallHH B MNpeAeax OMHOTO JIOKyca BbI3OBYT HEOIH-
HaKOBble H3MeHeHHUs (YHKIHYU-— HepABHO3HAYHbIe HApYUIEHHUS B
CBOACTBAX CHHTE3HPYEMOro MOJIMMENTHA4. ITO MOXKHO MPOCHENUTH,
H3yYHB CBOHCTBA MYTaHTOB, BO3HHKIIHX B pE3yJibTaTe H3MEHEHHS
OTJEJNBHBIX y4acTKoB JioKyca. [eficteutenbao, Faptmany [108] yna-
710Cchb II0Ka3aTb, YTO ayKcoTpodHble MyTaHTBl S. fyphimurium, He
CHHTE3HUDYIOUIHEe THCTHIHH 3a CueT MYTaUHH B JNOKyce his A, oTau-
yaloress Apyr ot Apyra. HampumMep, OfHH H3 HHX DOCJH Ha cpejle -
npH go6aBJieHHH OJHOrO U3 MYPHHOB, a APYTHE -— TOJIbKO B MPUCYT-
CTBHH THCTHAMHA. DTH HaGJIOZEHHUST ObLJIN MOATBEPIKAEHBl U B OTHO-
LIeHUH TNYPHHO-3aBHCHUMBIX MYTAHTOB 3TOro e MHKpo6a, aJs on-
HUX H3 KOTODBIX Heo6XOIHM GblI THAMHH, a AJs IPYTHX — NaHTOTe-
HatT [111]; HakoHeln, LHCTEHHOBBIE ayKcOTpodbl, MYTHDOBAaBIIHE B
JoKyc cys B, nuddepenuupoBasuch Ha ABe TpyNnbl, OJis pocTa
OMHOH U3 HUX HeoOXoiuM O6bln cy/bHUT, & XS APYroH THHIOCY/b-
tbut [112].

Kak npaBuso, pasiuuHble ayKcOTpodHble MYTaHTHI, BO3HHKILIHE
B pe3yJibTaTe H3MeHEHHs TeHeTHueckofi HHdoOpMaluu B OZHOM H
TOM € reHe, OTJIHYAIOTCA JAPYr OT JAPYyra IO 4acToTe OOGPATHBIX My-
Taluil, BO3HHKIIHX CIIOHTAHHO MJIH HHAVIIHPOBAHHBIX XHMHUECKHMH
MyTareHaMH. ITO XOpOHIo HJIIIOCTPUPYETCs CXeMOH OXHOTO H3 Omnbl-
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Kosnonu# B KOHTPOJIbHBIX YalllKaX BO3HHKAJU W3 Tex GakTepui,
Y KOTCpBIX MPOM30LLIa CHOHTaHHas oOpaTHas Myrauus B fry D-jo-
Kyce., HM36biToKk KOJOHUH mporoTpoda, BHISBJICHHBIH Ha YallkaX C
MyTareHaMH, CPaBHHTEJbHO C KOHTPOJIbHBIMH XapaKTepH3yeT ypo-
BeHb UHAYKLUHH OOPaTHBIX MYyTallHii HCIIOJb30BaHHBIMH MyTareHaMu.
Brino BeisicHeHO, uTO yacToTa OOPAaTHBIX CINOHTAHHBIX MYyTalMi Y
YeThipeX YKa3aHHBIX ajljielefl OTHOCHTEJNbHO HEeBeJHKa, II03TOMy He
Bcerfia Ha yallke MOXHO OOHapyXHTb NPOTOTPOGMHYIO KOJIOHHIO.
Tak, ana MytantoB fry D-1 oHa paBHanace 6-10-°, pas ftry
D-42—1,5-10-1% nas fry D-10—3-10-1° u, HakoHen, aaa try
D-55—17-10-10,

[IpuBenennas cxema XOpOIIO HJJIIOCTPHPYET pasJMYHs B CBOH-
CTBaX MYTaHTOB, KOTOpble JIOKaJH30BaHBl, KaK YKa3blBaJloCh, B O/-
HOM JIOKyce HJH uHcTpoHe. Tak, y MytaHta fry D-1 peBepcHsi K
NpoTOTPOGHOCTH HabJloAaeTcss MOJ BJHSHHEM BCeX TpPeX MyTare-
HOB, MYTaHT fry D-42 peBepTHpYET JHIUb NOJ BJAHSHHEM TH3THJI-
<yabdaTa U B-NPONHOJAKTOHA, 2-aMHHOMYPHH BHI3bIBaeT OGpaTHbIE
MYTalUuH JUllIb ¥ MyTaHTa fry D-10, 1 HH OZMH U3 TpPeX MYTareHOB
He HHAYUHpYeT oO6paTHble MyTauuu y wmraMma fry D-55. Utak, Mul
NPUXOAHUM K 3aKJIOUCHHIO, YTO MyTalllH, BO3HHKAIOUIHe B DA3HBIX
yyacTKaX OJZHOrO H TOro e reHa, KOHTPOJNHPYIOUIETO CHHTE3 OJMHO-
ro nentHaa (c¢epmeHnTa), OTIMYAIOTCA JPYyr OT Apyra He TOJBKO
JIOKaJH3alluel, HO ¥ XapaKTepoM H3MeHeHHs1 HHPOpMaLHH, 3aKOAHPO-
BaHHOH B HeM. DTO O3HauYaeT, UTO MCKaxKeHHe HHPOPMaLHH, onpeje-
JAI0IEeA CHHTe3 JaHHOTO IOJUNENTHAa, B 3aBUCHMOCTH OT JIOKAaJH-
3allMd MYTalLHOHHOTO H3MEHEeHHS B INpejlesiaX JIOKyca, MOXEeT BbIpa-
3HTbCH JIHGO B NOJHOM OTCYTCTBHH aKTHBHOTO IIeNTHAAa, JUGO B ero
M3MeHeHHH. F3aMeHeHHas NoJUNENTHAHAS IeNOUYKa MOXKET 0Ka3aThCsl
Jn60 CcoBeplIeHHO HecTOCOOHOH OCYLIeCTBJATb CBOIO KaTaJHTHYe-
CcKyio (yHKiHIO, JHO0 3Ta GYHKUHS MOXKeT ObITh HCKaXKeHHOH WJH
CHHXKeHHOH. HapyleHus cBOHCTB NOJNHIENTHAA, BO3HUKIIHE B pe-
3yJbTaTe MyTauHi B pa3HbBIX yyacTKaX OJHOTO H TOTrO Xe reHa, Mo-
TyT BBIpaxkaTbCcsl B U3MEHEHHUH 3JIeKTpOoopeTHUecKO# NOJBHKHOCTU
TenTHAa, ero CpOACTBa K cybcTpaTy, K cneundpryeckoMy HHTHOUTODY,
YYBCTBUTENBLHOCTH K T€MIlepaType, HOHaM MeTajJja H T. [.

[TogBoass HTOr, MOXHO 3aKJ/JIOUHUTh, UTO H3MEHEHHsI B Pa3HbIX
PEKOMOHHUPYEMBIX yuacTKax OJHOTO reHa, B Pa3HbIX PeKoHax, MpH-
BOAAT K PasJiMUHbIM H3MeHeHUsM B nentuaax. Ilockonpky cam mo
cebe pekKOH MOXKeT 00BeJHHHTb HECKOJbKO HYKJIEOTHAOB, TO ecTe-
CTBEHHO NpPeANOJIOKHTb, YUTO H OH He fBJAETCA SJeMEHTapHOH enu-
Hune# reHa. MoxXnHo npHBecTH pfAld (GaKToB, YKa3bIBAalOUIHX, YTO
B Npelesax PeKOHa — B y4yacTKe XPOMOCOMBI, OObelHHSIOLleM He-
CKOJIbKO [eCAITKOB HYKJIEOTHAOB, JIOKaJMH30oBaH paid Myrauui. Cie-
J0BaTeJbHO, €CJH paccMaTpHUBaTh PeKOH KaK HEKHH ypoBeHb AeJH-
MOCTH XPOMOCOMBI, TO Mbl HMeeM OCHOBaHHe CUHMTaTh, YTO B €ro
npenesax 3akJOYEHBl 3jJeMEHTapHble eJHHHIbI MyTallud, Has3biBae-
Mble MyToHaMH. [leficTBUTe/NbHO, B onmblTax ¢ S. fyphimurium O6bL10
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[O0K43aHO, YTO MYTallMH, BO3HHKAIOLIHE B De3yJabTaTe H3MeHeHHUN
B OJHOM DeKOMOHHHDYIOLIEM YyuacTKe, T. €. HemuddepeHUHpyeMbie
C TIOMOUIBIO YYBCTBHTEJNBHOIO TeCTa TPAHCAYKIUHH, MOTYT XapaKre-
pPH30BaTbCs pa3/HUHBIM (PEHOTHUIIOM.

Otot daKT B HajbHelimeM Gbul MOATBEDPKAEH NPH H3YYEHHH TOH-
KOH CTPYKTypbl TeHETHYECKHX NeTepMHHAHT IHEBMOKOKKA, KOHTDO-
JUPYIOUIHX PE3HCTEHTHOCTb K CTPENTOMHIMHY.

M3 Bcero H3/0XeHHOro CclefyeT, 4YTO XpomocoMa GakTepHH,
upencrasadollag coboii 3amkuyTyio Mogexkyay JHK, cocTout 3
KPYIHBIX YYaCTKOB, KOHTPOJHPYIOUINX CJIOMHBIE DEaKUHMH CHHTe3a
Kakoro-iu60 NPOoAYKTa — aMHHOKHCJOTH, BHTaMHHA, (QepMeHTa,
430THCTOTO OCHOBAaHHA M T. A. TaKo# y4aCTOK OTHOCHTENbHO GOJib-
1WO0# NPOTAXKEHHOCTH HA3LIBAIOT reHeTHYecKoi o6JjacTbio. ['eneru-
yeckasa 06,1aCTb COCTOHT M3 CYOBEeAMHHI, HJIH OTAEJbHBIX T'€HOB,
KOHTDOJIUPYIOIIUX GHOCHHTE3 TNPOMEXKYTOUHBIX NPOAYKTOB, HEOOXO-
JHMMBIX JUIS OCYLIECTBJI€HHS! KOHEYHOH peaKIIMH— CHHTe3a JaHHOrO
COefHHEHHA. ITH CcYyGbeIHHHUB HA3BBAlOT TAKXe TIeHEeTHUeCKHMH
JIOKyCcaMH, NpPOCTO JIOKYyCaMH HJIH UHCTpoHaMH. I['eHBl sBJSIOTCA
¢yHKUHOHAIPHBIMY €AHHHIIAMM XPOMOCOMBI B TOM CMEIC/E, YTO OHH
KOHTPOJIUPYIOT CHHTEe3 OTAeJbHCro nenrtupa. IlocjenoBaTenbHOCTb
TeHOB B XpoMocoMme OaKTepuH,'KaK NPaBHJIO, COOTBETCTBYET MOCJ]e-
JIOBAaTE&JBHOCTH 3TaNoB OHOXMMHYECKOH peakilud, KoTopas HMHU
KoHTposnupyercsi. CJiefoBaTeNbHO, MeXJY COCEIHHMH TIeHaMH B
XpOMOCOMe CYLIECTBYIOT TECHble B3aHMOOTHOMIeHHs. ['eHBI, B CBOIO
Oouepesnb, COCTOSIT U3 MeJbYaHIIUX JEeMEHTOB, CIOCOOHBIX BCTYNHUTh
B reHeTHYeCKHH# OOMeEH, T. e. U3 DEKOHOB, a IOCJHENHHE BKJIOYAIOT
B cebs1 HauMeHbIIHe N0 BeJHYHHE YYacTKH, H3MeHeHHe KOTOPBIX
NPHBOAUT K MYTalHAM,—MYTOHBI, IIDOTSIXKEHHOCTh PEKOHOB BhIpa-
paXaercs HECKOJbKHMH [apaMH HYKJIEOTHIOB, a MYTOHa — ORHOH
napot.
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"TOHKAAA CTPYKTYPA TEHA
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1. Pa3BuTHE NOBATHA «TeHE» B TeHETHKE
MHOTrOKJIETOUHbIX Opranyi3MoB

TepMHH «reH» cyutectByer Gosee 50 seT. DKBHBaJEHTHBIH Tep-
MHH «(aktop» Obln BBefeH I'. MenneneM B Hauaje 60-x rofoB mpo-
LIJIOTO BeKa. 3a CTOJIETHIOW MCTOPHIO COLep)KaHHe TepPMHHA He-
CKOJIbKO pa3 MeHsJIOCh; U3MeHeHHs ObliM CBA3aHBI C BBeJEeHHEM HO-
BbIX MoJeJieil, METOJHK, Pa3BHTHEM TeHETHKH H CMeXHbIX obsacTedl
Guosorun. HeGesblnTepecHo mpoc/efuTs OOLUIYyI0 TEHIEHUIHIO 3THX
HU3MEHeHHUil.

Menpenb, Kak H3BeCTHO, CTABHJI ONBITH Ha ropoxe, H3yuas no.e-
JieHHe TIPH CKpELWMBAHHM TaKHX MoOpPG®OJOruuecKHX NPH3HAKOB, KaK
dopMa M OKpacka ceMsH H 1BeTKOB. Ha OCHOBAHHMM MOJyU€HHHIX
KOJIMUECTBEHHBIX 3aKOHOMepHOCTel OblJ clleaH BHIBOJA O TOM, YTO:
U3yueHHble NPH3HAKH ONPEAENSIOTCH KaKHMH-TO 3aJaTKaMH, Haxo-
IALMMHCH B NOJOBBIX KJeTKax. DTH 3ajJaTKH OH Has3BaJa ¢akrtopa-
mH. Ilo MHeHHio MeHnaens, B rTHOpPUAHOM OpPraHu3Me OTLIOBCKHH H
MaTepPHHCKHI ¢akTopHl, BAHSIOUHE HA OLKH TOT XKe NMPH3HAK, B3aH-
MOJeHACTBYIOT TaKHM 06pasoM, UTO OJHH H3 HHX siBJsercs npeobJa-
JLalouliM, HOMHHHMPYIOLHM H COBepIUeHHO 3aTeMHfeT BJHsSHHE BTO-
poro. HanpumMep, pacTeHHe, NOJyyeHHOE OT CKpelLlUBaHHs ocobell ¢
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AKeJTBIMY H 3€JIEHBIMH CEMEHaMH, HMEET JKeJiThie ceMeHa 6e3 BCAKHX
POMEXYTOUYHBIX OTTEHKOB K 3ejeHoMy. OfIHaKo B NMOTOMCTBE TH6-
PHAa BHOBb BO3HHUKAIOT OCOGH, o6jajalollie NOAaBJCHHBIM, pelec-
CHBHBIM TpH3HaKoM. Takum o6pa3oM, ¢akTop NaHHOTO NpH3HAaKa
OTHIOAb He YHHUTOXKAEeTCd, a COXPaHfieTCd H MOXET BHISBHTHCSA
BHOBb.

MeHnpenp He UMes HHKaKHUX CBeleHHH O MeCTOHaXOXIeHHU (ax-
TODOB B KJIETKE, HX XHMHUYECKOH NpHpOJe, MeXaHH3Me BJHSHHS Ha
npusHak 4 T. A. OZHaKO MeHJeNeBCKOe YueHHe 0 (pakTopax Kak
eIHHHIIaX Hac/leJCTBEHHOCTH JEeIrJIo B OCHOBY TEOPHH TeHa.

B camom konue XIX u Hauane XX Beka, HE3aBHCHMO oT paboT
MeHnens, HeXOTOPBIMH HCCAEN0BATENEMH-IIUTOJOTaMH OBLIO BBICKA-
3aHO NMpPENNOJNOXKEHHe O fAJePHOH XPOMOCOMHOH JOKanusauud ¢ak-
TOPOB HAacJ/IECTBEHHOCTH. DTO NPEANOJOXKeHHe OCHOBHBAJIOCH TJaB-
HbiM 006pa3oM Ha HECOMHEHHOH HHAMBHAYAJLHOCTH OTAENbHBIX XPO-
MCCOM H OOJBIIOH TOYHOCTH HX paclpefeseHdss IPH JeJIeHHH
KJIETKH.

B 1907 r. HoranceH BBes TepMHH <«TeH», 3aMEHHBIIHH CHHOHUM
«bakTop». JanbHefllas KOHKPETH3alUsl NOHATHS «TeH» TeCHO CBA-
3aHa ¢ BHamwluMHcsa paboTtamu wkoasl Moprana. MopraH umena
AeJ0 ¢ Ype3BblYafHO YIOOGHBIM OGBEKTOM — ILJIOJOBOH MYLIKOH
Drosophila melanogaster, pasMHOXaBuleiica ropas3fo ObiCTpee pa-
CTUTEJbHBIX OGBEKTOB, HCIOJb3OBaBIIMXCA B paboTax NpeAliecTBO-
BaBliero nepuona. Kpome toro, apo3oduia uMesa JHIIL YEThIpe
mapel XPOMOCOM, JIETKO pas3jH4aBIIMXCSA 1O GopMe H BeIHYHHE.

Buauyane MopraHn [l] u3yyan 3aKOHOMEPHOCTH MOSBJEHHA Y IO-
TOMCTBa OAHOH M3 MYTallWii, 3aTparuBamouledi OKpacky rJias, T. €.
HacJeJCTBEHHbIX H3MEHEHH npu3Haka «Oejble rinasza» BMeCTO HOp-
MaJbHBIX «KpacHbIX ryas». OkKasajgocb, 4TO NpPH CKPeLIMBaHHHM HOP-
MaJbHBIX H MYTHPOBAaBIUHX MYX 3TOT IeH BCerja MpOSIBJASJICS y MO-
TOMKOB-CaMIOB, HO HE y CaMOK.

K ToMy BpeMeHH yXe OblIO H3BECTHO O CYLIECTBOBaHMH TakK
Ha3blBaeMbIX MOJIOBBIX XPOMOCOM; B IHIJIOMJHBIX KJ€TKax CaMOK
HaxoIATCs [Be OAMHAKOBHe Xpomocombl XX, y camuoB —ojaHa X-
XpoMocoMa H OfiHa Y-xpoMocoMma.

BulJIO cAenaHo NpeAmoJioKeHHe, uTo (aKTop OKpPacKu rJias y
1po30duabl HaXoAUTCA MMeHHO B X-xpomocomax. Toraa y camuoB
AP030GHIBl, UMEIOIHKX JHIIbL ONHY TaKyld XPOMOCOMY, re€Hbl, HaXo-
afuMeca B Hell, GYAYT CBOGOJAHO MPOSAB/IATLCS, HE B3aHMOJAEHCTBYA
CO CBOHMH aJJIesIiIMH.

OTkphITHE (AKTOPOB, HACAEIYIOUHXCA CUENJEHHO C NMOJOM, Obl-
JIO TIepBBIM J10Ka3aTeNbCTBOM XPOMOCOMHOH JIOKA/IM3alHH I€HOB.

B najbHeifilieM GbLIO NMOKa3aHO, YTO B NOTOMCTBe ocobel, pas-
JIHYAIOIIMXCS MO MHOMKGCTBY NPU3HAKOB, 3TH IIPH3HaKA pacnpene-
AS0TCA He 6ecnopsifioyHo, a rpynnaMH. Mexay 3THMH «rpynnamu
cllenyieHHsr» (KAaK MX CTaj{ Has3biBaTb) BO3MOXHO CBOGOJHOE KOM-
GunupoBanue. Y Apo3oduabl OblaM OOHapyKeHbl 4YeTbipe TrPYNIbl
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CUeN/IeHHsI. DTO COOTBETCTBOBAJIO YHCJY ap XPOMOCOM H CBHJETEb-
CTBOBAJO O TOM, YTO IeHbl Pacmo/IoXKeHbl BO BCEX XPOMOCOMax, a
He TOJBKO B NosoBbX. Kaxkaas rpynna cuensenns Gbljia paBHO3HAu-
Ha OMHOK XpOMOCOMe; COOCTBEHHO, I'eHbl IOTOMY H HacJefoBaJHCh
OJHO# rpynnof, 4TO pacrnojaraiuch Ha OAHOHN HenpephIBHOH Mare-
pHaJIbHON CTDPYKTYpe.

CooTBeTCTBHE MEX]y YHCJOM TPYII CLENJIeHHs H YHCJAOM mnap
XpOMOCOM ObLIO HalAeHo, KpOMe APO30(HIbL, H ¥ APYrHX XKHBOTHHIX
H pacTeHHH.

Ha ocHOBaHHH TOJNBKO 4TO INPHBENEHHBIX MAHHBLIX (M MHOTHX
ADYTHX, MeHee IPSMBIX A0KAa3aTeJbCTB), MOXKHO ObLJIO 3aKJIOUHTDb
0 XDOMOCOMHOH JIOKaJIH3allHH TEHOB; OCTAaBaJoCh HEH3BECTHHIM, B
KaKOM INOpsJIKE OHH PacloJiaralTcd B XPOMocoMax. DTOT BOMpOC
Obl1 fAeTalbHO H3yueH B JabopaTopun MopraHa; B OCHOBY Jersn
caeayIolHe HabalLeHHUS.

H3yuajoch NOTOMCTBO, NOJyYeHHOE OT CKpelHBaHHS POJHTeNed,
pas3nMYaBIIHXCS MO NPH3HAKaM OJHOH TPYHNBbl cUelJieHHs (HampH-
Mep, YepHBIX MyX C 3aYaTOYHBIMH KPBUIbSIMH H HOPMAaJbHHIX MYX).
Y Goapwe#i yactu notomcrtBa (83%) MyTHpoBaBIIHe reHb Haxo-
IHJIHCBL B OJHOH rpymne clelieHHs, He KOMOHHHPYSICH C AMKHMH.
Oznako B 8,5% cayuaeB re 3auaTOYHBIX KpBUIbeB OblJ1 o6beinHeH
B OIHOH rpyle CUEJIeHHs] ¢ TeHOM Cepod OKpacKH Te/a; T'eH uep-
HOMt OKpacKu Tesa B 8,5% caydaes TakKe OKasbiBaJjcsl CleNJeHHbIM
C reHOM HOPMAaJIbHBIX KpblabeB. Takum o6pasoM, HabuaioaaJjoch nepe-
KOMOHHMpDOBaHHe He TOJBKO MeXJYy TPYINIaMH CIeNJeHHs, HO H
BHYTPH 3THX TPYIIL.

Jasi oObsCHeHHs IOJYYeHHBIX pPe3y/bTaTOB OLLIO BHIABHHYTO
IpeaoioXeHHe © TOM, 4TO 0OMeH reHaMH — JIHUIbL CJeJcTBHE oOMe-
Ha yYacTKaMH TOMOJIOTHYHBIX XPOMOCOM, HECYIHHX 3TH reHbl (mo-
JobHBle npouecchl, HaNOMHHawinHe o6MeH XPOMOCOMHOIO MarTe-
pHana, yxKe HalJai0JaljHCh LHTOJOraMH). DTO SIBJIeHHE IOJYUYHJIO
Ha3BaHHe KpOCCHHroBepa (nepeKkpecta).

BeJnunHa KPOCCHHIOBepa MeXAy JIOOLIMH ABYMsi reHaMH OJHOM
rpynnel cuenjeHHs Oblia creunduyeckoll a5 Kaxjaoit napbl. Oue-
BHJHO, 3TO OTPa)aJio KaKoe-To OTHOLIeHHe Mexny reHamu. Hau6o-
Jee NPOCTHIM 0Ka3aJoCh IPEANC/]I0KeHHe, YTo 3TO UHCJAO OTPaKaer
pacCTosIHUE MeXKAY reHaMH.

B camoMm nene, ecau DOMYCTHThb, YTO KPOCCHHIOBEp IPOHCXOAHT
¢ NpHOJAH3HTENbHO OJJHHAKOBOH YaCTOTOH MO Bcell VIHHE XPOMOCOMBL
(Tak Kax onpegeisieTcs, B 06lieM, ciydalHbBIMH OOCTOSATENbCTBAMHU),
TO YeM Hanblile PAcHOJIOKeHbl I'eHbl, TeM (OJblle WAHCOB, YTO OHH
OYAYT pasleseHbl KPOCCHHI'OBEpOM; B HAoGOpPOT, YeM OuiKe TeHBI,
TeM OoJiee BepOATHO, YTO KPOCCHHIrOBep MeXAYy HHMH He Mpo-
H30HIeT.

Taxum o6pa3oM, oTKpbliach BO3MOXKHOCTb TIOCTPOMTBH IJIaH B3a-
HMHOTO PAacIlOJIOXKeHHs] B XPOMOCOMe H3BECTHBIX I'eHOB (XpOMOCOM-
HYIO KapTy) ¥ BEIUHCJIHTD NPUOIN3HTEIbHOE PACCTOSHHE MEXK Y HUMH
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(B mpoIeHTaX YHC/Ia KPOCCHHIOBEPHBIX TOTOMKOB-PEKOMGHHAHTOB OT
obulero uucaa ckpeuuBaHu#t). Kpome Toro, MOXHO OblJ0 HaHecTH
Ha TaKyl KapTy KaX/bli BHOBb BBIJIeJEHHBIH r'eH, ONpe/lesIHB YacTo-
Ty €ro mepekpecra € Y>Xe H3BeCTHHIMH TeHaMH.

BrnpouewM, yxke caMm MopraH cudTas, 4TO paccTOfIHHS Ha KapTax
B IpOLleHTaX KPOCCHHTOBepa He Bcerja MOTYT COBMajaTh C pealib-
HBIMH pAcCTOAHHAMH Ha XpPOMOCOMax B JIMHEHHBbIX Mepax MJMHbI.
B 1922 r. ou nucaa: «.../JnuHa oTpeska XpoMOCOMBI, COOTBETCTBYIO-
mwas equuune paccroaHus (19%), MoxeT ObITL pasJHyHOHA B PasHbIX
palioHax xpoMocoMbl. [lapaanenbio K KapTaM MOXKET CJAYXKHTb XKe-
JIe3HOJOPOKHOE paclucaHHe Noe3JloB, B KOTOPOM JAaHO YHCIO MHHYT
Mexay cranuusamu. [lo TakoMy pacnHcaHHIO MOXKHO TOYHO CyJHTb O
MOCJeA0BATENbHOCTH CTAHUHA H JHIUb rpy6o — 0 (haKTHYECKOM KO-
JHYeCTBe MHJb MeXIY HHMH» {2].

B 20-rogax He oOHapy»KHJIH KPOCCHHTOBep MeXKIYy aj/eNbHbBIMH
renaMH. [loatoMy annenpHOll mapoil cTanu CYHTaTh JBa reHa, pac-
MOJIOXKEHHBIX Ha FOMOJIOTHYHBEIX XPOMOCOMax B CTPOTO HAEHTHUHBIX
yuacTKax (Ha cxeMmax — JPYr IpPOTHB Apyra) W BJHSAIOIHX Ha pas-
BUTHE OJHOTO M TOTO Xe NpH3HaKa.

I'en Temeppb npenacraBisafics KakK 060COO/IEHHBIH Y4acTOK XpOMO-
COMBI, KOHTPOJHPYIOUIUH OJHH onpeleleHHbIl NpH3HaK, H3MEHSIO-
uuics (MYTHPYIOIME) KaK efMHOEe IieJoe M HeleluMbIHl NMpPH Kpoc-
cunroBepe. Takoe mpejicTaB/ieHHe NOAYEPKHBANO M IpeyBeIHYHBA-
JI0 IMCKpeTHOCTh reHa. Ha XpoMOCOMHBIX KapTax réH COOTBETCTBO-
BaJl TeOMEeTpHUYEeCKOH TOUKe, He HMelled H3MepeHHI.

B3raisagoB Ha reH Kak Ha eIMHMLY (DYHKUHH, MyTalliH H PEKOM-
GMHAalLHKU NPHAEPKHUBAJHCh OUEHb JOJrO0, XOTd, KaK GyJeT NOKa3aHO
HHXKe, BCKOpe OblIH TMoJayuyeHh (haKThl, IPOTHBOPeYalllHe 3THM Npej-
CTaBJEHHSIM.

Bosrbiiioe 3HaueHue AJs HCCAENOBaHHH BHYTDEHH2H CTPYKTYpHI
rena uMmenu pa6othl, mpojenaHHbie wkoaoit A. C. Cepe6poBcKoro
[3]. B 3tux pabGoTax HM3yuaJuch MyTalUWH reHa Scute-achaete, mpH-
BOIsALIME K PeAyKUHH IUETHHOK Ha Tene japosopunni. Hesamonro
nepefl 5THM YCTAHOBUJIM, YTO PEHTIeHOBH! JyuH 06/afaloT CHIbHBIM
MyTareHHHIM JeficTBueM; Osarojapsi 3TOMY CTaJo BO3MOXHBIM
GbicTpo TmoayyaTh O6o0JblIoe KOJMHYECTBO CaMblX Ppa3Hoo6pasHbIX
MyTalui.

[lpu uccnefoBaHMH HECKOJBKHX MyTauuii reHa scufe-achaete,
MONYYeHHBIX TAKHM MYTeM, OKa3aJoch, YTO MYTalluH, JIOKAJH30BaH-
Hble B OJHOM M TOM e yyaCTKe XDOMOCOMbl, HMEIOT He BIIOJiHE
ollHHAKOBoe (EeHOTHIIHYeCKoe BbipaXKeHHe (HampHMep, B OJHOM
cJyyae coKpalllaJioch YHCJAO LIeTHHOK Ha OpIOIIKe H Ha TOJOBe,
B JpPYroM — JMlIb Ha GPIOIIKE, H T. A.). JTO MOXHO OBIO INpH-
HATb 3a SsIBJeHMe MHOXEeCTBEHHOro ananejoMopdH3Ma; OJHAKO
NPHHUMIIHANBHO HOBOH OCOGEHHOCTBIO CepHH OOHapyXKeHHBIX aJJe-
Jeil 6blTH HeoOLlUHble OTHOLUEHHS Mexmy 3THMH aJlJieJIIMH B rere-
PO3HUrOTe.
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[Tpu cxkpeimlnBaHHH MYTaHTOB OTHOLIEHHS JOMHHaHTHOCTH-pelec-

CHBHOCTH MPOSIBJSVINChH 3I€Chb He MOJHOCTBIO; ¥ NOTOMCTBA HSMeRe-
HHS OBlJIM BbIpaKeHH! JIHIIb B TeX Y4YacCTKax TeJa, KOTOphie GHsH
H3MeHeHbl y 0GOHX DOXHUTeNeH (B NpPHBEJEHHOM Bhillle MPHMEpe —
JHWIb Ha Opioke). Te y4acTKH, KOTOpHIE H3MEHWJIHCh JIMUIbL Yy OR-
HOrO M3 pOJHTeJel, Y MOTOMCTBA Pa3BHBAJHCh HOpMaJbHO. Hacie-
JOBaHHe MPOHUCXOJAMJO TaK, KaK ecaH Obl NMOTOMCTBO GHLJIO TOMO3H-
rOTHO IO NDH3HAKY <IIETHHKH Ha OpIOUIKe» M TeTepO3HUroTHO MO
NpU3HAKY <IIEeTHHKH Ha rojoBe». OJHaKo peub Liia o6 OZHOM H
TOM 2Ke reHe, 06 OJHOM H TOM e ydacTKe XPOMOCOMELI; OCTaBaJoch
AOMYCTHTb, 4YTO 3TOT FeH COCTOHT H3 YYaCTKOB CO CXOAHOMN yHK-
uxell, KaXXJAblli U3 KOTOPbIX KOHTPOJHpPYeT pas3BHTHe NpH3HAKA Ha
onpefesieHHOH UYacTH TesJa JpO30GHIE H MOXKeT CaMOCTOSATENbHO
MYTHpPOBAaTb. SIBJieHHe MOJYYHJIO Ha3BaHHe CTYNEHUATOro aJJejo-
MopgusMa.
" Ha ocHoBanuu 3Tux fanHbix A. C. CepeGpoBckuUM 6bla co3maHa
TaK HasblBaeMasi LERTpoBass Teopus reHa. CorsacHo 3TOH TeOpHH
Bech reH (Hiu 6asHreH) MOXKeT COCTOSTb H3 OTAeJbHBIX Y4acCTKOB —
LUEeHTPOB, TPAHCTEHOB, KaXK/AblH H3 KOTODHIX HeceT CXOAHYIO G YHKUHIO.
AnjenbHble OTHOLIEHHS BHYTPH GasureHa MeXJy TpPaHCreHaMH Ta-
KHe XKe, KaK MeXAy OTHEeJbHHMH (PYHKIHOHAJbHO Pa3JHUHLIMY re-
HaMH; MyTallHsd MOXeT HapyllaTh JesATeJbHOCTh OJHOTO M3 TpaHC-
reHOB, He 3aTparuBasi JpyTHX.

Takum o6pasoM, 3TH pabOTHl MOCTABHJAH MOJA COMHEHHE JBa
BaXKHBIX NOJIOXKeHHss MopraHa o mpupojie TeHa: NMpeicTaBJieHHe O
reHe KakK O eJHHHIe, LUEeJUKOM H3MeHSIOLeHCs NpH MYyTallUH, H
TNpejiCcTaBJeHHe O reHe KakK O HeleJHMOH (YHKLUHOHAJbHOH efMHHLE.
Uepe3 HECKOJbKO JeT PeBH3UH ObLAO MOABEPTHYTO M MOJIOXKEHHe O
rese Kak o eIMHHIle KpoccHHrosepa. K 3ToMy INpHBeso H3yueHHE
sIBJIEeHH# TceBAoOaJ/enn3ma. X

[TceBnoannennsm Obla BHagaJge obHapyeH y Aposoduan. [lpu
CKpeHIHBaHMK MyX ¢ MyTauued lozenge, JOKaJU30BaHHOK B ONpefe-
JeHHoi o6JacTH XPOMOCOMEl U HMelOUlel y BceX MYTAaHTOB OJHU-
HaXoBoe (peHOTHIHUeCKOe BhipakeHHe (H3MeHeHHe CTPOEHHS TIJ/183-
HbIX GhaceToK), cpeau odeHb O0JBIIOrO uHcJa NOTOMKOB GBHLIO MO-
Jy4eHo, Hapsily ¢ MYTAHTHBIMH OcOGAMH, HEKOTODOE KOJIHYECTBO
Apo3odHa ¢ AHKHM reHotunoM {4]. 3tor dakT Mor GuiTh 0GBsCHEH
JHIIb TeM, UYTO MyTallHOHHble H3MeHeHHsI 3aTPOHYJH MABa, XOTd H
paclnoJIOXKeHHbIX PSAJOM, HO pPasJHYHBIX ydyacTKa OJHOTO H TOTo Ke
reHa; KpPOCCHHTOBep JKe NpolleJ MeXIy HHMH, H B pe3yJbTaTe pe-
KOMGHHAUHMKM BOCCO3Jlajach XpoMocoMa AHKoro tuma. TakuMm obpa-
30M, MOTJIM CYIIECTBOBAaTb MyTallHH C OJHUM (EHOTHIHYECKHM Mpo-
siBJeHHeM, HO pasjie/luMble KPOCCHHIOBepoM (T. €. JeXalllHe B pas-
JUYHBIX, XOTH ¥ GJH3KO pachoJiOXKeHHBIX, TOUKax rema). [TocKoJabKky
CUMTaJIOCh, UTO aJJIeJId 3aHHMAalOT CTPOro HIAEHTHUHBIE YYacTKH,
MyTaHTBl C OAHUM M TeM ¥Ke (peHOTHIIOM, HO PeKOMOHHHpYIoLiHecs
IPH KPOCCHHIrOBepe, CTANM Ha3blBaThb ICEB0AJJIEIbHBIMH.
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OTHolleHHs B TeTePO3HTOTE MEXAY yyacTKaMH TeHa, pacloJo-
XKEHHBIMH Ha OYeHb OJH3KHX pPaCCTOSHMAX, OKa3aJHCh HEHO0XO-
KHMH Ha OTHOIUEHHs] MEXLy OTHeNbHEIMH reHaMH. Jlo OTKpBITHA
SIBJICHHSI [CEeBIOAJIe/ii3Ma HEM3MEHHO OKa3blBajioch, YTO TeTepo-
3MroTa, HeCcyllasi B FOMOJOTHUHBIX XpOMOCOMaXx j[Be Maphl aJelb-
HBIX reHOB (OHH M3 WIEHOB KaX/J0H Naphl Obl1 HeH3MeHeHHBIM, ApY-
roHl — MyTHPOBaBIIHM), Bcerja o6Jsajgaer AMKHM (EHOTHIIOM, IDTO
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Puc. 1. Luc-Tpanc-recr.

CxeMaTtnyeck¥ H3o06paxKeHbl JBa FeHa, HaxonslIHecs B XpoMocoMe I Aposodi-
An: reH [ozenge (KOHTPOJHDYIOINHI pPasBHTHe raas) — cjeBa, u red miniature
(KOHTPOMIMPYIOIMA pa3BUTHe KpPHIJIbEB) — crnpaBa. PaccTosiuHe MexXnay TreHaMH
ycnosnoe. Ha cxemax 1 H 2 reTepo3auroTe, HecyliHe MYyTalu# OGOHX 3THX
reHoB, (YHKIHOHHPYIOT NO [AHKOMY THIOY, HE3aBHCHMO OT TOrO, HaXONATCH
a4 3TH MYTalHH B OJHOR XpoMocoMe ({uc-noJIoXKeHHe, cxeMa 1) Haw HaA
pasHbix (Tpasc-nojsoxenHe, cxeMa 2). Ha cxemax 3 ¥ 4 nokasaHel IBe MYTa-
uAR (46 ¥ 3 — nopsAKOBbHle HOMepa MYTaUHt) OAHOro H TOro e TreHa
lozenge. B nanHoM caydae, NpHM JOKaJH3aGHH MYTAUMA BHYTPH OLHOrO reHa,
rerepo3urora (GYHKUHOHMpYET IO AMKOMY THIY JHIb TOrJa, KOTAa MYTaLHH
HaXOAATCA B Y4UC-TIOJNIOXKEHHH (cxeMa 3). B rpaxc-nmosoxenmn (cxeMa 4) oHa
JaeT MYTaHTHHA (eHoTHN

IPOHCXOLHIO H B TOM CJydyae, KOrja HeH3MeHeHHble I'eHBl HaXOIH-
JIHCb B ONHOH TOMOJIOTHYHOH XpOMOCOME, a HX MYTHpOBaBIIHe aJ-
Jeaun — B Apyroi (Tak Ha3plBaeMOE KUC-TIOJNOXEHHE), W TOrAa,
Korja ajJefbHble mapbl pachnojarajuch «KpecT-HaKpecTs, T. €. Ha
KaXXTofl TrOMOJIOTHYHOR XpOMocoMe GBbLIO N0 MYTHPOBaBLIEMY H
HENOBpeXIeHHOMY TeHY-— TaK HasblBaeMoOe TpPAHC-NOJIOXKEeHHe
(puc. 1). B rpanc-nonoxennu, crenoBateabHo, Kaxiaa XpoMocoMa
HMejla M0 MYTHPOBABHIEMY Yy4yacTKYy; OJHaKO B Te€TePG3UroTe HEemo-
BPEX/IEeHHbIH Y4aCTOK POMOJIOTHUHOH XPOMOCOMEBI «paforan 3a HABO-
HX», H XPOMOCOMBl (DYHKIHOHAJBHO AOHOIHAMU APYT ApYra.
OrHolleHHsi B3aUMOJOIONHAEMOCTH, HJAH KOMIIJIEMEHTADHOCTH,
MeXJy IByMsl mapaMu reHop Habawoojanuch IpH JdIO6HIX paccTosi-
HHAX MEeX]Yy STHMH NapaMH, Jake MeXAy coceJHHUMH reHamH. Tem
CaMBIM Da3fensieMOCTb KPOCCHHIOBEPOM H KOMIVIEeMeHTapHOCTb AJf
OTHOCHTE/JbHO KDYNHBIX YYacTKOB XPOMOCOM COBHaJaJH.
Kasanoch €bl, YTO reTepo3nrota C ABYMsl NCeBLOAJJE/AMH, Ha-
XONSILIUMHUCA B TOMOJIOTHYHBIX XpOMOcoMax (T. e. B TPAHC-TIOJOXKe-
HHWH), TaKXe JO/KHa 06anaTh THKUM (PEHOTHNOM, NOCKOJbKY MCeB-
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LoansieH pasfeuMbl KpoccHHrosepoM. OjHako ¢deHOTHRn TakoM
TeTePO3HroThl OGBLIUHO Obln H3MeHeHHBbIM. CJlef0oBaTeNbHO, BHYTDH-
reHHbie OTHOLIEHHS OTMHYANHCh OT MEXKTEHHbIX OTCYTCTBHEM KOMII-
JIEMEHTaPHOCTH.

Ha ocHoBauuu sTux 3axoHoMepHocTeli JIbionc {5] npensoxua
TaK Ha3bIBaeMbli YUC-TPAHC-TECT, NMO3BOJNHBIIHA DeIIHTb, HAaXOAAT-
‘cil JIM JBa MYTAlHOHHBIX H3MEHeHHs B OJHOM reHe, TOuHee, B Mpe-
Aejax OAHOH (YHKUHOHAJbLHOH eNMHMUbL, HJIH [PHHAAJIEXKAT pas-
HbIM reHaM. Ec/H B reTeposurote gBe MyTauuH, Haxoisuiuecs B
yuc- WIH TPArC-NIOJOXKEHHH, JONMYCKAlOT pasBUTHE JHKOrO (eHOTH-
na, T0 3TH MYTaLHH MNOBpexAaloT pasHble renbl. Ecau xe nBe My-
TalHH, HaXOASINHECs B YUC-NIOJOXKEHUH, AONYCKAlT DasBUTHE [H-
KOro (peHOTHNA, a B TPAHC-NIONIOKEHHH [PUBOAAT K PasBHUTHIO H3Me-
HEHHOTrO (peHOTHNA, TO OHH 3aHHMAIOT JBa yyacTKa OAHON (yHKUMO-
HaJbHOA eJMHHUBI, XOTA 3TH YYaCTKH M MOTYT GBITb DasieqHMBl
KpOCCHHroBepoM (pHc. 1).

HauGosnee uHTepecHOll 0coGeHHOCTbIO, BHIABJSIOLIEACS MOCPes-
CTBOM yuC-TpaHc-TecTa, ObWIO CBOeOOpasHoe OTHOLICHHE MEXIy
yyacTKaMH OIHOH (YHKIHOHAJbHON eAMHHIHL. JIBIOHC, a TaKxkKe
K. Oddepman [6] 06BACHAMM 3TH OTHOLIEHHS CJAELYIOMIHM O6Pa30OM.
Ecau npenmosnoXHTh, 4TO KOHEUHBI NPOAYKT, BbipabaThiBaeMblil re-
HOM, BO3HHKAeT B pe3ysbTaTe psfia NOCIeJ0BaTeIbHBIX peaKUHui, To
JUIs HadaJa NOoCHeAylollel peaKUMH HYyxKeH DPOAYKT Npeldblayluei.
Takas nenb peakuuit MPOHCXOAMT JHIIL Ha NOBEPXHOCTH XPOMOCO-
MBI: IPOMEXYTOYHEIE NPOAYKTH JAnb0 He MoryT nHbYHAHpPOBATL B
IUTOMIA3MY, JHGO N peakiuu TpeOyeTcs HEeNoCPeACTBEHHHH KOH-
TaKT peareHTOB Ha MOBEPXHOCTH XxpoMocoMbl. [losTomy nas nes-
TeJbHOCTH GYHKUHOHANBHOR eJWHULL Hy)XKHa HENpephIBHOCTH CO-
OTBETCTBYIOILETO yyacTKa XPOMOCOMBI, H B Ipefeaax (yHKIHOHaJb-
HOH eJHHHUB HeT OTHONICHHH KOMILIEMeHTapHOCTH. DTH OTHOMIe-
HHUSl BO3HHKAIOT JIUIIbL MeX1y (PYHKUHOHAJAbHBIMH €IHHHIAMH, KaxK-
Jas U3 KOTOpbIX BHpabaThbiBaeT MOJHOLEHHBIH, MDOCTYHalOMmUi B
UHTOMJIAa3My NDPOAYKT.

MHoroseTHHe HccJeJOBAHHSA CTPYKTYPH H GYHKUHH reHa, Npo-
BeJleHHble Ha BBICIIHX OpraHH3Max, AajH K Hadaay 50-X romos
XX Beka pesyJbTaThl, KOTOPble MOXKHO PEe3lOMHDOBAaTh CJIEAYIOLIHM
o6pa3oM:

e —3T0 yyacTOK XpOMOCOMBI, KOHTPOJHDYIOLIH pasBuUTHE
onpefesieHHOTO IpH3HaKa. ['eH o6sajaeT H3BECTHOH MNPOTAXKEHHO-
CTBIO U MOXeT OBITh MOBPeXJeH B HEeCKOJbKHX TOYKaX, YTO AOKa-
3bIBaeTCsl CYIIeCTBOBaHHEM MYTallf, pa3jeNHMBIX NMPH KPOCCHHIO-
Bepe. 'eH KoMIJIeKCeH, TaK KaK ero OTAe/JbHble YYacTKH MOTYT He-
CKOJbKO pasiHuaTbcs 00 (YHKIHM H B HX COBMECTHOH J€ATesJBHO-
CTH CYIIeCTBYeT OmnpejeneHHass cyGopAHHALHSA.



2. Hegoroppie ocoGemmocTn
reHeTHKH MHAKpPOOPraHA3MOB

JasbrelillleMy H3yYeHMIO TOHKOTQ CTPOEHHS TeHETHUYECKOTO Ma-
TepHaJa BO MHOTOM COJeiiCTBOBaJIO BBEIeHHE HOBOTO O0beKTa Hc-
cnefloBaHul — MukpoopraHuaMoB. CBoeoGpasHasi GUOJIOrHsS MHKPO-
OPTaHHU3MOB H NpHeMBl paGOTH ¢ HUMH TPEGYIOT HEKOTOPOTO MOsCHe-
HHS.

MuKpoOpranu3MHB CTaj¥ NPUMEHSTHCS B KayecTBe MOMASIH IJsi
TeHeTHYEeCKHX HceyeloBaHHH ¢ HayaJsa 40-x romos. Jlo 3Toro BpeMe-
HY CUHTAJOCh, YTO MO OCOGEHHOCTAM HaC/eICTBEHHOro amnnapaTta
OHH CHJIBKO OTJIMYalOTCS OT BHICIUHX OPraHM3MOB H 3aKOHOMEDPHOCTH
TeHeTHKH MHOTOKJETOYHRIX AJs HHX HenpHeMJeMbl. OZHaKo 3a mo-
cnepnue 15—20 net nmosoxkeHue u3MeHuJoch. CrnepBa ObljIO mMoOKa-
33HO, YTO MOHSTHS TeHETHKH BBHICIUHX OPTaHH3MOB NPHMEHHMBI H K
HH3IIHM; 3aTeM GOJIBLIMHCTBO HMCC/IeIOBAHHN IO GHOXUMHUECKOH re-
HeTHKe CTaJH NMPOBOJAMTHL JHIIL Ha rpHGax u GaKTepHusix; B HaCTOs-
Iiee BpeMs MHOrHe 3aKOHOMEPHOCTH, YCTaHOBJIEHHb€ B ONBITaX Ha
MHKPOOPraHM3Max, XAYT CBOEro TMNOATBEPXKIEHHS H Ha MHOTOKJe-
TOYHBIX.

MHuKpPOOpranu3Mbl, ¢ KOTOPbIMH paboTaju H pabOTaloT I'eHETH-
KH, OYeHb Pa3HOOOPAa3HH — HHOTJAA HX COJIMXKAIOT JIMIIb MHKPOCKO-
NHYeCKUe pPa3Mepbl H CKOPOCTh pa3MHOXKeHHs. K MuKpoopraHuamam
OGBIYHO OTHOCATCS M aCnepru/iibl (MHOTOKJ/ETOUHbIE OpPraHH3MBI),
JPOXKIKH, pa3/jiMyHble OGaKTepUH KHUIEYHOH TpyNIbi, ITHEBMOKOKKH,
reMouibHble GakTepuH, CEeHHas NaJjoykKa M, HaKoHeEl, (ard fpe-
HMYILIECTBEHHo KHuueyHo#l rpynnbl 6akrepufi. OCOGHAKOM CTOSAT BH-
pychbl pacrenHii; Hau6oJiee yacTO KakK MOJeJb yNoTpeGJ/isieTcss BHPYC
Ta6ayHO! MO3aHKH.

PaGora ¢ MHKpOOpraHH3MaMH HMeJa Psill BaXKHbIX IIPEHMYILIECTB.
B Gosbluell wacTH CBOEro JKH3HEHHOTO LHKJa MHKDOOPraHH3MBI
ramjioHjiHbl; TalJIOWAHOCTb IIPHM HAJHYHM M JHIJIOHAHBIX dopM Ha-
BaJa AOTOJNHHTE/]bHble BO3MOXHOCTH H3yueHHs] (YHKIHOHHPOBAHHSA
reHa.

¥ MuxpoopraHuamoB B ropaszno 6oJiblliell CTeneHH, yeM Ha Npex-
HHX MOJeJsiX, B IOHSTHE «IIPH3HAK» OBbLIO BJOXEHO OHOXMMHYECKoe
conepxkanue. CHauajia Ha Hefipocrmope, a 3aTeM Ha O6akTepusx
yAasoch pa3paboTaTbh CIOCOGH MOJyYeHHss M H3yyeHHst OHMOXHMHye-
CKHX MyTaliuil. BblJIO BHIENIEHO MHOXECTBO MYTaHTOB, KOTOpbie He
pocau 6e3 no6aBJjeHHS B cpelly ONpe/e/eHHOTO BELecTBa, IIPU HC-
cAeJOBaHMHM ITHX MYTAHTOR OKa3hBaJoCh, YTO y. HHX HapylleHa Ta
uau uHas depMmeHTaTHBHas peakuus. OOGbYHO OMHOH MyTauUHH Ka-
KOro-in6o TreHa COOTBETCTBOBAJO BbilajeHHe (YHKLHH OXHOTO
onpejeseHHOro ¢depMeHTa; Ha OCHOBAHHH 3THX AaHHBIX Buma cdop-
MYJHPOBAJl H3BECTHbIH MNPHHIMI — «OJAHH TeH— OfHH ¢epMeHT>.
DTOoT NMPHHUMN COXpaHAeT CBOe 3HAaueHHe M IO HacTosllee BpeMs.
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MukpoopraHu3Mbl pa3MHOXKAIOTCH HecpaBHEHHO 6'b1crpee Bcex
NPOYHX «1a60OPATOPHBIX XHBOTHHIX» M [JAIOT OFPOMHOE KOJIHUECTBO
TIOKOJIeHHH 3a KOpPOTKHe NPOMEXYTKH BpeMeHH. [IpHMeHsia cesek-
TUBHYIO MeTOJAUKY, U3 MHOTHX MIJIJIHOHOB pa3MHOXHBIIUXCS ocobell
MOXHO OBIO BBHIJEAHTb HECKOJbKO HHAHBHAYYMOB, 06Jafaloliux
CBOHCTBaMH, U3MEHEHHBIMH B OXHMIaeMOM HamnpasJeHHH. I10CKOJb-
'Ky paspeuramiuasi CIOCOOHOCTb TeHETHYECKOrO aHaJH3a ofmpefe-
JsieTcsl UHCAOM NPOM3BeJeHHHX CKpelluBaHHMA, TO Aaxe AJS KapTH-
POBAaHHST XPOMOCOM (XOpOIIO M3YUEHHOrO Ha APO30(dH/Ie H APYTHX
BBICIIHX HBOTHBIX)!, MHKDOODPraHM3Mbl OKa3aJHChb OYEHb [OJe3-
HbIM 00BbekTOM. Ha HMX MOXHO GbLIO JierkKo M3y4HTb TeCHO CONPH-
KacalollHecs TreHeTHYeCKHe 06J1acTH, PeKOMOHHAUHH MeXIY KOTO-
PLIMH [POMCXOASIT HACTOJBKO peiKo, YTO OcoBH, HecyllHe DeKOM-
OHHHPDOBAaHHbIE YUYaCTKH XDOMOCOM, MOTYT H3-3a CBOEH MaJloyHc-
JIEHHOCTH He BCTPETHTbCS B H3ydaeMOH NOMyJSIUUH APO30¢HI.

IMToayueHHe reTepo3HroTH Vsl NPOBEPKH aJjelH3Ma H MocTpoe-
HHUSI XPOMOCOMHEIX KapT HOCTHraeTCss pasHbIMH crmocoGaMu. Ckpe-
IMUBAKOTCA [aJeKO He BCe MHKDOODPraHH3MBI; M3 TepeuUCJeHHbIX
Bblllle HMCTHHHBIH INOJIOBOH Npolecc HabalofaeTcs y HEHPOCHOPHI,
acnepruayiyios u Apoxxked. [IpHX0OANAOCH PA3NTUYHEIMA NMYTAMH MOJY-
4aTh IHIVIOHJHYIO KJIETKY, B KOTOpPOH B3aHMOJEHCTBOBAJH aJJeNb-
Hble TeHbl, HE3aBUCHMO OT TOrO, NpPEeACTaBJeH JU BTOPOH MapTHEp
LeJbIM TeHOM HJH TOJbKO TPYNHOH TeHOB, CPeldH KOTOPhIX €cTh H
HccleflyeMblt (B NOCJAeLHEM Clydae reTepO3HroTy UHOTAA HA3bIBAIOT
meposuroToit). Takoe nojoxeHue MONIO GbIThb LOCTHTHYTO Pa3HBIMH
nyTsiMH. BkpaTie octaHOBHMeA Ha KaXIOM H3 HHX, 9TOOLI H36eXaTb
NOSICHEHMsI B NOCJeAylollleM TekcTe (CM. TakxXe IJaBy «[eHeTHKa
GakTepuiy).

lerepokapuos. B sToM ciydyae B OfHOH W TOM XKe KJAeTKe MpH-
CYTCTBYIOT ABa Da3HBIX SiApa, KOTOpPble He CJHBAIOTCSH, B3aHMOMel-
CTBYf JIMLIb «HA DAaCCTOSHHH® M KOHKYDHDYs 3a yIpaBJjieHHe TeM
HUJH UHHIM 3BeHOM B MeTafosiu3Me KJIETKH. DTOR npoLece o6bIgHO
Habmonaercs y rpuboB. C NOMOILBIO reTrepoKapuosa MOryT OHITH
NpoBepeHbl aJljie/IbHble OTHOUIEHHS MeXAY JIOKycaMHu (7]

Cmewansas darosass undexuns. 31ecs B3aUMOAEHCTBYIOT TeHO-
Mbl (paros IpH CMelIaHHOH uHbekuuu OaKTepuaNbHOH KJETKH.
BaaumozefictBue MoxKeT ObITh ABYX THIIOB — «Ha PACCTOSIHHH®, Kak
NPy rerepokapHose, U HemocpelCTBEHHOe C NMOMOIIbIO KPOCCHHTOBe-
pa, HIM {10 KpaiiHell Mepe ¢ pe3yJbTaTaMH, KOTOPble MOTYT OHIThb
ONHCAaHbl B TeDMHHAX KpOCCHHroBepa. Posib reTeposHroTsl, AOCTyII-
HOH A/1s1 HabJIIoJeHHs HCCIeA0BaTeNs, BLINOJNESET KJAeTKa-X035UH —
6akTepHanbHas KJeTKa, JIH3HC KOTOPOH NPOH30HIAET B 3aBHCHMOCTH

! TIocKOMBKY ¥ MHKPOOPT@aHH3MOB JAO CHX IOp He OGHapyKeHo MopdoJsoruue-
CKHX 00pa3OBaHHM, NMOXOXHX HAa XPOMOCOMB MHOTOK/IETOYHEIX, TO NpPaBHJAbHee
6ni0 6Bl TOBOPHTL O rpymmax cuenyeHssi reHos. ORHAKO MBI COYJIH BO3MOXKHBIM
YNOTPE6HTh 3TOT TEDMHUH H3-32 NOJHOA GYHKIHOHAJBLHOK aHANOTHH MEeXAY rpyn-
NaMu CLemJIeHHst Yy MUKPOOPraHM3MOB H XPOMOCOMAaMH.
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0T TOro, OyAyT JIH JOMOJNHSATH APYr APYra TCeHOMBl MPOHHUKIIHX B
KJleTKy ¢aroB-MyTaHTOB (KaXKIBIH H3 KOTOPHIX 1O OTAeNbHOCTH
yTpPaTHJ JH3HpPYIOIYy0 cnocobHocTh) {8). O cmocobax cocTabienus
XPOMOCOMHBIX KapT (aroB cKas3aHO HHXKe.

3apepuieHHas TpaHCAYkUHA. [Ipu 3aBeplieHHOH TpaHCAYKUUH
napTHepaMu SBJSIOTCS IeAblil F€HOM OJHOH GaKTepHH W OuUeHb He-
6o/IbIION YYaCTOK TeHoMa Apyroll GaKTepHH. YuyacTOK MOCTOPOHHe-
ro reHoMa BHOCHTCH B KJeTKy (aroM. KieTka mpoOXoZHT cTamguio
MEPO3HIOTHl, HO He 3alepKHBaeTCd Ha HKeil, TAK KaK O4YeHb CKOpO
TIPOHCXOJAHT BKJIIOYeHHe BHECEHHOTO ydyacTKa B XpoMmocoMy GakTe-
pun-peuunuenta. O MexaHH3Me BKJIIOUEHHS MOJKHO JHIIb CTPOHTH
IOorajKH; pe3yJbTaThl BKJAKUYEHHS MOTYT OBITh OMHCAHBI B TEPMHHAX
KpoccuHrosepa. IIpu 3aBepuieHHOM TpaHCAYKIHM MOXKHO TOCTPOUTD
KapThl B3aHMOJEHCTBYIOWHX Y4acTKOB xpomocoMm [9, 10].

AGopTHBHAas TpaHCAYKhus. B ciyuae aGOpTHBHOM TPaHCLYKIHH
BKJIIOYEHHSI yyacTKa reHoMa 6GaKTepHH-JOHOpPa B XPOMOCOMY pelH-
NHeHTa He NPOHCXOMHT; 3TOT Y4acCTOK, ONHAKO, MPUCYTCTBYeT Ha
NPOTSIXKeKHH psifa MOKOJeHUll B 6GaKTepHAJbHOH gJeTKe, He yIBaH-
Basfchb NDH ee HeleHHH, HO NMepelaBasicb ONHOH H3 pa3deNHBUINXCA
KJIETOK H B3aHMOJEeHCTBYA ¢ COOTBETCTBYIOLIUM Y4aCTKOM XPOMOCO-
Mbl pelHNHeHTa MO THNY TreTepoKaphnosa. KpoccuHroBepa 3gech He
TPOHCXOAHT, HO JIETKO NPOBepsAiOTCs ajJienbHble oTHouieHus [9, 10].

W 3zaBepuienHasi, ¥ aGopTHBHAs TPaHCAYKIMH H3y4aJjUCh Tipe-
HMYyIleCTBEHHO Ha TaKHX OakTepHsX, KaK CaJMOHeJJbl H KHIIeYHad
najoyka.

Konniorauus. D10 siBMeHHe BHelllHe HANOMHHAeT MOJOBOH Mpo-
necc. Onka 3 6aKTepHaJbHBIX KJIETOK CJIHMIAeTCs ¢ APYroll; KJAeTou-
Hble CTEHKH B MeCTe CONPHKOCHOBEHHS NPOPLIBAIOTCS, H NOBOJBHO
3HAYUTEJbHBI YYacTOK IeHOMa KJEeTKH-IOHOpa MepexodHT B KJeT-
Ky-peuunuenT. CTaluss MepO3UroTHl NoC/e 3aBeplIeHAsT KOKbIOTallH{
IJHTCS MeHbllle, YeM NpH abOpPTHBHON TPaHCAYKIHH; yepe3 OJHO-
IBa MOKOJEHUs] EPOHUCXONHT PEKOMOHHAIHSI MeXIy BHEeCEHHbIM re-
HeTUYEeCKHM MaTepHaIOM H XPOMOCOMON KJIETKU-PEelHTHeHTa, H KIeT-
Ka BHOBb CTaHOBUTCA ramjougHoil. OnHako y HEKOTOPBIX LITAMMOB
3TOro He HaGJIOmaeTcss H MEPO3HroTa CyllecTByeT MHOro moxoJe-
ru# {11].

Cnoco6HoCTh K TepeHOCY YuacTka XPOMOCOMBI CBsI3aKa C HaJH-
yHeM B KJeTKe-IOHOpa <«IMOJOBOTO (pakTopa» — aBTOHOMHOH 4acCTH-
Il HEH3BECTHON NPHPOALI, OTHOCHUMO} K TaK Ha3nIBaeMbIM 3IHCOMaM
H 10 HEeKOTOpbIM MpH3HAaKaM HamoMHHaloimled ¢ara; 3To <6JH-
JKaeT KOHbBIOraluio ¢ TpaHcaykune#l (cM. riasy «I'eHeTHKa GaKre-
puii»). )

Konbloraliusg Hayyajach rJaBHeIM o0pa3oM Ha OakrTepHsX KH-
IIeYHOH TPYMIbI; OHA TaK¥XKe HMeeTcsl H Y HEKOTOPBIX Ipyrux Gakre-
puii. C IOMOUIBI0 KOHBIOFalMH MOXKHO KapTHPOBaTb OTHOCHTEJNBLHO
0oJibllIHe yYaCTKH XPOMOCOM, a TaKXKe NpOBepAThb aJJebHbIE OTHO-
HIeHHs.
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Tpauchopmauus. Ilpu TpanchopMauHH NPOHCXOAHT, BHAMMO,
TOT Ke Npolecc, 4TO W NPH 3aBePLIEHHOH TPaHCAYKUHH; OCHOBHAs
pasHuIa B TOM, 4TO B JAHHOM CJyuyae yyacTOK reHoMa (4acTbh MoJe-
kKyasl [IHK) nonopa nornomaercss K/€TKOH peununueHta 6e3 yuac-
THS1 dara. 3/ech TakKe MOXKHO NMPEJNOJOXKHTb OYEHb KpPaTKOBpe-
MeHHOe CYIIeCTBOBAHHE MEDPO3HIOThl, 4 3aT€M — BKJIIOUGHHEe BHecCeH-
HOrO yyacTKa reHomMa B XpOMOCOMY penunuerTa. Takum o6pasom,
B 3TOM CJIy4ae BO3MOXHO INOCTPOEHHEe KapThl OueHb KeGOJbIIOTO
yuyacTKa XpoMocoMmsl [12].

Tpanchopmauus npuMersnach AJIs UCCIEL0OBAHHA TOKKOTO CTPO-
€HUs1 HACJEACTBEHHBIX CTPYKTYpP NpPEHMYILEeCTBEHHO y NHEBMOKOK-
KOB H CEHHOH MaJIOUKH.

Takum 06pasoMm, y MHKPOOPraHH3MOB BO3MOXKHBI (D H3YYeHHH
MepO3UTroT M TeTePOKaPHOHTOB) KaK aHa/lHu3 aljleJbHblX OTHOLLe-
HUH, TaK H NOCTPOEHHE XPOMOCOMHHIX KapT. DTo H OblJIO HCIOAb30-
BAaHO NMpH H3YYEHHH Y NAHHBIX OOBEKTOB TOHKOH CTPYKTYPHl TeHa.

HauGosbiree BiMsiHHEe Ha COBpeMeHHbIE NMpPEeJCTaBJEHHS O CTpoe-
HHH TeHeTHYECKOro MaTepHaja oKasasnH paborhl Densepa u mpyrux
Ha OakrepHodarax [13—17]. TepMHHO/MOrHs, KOTOpas Bce yallle
ynotpe6asercs A o603HaueHHs CYObeAUHHI reHa, Obula Npeso-
XeHa UMeHHO B 3THX paborax. Ilostomy nenecoo6paseo paccMmar-
puBaTb pe3yJ/ibTaThl, MOJNYUEHKble Ha (arax, a 3aTeM CpaBHHUBaThb HX
C IaHHBLIMH, H3BECTHLIMH H3 PaboOT C APYrHMH MHKPOOPTraHH3MaMH.

Crenyer KOpOTKO OCTaHOBHTbCS Ha O0OBbeKTaXx OnbiToB BeHsepa
H Ha HEKOTOPHIX OCOGEHHOCTAX 3THX ONBITOB. ¥ (haroB KHIUEUHO -
Najoykd CyLIecTByeT OOIIHDHAs TIpynna MYTaHTOB 7, 06pa3yIoIux
Gonee KpynHble CTEpPHJbHbie MATHA HA YalllkaXx C ONpeJeseHHbIMH
IiTaMMaMH GaKTepHii, yeM (aru JUKOro THna. ATo CBSI3aHO C YCKO-
PEHHBIM JIH3HCOM KJ/ETOK, OTKyla H NPOHUCXOIHT Ha3BaHHE MYTaHTOB
r—rapid lysis). Tlpu pocTe Ha Apyrux GakTepHajbHBIX LITaMMax
MYTaHTHl 10T NATHa TOH XKe BeJHYHHH, UTO H (ard AMKOro THIA;
Ha HEKOTOPHIX Ke IITaMMaX 3TH MYTaHTHl BoO6lLle He MOI'YT PacTH.

CyulecTByeT HecKoJbkO rpynnm MyTaHToB r. Kaxnas M3 3THX
Ipynn oTJiMyaeTcss OT JPYyrofl noseJleHHeM NPH 3apaXXeHUH KaKoro-
au60 WTaMMa KHilleyHo#l nanouku. Hanpumep, rpynna r II ¢ara T4
JlaeT KpynHble NMsTHA NPH 3apaxeHHH utaMMa B u BooOule He faer
nATeH Ha wWtaMMe K; rpynna r 111 naer xpynuble naTHa Ha mraMmme
B, a TakXe nATHa HOpMAaJbHOH BeJHYHHB — Ha ImTamme K. Ilpu
KapTUPOBAHHH MYTaHTOB r OGHapyXHJOChb, YTO TAaKHM Pa3/HUHSIM
MeXJAy FpynmaMH 3THX MYTaHTOB COOTBETCTBYeT HX HEOJHHAKOBOE
pacnoJioxkeHHe Ha XpomocoMe dara.

Taxum o6pasoM, MyTtanuu r — cGopHasi rpynna cCXoJHHX Mopdo-
JIOTUYECKHX MYTaluil; 6MOXHMHUECKHH MeXaHH3M H3MeHEHH# (eHO-
THNAa, HACTYNAOIHX NpPH 3TOM, NOKa YTO HeU3BeCTeH.

B onnitax BeH3depa HccrelloBasoch GOJIbINOE KOJIHYECTBO MYTaH-
toB (para T4 rpynnm rII. XpomocomHas o6Gaacts rII, B koTopofi
JIOKATH30BaJHCh MYTauHu 3Tofi Tpynnnl, Obijia NPHPaBHEHA K TeHY.
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Puc. 2. Kapra pacnonoxenuss Mytaunfi B yuactke r 164 o6nactu r II dara T4.

YyacTok r 164 — HeGosbmas uacrs Bcefi o6mactH r II; HaBepxy YyKasaHml HOMepa MYTauUH®
(nanpHmep, r 385; r 131). Uucaa uan crpesRaMn 0603HaualoT NPOmERT peKoMGRHamuit Mexny
mytanaamu, TIpaMoyroabHHKaMH HaJ Kaproi 0603HAad4eHH MYTallHH, HMeloliHe 3HAYHTEJIbHYI

MPOTAKEHHOCTD ~— AeJIeRHA

B GoabwHECTBe CiyuaeB y MYTaHTOB Pa3/IHUHOTO IPOHCXOXKJEHHS
6blii TOBpEeXJeHbl HEOAMHAKOBblE YUaCTKH 3TOH 06/1acTH XpOMOCO-
MBbI; 3TO AOKa3biBajJoOCh BC3MOXHOCTbIO DEKOMOHHALIHHM MeEXAY Ta-
KUMH MyTaHTaMH. PeKoMOHHaHTbI AMKOrO THNA BO3HHKaJW MNocJje
ONIHOBPEMEHHOro 3apa)eHus HIBYMs MyTaHTaMd Gaktepuu B. Pe-
KOMOGHHAHTB MOXHO OblJIO 3aTeM OOHApyXKUTb, BbiceBas pa3MHO-
xupiunecs: garu Ha wraMM K (darosble yacTuubl IHKOIMO THIA Ha-
BaJid 3Jech NATHA, B OTJIMUME OT OCHOBHOH Macchl (haroB-MyTaHTOB;
NI03TOMY Hae OYeHb peJKHe peKOMOHHauuH, nopsaka 10-¢, ynasa-
JIOCh JIerKo BbiIBUTh). Ha OCHOBaHMM 4acTOTH MOSIBJEHHA PeKOMOH-
HAaHTOB MOXHO 6bl0 (TOYHO TaK Xe, KaK H Y ApO30GduJb) onpene-
JINTb B3aHMHOE PacnojioXKeHHe MYTAaHTOB U OTHOCHTE/JbHOE PaccTos-
HHE MeXJy HHMH, T. €. NOCTpouTh KapTy obaactu rII (puc. 2). Kap-
THpOBaHHe 06J/1er4ajoch T€M, YyTO CPefH TOYEYHBLIX MyTalluil OblIH H
MyTalli{, BBI3BaHHBIE BbINaleHHEM IeJbIX YYaCTKOB IeHeTHYECKOro
MaTepualja — gefelHd. TakHe MyTauuu He JaBalH PEKOMOHHAHTOB
IMKOrO THNA NPH CKPEeMMBAHHH C NapTHEPOM, Y KOTOPOrO MYyTalHs
HaXOBMJAach B Npelenax, 3aTPOHyThIX y mnepBoro ¢ara Jeneuunen.
[TosToMy, nogo6paB MyTaHThl C [eJeHHSIMH, B CyMMe 3aXBaTbiBalo-
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IIHMH Bech TeH r II, MOXHO GbIJIO ClepBa CKpELUHBATh C 3THMH He-
MHOTOYHCJIEHHBIMY MYTAHTaMH KaXIbf HOBBIi MYTaHT ¢ HeH3Be-
CTHOH JOKaJiu3allHell TMOBpPeX/JeHHs (a He NMOAPHAN CO BCEMH H3Be-
CTHBIMH TOUYEYHBIMH MYTaHTaMH). 3aTeM, YCTAHOBHB TNOJOXEHHe
MYTallHH B ONpeJeJeHHOM yUacTKe reHa rIl, MOXKHO YTOUHHTL ee JO-
KaJlH3aliiio, NIPOH3BOASA CKpEllVBAaHHE ¢ MyTaHTAMH, HMEIOLIHMH TO-
. YeyHble MYTaLlHH 3aBEIOMO B JaHHOM yuacTKe. CyuTasoCh, UTO €CAH
MeXAy ABYMS TOYEUYHBIMH MYyTaUHSAMH He MPOUCXOJHT PEKOMOHHA-
UHMH, TO OHH 3aHMMailOT Ha XpoMocoMe (haros HAEHTHYHBIE YYaCTKH.

Hecnoco6#octs MyTaHTOB r Il pasBuBaThcs B KJETKax WITaMMa
K ymanoch oneHHBaTh He TOJbKO KaUeCTBEHHO, HO H KOJHYECTBEHHO.
ORrasanoch, 4YTO y ONpelNedeHHOH YacTH TaKHX MYTaHTOB BCe K€
TIPOMCXOAHUT HODMAaJibHOE CO3DEBaHHE W BLIXOJ M3 KJIETKH He60Jb-
ol 4acTu (paroBBIX KOPHOYCKYJ (MX MOXKHO NMOTOM COCUHTATb, BhI-
ceBas Ha mWtaMMm B). Takne MyranThl OblIH Ha3BaHH leaky — «pac-
TekalolnMucs». CTeneHb «pacTeKaeMOCTH» Oblia NMOCTOSHHOH Be-
JUYHHOA AN KaXAOTo OTAENbHOTO MYTaHTa M XapaKTepH3oBaja
(eHOTHIHYECKOE NPOSABJIEHHE MYTallHH.

Ecan 6akrepns mramma K OZHOBpeMEHHO -C MyTaHTAMu 3apa-
)Kanace H ¢aroM AHKOTo THNA, TO JAO3peBaHHE MYTAHTOB 3aKaHUH-
BaJIOCh; OHH BMECTe C YacTHUAaMH JHKOIO THNa H PeKOMOGHHAHTaMH
BHXOJIHJN U3 pa3pylmeHHON KaeTKH. Takoe MNoBeAeHHe MYTaHTOB
r 11 npuBEATO OOBACHATL CACAYIOLHM 06pa3oM. Y HHX HapylleH CHH-
Te3 KaKOTO-TO HYXKHOTO JAJsg DPa3BHTHS BeLIeCTBA; y «HepacTeKalo-
HINXCS» 9TO BElIeCTBO MOJHOCTBIO HEAKTHBHO, Y «pacTeKaloLIHX-
Cs» OHO CcOXpaHsAeT YyacTb akTHBHocTH. Par nukoro .THma ¢ u3bBIT-
KOM OPOAYLHPYET 3TO BellecTBO. [IpH cOBMeCTHOM 3apaKeHHH ero
XBaTaeT ¥ Ha TO, uToOHl oGecrneynTs pasBuTHe MyTaHTOB. IIpeano-
Jaraercs, 4TO HapylleH CHHTe3 KaKoro-to 6esnka, XoTs 3ToT 6enok
ellle He BBIJEJIEH.

3. Tomkas cTpykTypa reHa y MHEPOOpPraHH3MOB
1) Eaunuua peKkoMOHHaUHH

JJMHa TeHEeTHMUECKHX KapT HU3MepseTcd, KaK H3BECTHO, B YCJOB-
HBIX eAMHHIaX — NpolleHTax KpoccuHrosepa. [lostoMy, paccMarpH-
Basi BCé KJaCChl TeHEeTHYeCKHX CYObeIMHHL, BbIAENEHHBIX MOCJE
usyuenus obaacru r Il ¢dara T4, ymecTHo HayaTh ¢ eAHHHLBl PEKOM-
6WHAUHN — peKOHa. PeKoHaMM MOXKHO Has3BaTb HaHWMeEHblIHe pe-
KOMOGMHHDYIOIIHECH YYacTKH TEeHETHYECKOTO MarepHana (T. e. yda-
CTKH, MEXJY KOTOPBIMH ellle BO3SMOXKeH KDPOCCHHIOBEp).

TIpu ckpemuBaHuu MyTaHTQB r Il pa3Horo mnpOHCXOXKAEeHMS, KaK
FOBOPHJIOCH BhILIE, BOZHHKAIOT PEKOMOGUHAHTBL AMKOTO THMa. DTO H0-
Ka3biBaeT, 4TO uepes reH ¢para T4, kak u y Apo30@HABI, MOXKET TPO-
XOAMTbL KpoccuHroBep. YacToTa mnosiBjeHHsSt PeKOMOHHAHTOB Xapak-
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TePHA AN KaXJOR mapel MyTaHTOB; Ha OCHOBAHHHM 3THX HLaHHBIX
OblH MOCTPOEHH MOAPOGHBIE BHYTPHIeHHBIE KapTel obgactH rII.
Bnarogaps Gonbwofi paspemaiomeii CnocoGHOCTH TeHETHUECKOro
aHajusa y ¢aroB yaaJoch NOKa3aThb, YTO JEIUMOCTb BHYTPHIEHHOTO
MaTepHasa Oblla OUeHb BHICOKA; MOXHO Da3feJHTh TOUKH, JexkKa-
He, BUAMMO, UpE3BHUAHHC OH3KO (HauMeHbllas 4acTOTA PeKOM-
Gunauuii paBHsnach 0,02%). JequMOCTb TAaKHX TOYeK BHIABJASETCH
JUIIb NPH OOJBLIOM YHCJE CKPEeL[HBAHHA. 3HAYHMO JH 3TO, YTO C
yBeJHYEeHHEM YHCJa CKpellMBaHHA paspeliaonias crnocobHOCTbL re-
HETHYECKOTrO aHanin3a OyleT HempephlBHO mnoBhiwaThes? CylecT-
BYET JIM NpeJie/IbHOE PACCTOSTHHE MEXAY ABYMS TOUKAMH XpPOMOCOMBI,
KOTOpOe MOXKHO NPHHATH 32 abCOJIOTHO HedeJHMBbIHi yuacTok? Ben-
3€p B CBOHMX 3KcNmephuMeHTax ¢ ¢darom T4 pemwsn mnpH3HATL MHHH-
MaabHYyI0 JOCTHTHYTYIO HM 4acToTy pekoMGuHaunuit (0,02%) za
XapaKTePHCTHKY AJHHEl MHHUMAJBHOTO Y4acTKa XpPOMOCOMBEL, Cr1oco6-
HOro AeJHuTbcsi KpoccHHrosepoM. CieloBaTeNbHO, YUaCTOK MeHbllie-
ro pasMepa, Y¥Xe HeleJHMBIH, MOr cuHTaThbcsi pekoHoM. [las
Jl0Ka3aTesbCTBa TOTO, uTo uucao 0,02% melcTBHTENLHO ABJASETCA Xa-
PakTepHCTHKOH HaHMeHblIero AENHMOro yyacTKa, BeHsep comocra-
BHJ DE3YyJbTATbl F€HETHUECKOI'O aHa/JH3a C IIPeANOoJaraeMbelM CTpoe-
HHeM MmoJsekyaw JITHK. Cuuraercs, uto y dara T4 «reHeTHueckyio
¢yukuuio» Hecer oxono 40% JOHK, wuam 1,6-10° HYKI€OTHAOB.
Ecnu npHHATSH, uTO cXema YoTcoHa-KpHKa B OCHOBHOM COOTBETCTBYET
crpoennto JJHK dara, aro macr 8- 10* nap Hyk/neoTHAOB. 3KcnepH-
MeHTa/lbHO HaffieHo, uTo oflllas AJMHA TeHeTHYeCKO# KapThl (ara
paBHa 800% pekoMOGuHalHii. MOXHG NMPENNONOXKHTb, YTO AJS BCEX
Y4aCTKOB XPOMOCOMBl (para BepOATHOCTb BO3HHKHOBEHHS KPOCCHH-
roBepa B o0lLleM OJHHAaKOBa. B TakoM ciyuae BepOATHOCTb PEKOM-
6HHAUME [J8 OJHOH HYK/JIEOTHAHOH Mapel B A060OM ydyacTKe TPYNIKLL
cuenserust cocraBut 800:80000, 1. e. 0,019% (umucao, oueHb G6JaH3-
KOe SMNHDHUECKH HalJeHHOMY TIpH pekOoMOMHallMH BHYTPH TreHa
r1I). Ecau aToT pacuer cnpaBefnus, To Aias ¢dara T4 BenuunHa pe-
KOHa — OJIHa Napa HYKJEOTHAOB.

IMonyunts Kakue-nu60 N4HHBIE O eNHHHIE peKOMOMHAIHWH Ha
6akTepusix M JPYrHX MHKDPOODraHH3Max M BEIPa3HTb [JHHY 3TOH
e[IMHHIBl B HYK/IEOTHAAX OBLAIO HeCPaBHEHHO TpDYHAHee, ueM Ha (a-
rax. Bo-nepsux, Ha darax 610 serue JOOGHTbCS PEKOPAHOTO YHCIA
CKpelllMBaHHH; BO-BTOPHIX, GBLAO coBepuieHHO oueBHAHO, uto JIHK
NPOYHX MHKPOOPTaHM3MOB (GYHKIHOHA/NbHO OoJiee reTeporeHHa, uem
y ¢daros. ITosTroMy conocraBieHue oblero yucjaa pekoMOHHauMi C-
OOILMM YHCJAOM HYK/JAEOTHAHBIX Map (BpOXe TOTO, KOTOPOe Mpojenan
Bensep) 3mech He ctonp vOenurennHo. Opnako ITontekopBo u Po-
nep [18], monb3ysick MOXOOHBLIMH pacueTaMH, ONPeJeJNHNH eJHHHIY
peKOMOHHALHH AJif acNepPruajoB B 8 map HYKJeOTHAOB. DTo YHCIO
He TaK CHJBHO OTJHYaeTcs OT pa3Mepa DekoHa Ans ¢dara T4.

JlaHHbIe O PacCTOSHHH MeXJAY PeKOMOHHHPYIOLUHMHCS €NHHHIA-
Mu comepxarcs B pabore Xenunra u fnoBckoro {19]. Hsyuascs
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AMHHOKHCJIOTHBIH €OCTAaB TPHNTO(PAHCHHTETA3bl KHMIIEYHOH MAJOYKH
Yy OJHOTO H3 MYTaHTOB C H3MEHEHHOH aKTHBHOCTBIO 3TOro ¢epmeHTa.
Otanuue crpoennst depMeHTa MyTaHTa OT depMeHTa GakTepHH AH-
KOro THMa CBOJAHJAOCH K TOMY, YTO Y MYTaHTa B ONpeldeJeHHOM yua-
CTKE NOJIMNEeNTHAHOH LeNH TIVIMUHH Obl1 3aMeHeH ORHOH M3 JABYX
AMHHOKHCJ/IOT — IVIYTAaMHHOBO! KHCJOTOH WM apruHusHoM. Ilpu pe-
KOMGHHAUHH aprHHHHOBOrO M IMIYTaMHHOBOTO MYTaHTOB BO3HHKAJIH.
H KJETKH C HOPMAa/JbHbIM (DEHOTHIIOM, T. €. C HaJHYHEM [VIHIHHA.
IMockosbKY 3TH aMHHOKHCJOTHl, 3aMelllas APYr ApYyra, 3aHHMaJH
OJHO M TO Xe, CTPOro ONpelejleHHOE MECTO B IMOJIHNENTHAE, MOXHCQ
nyMaTb, YTO H MYTalHH, H PEKOMOUHALMH LIJIH B mpeneiax eIHHH-
bl HYKJEOTHIHOrO KOJa, onmpelensiioliell crnenupuyHOCTL OAHOM
aMHHOKHCJIOTH. KpHK HasBaJ TaKylo eJHHHIY KO 1 OHOM. I[Ipunu-
Masi, YTO KOJOH SIBJIIETCS TPHIJIETOM a30THCTHIX OCHOBAHHH, MOXXHO
NpeanoJaraTh, YTO PEKOH B JaHHOM CJyYae pPaBeH OLHOMY HYKJ/eO-
THAY; BO3MOXHO, 4TO KPOCCHHTOBED BOOOLIE MOXKET TNPOHCXOAHTH
MeXJay JIOOBIMH COCeIHHMH HYKJIeoTHAaMH, 6e3 KakHX-Obl TO HH
OblI0 OrpaHHUUEeHHH.

2) EpuHuua MyTauuu

I pyroii reseTnyeckoil enuHuuel, BuiaeneHHol BensepoM y ¢ara
T4, Gblna eAWHHIIA MYTAllUH, HJIH MY TOH — HaHMeHbLIHH y4YacTOK
reHeTHUECKOr0 MaTepHasia, H3MeHeHHe KOTOpPOro ellle NPHUBOAMUT K
reHeTHYeCKHM H3MEeHEHHSM.

MHuorounc/ieHHble CNOHTaHHble MyTaHTel reHa rll ¢ara T4
OTIHYaJHCh IPYr OT Apyra mo crnocoGHoCTH K peBepcHd. OnHH H3
HHX HHKOrJa He JaBaJi BO3BpaTa K AHKOMY THNy. IIpH KapTHpOBa-
HHH TaKHX MYTaHTOB OOHapyXHBaJiOCh, UTO NOBpEeXJeHHas 4acTb
XpOMOCOMB! 3aHMMaeT 3Jech OOLIMPHBIA YYaCTOK H COOTBETCTBYeET
JeJellsiM Yy BHICUIHX OpPraHu3MOB. EcTecTBeHHO, TaKHe YYacCTKH
XpOMOCOMBI He TIOANafajld HOA ONpeflejleHHe MYTOHA.

Myrauun apyroit rpynns! ObliH NMOXOXH Ha TOYeYHble MYTalluH
aposotuasl. Cpeld HHX OTHOCHTENBHO 4YacTo HabJioflanuch CIOH-
TdHHEIE PeBepCHH. DBIJIO BaXKHO ONpeleNHTb, KAK OTHOCATCS MeXAay
coboil yyacCTOK, 3aTPOHYTHIH TaKOH MyTallied, H DEKOH, a TaK¥xKe
MOXET JIH MYTOH AEJHThCS NPH KPOCCHHTOBEpE.

Has storo BeHsep uccienoBas y4acTKH ¢ TpeMsi 6/IH3KO pacro-
JOXKEeHHBIMH MyTauusaMi. CpaBHHMBajach 4acToTa PeKOMOHHaUHi
MeXJy AByMs KpalHHMH MYTaLHsMH H CYMMa 4acCTOT pekOoMOuHa-
UMA MeXJy MepBOil — BTOPOH H BTOPOH — TpPeTbel MYTaLHsIMH.
Ecau neHTpa/ibHOE MOBpPEXJeHHe HMEeJO KaKylo-TO IPOTSKEHHOCTb H
yepe3s MOBPEXIEHHBIH YYaCTOK MOT NPOXOJAHTb KPOCCHHIOBEp, TO
CyMMa 4acToT peKOMOWHallufi MeXJAy LeHTPaJbHOH MyTalued H
JBYMS APYTHMH JOJXHa ObITb MEHblIE, YeM 4acToTa PeKOMOHHaLHiH
MeXJy KpafiHUMH MyTalusiMH. PasHOCTb COOTBETCTBYET BeJIHYMHE
yyacTKa, 3aTPOHYTOrC LeHTpa/ipHOH Myrauuedr (puc. 3). Has
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B usBectHo#t paGore Kpuka u zap. {22] 6w1o nokasaHo, 4To cremu-
GHYHOCTb KaXKAO# aMHHOKHGJOTH ONpeJesfieTcsi, BEPOSiTHO, TPyM-
nofi M3 Tpex JeXalUuX DsiIOM OCHOBaHHH, BHNAAEHHE, BCTaBKa HJIH
H3MeHeHHe XOoTsi Obl OJHOTO 4YJeHa TPHIIeTa BeleT K HapyLIeHHO.
6eJIKOBOrO CHHTE3a, T. €. K MYTalluu.

H3yuenye TOYEUHBIX MyTalMHl OJHOIO H TOrO 2Ke IeHa MPOBOIU-
-Joch, KpoMe (ara, H Ha APYruX MHKpoopraHuaMax. [eHeTHuecKue
KapThl B 3TOM CJiydae Obl/IH He CTOJb NOAPOGHH; MO3TOMY H3Mepe-
H¥eM MyTOHa B DEKOMOHMHAIHOHHHIX €JHHHIaX C MOCAEAVIOLIHM Ie-
pepacyeToM Ha HYKJ€OTHAHW 31eCh He 3aHHMaJHCh.

Y canMoHeaJsl elHHHIN, B KaKOH-TO Mepe MOXOXKHe Ha MYTOH,
B paborax 1KoJbl leMeperna HOCAT Ha3BaHHe «site» [23], Uucao Ta-
KHX PEeKOMOHMHHPYVIOWNXCA MeXAy coGOH y4acTKOB B reHe GHLIO He-
BeJHKO (OKoJIO aecsaATH). He coBceM MOHATHO, YeM MOXKHO 0OBsC-
HHUTb CTOJIb MaJjioe KOJHYEeCTBO; MOXKET ObiTh, 3TO CJeACTBHE CPaBHH-
TeJbHO MAaJOro 4HcJia MYTaHTOB KaXAOro IeHa, HCC/IENOBaHHOIO y
caJMOHesJ. MyTall¥u, 3aTparuBaiolline OJHH TaKo# y4acTOK, GBLIH
ob6paTuMbl. IlopaxkeHHe pasHEIX y4acTKOB B OAHOM TIeHe Y CajiMoO-
HeJl AaBaJjlo (eHOTHOHYECKH OJHHAKOBYIO DeaKlLHIO — fpeKpalle-
HHe CHHTe3a OINpeleseHHOro (epMeHT4.

Y Hefipocnophl @H4/MH3 PACNONOXKEHHS TOUEUHHX MyTalldil BHYT-
pH (GYHKLHOHANbHBIX CcyObelAUHHIL reHa Obl1 npoBeleH YalaoM u
Ilxunacom {24] Ha OfHOM M3 reHOB, KOHTPOJHPYIOLUX CHHTE3 IaH-
TOTEHOBOH KHCJOTH. 3HauHuTe/bHOE PacCTOSHHE MEXAY 3THMH MYy-
TaluAMHE (CyAsl MO HH3KOH uacToTe peKOMOHHALHWH) MOAUEPKHBAJO
CXOACTBO ¢ MyTOHOM ¢ara. OTHOCHTEJBbHO OOPATHMOCTH 3THX MY-
Tauu# cBeNeHHil He OBLIO.

Taxum o6pasoM, NpH KapTHPOBaHWHM TOYEHHBIX MyTauuii y Gak-
TepHH H rpHOOB OBlIO BBISICHEHO, YTO HEKOTODble M3 ITHX MyTaluil
Jexar oueHb 6JM3KO APYr K APYry. Yd4acToK, B KOTODOM IIPOHCXO-
W4 TOYeyHass MyTallhsi, HalOMHHaJ MYToH ¢ara T4. MoxHo GO
JONYCTHTb, YTO 3TOT Y4aCTOK COOTBETCTBOBAJ HYKJIeoTHRy. [laHHble,
MoJlyyeHHBIe B ONBITaX Ha MHKDPOOpraHu3Max B paboTax IO H3yue-
HHIO MyTalluil, BbI3BBAHHBIX aHaJJOoraMH OCHOBAaHHA H a30THCTOH KH-
CJIOTOH, MOATBEPAHNH 3TO.

MHoroyncieHHble HCCIEOBaHUA C aHAJOraMH OCHOBaHHH IIpo-
BONWJNCH TIPEHMYILUECTBEHHO Ha caJMoHesasax [25—28]. ¥V 6akre-
pufl, KaKk H y ¢aroB, MyTallii BO3HHKa/aH, OUEBHJHO, B PeE3yJbTaTe
3aMeHbl HOPMaJIbHOrO OCHOBaHMA Ha aHaJjor. KM MexaHH3M Jei-
CTBHSI 3THX MyTareHoB, H 06pPaTHMOCTb MYTalLH# NO3BOJHJIHN KyMaTb,
yTo IJIS MYTalHH JOCTAaTOUYHO H3MeHEHHs OJHOro HYKJeOTHHA.

C aroit rpynnofii paGoOT MOMKHO COMNOCTABHTH ONBITHL C IIpHMeHe-
nHueM 5-¢propypaumuna (5-®Y) u 8-azaryaHwHa, KOTOpble NPOBOIH-
JIHCh 34 MOcJelHee BpeMs Ha ¢darax U Ha Helpocnope [29, 30]. IIpu
noGapyennn 5-OY (aHasora ypauuiaa, BXOAALIErO B COCTaB H3Me-
Henuoit #-PHK MyTaHTOB) pa3BuTHe MYTaHTOB IPOHMCXOAMJIC IO
nukoMy THny. Dddekr Gbl1 peHOTHIHIECKHM H HCUe3aJs NpH yAaJe-
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HHH 5-OY. PeayabTaThl HCTONKOBLIBAJIHCL KaK CJIEICTBHE 3aMeHBbl B
mosekyse sM-PHK ypaunna nHa 5-®¥ («paboraioiiero» Kak ILHTO-
3UH — HopMaJbHbifi KomnoHenT M-PHK). I[lockonbky mnocnenoBa-
TeJibHOCTh OcHOBaHu{i B M-PHK cooTBeTcTByeT X IOC/IELOBaTENb-
Hoctd B JHK, nefictBue 5-®Y MoxeT GbITL TTPHPaBHEHO K 3aMeHe
onHoro HykJaeotuzZa B JHK.

HanGoJiee YeTKHM [OKa3aTeJbCTBOM TOrO, UTO H3MeHEHHe JIHIIb
ONHOrO HYKJIEOTHIA MEHsIeT FeHOTHN, CJAeAYEeT CYHTATh PE3yJbTAThbI
ONBLITOB MO0 MyTareHesy y BHpyca TaGauHod mosauku (BTM) [31—
34), Heckonvko pansiie 6blo mokasaHo, uwro PHK psapa pactd-
TEJNBHBIX U XXUBOTHBIX BHPYCOB, HCKYCCTBEHHO OTHAeJsIeHHas Ot OeJKa, -
Bce Xe crocobHa 3apaxaTb xo3auHa. B onmitax ['upepa u Mauupu
[31, 32] ounennas PHK BTM o6pabaTeiBanack pacTBOpOM a3OTH-
croit kuesoThl. 3ateM Takoii PHK 3apaxadnoch pacrenue. Ilocie
HHKy0G4LHOHHOTO TepHOAa Ha JIUCThAX NOSABJSJHCh IATHA — KOJO-
HHH BHpYycCa; CpelH HHX ObJIH M MYTaHTHble, OTJIHYaBlIHECH IO Be-
anunHe u ¢opme. Cyns mo KOJHYECTBEHHBIM OTHOLIEHHSAM MeEXAy
asotHcToil KHeqotoit 1 PHK, nas xaxpoi myTaliun ObLJIO AOCTaTO4-
HO H3MEHEHHsl JIHIIb OZHOTO HYKJEOTHAA. BeposiTHO, BCaelncTBHe
JiesaMHHHPOBaHKsA aleHHH NpeBpallaJcst B THNOKCAHT4H, TYaHHH —
B KCaHTHH M LHTO3HH — B ypaluJ.

Cxonubie pesyabTaThl OblIM moJaydyeHsl KaynpeBuuem {[35] npu
HCOBITAHHH AEHCTBHS a30THCTOM KHUCJAOThl Ha GakTepun. OxHoynap-
HOCTb KHHETHKH MyTareHesa yKasbiBaja Ha TO, YTO IJs MYyTalHMH
JIOCTaTOYHO ONHOH peaKlUHH Ha KJETKy, CKOpee BCEro-— Je3aMuHH-
pOBaHHsA ONHONO 230THCTOTO OCHOBaHHS.

3) Ennnuna gpyHKuuu

TpeThbeil reHETHUECKOH eRHHHLEl, KoTopylo Bbimeaua beusep,
6bl1a eAMHHIA GYHKUMH— L HCTpoH. JlaTh NOJHOE ONpeeseHHe
3TOMY TepMHHY TPYIHO, TaK KaK BO MHOTHX OTHOLIEHHSIX 3TO CHHO-
HHUM reHa. JIHCTPOHOM MOKHO Ha3BaTb H4MMEHbIIHH YYacTOK Xpo-
MOCOMBI, LIeJHKOM OTBEUAIOLIHil 32 pa3BHTHE ONPeleJEeHHOTO IpH3-
Haka, T. e. (PYHKUHOHAJbHO eAHHbIH. II03TOMY LHMCTPOH YacTO Ha-
3bIBAlOT efMHHLeH GYHKuEH, EciaH Xe HCXOAWTb M3 IOBeJ€HH:
LHCTPOHA B YUC-TPAHC-TECTe, TO MOXKHO CKasaTb, YTO 3TO Y4acCTOK
XPOMOCOMEI, ellle NPOsiBASIONINHA B reTepo3Hrore CBOHCTBO KOMILIe-
MEHTapHOCTH IT0 OTHOLIEHHIO K APYTHM TaKhuM Xe yuactkaM. Moxer
6bITh, NpaBUJbHee GO Gbl IPHAEPKHBATbCS CTADOA HOMEHKJIATYPH
Cepe6pOBCKOro, HasblBasi LHCTPOH TPAHCTEHOM (3TO MOAuEpPKHBaAET
€ro NOJYHHEHHOe INOJIOMKEHHE [0 OTHOUIEHHI0 K COOCTBEHHO T'eHy—
Gasuredy). OnHako TepMHH DbeHsepa yxe NOJYYHJ LIKpOKoe pac-
IpocTpaHeHHe.

OcHOBaHHeM [is BbiAeJeHHs] TAKOH KaTerOpHH eIHHHL, KaK LH-
CTPOH, MOCAYXHAM clefyromue onuithl [13, 16]. Ecan wraMm K ku-
IWEeYHOH MaJOUYKH 3apaxalcs AByMs MyTantamu r Il ¢ mopaxeHueM
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B Pa3HBIX yyacrKaX XpOMOCOMBI (uTo OBIJIO 3apaHee H3BECTHO P
pe3ysibTaTe KapTHPOBAHHS 3THX MYTAaHTOB), TO NPH COBMECTHOI HH-
(eKkuMH, KaK H NPH 3apaxKeHHH OJHUM M3 ITHX MYTAHTOB, PA3BHUTHE
¢aroB B GakTepuH He NPOXOIMJIO 0 KOHLlA W JH3HCA He HACTyIaJo.
OnHako MpH HEKOTOPbIX KOMOHHAUHUSIX MYTAHTOB JIH3HC BCe Xe
npoucxoausa. Bes obwupHas rpynmna MytaHtoB rII meamnach 1o
pesyabTaTaM CMeLUaHHOf{. HH(EKLHH Ha OBe noArpynnsl. Jlwo6as
napa MyTaHTOB M3 OQHOH H TOH e MOATPYNIH NPH OAHOBPEMeH-
HOM 3apaxeHHH GaKTepHM He JIH3HPOBaJ/a ee; HANPOTHB, NIPU 3apa-
JKeHMH MYTaHT4MH M3 DasHBIX NOATPYIIN, IPOUCXOAH] JH3Hc. IHa
XPOMOCOMHBIX KapTax Oblli0 BHAHO, 4TO 06Ge HOATPYINb MyTaHTOB
IeasiT MexJay co6oit obsacte rIl Ha nBa He 3axoIsIWHX APYr 3a
Apyra yuyactka (puc. 4).
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r II. ITo pe3aysbTaTaM COBMECTHOIO 3apaXKeHHUS GaKTeDHH HX MOMXHO Pa3bHTL Ha IpyMAMh

A u B. JlBa pasHbX MYTaHTa U3 OXHOH M TOH e IDYMIMHI (HanpuMep, MyTaHTH 205 u 320,

cxeMa [l) He MOTYT COBMECTHO NH3HPOBAaTh GaKTepHaJbHYIO KJIETKY. JBa MyTauTa H3
Pa3HbIX NOArpynn (HanmpHMep, MyTaHTH 205 W 163) JH3HpPYyIOT ee

Croco6, 6rarogapst KOTOPOMY GbUIM BblIeNeHbl 3T JBa yua-
CTKa, COOTBETCTBOBAJ YUC-TPAHC-TeCTy. IDTo OyHeT NOHsATHee, €CJaH
NpOBECTH AeTaNbHYI0 aHa/MOTHIO. ['eTepo3uroToit B MaHHOM cayuae
cnyxuna GakrepuasnbHas KieTKa, 3apaxKeHHas (GaraMi; XpoMoco-
Mbl (haroB cOOTBETCTBOBAJH XPOMOCOMAaMm TaKO# TeTepo3HroThl. JIH-
3HC KJETKH OBlJ DaBHOCHJEH TPOSABJEHHIO AHKOTO TFEHOTHIIA, T. €.
HOpMaJbHOH (GYHKUUM TeTepo3uroThl, IlosiBiienne AHKOro (eHOTHNA
npy OoO0beAHHEHHH JBYX (PEHOTHNMUECKH OJMHAKOBBIX MYTaHTOB
MOTJIO YKas3blBaTh JHULIb Ha TO, YTO 06JaCTh COAEPKHT ABe KOMIJe-
MeHTapHble eAUHHIBI co cXonxHOoHl ¢GyHkuuei. OXHAKO NPOBECTH
HajbHelliee NojApa3feseHHe TAKUX eIUHUIl Ha 6oJee MeJKHe B3aH-
MOJOINOJHAKIINE YUACTKH yXKe He yRaJoCh, COBMeCTHOe 3apaiKeHHe
6akTepuu araMy ¢ MyTallHsIMH B FOMOJIOFHYECKHX yyacTkax o6.a-
cti r Il paBano MyraHTHBIfl, a He ZHKHH (GeHOTHN. DTO COOTBET-
CTBOBAJIO NOBEIESHUIO ajJjefefl B TPAHC-TIOJOXKEHHH.

Ha ocHoBanum TOro, uro ofe B3AHMOOTIONHAOUIHE €IHHALB 06-
adact r I y»Ke He comepKaT BHYTPH cebs KOMIJIEMEHTAPHBIX yua-
CTKOB (OT/IHYasCh TeM caMblM OT of6Jactu rIl B uenom), BeHnsep
BBIAEJH] MX B KaTeropuio 0coOBIX eIHHHII — IHCTPOHOB. YnoTpeb-
JleHHe TepMHHa «TeéH» TeM CaMbIM OrPaHHUYHBAJOCH, HO TEDMHH He
VHHYTOXKAJICSI; TeHOM MOr ObiThb Ha3BaH KOMIIJIEKC ITHCTPOHOB,

7 Ofwas reueTuka 97



OObeJHHEHHBIX OJHON M 'rofl XXe (GyHKUHe# (B NAHHOM CJyuae reH
rll conepxan gBa uucrpona — A u B). Takum o6pa3oM, B Hepapxuu
reHeTHuecKuXx enuHMI DBeHsepa reH craHoBuiics GYHKIHOHAJIbLHOH
eluHUlelH, HO OoJjee CJOXKHOH, yeM uucTpoH. [logpasymeBaJoch,
YTCQ TeH JOJI’)KeH OODbeJHHUTb He MeHee ABYX KOMIJIEMEHTapPHBIX
eluHUN. B npoTHBHOM cilyuae MeXJ1y reHOM M LIHCTPOHOM TepseTcs
BCAKOE pasJjinume,

Hnst o6bsicHeHHss OTHOLIEHHH MeXJy LHUCTPOHAMH B Npefenax
reHa DeH3ep mpenjoxua B Tex Ke paboTax cAelyOLIyIO CXeMy HX
AesATeJbHOCTH: KOHEYHBIM NMPOAYKTOM TeHa sBJjsieTcs GesOK; KOHeu-
HbIM NMPOAYKTOM LHCTPOHA sIBAfiETCSH CYObefuHUIa GEJKOBOH MoJe-
KYyJIbl — MOJIUNENTH]; NOJHNENTHAHAY UeNb ¢ HayaJja JO KOHI[A CHH-
Te3UpyeTcs NOJ KOHTPOJeM OJHOro H TOro e LUUCTPOHA H CXOIHT
C HEro B BHJE FOTOBOro «mosnydabpukaras. ITHM OGbsCHSETCA OT-
CYTCTBHE BHYTPH LMCTPOHA KOMILIEMeHTapHbIX yuyacTkoB. OJnHako
«c60pKka» 06eHx NMOJHUNENTHAHBIX uenefl rexa r 1l mpoucxonur yxe
BHe XPDOMOCOMBI; 3Jlecb BO3MOXXHO oObelHHeHHe lenel, o6pa3oBaH-
HbIX Ha pasHbIX LHCTPOHAX, B OfHY OenkoByw MoJekyay. ITo ne-
JlaeT MOHATHBIM MeXaHHW3M B3aHUMOJIONONHEHHS UHCTPOHOB B YUC-
TPAHC-TecTe,

Cxema BeHsepa, oyeHb noxoxasi Ha cxeMy JIbloHca, moKa He HMe-
€T HEeMOCPENCTBEHHBIX JKCINePHMEHTAJbHBIX ' J0Ka34aTesNbCTB; HeT
IpSAMEBIX JaHHBIX O TOM, YTO NOJX KOHTpOJeM LIUCTPOHaA obpasyercs
HMEeHHO IOJIMMENTHAHAsl MoJiekynaa. Tenepb €Tano OYeBHAHBIM, UTO
MeXJy XpOMOCOMOH H CHHTe3HpyloluMcad OenKoM JIeXKUT MeHee
npAMO# W KOPOTKMH INYyTh, YEM 3TO MNPEANOJarajoch 30 BpeMs
ony6auKoBanus nepBbix pa6or Bensdepa. OnHako HeKOTOpHIE MOJO-
JKEHHS1 3TOH CXeMbl OblIH BIOCJIEACTBUH PAa3BUThl U KOHKPETH3HPO-
BaHHI.

Tak, onuuM U3 BbIBOZOB paGoThl Kpuka u np. [22] Guiio 3akaio-
YeHHe, UTO CUHUTBIBAHME T'eHeTHUeCKOH HHpOpPMauHH (MHBIMH CJOBa-
MH, o6pa3oBaHHe NEPBHYHOTO IPOJAYKTAa LHCTPOHA, MO-BHAUMOMY
»-PHK) HauuHaercs ¢ onpejesieHHON TOYKH B HayaJsie LIHCTPOHA H
HIeT B OJHOM U TOM XKe HallpaBJIeHHH, pephiBasich JHILb HA I'DaHH-
ue Apyroro iuctpoHa. OcHoBaHHeM JAJA TaKOTO BBIBOJA MOCJYXKHIH
CJeAyIOLIHe daHHbIE.

O6pabotka ¢aroB akpHAHHaMM Bb3biBaeT B oOgacTu rlII myTa-
LMH, PAaBHOCHJbHbIE, KaK CUHTaeTcs, BbINAJLEHHSIM MJH BCTaBKaM
HYKJEOTHAOB B LMCTPOHE (B JaHHOM cJydae M3yuyasacs LHCTpoH B).
MyTtauuu GBLIM XOPOIUO BbIpaXK€HHBIMH, He PACTEKaIOIIUMHCH, T. €.
(GYHKIHS LHCTPOHA YTPauHBaJjach MoJHOCThIO. [Ipn moBTOpHOH 06-
paGOTKE aKpHIMHAMH MOIJIM BO3HHKHYTb ADYTHe MyTaluH (Myra-
IMH-CYIIPECCOphl), B pe3ysabTaTe Yero 4YaCTHYHO BOCCTaHaBJiHBAJCH
HopManbHblil penotun. BoccraHoBnenue QYHKUMH LHCTPOHA MPOHC-
XOJHJIO JHIIbL B TOM CJIyYae, KOrfa MYTallHs-CyIpeccop NOsBJsIach
HelaJieKo OT MecTa NepBOH MyTauud (YTO MOTJO ObITh 0OHapYKEHO
NpH HaHECEHWH 3THX MYTaLUA Ha reHeTHYecKylo KapTy).
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ATH naHHbIE GBUIH HCTOJIKOBAHB CJAeAYIOLMM 06pasoM. ¥ MyTaH-
TOB CO BCTABKOH MJIH HeXBATKOH OJHOr0 OCHOBAHHS CUMUTHIBaHHE
reHetTyueckoli HHGODMAlUHH LIJO NPAaBHJABHO IO MECTa MYTaLHH H
3aTeM, Ha NPOTSXKEHHH BCEro LHUCTPOHA HHXKe 3TOTO MecTa, HeKaxKa-
Jgocb. TakuM 06pa3soM, Ha 3HAUHTENbHOH YacCTH LUUCTPOHa o6paso-
BHIBAJICA M3MeHEHHBIH NPOAYKT, H (ar o6sajaJn siCHO BbIpaXKeHHBIM
MYTaHTHBIM (eHOTHNOM. Eciu Xe y Takoro MyTaHTa ([ONyCTHM, C
HeXBATKOH HYKJEOTHIAa) BO3HHK/IA elle OJHA MYyTalHsa (BCTaBKa
JHIIHETO0 HYKJIEOTHAAa HEMHOTO HMXKe MecTa IepBOH MyTalluH), TO
CUNTHIBAHHE HH(OPMAIHH MEHAJIOCh yXKe He Ha BCEM LHCTPOHe HH-
JKe MecCTa IepBOf MyTallMH, a JHIIb Ha IIPOMEXKYTKe MeXIy IepBoOi
¥ BTOPOH MyTaUMAMH (IIOCKOJBbKY BCTaBKa HYKJEOTHAA HCIpaBJsa
HapYLIEHHBIH NepBOi MyTaluel MOPSA0OK OcHoBaHMi). Huxke srtoro
MecTa CUHThIBaHHE BHOBb CTAHOBHJOCH NPABHJIBHBIM, H €CJH NpOMe-
JKYTOK OBl HeBeJHK, TO LHCTPOH BHOBb (YHKIHOHHPOBAJ IO AHKO-
My tHny. Ecan Ke BTOpas MyTallis BO3HHMKaJia Ha IPOTHBOIOJIOXK-
HOM KOHIe UMCTPOHA, TO MPOMEMKYTOK MEeKIy Heldl M NepBOH MyrTa-
IHe#l 3aHHMaJ IOYTH BeChb LMHCTPOH; Y44CTOK, paboTalouil He-
OPaBHMABHO, OBII CJHIIKOM BeJHK, H MYTaHTHBIH (eHOTHN coxpa-
HAJCS.

Takoe oObsicHeHue INpejnoJaraJjo, 4TO CUHUTHIBAHHE T'eHeTH4e-
CKOH HH(pOpMaUNH COBEPLIACTCH C ONpeleseHHOH HayaJbHOH TOUKH
H B OJHOM HAaNpaBJieHHH. DTOT BHIBOJ, NOATBEPAUNH HaHHBIE, NOJY-
YeHHble TIPH H3YYEeHHH MYTaHTa C BbINaJeHHEM NOTrpaHHuHOH obna-
cTH Mexay OOOHMH UHCTPOHAaMH (TaK HasbiBaeMbii MytaHT rll
1589 {36]. Ecau ne 6bL10 Kakux-au60 MONONHHTEJNbHBIX MYTallHH,
OH obgajgan HopMmaJbHbM (eHoTHmoM. Ilo-BHIAMMOMY, B JaHHOM
cayyae 1npaBas W JieBasg rpaHULlBL AeJeHHH IPOXOAUJIH He BHYTDH
TPHUIJIETOB OCHOBaHMi, a MeXJy HMUMH. TeM caMbIM IOPSLOK OCHO-
BaHHH crpaBa OT JefnelHH He Obl1 HapylieH (BepPOSTHOCTb CTOJb
YAauYHOrO PACHOJIOXEHHSA JleJellHd AJs TPHIIETHOTO KOJa JOBOJBHO
Besnka). OOBIYHO MyTalliM OJHOTO LUCTPOHA He BJMSAIOT ‘Ha (YHK-
MO APYroro. ATOT Ke MYTAaHT Obl] 3aMeuaTeseH TeM, UTO IMOCJe-
LYIOLHE MYTALMH LKCTPOHA A 31ech MeHSJH (YHKIUHIO H IHCTPOHA
B. OueBujaHO, mpH Aeselluyd BbIIAJLaJ TeHETHUECKH HHEPTHBHIH yua-
CTOK, pasbelHHALIMA LHCTPOHBI U y HOpMaJapHOro ara He Mmpo-
NyCKalOUIHH «BOJHY HHGOpMalUHM» H3 UucTpoHa A B mucTpoH B.
Bo3aMoOXkHO, UTO B pe3yabTaTe AEATeNbHOCTH OOOHX LHCTPOHOB My-
tarTta rll 1589 o6pasyercs cpasy ofHa Hepa3oOllleHHas LeNoYKa
6enka ¢ He6OJbIIHM HapylUeHHEM B TOM MecCTe, Ile paHee CXOIH-
JIUCh KOHIBI TOJNHUIENTHAHBX LEMOYeK.

HenaBHo OblaH 1OJYy4YeHbI elie TPH MYTaHTa C BBHINAAEeHHEM HO-
rpanuyHoll o6sacTH Mexnay uHctpoHaMHu {37} PyHkuuA UMCTPOHA
B y 5THX MyT4HTOB Bbilajaja; OJHAKO AKPHIHHOBble MYyTalHH-
Cympeccophl, JOKaJH30BaHHble B LHCTPOHe A, BOCCTaHaBJHBaJH ee.

BakeH BONPOC O TOM, HACKOJBKO MOTYT MYTalHH, BO3HHUKUIHE
BCJleICTBHE H3MEHEHHS! JHIb OXHOIO MYTOHA, H3MEHSTb NPOJYKIHIO
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HuCTpOHOB ¢ara. K coxanenuro, npusHak rll otHocutess x uucay
MODP(]OJIOTHUECKHX, COOTBETCTBYIOILUH 60K HE BBIAEJEH H HeJb3d
H3YUHTb €ro aMHHOKHUCJOTHHI{ cocTaB. OJHaKO MOXHO AyMaTb, 4TO
3ToT 6eJOK NpH 3aMeHe HeOOJBLUIOTO YyHcia AMHHOKHCJOT yTpauH-
BaeT CBOM (PYHKLHH JHIUb wacTUUHO. B Toit ke pabote Kpuka u co-
aBTOPOB OTMEYaJiOCh, YTO MYTaHTBl, TMOJyYeHHblEe TOJ HAeHcTBUEM
aHaJIOrOB a30TUCTHIX OCHOBAHHUH (T. €., BEPOATHO, ¢ 3aMEHOH OXHO-
ro HYKJEOTHJa, YTO NMPHBOAUJO K HENPaBHJBbHOMY UYTEHHIO OJHOTIO
TPHUILJIETa H H3MEHEHHIO OJAHOH aMHHOKHCJOTH), OGLIYHO B KaKOH-TO
MEPEe COXpaHSIOT (DYHKIHIO NOBPEXAEHHOTO IHCTpOHA. BoJslee Toro, B
uutHpoBaHHofl pabore [peiika [37] uucTpon b ¢ BeinagenneM yuacTka
B !/3—1/s Bcell ero AJMHBI elle COXPaHfJ] HOPMANBLHYK (HYHKIHIO.
Myrauun xe, nonyyenHble nocnae o6paboTKH aKPUAMHOBHIMHM KpacH-
TeJsIMH (KOrfla BCJEACTBHE BBINAJEHHS HJH BCTABKH OJHOTO OCHO-
BaHHSl MEHsJICA BeCh NOPSNOK CYHTHIBAaHMS HUXKE MecTa MyTalluy,
H, CJIeJ0BaTe/IbHO,— BCA TOCAEL0BATENBHOCTh aMHHOKHCJIOT) MOYTH
BCcerja NPHUBOJAUJIH K NOJHOH yTpaTe ¢GyHKUMH UMCTPOHA.

JlaHHble, noJy4YeHHBle NIPH HK3yYeHUH (YHKUHOHAJBLHBIX €IHHHIL
y 6akTepuii u IpHOOB, AOMOJHHIU CBEAEHHA O AESATEJbHOCTH IIHCT-
poHa. CpeacTBOM AJsi OGHAPYXKeHHsT NOJOOHBIX €XUHHIL ¥ 3THX MHK-
poOpraHM3MoOB, Kak H Yy dara, 6bl1 yuc-rpanc-tect. [Ipu usyuenuu
MyTalUUH 3/1eCb HMeJach BO3MOXXHOCTb CYAHTb O HHUX He TOJBKO IO
H3MeHeHHI0 MopGOJIOTHYeCKOr0 NpH3HAKA, HO H HCCAeNoBaThb OHO-
XHUMHIO 5THX M3MeHeHHl, MHOT[a — H3y4YaTh H3MeHeHHs B CTPOEHHU
MOJIEKYJ1 OTHeJbHbIX (hepMeHTOB.

Y canomoHens 1e1MMOCTb IreHOB Ha (YHKLHOHAJbHBIE eIHHHUIIBL,
NONMOJNHAWIIME APYT Apyra B IeTEPO3UTrOTe, YAaJoCh BHIABUTH C MO-
Molublo a6opTHBHON TpaHcAyKUMH. Bo Muorux paborax [lemepena
M APYrHX HCc/lefoBaTeselt Oblia pacKpbiTa NMOCJEN0BATEIbHOCTh Ie-
HOB, KOHTDOJIUPYIOIHX OTAeJbHble ¢epMeHThl B Iend GHOCHHTE3a
rucTuauHa U tpunrodana [38—40] (mogpoGHee o GsoKax cHHTe3a
AMUHOKHCJOT CcM. HuXKe). MccienoBaHWsi BK/IIOUAM BblAeSeHUE H
uneHtHduKanuo pepmeHTos. B 3tux paborax BHISICHUJIOCH, YTO NOY-
TH BCe HCCJEJIOBAHHBIE T'€HBl COCTOSIIM U3 HECKOJbKHX KOMIJIeMeH-
TapHbix yuacTKoB. Hanpumep, B uenud OGuocHHTE3a TUCTHAHHA TeH
JIleTHApOreHasbl, KaTaJH3uPYIOUHH Tepexo] MMHAA30JIIHIEPHHOBO-
ro zpupa GocdopHOA KHCJIOTH B HMHIA30JaleTONeBbH 3pup doc-
tdopHON KHCJIOTHI, CONepPKaJ YeThipe TaKHX Y4acTKa; TeH, KOHTPOJIH-
pywoinnfi npespaiiense [-ructugHHOJOBOro 3Hpa (PocopHOH KHc-
JOTBI B [-THCTHAMHOJ,— JABa ydacTKa. JI1060NBITHO, YTO KOMIJIEMEH-
TapHOCTb COXPAaHAJAach H B ONBITAX (M Vifro; 6eCKNeTOYHble SKCTPAK-
THl JBYX MYTAHTOB ¢ MYTalUsIMH B COCEJHHX LHUCTPOHAaX, NOPO3Hb
He o0nanaBiuue (epMeHTATHBHOH AKTHBHOCTBIO, NPH CMEIUIHBaHHH
YaCTHYHO BOCCTAHABJMBAJH 3Ty aKTHBHOCTH [41].

Y IHEeBMOKOKKOB TNpH H3aydeHUM TpaHcopManuu Tak¥Ke Obllia
NOKasaHa JEeJHMOCTb JIOKYCOB YCTOHUHBOCTH K CyJbhOHaAMHIAM

100



M JIOKyca, ymapasjsiollero 006pa3oBaHHeM IOJHCAXapUOHOH Kall-
cyant [42, 43]. C momouwsio JIHK ot omsoro MaJjoycrofiuuBoro
lmTaMMa yhaasock TpaHcGoOpMHpOBaATH APYroMy, CTO/Ib Ke MaJo-
YCTOAYMBOMY IWITAMMY, BBICOKYIO CTelleHb YCTOHYHBOCTH. ¥ IITaM-
Ma, HCCJefOBaHHOTO XOUKHCOM, B JOKyCe YCTOHUHBOCTH HaXOAH-
JMch TPH ydacTKa CO CXOJHBIMH (DYHKIHSIMH.

Y meitpocnopbl AJs BblAesJeHHs (DYHKUHOHAJIBHBIX eIHHHUIL NOJb-
30BaJINCh reTepOKapHOHTaMH. JleJHMOCTb FeHOB Ha TaKHe eJHHHLHI
Gblia HalileHa B 1leJIOM psAfle CJayyaeB: Y IeHOB, KOHTPOJIHPYIOIIHX
cHHTe3 TpHNTOodaHCHHTa3bl [44], afeHUIOCYKIIHHA3H [45], neruapore-
Ha3h MMIYTaMHHOBOH KHCJOTHI [46], a TaKKe reHOB, YYacTBYIOWIHX B
cunTese afleHuHa [47], nanTOTeHOBOM KHCJOTH {24], M3onelnuHa, Ba-
auna [48] u aprununa [49]. Uucao QyHKUMOHAJBHLIX eIHHHUI, B TeHe
6B1JI0 OYeHb Pa3/JIMUHBIM — OT ABYX JAO JECSITH.

CxoJHOe CTpOeHHe HMEWT H TreHbl APYTHX TrpHOOB-acrepri-
JaoB [50]. _—

KoMmnJsiekcHble JIOKYCHI ¢ KOMIJIEMeHTapHBIMU APYr ApPYry ydacT-
KaMH ObLTH OGHapyXKeHBl TakXe y APOXXKef, Ha NpHMepe TEHOB,
KOHTDOJUpYWOINUX OHocHHTe3 ajeHuua {51, 52).

Kax yxXe roBopusoch, cCaMO BblIeJeHHe TaKOH eIHHMIIbI, KaK
LUHCTPOH, 06513aHO OTHOINEHHSIM KOMILIEMEHTapHOCTH (MeXI[HUCT-
pOHHass KoMmJeMeHTapHocTh). CJaeayeT yNOMSIHYTh H O TaK Hasbl-
BaeMOfi BHYTPHIHCTPOHHOH KOMINIeMeHTapHOCTH, HaGJiojalouencs
y Gaktepuii u rpu6oB. [1pu o6befHHEHHH JBYX IHCTPOHOB B TPAHC-
NOJIOKEHHH B TeTePO3HroTe in Vivo HJIM CMellHBAHHU COOTBETCTBYIO-
IHX 3KCTPAKTOB in vitro npoHcXoauT MOUTH MOJHOE BOCCTAaHOBJEHHe
AKTHBHOCTH AaHHoro ¢grepMeHTa. HekoTopoe, oueHb HEe3HAUHTENbLHOE
BOCCTAHOBJIEHHE HHOrJa HabJIofaeTcst U NPH OOGbeIHHEHHH PasHbIX
MYTAHTOB OJHOTO M TOTO Xe IHCTpoHa (OT fnoJeil mpoll2HTa AO He-
CKOJbKHX npolieHToB). IIpn 3TOM He Bce TOUKH IHCTPOHA KOMILIe-
MeHTapHBl APYr APYry. MexaHH3M SIBJeHHUS, BHIHMO, OTJHYaercs
OT MexaHH3Ma MeXIHCTPOHHOH KoMnJaeMeHTapHoctd [53). OuzHb
'GoJiblilasl pa3HHLa B BOCCTAHOBJIEHHOH aKTHBHOCTH ¢epMeHTa O3BO-
JsieT YeTKO pasjHuHTh 00a BHOAa KOMIJIEMEHTAPHOCTH;, HHaye MpHU-
mytoch 6Bl BoOGlLe OTKa3aTbCs OT BBIZTENEHHS] KOMIJIEeMEeHTapHBIX
edHHHL reHa. B nanabHelilieM Mbl 6yieM HMeTb B BHIY JIHILb MeX-
IUCTPOHHYIO KOMIJIEMEHTAapHOCTD.

Ilopaxkenue y Gakrzpuii, rppb6os H (aroBp LHCTPOHA B PAa3HBIX
ero yyacTKax JaeT Ha NepBHIH B3rAl (MeHOTHNHUY2CKH OJHHAKOBHINA
pe3yJabTaT — BhIaJleHH2 TOH HJIH HHOH peaKLHH, KaTajdH3HpyeMOH
onpefescHHBIM (epMEHTOM, CO BCeMH NocaeicTBHsIMH 3Toro. On-
HaKO TMpeAcTaBJeHHe O TaKOM MeXaHH3Me paboTbl LHCTPOHA IO
NPHHLIHNY <«BCe HJH HHYero» — JHUIbL CJAeACTBHe OCoGeHHOCTEH
yyeTa pe3yJbTaToB. VHaKTHBAlMH MAesiTeIbHOCTH LHCTPOHA B pe-
3yJpTaTe MYyTallHH He HacTynaeT — o6pa3syercs JHLIbL 6ojiee HIH
MeHee <«IOJANOPUYEHHBLIH» MOJHNEeNTHA. Bblllle yX2 TroBOpPHAOCH O
pasiHYHON «pacTeKaeMOCTH» MYTauToB (ara ¢ nopaxkeHHeM
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OJHOTO U TOTrO K€ UHCTPOHA B Pa3HBIX yUacTKax, O BHelllHe HOpMaJib-
HOM (DYHKIHOHMDOBAHHHM LHCTPOHA, ‘HECMOTPSI Ha MeJelHio, T. e.
O Da3JuyHOH (hEHOTHMUYECKOH BHIPAXKEHHOCTH MYyTalluu. ¥ 6Gakre-
puit ¥ rpubOB 0Ka3aJoCh BO3MOXKHBIM IOHTH JaJjblle — He OrpaHH-
UHTbCS] XaPAKTEPUCTHKOH CTENEHH BBIPaXKeHHOCTH NPH3HaKa, a u3y-
4dTb 0CcOOEHHOCTH (epMeHTa, H3MEeHeHHOro 6Jarogapsi MyTalluH.
- OcobenHo noapoGHO Obl H3yueH dbepMent TpunTodaHCHHTETA3a,
KaK y ‘HeHpOCIOphl, TaK H y KHIIEYHOK mnajouxH {54—>56]. Dror
CTOXHBIA (DeDMEHT KaTaJHM3HPyeT I[peBpallleHHe HHAOJTJIHIEPOJI-
dochara B HHAOM, a HHAOJNA (BCJEACTBHE DeaKNHH C CEPHHOM) —
B TPHNTOG(AaH.

Okasanoce, UTO Y MyTaHTOB, JIHIIeHHBIX QepMeHTaTHBHOH aKTHB-
HOCTH, MPOROJIKAaeT CHHTE3HpPOBATbCH OeNOK, CepOJIOTHUECKH MOXOo-
KU Ha depMeHT; y 3Toro GesiKa, 0ZHAKO, 110 CPaBHEHHIO ¢ TPHNTO-
(aHCHHTeTa30# OblIM H3MeHeHH HeKOTOphble (PH3UKO-XHMHYECKHe I10-
Ka3aTeJd, HalpHMep KOHCTaHThl TEIJIOBOH [leHATYPalUH H 3JIeKTPO-
dopeTHUECKOH TIOABUKHOCTH.

HpyruM (epMeHTOM, TreHeTHUECKH XOPOLIO H3YUeHHbIM, SIBJS-
encst wenoyHast docdarasza KureuHoit maJsouxu {57, 58). 3mecr y
MYTaHTOB TaKXe HaOJsojaercss cuHTe3 OesKa, TOXOXKero Ha lie-
JOoUHy0 (ocdorady, HO UMeBLIero. HeGoJIbIIHE CEPOJIOTHUYECKHE H
(hH3UKO-XUMHUeCKHe OTJHuus. MHTepecHo, YTO y HeKOTOPHIX peBep-
TaHTOB, 06Jsafaniux pepMeHTaTHBHON aKTHBHOCTBIO, 6eJIOK Bce Ke
HMeJa HeoObluHOe cTpoeHHe [57—59]. DTo CBHAETENBCTBYET O TOM,
YTO Ha U3MEHEHHOM LHCTPOHE MOr CHHTe3HDOBaThCs (DepDMeHT He-
CKOJIbKO HHOTO CTPOEHHs, HO COXPAHAIOIHU{I B LeJIOM HODMAJIBHYIO
GYHKIHIO.

Beillle MB!I OTIpefeMJH LHCTPOH KakK HaHMeHbINYI0 (yHKIHO-
HAJBHYIO eJHHHLY, HeleJUMYIO Ha AOMNOJHSIOLMe APYr Apyra yda-
¢TKH. ['eH IpH 3TOM CTaHOBUJICS KOMILJIEKCOM HECKOJbKHX IHCTPO-
HOB, CBfI3aHHBIX o6well PpyHkuneld. OMHAKO OCTaeTCsl HESICHBIM, B Ka-
KYI0O KaTeropuio OTHEeCTH JIOKYC XDOMOCOMBI, KOHTDOJHDYIOIIHH
BIIOJIHE OTpe/ieleHHBIA NPH3HAK, HO Y KOTODOro JeJMMOCTb Ha J0O-
HOJIHSOIIHE YUYaCcTKH ellle He o6HapyxeHa (HJH, MOXeT ObITb, BO-
0f111e OTCYTCTBYET).

HanpuMep, 1o cux nop He HafileHBl KOMIJIeMeHTapHble eIUHHIEI
BHYTDH OUeHb XOPOLIO H3yYEHHHIX CHellJleHHBIX T'eHOB, KOHTDOJH-
PYIOIIUX CHHTe3 TPeX Pa3HHX (PepMeHTOB Yy KHIUEYHOH MNa/OuKH -—
TaJaKTOKHHa3bl, rastakroso-l-¢ocdaT-ypuina-rpancdepasnl 4 ra-
J1aKT030-4-31uMepaspl (3TH (¢ epMeHTBI NIPeBpPAINalOT TajlakTo3y B
rJ0K030-1-poctar). Camu redsl KoMIJieMeHTapHB! ApYyr Apyry [60].
B strom cayuae MewIy TeHOM H ILIMCTPOHOM HeT HHKaKo# pas-
HUIIBL.
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4) EpyHuua KoaupoBaHHMs

Tepmun «kogoH» 6bla1 BBeldeH KpukoM. KoJo0HOM MoXHO Ha-
3BaTh «rpPYNNy OCHOBAaHHH, KOAHDYIOMIHUX OXHY aMHHOKHCJIOTY»
[61]. TToTpe6GHoCcTh B BBIAEAEHHMH TaKOH €JHHHUB BO3HHKJA JHIIb
B [IoCJefiHee BpeMs, B CBSI3H C NPHCTAJbHBIM HM3yYyeHHeM MEXaHH3-
"MOB reHETHYECKOH [qeTepMHHHPOBAHHOCTH GeJKOBOro CHHTe3a.

Kogon y ¢ara T4 coaepXHT 4HCJIO OCHOBaHHI, KpaTHOE TpeM
(BeposiTHO, paBHOe TpeM). OCHOBHBIM [OKAa3aTeJIbCTBOM 3TOrO SB-
JSIOTCA HEKOTOpele pe3yabraThl paGorel Kpuka u ap. {22] Kak yxe
rOBOPHJIOCH BHINIE, NPUMEHsSIsT aKPHAHH, y (para MOXKHO ObLIO TOJY-
UHTb MYyTallHH, pacCMaTpHBaeMble KaK BCTABKH HJHM BLINajeHHs
OJfIHOTO OcHOBaHHs. Eciu oObenuHeHHe ABYX MyTalHuii B OMHOM
LUCTPOHe JaBaJio BO3Bparl K AHKOMY (PeHOTHIY, TO CUHTAJ0Ch, UTO
5TO — MYyTallUsl «pa3HbIX 3HAKOB» (mepBasi MorJa ObITb BHINaje-
HHMEM, a BTOpasi— BCTaBKOH, HJ# HaoGopoT). OGbenuHeHUe ABYX
MYTallii-BCTABOK MJH ABYX MyTalMH-BbIMaJeHHH NHKOro (p2HOTHINA
He JaBajo. 3aTO MYTaHTH, COlepKallHe TPH MYTalUH OJHOro H
TOTO K€ 3HaKa, OblIM (eHOTHNHUECKH AMKHUMH. TakKoH pesynbrar
MOr OBITb MNOJYYeH JIHLIb B CJAyYyae TPHUIVIETHOrO MJH KpPaTHOTO
TPHILIETHOMY KOja.

Her HHMKaKMX HaHHBIX O TOM, OTJMYAETCsl JH Y4aCTOK XPOMO-
COMBI «PasMepoM C TpHILJIET» KaKUMH-JIHG0 CBOHCTBaMH (KpoMe
KOAHPOBAHHS AaMHHOKMCJOTHI) OT YuaCTKOB JApPYroro pasMepa H
STPOEHHS; ONpeeeHHe KOJOHA HCXOAUT LeJHKOM H3 ero (hyHKLHH.
Kak yxaspiBasoch Bblllle, BAYTPH KOJAOHa BO3MOXKEH KPOCCHHTOBEp.
Ilo-BUAMMOMY, KONOH JyYII2 OTHOCHTb HE K T[EHEeTHUeCKHM, a K
6HOXMMHYECKHM TOHITHSIM.

4. Tenetnyeckne GMoKH y MHKPOOPraHH3IMOB

Jlo cux nop 3iech paccMaTpPHBAJHCh CYOreHEeTHUECKHE €IHHMIIbI.
Crenyer paccMOTpeTb H TeHeTHUeCcKHe OJIOKH, COCTaBJIOLIHE CH-
CTEMy H3 HECKOJBKHX reHoB. K coXaneHHIO, TEpPMHH «UHCTPOH» B
nocjegHee BPeMs CTaJH ynoTpe6JisiTh CJAHIIKOM LIHPOKO, YacTo
BMECTO TepMHHA «reH» ¥ UMEHHO NPHMEHHTENbHO K TaKHM CHCTe-
MaM. [losToMy 34€ch yMeCTHO KOCHYTbCS 3TOro Bompoca. Kpome
TOTO, OH MMeeT HeNOCPEeACTBEHHOe OTHOIIeHHe K TOHKOH opraHH3a-
MM TeHETHYeCKOro MaTepuaja Ha YpPOBHE XPOMOCOMBIL.

JeMepelleM H ero COTpyAHHKaMH, a 3aTeM M [PYrHMH ucciae-
JOBaTeJAMH Obliy NOAPOOHO H3YyUeHbBl MHOTOYHCJEHHblE MYTaHTHI
S. typhimuruim ¥ KHIIEYHOH NaJOYKH, HYXKHawollHecs B THCTH-
IuHe W Tpuntodane [62, 63]. BHauaJse Kasasoch, UTO 5TH MYTaHTHI
(eHOTHIIHYECKH OJHHAKOBHI: BCE OHH He pociu Ge3 n00aBJeHHST B
cpely yKa3aHHBIX aMHHOKHCJIOT. 3aTeM, MOCJe KapTHPOBaHHs, Bbl-
SICHHJIOCh, YTO HapylueHuss y OaKkTepHHd 3aHUMalT B XPOMOcOoMe
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06J1aCTh, UMEIOLLYIO ONpe/eJNeHHYI MJIHHY. MyTauuu MOXHO §bLIO
pas6uTL Ha HeCKOJbKO TpYNIN; Kaxgasi [pynmna JoKalu3oBajach
B KaKOM-TO y4acCTK:2 XpOMOCOMBHL. [lajee, mMpH OGHOXHMHYeCKOM HC-
CJeJOBaHHH MYTAHTOB OOHApYyXKHJAOCh, UTO HX (EHOTUN TaKxkKe
HeoJMHAKOB. Bce OHH He MOTJIH CHHTE3MPOBAThb THCTHIAHH HJIH
Tpuntodan. OnHako y KaxX[Io# rpynnbl GblJl HapylleH CHHTe3 Ka-
KOTO-TO ONpeje/ieHHoro QepMeHTa, Giarofaps 4eMy CHHTe3 He JO-
XOIMJ 0 KOHIIA. :

E F A 8 ¢ 6 D

4 i — L ! ! ! 1 1. l 1
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Mubuson- Mmuduzon - e-2auc- e-zucmy- _
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o1l 3pup apup | nofsi
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KuCAoMol KucAsmol @ocpopnoil

kucnomol

Puc. 5. PacnoJioxkeHde TeHoB B 6JI0Ke CHHTe3a rMcTHAMHa y S. typhimurium.

BykBaMHu 0603HauYeHb! OTAeJbHble TeRbl, [IYHKTHPOM MOKa3aKo JAejleHHe rea B Ha ueTwipe,
a reda G — Ha JIBa KOMIJIEMEHTaDHBIX Y4acTKa

[Tosxe Gbi1 0BHapyXKeH B6JOK cHHTe3a nuctenHa{64]. MurepecHo,
YTO Ha XPOMOCOMHOH KapTe OT/HeJbHble I'eHbl paclojarajiucb B TOM
CaMOM MOPSIAKE, B KaAKOM HAYT peakKIMd IIPH NaHHOM BHAe OGHOCHH-
Te3a. [loyuasioch HeuTo BpOJe KOHBeHepa, B KOTOPOM KaxXkjoe I10-
cJlelyiollee BelleCTBO CUHTE3UPOBAJIOCh U3 Npe/llleCTBEHHHKA PAIOM
< MeCTOM BO3HMKHOBEHHs Nocjensero (puc. 5).

Takoe pacnoJioXeHHe HamOMHHaJNO CXeMY, [peAJJOXKEHHYIO
JIbloMCOM JJisi 0ObSICHEHHS OTHOLIEHHH MeXK[y JOKYyCaMH NpH ICEeB-
noannenusme. OQHak0 HeT JOCTATOYHBIX OCHOBAHHUH CYHMTaATh BCIO
o6sacTh XPOMOCOMBI, B 11eJIOM OTBETCTBEHHYIO 3a CHHTE3 aMHHO-
KHCJIOThI, CJOXKHBIM TEHOM, a COOTBETCTBYIOIIHE YYyacTKH B Hel —
n¥cTpoHaMd. Bo-mepBriX, ¢reHOTHI MYTaHTOB KaXJAOro YyyacTka
OTJIHYAJCs OT (DeHOTHNA MYTAHTOB JPYroro ydacTka: IOpazKaJiHucCb
COBEPLUIEHHO pa3Hbie (epMeHTaTHBHblE peakUuH. Bo-BTODbIX,
yyacTKH OLIIH JeJMMbl: BHYTPH KaXIOro elle MOXHO OblIO Bblae-
JUTb HECKOJBKO KOMIJIeMeHTapHbIX efuHUI. TakHM o6pasom,npa-
BHJIbHEe HA3HBATb yuyacTKH, OTBedalolllHe 3a CHHTe3 KaXjaoro ¢ep-
MeHTa, reHaMu, O6beJHHEHHbLIMH B OOIIMPHBIA TeHeTHU2CKHil 6JI0K.

Hcnonbsys sineHHe TpaHcopMalnd, GJOK CHHTe3a TPHITO-
¢dana ynamoch OGHapyXuTb H y CceHHoll mnaJjoukH [65]. 3ameua-
TeJbHO, UTO TOPSAAOK PAaclOJIOXKEHHs TeHOB y 3TOH TPaMIIOJIONKH-
TeJbHOH Galuasibl OKasaJjcsl TAKHM Ke, KaK H y rpaMoTphllaTe/b-
HbIX GaxTepHil KuileuHo#i rpynnel. BrosaHe ouyeBHAHO, YTQ 3TO
pacnoJioXXeHHe reHoB y 6akTepH#l He cyualiHO; BO3MOXKHO, 3TO CBf-
3aHO ¢ Haubosee 3KoHOMHoO# peryasugei. ITostomy 6bl10 GBI UPE3-
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BBIYaHHO HHTepecHO OGHapyXHTb crnoco6 KOHTPOJHPOBaHHS Jes-
TEJIbHOCTH TAKHX TeHeTHYeCKHX OJIOKOB.

YXe naBHO H3BeCTHO O CYILeCTBOBAHHH TaK HasbiBaeMOH (ep-
MEHTATHBHOH HHAYKLHH, KOrAa I[OSBJIeHHE OIpeleseHHOro Bellle-
CTBa B INHUTATENbHOH Cpelle BBI3BIBAET PE3KYI0 AKTHBH3ALHIO CHH-
Te3a COOTBETCTBYIOLLEro QepMeHTa, [Jsi KOTOPOTO 3TO BEILECTBO
aBasierca cybcrpatoM. [lozxke Gbln1 OTKpBHIT (heHOMeEH NoAaBJeHHS,
permpeccus, CHHTe3a (epMeHTa NPOAYKTOM JAaHHOH ¢epMeHTaTHB-
Holi peakuuu [66]. Penpeccuss uaeT Kak NMpH HaKOImIeHHH Cy6cT-
paTa B KJeTKe B De3yJbTaTe KH3HeIesTeNbHOCTH, TAK H MpPH JXO-
6aBjeHHn cybcTpata B MUTaTedbHYI0 cpeny. IlomaBiasieTrcs cHHTe3
He TOJbBKO TOro (pepM2HTa, KOTOPHIl yyacTBOBaj B BO3HHKHOBEHHU
JaHHOTO BellleCTBa, HO H BceX (epMeHTOB, NMPHHUMABUIMX yuacTHe
B 00pa3oBaHUM NpeJIIeCTBEHHHKOB 3TOTO BEIECTBA.

WHpykuust 1 penpeccusi, BO3MOXHO, SBJSIOTCS OJHUM H3 OC-
HOBHBIX MeXaHH3MOB, DeryJHDYIOIIHX CHHTe3 (GepMeHTOB B OakKre-
pHa/JbHOH KJaeTKe. Dblno 3aMaHYMBO cBSI3aTh 3TH SIBJIEHHSA C 0CO-
OEHHOCTSIMH TIPOCTPAHCTBEHHOrO pAacMOJIOKEHHs TEeHOB H CO3[aTh
OOLIYI0 TEODMI0 TFeHeTHUEeCKOH peryisiidy cHHTe3a (epMeHTOB Y
6akTepuil. Takasi Teopuss u Oblia co3fana yKako6om u Momo.

OcHoBaHHeM [J1s1 TEOPHH TeHETHYeCKOi peryasiuud KakoGa —
Mono nocnyxuau HabJioeHus, cie/laHHbBle Ha HEKOTODBIX MYTaH-
Tax KulleuHo#i maJioukd {11]. M3yuanucy MyTaHTBl ¢ HapylleHHs-
MH MeTaBoJH3Ma JaKTO3H. YCBOEHHE JaKTO3bl CBSI3AHO C AeAT2b-
HOCTBIO MO KpafiHeli Mepe ABYX (pepMeHTOB — raJiakToO3uanepMea-
3bl U B-ranakto3upnasbl. [lepBbifi U3 HUX peryjaupyeT HOCTyIJIeHHE
raJakTO3HAOB B KJ2TKY, BTOPOH — MX paclielyieHHe. MyTaHTH, ¥
KOTODBIX HapylleH CHHTe3 3THX (epMeHTOB, He MOTyT pacTH Ha
cpelax, coAepKallluX JaKTo3y B KaueCTBe €IMHCTBEHHOTO HCTOY-
HUKa yrjepoxa. COOTBETCTBYIOIIHE MYTAlUHH pacnoJarajicb psi-
noM, B obnactu lac. Takum o6pasom, reHsl 060HX (epMESHTOB TecC-
HO CLEeMJIeHbl, XOTA BhiMajeHue (GYHKUHH OJLHOrO H3 3THX TeHOB He
CBSI34HO ¢ BhimageHHeM ¢GYHKIHH jpyroro.

[ToMuMO MyTaluil, MPHBOASILUX K HapyUIEHHIO CTPYKTYPH CHH-
TesupyeMoro Oenka-tbepMeHTa, CYLLeCTBOBalW M JPYyrHe MyTaluy,
TaK:Ke BJAHAIOLHE HA JeATeJbHOCTb 3TOH reHeTHUecKol o6sacTH.

B-T'amaktosnznasa siBjasieTcs aJalTUBHBIM (DePMEHTOM; OIHAKO CY-
IIECTBYIOT MYTAaHTHl, ¥ KOTOPbIX OHa CHHTE3HDYETCS IO KOHCTHTY-
THBHOMY THIy, T. €. BCe BDE€Msl, He3aBHCHMO OT IPHCYTCTBHS Cy0-
¢TpaTta — f-rajakrosuja.

B cBOi ouepeab, 3TH MyTaHTH JAeJqHJIUCh Ha ABe rpynmbl. Ilep-
Basi M3 HHX XapaKTepusoBaJjacb CJeAYIOIUUMH TpPH3HaKaMH:
1) mecTo MyTanuH GbLIO viajeHo OT obJacTH lac; 2) B rereposu-
rote Myrauus Obljia peneccHBHOH (T. e. reTepo3urora QyHKUHOHH-
poBajla MO AajanTUBHOMY THNy) u 3) HeficTBHe MyTauH#i ObLIO
nneiorponueiM (06a ¢epmeHTa o6sacTu lac HauMHaJAH CHHTE3UPO-
BAaTbCA N0 KOHCTHTYTHBHOMY THIY).
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IlpusHaku KOHCTHTYTHBHBIX MYTaHTOB ADYTO# TPYNNB GbLIH
HHbIMH: 1) MyTanua Oblia cuemeHa c o6aacTelo lac; 2) B reTe-
posuroTe MyTanHs Oblia NOMHHAHTHOH (T. e. reTepo3urora (QyHk-
LIHOHHpPOBaJa II0 HIHKOMY THNY) H 3) HeficTBHE MYTallHH TaKK2
OblI0 MIEHOTPONHBIM (KaK H y NpEeAIIeCcTBYIOLIeH TPYIIIb).

JKako6 u MoHo 06bACHHIM 3TH GakTH C/eAyIOIUM 06pa3oM.
CymecTByioT mo KpafiHeil Mepe TPH Pas3JHUHBIX POJA TEHOB: CTPYK-
TypHble T€Hbl, TeHBI-PEryJATOPbl H D2HBI-OMepaTophl. [l esITe/bHOCTD
CTPYKTYPHOTO TeHa B KOHEYHOM CUeTe NPHBOAHT K CHHTE3y OIlpe-
JeneHHoro Genka-depMeHnTta; y GaKTepHil 3TH DeHbl PacloJOMKeHbl
«I'YCbKOM» (HanpHMep, r'eHbl o6sacTd lac; reHBl GJOKOB GHOCHHTE-
3a aMHHOKHC/IOT). BesescTBHe MyTaumH CTPYKTYpHOro resHa obpa-
3yercsl 0eJIOK H3MEHEHHOro cocTaBa (HampuMmep, Tak HasblBaeMble
Genkn CRM, o6pasyiolnecs BMeCTO (epMEHTOB B-rajaKTO3HAa3Hl
M lejqouHOH ¢ocdaTaspl y COOTBETCTBYIOUIMX MYTaHTOB). [en-pe-
ryastop o6pa3yeT MNpPOAYKT-penpeccop, MNOAaBJISOIMA AeAT2ib-
HOCTb CTPYKTYDHBIX T€HOB B OTCYTCTBHe cyOcTpara (CylliecTBOBa-
HHe TaKOro INpOJYKTa IpeANoJarajoc Y B INPEKHHX TEOPHSAX,
O6BLACHAIOIIUX MEXaHU3M HHIYLUHMDPOBAHHOTO CHHTE3a (PEPMEHTOB).
B npucyrctBun cy6cTpaTa penpeccop BPeMeHHO HHAKTHBHpYeTcs,
U CTPYKTYPHBle TeHbl, OCBOOOMKJIEHHble OT ero KOHTPOJSl, HauHHa-
10T QYHKUHOHHDPOBaThb; obpasyercss depMeHT. YajJeHHOCTb IeHa-
peryaaTopa OT CTPYKTYDHBIX F'eHOB yKa3blBaeT Ha TO, UTO pempec-
COp — PAacTBOPHMBIH, BBHIXOAAIME B IHTONJA3My HPOAYKT. ITO
NOATBEPKIAaeTC TaKxkKe TeM, YTO MYTallud TeHa-peryJjstopa B Te-
Tepo3urotax OBITH pelleCCKBHbI (PacTBOPHMBIH pPeNpeccop HeH3Me-
HEHHOro TeHa-peryJasaTopa MOTr «00C/HYXKHBATb» CTPYKTYPHbie TeHBI
06enx XpoMOCOM).

FeH-onepaTop COYXKUT NOCPEJHHKOM MeXJY TIeHOM-PeryJsito-
pOM ¥ Bcell IPYNNOH CTPYKTYPHBIX reHoB. Ha 3To ykasbiBaer miefio-
TPONMHOCTb MyTauHU#l KaK TeHa-peryasaTopa, Tak H T'eHa-omepaTtopa.
CurHajoMm 1jisi AeHCTBHSI reHa-onepatopa («BBIKJIOUAIOIIEr0» [esi-
TEJNBHOCTb CTPYKTYPHBIX T'€HOB) SIBJSIETCS IOCTYIUIEHHE B IUTO-
IJ1a3My akKTHBHOH (opMbl pempeccopa. MexaHH3M  BbIKJIOUEHHS
ONepaToOpOM CTPYKTYPHBIX T€HOB HEU3BECTEH; MOMKHO JIHIIb CKa-
3aTh, YTO OH He CBfi3aH ¢ o0pa3oBaHHMEM IHUTOINA3MaTHUECKOTO Pa-
CTBOPHMOTO NpOAYKTa (B TeTEPO3HrOTE MYTallusi TeHa-onepaTopa
JOMHHaHTHa; 3TO 3HAaYHT UTO, HeM3MeHeHHBIHl ollepaTop He MOT
IefCTBOBAaTb Ha CTPYKTYPHble reHbl, HAXOAsIliHecs Ha JAPYrofl Xpo-
mocome). OnepaTop pacHoJiOKeH PANOM CO CTPYKTYDHBIMH reHa-
MH; NO-BUAUMOMY, JIJIsl ero I2HCTBHSI Ha 3TU TeHbl HYXeH Hemno-
CPeICTBEHHBIH KOHTaKT. ¥4YacTOK XPOMOCOMBEI, OGBEAHHSIOMWHUE Orne-
paTop H CTPYKTypHBle reHbl, »Kako6 u MoHo npenyioXXHau Has3BaTh
onepoHoM (pHc. 6). ‘

Cxema reHetuueckoil peryJjsauu »Kako6a — MoHo nojyuuna B
HacToglllee BpeMsl LIUPOKOe pachnpocrpaHeHue. BeldyTcss HHTeHCHB-
Hble HccyeNoBaHHs OHOXMMHUECKOTO MeXaHH3Ma JeHCTBUS T'eHOB-
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4eM KayecTBeHHasA: I'eH — 3TO CJOXKHBIH LUCTPOH, a LIUCTPOH — MPO-
cTo#l reH. MoxeT ObITh, Telephb CJE/yeT CHOBa BEPHYTbCH K H0GeH-
3€POBCKHM Te€PMHHAM H TOBODHTb B Cayuae (YHKUHOHAJLHBIX €H-
HHL He O LUUCTPOHe U TeHe, a O NPOCTOM M KOMIIeKCHOM rene. Tep-
MHH «TeH» HMeeT OOJbUIYI0O HCTODHIO, Gofice TMpPHUBBHIYEH H HeT
OCHOBAHHUH NOJMEHATb er0 TEPMHHOM <«IHUCTPOH>.

Bosee cyuiectseH apyroit Bompoc: B KaKol Mepe CBeleHHS, T0-
JYUeHHbIE B OMNBITaX Ha MHKDPOOPTraHM3MaX, NPUMeHHMbl K BHICIIHM
JKHBOTHBIM H pacTEeHHSIM?

Her Heo6XoaMMOCTH MOBTOPATH, UTO Yy BCeX XKHBHIX CYIIECTB,
KPDOMe HeKOTODBbIX BHPYCOB, XDaHHUJUIIEM TeHeTHUecKofi HH(DopMa-
uun sBasercs JJHK. OcHoBHble 3Tambl cuHTe3da Genka, BeposiTHO,
TaKXe CXOAHBl AJISI MHOTOKJIETOUHBIX H OJHOK/JETOUHBIX OPTaHH3MOB.
MeHee scHO, OIHHAKOBO JM COBeplIaeTcss MPOLECC TeHeTHUeCKOH
peKOMOHHALIlHH BO BCEM Mipe XKHBBIX CYILECTB.

3HayHTeNbHAasi YacCTb FHIIOTE3 O TOHKOH CTPYKTYype reHa y MHK-
POOPraHH3MOB OCHOBaHa Ha MPeNNOoJOMKeHHH, UTO PeKOMOGHHAlLUH Y
HHX He OTJHYalTCA OT peKOMOHHALHH BCAeNCTBHe KDOCCHHIOBEpa,
NPOUCXOAAIINX 38 CHeT Pa3pPLIBOB M BOCCOELUHEHHS] XpoMocoM. Ta-
KOl MeXaHH3M, CYLIeCTBYIOLIHH y MHOTOKJETOUHHX, TPYAHO Mpen-
CTaBUThb cefe B cJyuyae, KOrJAa B3auMOLEHCTBYIOT LeJABIA TeHOM H
OUeHb HE€3HAaUUTeJbHAsl YacTb APyroro reHoma (T. €. NPH TPaHCAYK-
IMH U TpaHChopMaluH). 31ech Kaxercs GoJjiee YMeCTHOH T'HIIOTe3a
«BblGopa konuMy». CorsnacHo 3Tofl runotese KOMGHHHPOBaHHAsT XPO-
Mocoma o0pasyeTcsl 3a cueT CHHTe3a OTJeJbHBIX YUuacTKOB 3TOH Xpo-
MOCOMBI, KOTOpble KONHPYIOT COOTBETCTBYIOIHE YUaCTKH HCXOIHBIX
XpPOMOCOM OGOHX NapTHEPOB; XPOMOCOMA-KONHS «IepeKUJbiBaeTcsay
¢ OfHO# MaTpullbl Ha Apyryo. OfHAKO TOYHBIX JA@HHBIX O TOM, KakK
coBepllaercs pekoMOGHHALMS Y MHKpPOOpPraHuamos, Her [67].

Moer GHITh NMOCTaBJIEH BONPOC, UMEIOT JIU BCe CHeJaHHBle MOo-
CTPOEHHS O BeJUUUHe IeHeTHYaCKUX eZUHUIl YHUBepcasJbHOe 3Haue-
HHUe, ecu peKOMOHHAUUs Y MUKPOOPraHH3MOB HJIET HHaye, uUeM Yy
MHODOKJeTOUHHX. OIHako, ecau «MepeKuAbBaHWE» HOCHT CTaTH-
CTHYECKH CJayualHBIii XapaKTep, TO OCHOBHOH MPHHLMII ITOCTPOEHUS
reHeTHUECKUX KapT He Hapyllaercs.

O6 yHHBepCcaJbHOCTH AaHHBIX, TOJTYUeHHBIX 3a nocaennue 10 qer,
CBUJIETENBCTBYIOT H coobpakeHus ofumero nopsaka. CxoicTBo B
CTPOEHHH TeHeTHYeCKOro MaTepHasja MHKDOOPraHH3MOB He BbI3bI-
BaeT 0COGOro yauBJjeHus. AHAJOTHH MeX1y reHeTHKON ¢para u Heft-
POCIIOPH He KaXXyTCs COMHUTENbHBIMH, TaK Kak ofa opraHusma —
«MHKpOOBI». Mexay TeMm ¢ar noxoX Ha HeHpOCIOpYy HeMHOIHM
GoJblle, yeM Ha Aposoduny. Eciau no3BosuTenbHo ¢OIHXKATL B 3TOM
cMbiciie har ¥ HeHipocnopy, To oTdero 6B He AeJaTh 3TOIO B OTHOIIE-
HuU ara U Apo30pUIbI?

PaccMOTpPUM, HacKOJAbKO NPHMEHHMB! MPeACTaBJgeHHs O TOHKOM
CTPOEHHHM TeHa, IoJyUeHHble B ONMblTaX Ha MHUKPOODPraHH3MaXx, K BblC-
ilIUM OpraHU3MaM. :
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1) EauuHia peKoMGHHALMH

1To TaxHHuYecKMM IPHYHHAM Yy MHOTrOKJETOYHBIX 3HAUUTENbHO
TPYAHee HM3yuHTb HHMKHHE TpPele/bl NeJHMOCTH reHa IPH PeKOoMOH-
Hallih, 4eM y MHKpOOpraHu3MoB. BecbMa BO3MOXHO, 4TO y mocJjen-
HHX KPOCCHHTOBED MOXKET HATH MeXAy NBYMsl JIOGBIMH HYKJIEOTH-
"AaMH. B onblTaX Ha MHOTOKJETOYHbIX OpraHH3MaxX MOJIyYeHbl ApPY-
THe paHHble. PacueTnl, npoBejeHHble HAa Apo3odH/e, NOKa3adu, UTo
paccTosiHHe MeXJIy PpeKOMOMHHPYIOIIHMHCS TOYKaMH paBHO IO
meHplieli Mepe 200 napam Hykseorunos [18]. B apyrofi paGote [68]
HaHMeHbllee PacCcTOsiHHe MeXAY ABYMs MYTaUHUsIMH roSy y ApPO30-
¢uanl 6b10 He MeHblle 40 map Hykaeotuios. FpyaHo ckasatb, fB-
JNSI0TCA JH TaKHe 60JbliHe HHQpPbL CAeACTBHEM HEeAOCTATOYHOTO
yHcJa CKpellHBAaHHH, HIH Y BHICIIHX OPraHH3MOB YY4aCTKH XPOMOCO-
Mbl BeJIMMMHOIN B OJMH WJH HECKOJbKO HYKJIEOTHAOB B0ODIle He MO-
ryT peKoMOHHHPOBATbCSl H3-3a KAKHX-TO OCOOEHHOCTeHl CTpOeHHS.

Bonpoc o Be/THUHHE PEeKOHA y MHOTOKJIETOYHBIX OCTaeTcsi OTKPhI-
TBIM. :

2) EapMHHLIa MYTaLHH

Y MHKpPOOPraHH3MOB TOYHO YCTAHOBJIEHO, YTO JJs MyTalHH [0-
CTATOMHO HM3MEHEHHSl JHIb OJHOr0 HyKJeoTHjaa. BeposiTHo, 3TO
MOXKHO OTHECTH M K BBICUIHM OpraHH3MaM. YorcoH u Kpuk B mep-
BHX JXe myO/JHKauHsX cBoed TeOpDHH cTpoeHHs MoJekyan JHK
AONYyCKaJH, B HYaCTHOCTH, BO3MOXKHOCTb MYTallMM MpH [epexoje
a30THCTOrO0 OCHOBAHHS M3 OJHOTO TayTOMEPHOTO COCTOSIHHS B JpY-
roe. MHrpem [69] ycTaHoBHJ, UYTO MYTallsl CepHOBHAHOKJETOUHON
aHeMHH Yy YejoBeKa OOycJIOBJeHa H3MEHEeHHeM BCero JHUlb OJHOH
aMHHOKHCJIOTH B MoJeKyJe remorao6uHa. Ilockodapky mpocToTa
H3MEHEHHsI «OTIeYaTKa» IpeAnojaraetT W MPOCTOTY H3MeHeHHs
MaTpHIBl, TO OTCIOfA (ellle 0 OCHOBHBIX PaboT MO aMHHOKHCJOTHO-
MY Kony) OBl chesaH BBIBOJ O TOM, UTO XaHHAasi MyTallusl Bbl3BaHA
H3MEHeHHeM OJHOTO HJHM HEMHOTMX HYKJeOTHIOB. Bce pesyabrath
MIOCJAEJHUX JIET, TOJYUeHHbe NPH U3YyYeHHH TeHeTHUECKOTO KOJHPO-
BaHUs, NOJATBEPKAAIOT 3TOT BBHIBOJA (BEpHee, HET HHUKAKHX IPHYHH
OTBepraTh €ro).

3) Epununa ¢yHKUMH W HaJAreHeTHYEeCKHe CTPYKTYphl.
EnuHHLA KOOMpPOBAHHS

HenuaMocTb reHa, JOKaJH3ayus TEeHOB CO CXOAHBLIMH ¢ YHKUHSI-
MH B OAHOM YYaCTKe XPOMOCOMBI H HX B3aHMOCBSI3b ObIJIH H3BECTHBI
y BBICIIMX OPraHH3MOB 3KauHMTeJbHO paHblle HayaJa paboT mo re-
HeTHKe MHKpoopraHuaMoB. O6 sddeKkTe NONM0XKEHHd, SABJIEHHAX
MHOXKECTBEHHOTC aJjiesloMopdH3Ma U IICeB0aeNH3Ma rOBOPHJIOCH
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Bbille. [IpuMepEl (YHKHHOHANBHOH [EJMMOCTH T'€HOB y MHOTOKJIe-
TOYHBIX Ja/leK0 He EAMHUYHH. SIBJieHMe mNceBROAJIENH3Ma, HalpH-
Mep, M3BECTHO, KpoMe Apo30odHab, Y KyKypysH [70], xaonmuarHuka
[71, 72], TyroBoro wenkonpsga [73], mbimei [74] u uenoBeka (reHe-
THKa rpymn kpoBH {75, 76]). Uucno cchlioK Ha paboThl MO MCeB-
A0aJl/IeJIA3MY Y MHOTOKJIETOYHBIX, OCOGEHHO y NPO30(H/IBI, MOXKHO
Obly10 OBl 3HaYUTEJAbHO YMHOXHTE. MI3BeCTHO TaKXXe MHOTO Clydaes,
Korja reHbl, BJHMSIOIIME Ha OJMH H TOT XK€ NMPU3HAK, HAaXOAATCH B
rpynne CUENJIEHHS HeZaseKo APYr oT Apyra. BoaMoxHo, HeKOTOpHIE
H3 HHX SIBJSIOTCS TNCEBAOAJJeNSIMH, MJIH CBA3aHB elle KaKHMH-TO
GbyHKUHOHANBbHBIME OTHOWeHHAMHU. Hanpumep, oueHb cnoXxHa M, He-
COMHEHHO, B3aHMOCBsI3aHa CHCTEMA reHOB, BJHAIONIMX Ha MOSIBIEHHE
HEKOTODBIX THIMEHTOB Yy KyKypy3wl [77, 78]. Ilapannenu wmexnay
BCEMH 3THMH JaHHBIMH U OTHOCHTEJIbHO XOpOIIo pa3pabGoTaHHOH
CXeMOH TOHKOTO CTPOeHHsS reHa y MHKPOOPraHH3MOB, KOHEYHO, BO3-
MOXHB H MHorooGewanlu. Tak, oueHp JIOGONBITHBLIM SBJISETCS
npeanosoxenve o6 aHaJOrHH MexAy MyrauusaMmu ¢ara T4 u Buinma-
JleHHeM MEXUHCTDOHHBIX YYacTKOB OJHOHM W3 MYTallHil 4YeJOBeKa,
NPHBOASALIEH K MOSIBJIEHHIO U3MEHEHHOro reMmoryiobuHa (Tak Hasbl-
BaeMoro remorsiobuta Lepore {79]). ¥ mauHoro remorJoGuHa NOJH-
TNenTHIHbIE LeNOoYKH B H 8 06belHHEHBl B OJHY «THOPUAHYIO». Bos-
MOXHO, YTO 3TO OOBACHAETCS BBbIajJleHHEM NOrpaHHUHOH o6sacTH
MeX]y IBYMsi HMCTPOHAMH, KOHTPOJHDPYIOLIMMH CHHTe3 IOJHIeN-
THAOB.

CoBMecTHOE DACHOJIOXEHHE TeHOB, KOHTPOJHUPYIOLIHX CHHTE3
KaKoH-1u60 aMHHOKHCJIOTH Y MHOTOKJIETOYHBIX, IOKa He obHapyxe-
HO. MoXer OBHITb, pacnoJiOXXeHHe B BH/J€ 3BeHbeB IIEeMOYKH, XOTs
H yaoOHO [Js peryjasiiu#, HO OGoJjiee YSI3BHUMO JJiA BCAKOTO DOja
TPaHCJAOKAalMH, BJIEKYIIHX 3a co60il addeKr nmonoxenus. C Apyro#
CTOPOHbI, COBMECTHOE pacloJioXKeHHe HeKOTOPhIX TE€HOB Y ApO-
30QHAB MOXHO O6bLJIO 6Bl XOpPOWIO OOGBIACHHTb OGLUIHOCTHIO IIeIH
XHMHYEeCKHX peaKUHH, XOTA 3TH peaklHH ellle COBeplIeHHO HeH3-
BECTHBI.

Jlio60nbITHO, MpUMEeHUMa JIH K TeHeTHYeCKOH CHCTeMe BBHICIIHX
OpPraHu3MOB cXeMa reHeTHueckofi peryasuuu )Kako6a — Maxo. Ilo-
CKOJIBKY H Y MHOTOKJETOUHbIX U3BEeCTHO cylecTBOBaHHe HHAyUHUDYye-
MbIX (epMEHTOB, TO TaKasl PeryJslHs 31ech He HckiaoyeHa. )Kako6
u BosbMaH AOMYCKAalT, UTO Yy BHICIIMX OpPraHH3MOB OlepaTopamu
MOryT ObIThb CHaOXeHbl He 1IeTIOYKH TeHOB, a KaXIblH reH B OTAe/b-
HOCTH.

ITepexons K BOUPOCY O KOJHUECTBE HYKJEOTHAOB B KOJOHE BBIC-
HIMX OPTraHHM3MOB, CJelyeT CcKa3zaTb, YTO IIOCKOJbKY HeT crnoco6oB
IJIsE Ompefle/leHHs] UX YHCJa, TO 3JeChb OTCYTCTBYIOT NpsiMble 3KcIle-
pHMeHTaJibHble faHHBle. Ecau koA AeficTBHTe/bHO YyHHMBepcaJieH, TO
YHCJO HYKJIEOTHAOB B KOJOHE JOJKHO PaBHATbCA TDEM.
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1. Beenenne

Ec/iiu B npHpoje NPOHCXOAHUT Kakoe-THOO HHTEDECHOE W BaXHOe
ABJIeHHe, TO YeJOBEK pPedKO YIOBJIeTBOPAETCA HCCAeJA0BaHHeM 3TOro
ABJIEHHA TyTeM NPOCTOro HabaiofeHHs:. PaHO UMK MO3JHO HacTynaer
3Tan, Ha XOTOPOM HCCJAeNoBa1e/]b ¢ NOMOWIbIO Da3/UUHBIX BHEIIHHX
BO3JeHCTBHA mEBITaeTcs BMeIIaTbcd B €CTeCTBEHHBIH X014 cOOBITHH,
BLI3BAB HHTepecylolliee ero sBjeHHe mwcKycctBeHHo. Ha mnepBwix mo-
pax eMmy ObIBaeT HOCTATOUHO XOTHA Obl KaK-HHOyAb NOBIUATL HA H3-
yuaemoe siBJ€HHE, H BHEIIHHe BO3AEHCTBHSA, IPUMEHSAEMBIE HCCAEN0-
BaTeJieM, UrpaloT JHIIbL POJb MeToJa HCcJeAOoBaHHA. BmeluuBasach
B XOJ| eCTecTBEeHHBIX IPOLECCOB, Ue/T0BEK BCOrla CTPEMHUTCSA He npoc-
TO U3YYMTb HX, HO H HAYUHTLCH BJHMATH Ha HUX B HYXHYIO sl HEro

8 O6mas renetnka 113



CTOPOHY. DTUM BBI3BAHO CTPeMJieHHe HAaHTH TakKHe BHeIIHHe BOzlel-
CTBHUS, IpHMeHeHHe KOTOPHIX SIBASIJIOCH OBl He TOJBKO 3P (HEKTHRHBIM
METOJOM HCCJIeAOBAHUSA, HO U METOJOM YNpaBJeHHS H3y4yaeMbIM sIB-
JIeHHEeM,

HMMeHHO 1Mo TAKOMY NyTH Da3BHBAaJOCh I DAa3BHBaeTCsl H3yuyeHHE
myranuit. [locsne Toro Kak 6bl0 06HapyKeHO, YTO CTAaOMIbHble elH-
HHUIBLl HaCJeACTBEHHOCTH — TeHbl CIOCOOHBI H3peKa U3MEHSThCs
(MyTHpOBaTb), NMPeANPHHUMAJHUCH MHOTOUHCJEHHblEe IONBLITKH BMe-
maThCsl B 3TOT NPOIECC, T. €. HCKYCCTBEHHO MHAYUHDOBATh MyTallHH.
BrnepBble 3T0 yuanoch CHeNaTh ¢ TOMOIIRIO DEHTTeHOBBIX JydeH.
Taxum o6paszoM, TeHEeTHKH MOJYUHUJIH B CBOW DYKH MOILIHBIE MeTOA
BO3JeHCTBHSl HAa TeHETHUECKOE BEIEecTBO, a CAeN0BaTeNbHO, H METOM
€ro HccsaelOBaHHs. STOT MeTO LOJIroe BDeMsl OCTaBaJscsl eJHHCTBEH-
HbIM, TaK Kak, HeCMOTPS Ha. HeOJHOKDaTHble NIONLITKH, He yAaBaloChb
HHIyUHPOBATh MyTallHd XHMHUYECKHUMU BellecTBaMH. Iloa BiausinueM
3Toro obcrositesbetBa B 30-e roibl reHeTHYeCKOMY BellecTBY IpH-
MUCBIBANH COBEPLIEHHO YAMBHTEJNBHYIO YCTOHUHBOCTb. Torma Kasa-
JIOChb, UTO OHO MOXKeT H3MeHSThCS TOJBKO Nojx JeHcTBHeM OGOJBIIMX
KBaHTOB 3HEePrHH, BhI3bIBAIOLINX MOHM3aUn0. OXHAKO B TO Xe Bpe-
Ms B paborax B. B. Caxaposa [l] 6bliii noJiyueHbl NepBBIE MOJOXKH-
TeJbHble Pe3yJbTaThl MO XHMHUecKOMy MyrtareHe3y. CaxapoB MHIy-
MPOBaJ MyTalUH y IJIOLOBOA MYIIKH, BO3LEHCTBYS Ha Hee HOmOM.
3arem B 1943 r. Oskepc Hawes, uto yperaH (-4 KCl) BeisbiBaer
paspbiBBl XPOMOCOM B KJeTKax pacreHuil {2]. B 1946 r. nosisnack
pa6ora Aysp6ax m Pofcona [3], B KoTOpo#i coobmanock 0 MyTares-
HOM J1efiCTBMH TODYMYHOrO ra3a Ha NJOAOBYIO MYIIKy. B ToM Xe
rony Panonopr MHAyuupoBan MyTauun y IWIONOBOA MYWIKH C IIO-
MolIbio GopManbaernna [4].

C rex mop 6b10 06HAPYXKEHO MHOTO IPYTHX XHMHYECKHX MyTa-
reHoB, KOJHUECTBO KOTODBIX YBeJHUHBAETCS C KaXIbIM rofoM. Muo-
rie U3 HUX NO cBOeft 3P (PeKTHBHOCTH He YCTYNarOT PEHTreHOBHIM
ayuam (puc. 1). Okasagoch, 4To cnOCOGHOCTh MHAYLUUDOBATL MyTa-
UM He SIBJISIETCS NMPHBUJIErHENl KaKoro-Hubylb OQHOro Kjgacca XH-
MHYecKHX BemiecTB. CpelH MyTareHOB BCTPEUAIOTCS M INIPOCThbie Be-
U1eCTBA THNA a30THCTOH KHCJOTH MM GopMajblerdia H CAO0XKHBIE
OpraHHuYecKHe COeLUHEHHs, HalpUMep aHaJOTH a30THCTBIX OCHOBA-
HHUH.

Tlpu BHAe TAKOTO XaOTHYECKOro pasHoobpa3vsl BOIHHKAET Npel-
MOJOXKEeHHe O TOM, YTO MYTallMM MOXKHO HUHAYIHUDOBATh NpaKTHue-
CKH ueM yroano. Ecau nocnenoBaTe/bHO Pa3BUTh 3TY MBICIb, TO Cle-
JlyeT CUMTaTbh, YTO HAaCJeICTBEHHOe BeLIeCTBO BecbMa HeCTOHKO H
mo6oe BO3geHCTBHE, KaK-TO «Gyaopakalllee» KJeTKy, MOXeT IpH-
BeCTH K H3MEeHEeHHIO B ‘HaCJeICTBeHHOM BelllecTBe. EcauM MyTalHus
JNeHCTBUTENBHO NIBJAETCST TaKHM HecrneOH(HUECKHMM OTBETOM Ha
BHeIlIHHE BO3JEHCTBHS, TO MYyTareHB! INpeACTaBJAT He3HAYHTedb-
HBIl HHTepec KaK MeTOJA H3yuUeHHs MeXaHM3Ma MyTalHil, H uMeeTcs
MaJO OCHOBAHMI OXHAAaTh, YTO C HX TIOMOILbIO MOXKHO Oyaer
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HayuUHTbCS YIPaBJSsITh TIPOLECCOM BOSHUKHOBeHHS MyTauuifl. Takofi
KpaffHe NMeCCUMHCTHUECKHH Barysij, No-BUAMMOMY, HeBepeH. Cefiuac
HaKatsuBaeTcss BCe OOJbIIE NAHHBIX, CBHIETENLCTBYIOLIMX O TOM,
YTO MexAYy XHMHYeCKHMH CBONHCTBAMH MyTareHa H XapaKTepoM
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Pme. 1. MyTaresHast aKTHBHOCTb HEKOTODHX AJKHIWDPYIOIIHX COEIH-
HeHHH B CpaBHEHHH C pPEHTPeHOBEIMH Jydamu [5]

MyTaresHoMY BO37€#CTBHIO MOABEPrajuch NOCTMEHOTHUECKHE CTajIMM choepMa-

TOrexHe3a B3pOCJbIX CAMIOB TNJOJAOBOX MYIWIKH. AJKHJAMDYIOUIHE COEAHWHEHHA

BBOJIMIHCL B CEMEHHHKH B KonauuectBe 1,5-10-2 M 3a MCKIIOUEHHMEM cJlyyaes,
0603HAYEHHHIX HA pHCYHKE

BLI3BIBAEMBIX MM IeHeTHUECKHX H3MeHeHHH HabaiofaeTcs onpejeseH-
Has clneuutuyeckass cBsisb. lIpexme ueM nepefiTH K 06GCYXIEHUIO
JaHHBIX TAKOrO PONa, MBI KPAaTKO O3HAKOMHMCS € THIaMH MYTalHi
H C XMMHYECKHMH CBOACTBAMH MYTareHHbIX BeHIECTB.

2. Knaccudukamus
HacJeICTBEHHBIX HM3MEHeHHil

Myranuu otanyaloress Ipyr oT Apyra Kak MO XapakTepy M3MeHe-
HHUs1 HAcJeACTBEHHOTO MaTepHaja, Tak ¥ MO MOCJAELCTBUSIM 3THX U3-
MeHEHHH, T. e. 10 XapaKTepy H3MeHeHHs (peHoTnna. Pasnuualor cie-
NYIOHIMe BUABI MyTalufi: H3MeHeHHe KapHOTHNA, XPOMOCOMHBIe abep-
pauuH N reHHble MyTalHH.

HsmenenneM KapHOTHNA HA3bLIBAIOT M3MeHEHHe UUCJAd XPOMOCOM
B siape (ranjoOHIHOCTh, MOJHIIOHAHOCTb, aHEYIJOHIHOCTD).

XpomocomHbie abeppanun moapasnesoTCs -Ha:

P a3pbl BB XpOMOCOM.
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HexBarTKu, v nenel HU. B pe3ynpraTe Tako# MyTauuH Te-
psieTcsl y4acTOK XPOMOCOMBEL.

Jynnuxkaudy, TPUBOASIINHE K YABOGHHIO y4acTKa XpOMOCOMBL

Musepcuu IIpn HABepcHH yuacTOK XpOMOCOMBl MeHSIeT CBOIO
opuentauuio. [Ipeanosaraercs, 4To HHBEPCHSI RACTYNAET TOCJE ABYX
pas3pbIBOB OJLHOH XPOMOCOMBI, KOT[la BHYTPEHHHUH y4aCTOK XpOMOCO-
Mbl pa3BopauuBaercsi Ha 180° u pa3pbIBbl BOCCOEAHHSAIOTCS.

TpaHcaoxauuu. [Ipy TpaHcimoxanuu yyacTkH XpoMocoMm 06-
MEeHUBAIOTCS MecTaMu. Takoft 0OMeH MOXeT MPOU3OUTH B pe3yabTaTe
KOHTaKTa OBYX rOMOJIOTHMYHLIX HJIU HErOMOJIOTHYHBIX XPOMOCOM, npH
KOTOPOM BO3HHUKAIOT paspbIBbl, NOCJE Yero pa3opBaHHble KOHIH
XPOMOCOM COeNHHSIIOTCS MO-HOBOMY.

lennble Myranmu. [IpH Hu3yyeHMM BBICIIHX OPTaHH3MOB OBLIO
NPUHATO Ha3BIBaTh IeHHLIMM, HJIM TOUEYHBIMH MYTAUHsIMH H3MeHe-
HUS, JIOKaJH30BaHHEIE B ONpejeNeHHON TOYKe XPOMOCOMBI, HO He
NpPUBOASALINE K 3aMeTHOMY HM3MeHeHHIO B ee cTpykType. [To Takomy
OTIpeJleIeHHI0 MHOZKeCcTBO MyTalHil monajaer B OJHY TPYNNy TOJb-
KO Ha TOM OCHOBAHHWH, UTO pa3pellialonlast CUJa METOIOB HCCJed0Ba-
HHUSl He NIO3BOJIFET YCTAHOBUTb XapakKrep U3MeHeHUs] TeHeTHUeCKOTo
maTepuaJa. [Io5ToMy ecTeCTBEHHO OXKUIATh, YTO JaHHas rpynna 6yaer
O4YeHb HeOJHODPOAHOH M B Hee MONAAYT Pa3NHYHble THIB MyTanHui.
U peficTBuTeNbHO, TAM, I/le YAAETCA NPOBECTH TOHKUH reHeTHUECKHI
aHa/ M3 BHYTDH reHa, OKas3biBaeTcs, YTO reHHble MyTaUMH, TPHBOLSA-
HIKMe K OJHOMY H TOMY Xe GeHOTUIIMUeCKOMY NIPH3HAKy H 3aTparu-
Balolll¥e OJHH U TOT Xe I'eH, MOTYT 3aKJYaTbCAd B CaMbIX pasHo-
06pa3HbIX HBMeHeHHAX 3Toro reHa. [TosTomy Ham xaxercs, uTo ObLIO
6Ll 10Je3HBIM He OTOXKIECTBJSATH TEPMHHBI redHast W TOYeyHast My-
tTauud. Mbl GyJgeM Ha3BBaTb MeHHBIMH MYTaUHAMHU Jio6ble H3MeHe-
HHS BHYTpHu reHa. ['e u npencrasasier co6oit yuacrox ILHK, B xoto-
poM samudpoBaHa B BHIAE NOCAeNOBATEJLHOCTH a30THCTHIX OCHOBA-
HuUll HaciaeiacTBeHHass MHQopmauus. [lo Takol Mopgean reHHas
MyTaUHsl 3aKJ4YaeTcsl B H3MEHEHHH TIOCAeL0BaTeIbHOCTH 3THX
ocHoBaHHH. ToueuHbIMH Mbl 6yleM Ha3biBATb TOJbLKO Te I'eHHble MY-
TallkH, NPH KOTOPHIX M3MeHseTcs OJHA napa OCHOBAHUI TeHa.

3. Xumuueckne CBOHCTBa
MyTareHHbIX BeMECTB

MoxXHo BBIIEMUTH CAeIyIoUlHe T'PYNIbl MyTareHOB: HHTHGHTOPBI
NpelilleCTBeHHUKOB HYK/JEHHOBBIX KHCJOT; aHANOTH a30THCTBIX OCHO-
BaHHH, BKJIIOYAIOIIUECS B HYKJEeHHOBBE KHCJOTHI; aJKHJIHPYIOUUE
CO@IHHEHHS; OKHCIHTEJNH, BOCCTAHOBUTENH M CBOGOIHBIE paHKaJbl;
aKPUJUHOBble KPaCUTENH.

9T0 BecbMa NPHOMU3HTENbHas KJIacCH(bHKaLHs, BO3MOXKHO, UTO

OHa He OuYeHb YJAYyHO OTpaxaeT OOLIHOCTb ¥ DA3JHUUSA B MeXaHH3-
Me IeHCTBUS MYyTareHoB.
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1) UHruGuTopsl npeauieCTBEHHUKOB
HYKJE€UHOBBIX KHCJIOT

Ora rpynna MyTareHOB IOCJTeJIHee BpeMsl NpHBJeKaeT X cebe
6o/IbIIOA HHTepeC B CBf3H C TeM, 4YTO, IO COBPeMeHHBIM B3IISAAAM,
uMenno JIHK wurpaer poJsb HacjeacTBeHHOro MartepuaJga [6—20].
-MluTepecHbl OHH H C JAPYTO# CTOPOHBL. BOJBIIHHCTBO H3BECTHBIX My-
TareHOB SIBJAIOTCA arPECCHBHBIMH BELLECTBAMH, KOTOpblE MOTYT
B3aMMO1eACTBOBATb H BbI3bIBATH H3MEHEHHUS IIOYTH BO BceX KOMIIO-
HEHTaX KJeTKH. B CBSI3H ¢ 9THM odYeHb TPYAHO ONpeneJuTh, Kakas
W/ KaKde NepBHUHble PeaKlUUH, H3 MHOTHX BO3MOJKHbBIX, OTBETCTBEH-
Hbl 32 HabuiofaeMblt GHONIOTHUECKHN 3¢ ¢eKT. MHOrne e HHrHOH-

UHrH6GHTOPH NpelIIeCTBEHHUKOB HYKJIEMHOBBIX KHCJIOT Ta6umuua 1
Mysaren Uojgmaner | Ofuekr, omomes OBy | ety
HCTOYHHK
Aszaryasuu Iayuuna E. coli [6]
Aszacepun ITypusos To xe [7,8]
5-AMuHoOypaiua Tumuna » » [9}
Bensumunason ypuros > » [6,91
Kotenn ITypusos » > {6}
D. melanogaster [10}
6-Mepkantonypux ITypunoB E. coli 19]
ITapaxcauTus ITypusoB To xe [6]
Teo6pomun ITyputos » » [6]
Teodunun ITypusoB > » [6}
TerpameTunMoyenas
KHCJI0Ta Ilypunos > » (6]
5-DTOPAE30KCHYPHIHH TumMuna Vicia faba [11]
ATHaypeTaH ITypunos Oenothera lamarkiana [12,13]
D. melanogaster " [14]
8-3roxcukodent Tumuna Allium cepa [15)
' Vicia faba [16}
HepocratoudocTs o
THMHHY  ° — E. coli [17,18]
H35uToK ypanuna — Allium cepa [19]

TODPH! MpeAlleCTBEHHUKOB HYKJEMHOBLIX KUCJIOT B XHMHYECKOM OTHO-
IleHUH BecbMa HHEPTHBI; ABJASCL CTPYKTYPHBIMH aHaJOraMu ecTe-
CTBEHHBIX CYOCTPATOB, OHM OJOKHPYIOT aKTHBHBIH IeHTp epMeHTa
H He JaioT eMy OCyIlecTBJIATh ¢Boio dyHkuuio [21]. [TosTomy nono6-
uble HHTHOUTOPH! (Taba. 1) MOryT AeficTBOBATh JHIIL HA OTPaHHUUEH-
HOe YHCJO DeaKIMH B KJeTKe.

KoHeuHo, MOXeT ObITh H TaK, 4TO HapylUleHHe XoJa JHIUb OAHOH
peakuuud OyaeT HUMeTb HAJd KJAETKH CTOJNb »Ke JAajJeko uaylue
NOCJAEACTBHSA, KAaK M H3MeHeHHe MHOIMX ee KOMIOHEHTOB. ITH mo-
CJAENCTBUSI MOTYT OBITh 3aNyTAHHBIMH, HO B 3TOH 3aNyTAHHON KapTH-
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He 1o KpafiHe#l mepe GoJiee sicHO, KaKasi HMEHHO NMPHYHHA BHLI3BaJa
1elb NocJefcTBHH,

HecMotpsi Ha 60JBINOH HHTEpeC K 3THM MyTareHaM, O MeXaHH3-
Me HX AefiCTBHSI H3BeCTHO NOKa a0BoJbHO MaJjo. Cunrtaercs, uTto
B De3y/bTaTe NOAABJEHHS CHHTe3a NpPeALIECTBEHHHKOB IPOUCXOAAT
Hapymenus: ¥ B cuHTe3de JIHK, Kotopsie mpusoasar nubo x uU3MeHe-
HHIO NOCJeJ0BaTeNbHOCTH OCHOBAHMU, JHGO K HAPYLIEHHIO 11€J0CT-
Hocty JIHK. BosMoxHO, uTO mnomaBJjieHHe CHHTEe3a HOPMaJbHBIX
npeflieCTBEHHHKOB BHI3bIBAeT CHHTE3 HeOOBIUHBIX OCHOBaHHH, KOTO-
pole 3aTeM Bkaouawres B [IHK u TeM caMbiM BHI3HIBAIOT MyTalHH.
Bkniovenne HeoObluHBIX ocHOBaHuii B JIHK ©6nlio o6Hapy:KeHO
y 6axTepuUil B YCJOBHAX TOJONAHHA IO THMHHY. DTHM HeOOBLIYHBIM
OCHOBaHMeM oKasaJcs N-meTuaafenuH [22].

Onnako He Bce HHTHOHTODH XHMHUYECKH HHeDTHH. TakK, CHJABHBIN
MyTareH asacepPHH, KOTOPHIH NOJABJSeT CHHTE3 IMYPHHOB, SABJASETCS
B TO Xe BpeMsl aJKUIupyoiuM aregtoMm [21]. Yperan Taxxe mno-
JaBJisieT CHHTe3 NpPe[LIeCTBEHHHKOB M SIBJASETCA aJKHJIUPYIOUIHM
aredToM. BBINO, 0HAKO, YCTaHOBJEHO, YTO B ONyX0JAXx YOKepa
THMHH (HO He ypaluJ) mnpefOTBpallaeT Pa3BHTHe aHOMAaJbHBIX MH-
TO30B, BbI3BaHHBbIX yperaHoM {23]. [To3ToMy MOXKHO TMpPeANOJOKHTD,
4TO B 3TOM cJydYyae UMeHHO yrHeTeHWe CHHTe3a NpeAlIeCTBeHHHKOB,
a He npsaMoe aaxuaupoBaHue JIHK saBasieTcs npuuuHOil MyTareH-
HOro JefcTBHA ypeTaHa.

2) AHasnoru a3oTHCTBhIX OCHOBaHMIA,
BKJII0YAIOLHMeC B HYKJEHHOBbIE KUCJIOTDI

K HuUM oOTHOCATCS raJjoreHcoiep:Kalllue aHaJOTH THMHHA —
5-6poM-, 5-XxJI0p- U S-Hoxypalmi. ITH aHaJoru Bkalouyatorcs B JIHK
Ha MecTa THMHHA. Bxmouaercs B JJHK u myrarenen 2-amMuHonypuH.
Hexoropble npousBoiHble ypauuaa Brawuatorca He B [JHK, a
B PHK. YacTtp 13 HHX OKal3alachb MyTareHHOH Ajsi Bupyca tabauyHoH
MO33aWKH, B KOTOPOM HacJeACTBeHHasi uH(opMauus 3aKOJHPOBaHA
B PHK. '

Jlyumie Bcero H3yueHO MyTareHHoe JelictBue S-OpoMypauuna
#u 2-amuHomypuHa. O mnpeAmojaraeMoM MexXaHU3Me HX JeHCTBHA
CM. HHXe.

3) Ankuaupyiouiue coeayHeHHs

K 3TOMYy Kaaccy coefHMHeHHH OTHOCUTCA GOMbLIAst YAacCTh U3BECT-
HBEIX B Hacrosillee BpeMms MyrareHoB (Tabua. 2). ITo wucay rpymm,
CNocOOHBIX BCTYNATh B PeaKUHIO aJKHJIHPOBAHHUS, Pa3JHYaIOT MOHO-,
OH- 1 oAU YHKIHOHAJABHEIE aJKHIHPYIOIIHE cOoefinHeHus. Peakuus
aNKUJIUDPOBAHUA 3aKJMIOUAeTcs B TOM, YTO aJKHJAbHas rpynmna same-
1laeT BOJAOPOA, NPHUCOENHUHEHHBIH K HyKJAeo(pHAbHOMY, T. €. CJErKa
OTPULATENbHO 3apsiXKEHHOMY LeHTpY. DBoJblinHcTBO GHOJOrHYECKH
BaXHBIX peaklluil aJKHUJAUPOBAHUA NPOUCXOAHT ITYTeM IIPHCOENMHE-
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HUA aJKHJILHOH TIpYNNbl yYepe3 KHCJAOPO, a30T HJIM cepy. Pouasb
aJKHABHEIX TPYMN MOTYT HIDAThb pasHooOpas3HLle OpraHHYecKHe pa-
Aukanel, HanpuMep Merua (CHs), stun (CoHg) u T. 1.

R—Cl
1) S
N
R—Cl
/R—Cl
2) Cl—R—N
R—Cl
0
I
3) R—O—S—O—R
I
0
o}
[
4 R—0—S —R
I
o)
rlx H
57 H— C— ‘C—R
AN
o
il
6) H—C—C—H
\./
N
|
R
Tl
7 H— IC_CI_H
0—C=0
8 N+=N-—R
9 R=0

R — ankuapHas rpynna

THAB aNKHIHPYIOWMX COeTHHEHH i

CepHUCTHIH HNPHT (CciH O6e ATKH/ABLHbe PPYMIK  TaNOreHH3H-

poBaHB, — GUOYHKLHOHAMBHMY] ecaH OAHA,— MOHODYHKUHO-
HaJIbHHI{)

A30THCTHIE HMPHT (€C/IH TPH ANKHJbHLIE [PYMIN aJOreHH3H -
poBaHbl, — TPHOYHKUHOHANBHLIA; eciH ZBe, —OHbYHKIHOHAb-
Hblli; ecau OAHA, — MOHODYHKIIMOHATBHLIA)

JAnankua-cynsbars

Angunankan-cyaboHaTbi

DnOKCHAD!

STHNEHUMHHL]

B-TIponnonakron

Juasocoe AHHEHHS

IpouHe aKTHBHbie KHCJIOPOAHLIE COCRHHEHHS

Ankunupylolue areHThl peardpylOT CcO MHOTHMH KOMIOHEHTa-
MH KJeTKH, I B uactHoctd ¢ Oeakamu, PHK u JTHK. Ho u B stux
BellecTBax MMeeTcss MHOTO IIEHTPOB, KOTOpBle MOTrYT OBITh aJKHJIH-
poBaHbl. Xopoulefl magdlocrpaunueil MHoroo6pasus 3(p¢ekToB anKH-
aupoBaHust <aAyxut pearkuuss ¢ JHK takux Mertunupyoumux u
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Ta6auma 2

My'iareHHue ANKUJHpYOLHe coenuHeHHs

O6beKT, HA KOTOPOM

CebtiKa Ha

Myraren Xuuuueckas dopmya Tun °6Hapy”‘§$¢“é¥(;areﬂﬂbm ﬂﬁ}:‘ggfoﬁ-
A3zacepus /NH2 8 | E. colt [7,8]
N2CH2COOCH2CH\
H,
ByTHAX0PITHIC Y Ib- C4H¢SC,H,CI 1 | D. melanogaster [24]
oun
Jnazomeran N,CH;, 8 | D. melanogaster [25]
Neurospora crassa [26]
Jumeruncyasdar SO,(OCHy), 3 | D. melanogaster [27]
Vicia faba [28]
JlHsTHICY ThOAT SO,(OC.Hy), 3| E. coli [29]
D. melanogaster [27]
Jasnokcubyran CH;—CH—CH—CH, 5 Qar T4 [30]
NS N\ N. crassa [31—35]
‘O )
Ju-(B-xn0psTia)- S(C,HCl)y 1 STumeHB
cymbdug, D. melanogaster [3]
I IHUBgHBI aJIKOT0M1b CH,—CH—CH,0OH 5] N. crassa [32]
N/
O
Merunmerancympdo- CH,0SO,CHg 4 | D. melanogaster [36]
HaT
[37]
(30]
N-Meru1-gu-(x.10p- CH3N(CHyCl)e 2 | D. melanogaster [3]
STHT)-aMHH Vicia faba (28]
= | E. coli [38]
Hurposcmeruaype- ON\ -
Tag HC /N—COOCsz — | Vicia faba [39]
Oxuch nporuena CH,—CH—CHj, 5 | Ophiostoma multi-|  [40]
N/ annulatum
N. crassa ¥ (32,33]
OKdch 3THAEHA CH,—CH, 5 { D. melanogaster [41]
NS SIumenb
O
(l:HZ—CHz
. | 7| E. coli 42)
B-TIpomHoaaKToH o6 doo | | [[431
H.C CH,
LN N N 6| E. coli (38]
TpusTuaeRMenaMuH ‘H2C/~ \C/ C/ \(lle [44]
P STumens [34]
N N
\C/ D. melanogaster [36]
J
N
N




Ta6nuua 2 (OKOHuaHHe)

- O61exT, HA Kotopoa | CCBUIKA Ha
Myraren XuMmugeckasn dopmyaa Tun (o6HapyXeH MyTaresubiti THTEPATYD-
stdekT HbIﬁH:;TO‘I-
|
GopManbperun CH,0 9 | D. melanogaster [2],
[49]
[46]
Geton CeH;OH 9 | D. melanogaster 471
ITHIEHUMHUH CH,—CH, 6 | D. melanogaster [41]
S Vicia faba [28]
NH SHumenn [48]
Arunmerancyasho- C.H;050,CHj 4 | D. melanogaster [49]
Har SHumenp [37]
&ar T4 [30]
DTUasTaHCyIbOOHAT C,Hz0S0O,C,H; 4 Gar T4 [50}
Bnuxaopr1ApHH CH,—CH—CH,CI 5 N. crassa [28],
N [29]
STUIHPYIOUHX areHToB, KakK JAUMETHICYJAbdart, AUITHICYIAbDAT,

MeTHIMeTaECyAbpOHAT (Bce OHH pearupyloT Kak MOHO(YHKIHO-
HaJbHBle areHThl, Aa)Ke eclU HecyT ABE aJKHUJAbHBlE TPYIIbl). ITH
arenTsl MoryT uaMmensitb JJHK no kpaiinell Mepe nATbi0 pasinyHbBIMU
crnocob6amu [20].

1. HauGosee axkTUBHO aJKuAwpylOTcs ¢ocdaTHble TPYIMLL
O6pasyomuiica npH 3tom ¢ocdaTHbl TpuacTep HecTabuaed W
06BIUHO THADPOJU3YETCS, OCBOOOXK (A CBOGOAHYIO AJTKHABHYIO IPYITY.

2. dochatHBI TPUICTEDP MOXKET HHOTAA THAPOJAH30BATHCA MEXKIY
caxapom H ¢ocparoM, B pedyasrate dero HHTH JIHK okasmiBaercs
pasopBaHHO#. YacroTa 3TOro mnpoiecca B CPaBHEHHH C OCBOOOK-
JeHHeM CBOOOJHOH aJKHJIBHOH TpPYINIbl LeH3BEeCTHA.

3. AJNKHJAUDPYIOTCS A30THCTHIE OCHOBAHHWS, TIVIaBHBIM 006pa3oM
ryaHuH. BosMOXHO, UTO 3Ta peaKlus NMPOTEKAeT He TIPSIMO, a 4depes
TpaHCAJAKUJIUPOBAHHe, KOTJA AJKUIbHAS DpynNa nepexofur c ¢oc-
thaTa Ha oCHOBaHHe.

4. B pesyabraTe anKHJIHPOBAHHA IyPHHOB YaCTO MPOHCXOAHMT
THAPOJIMS CBSI3H OCHOBAHHUS C CaXapoM, W INypUH TakuM oO6pa3oMm
ocBoboxkaaercs.

5. JlenypuHH3alUs MOXKET NpHBECTH K paspbiBy nenu JIHK, Tak
KaK B OTCYTCTBHE OCHOBAHHS JIerue MPOMCXOLHT THADPOJH3 caxapo-
docdaTHON CBA3H.

VKaxeM ellle Ha OJHY peaKUHI0 AJKWJIHDYIOUHX COeJHHeHHH
¢ JJHK. IIpu o6paborke JJHK in vitro 6mbyHKUHOHAJBHEIMH areH-
TaMH TPOHCXOAHT DPe3KOe YMeHbIIeHHe BS3KOCTH pacTsopa. ITO
BHI3BAHO He Pa3pBIBOM MOJIEKyJ, KaK JAyMaJH BHauaJje, a TeM, UTO
6HYHKIHOHAILHBIE areHTHl BbI3HBaOT CWHBKA Mosekyn JHK
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MexXAy coboli. MoHODYHKIMOHAJbHBIE AreHThl He BHI3bIBAOT obpa-
30Banua cwnBoK. CumuBaHue Mosexkyn JHK 6wiio obHapyxkero
H B KJeTKax: B CIEPMHAX CeJblH, CEMIH H J0COCH, a Takxe B 0ak-
Tepusix [51]. droit peakuuelt nHorna obwsacHaAlOT TOT (akt, uTo INO-
Ju(pYHKUHOHANbHBIE AareHTHl MOAABJSIOT pOCT PAaKOBBIX KJETOK
ropasfno 3bdexTHBHEe COOTBETCTBYIOWIMX MOHO(PYHKUHOHAIBHBIX
areHToB. Jlad HHAYKUMHM MyTalu#l 3Ta peakilus, NO-BHIAHMOMY, He
UrpaeT cyleCTBEHHOH pOJH, TaK KaK H3BECTHO MHOTO AaKTHBHBIX
MOHO(YHKUHOHANBHBIX MYTareHoB, HEKOTOpLIe H3 KOTOPBIX aKTHBHee
cBoero noJin(pyHKUHOHANBHOrO aHaJjora.

~

4) OKHCAHTENH, BOCCTAHOBHTEJNHU
M cBO6GOAHbBIE pagHKaJbl

OxucnuTeneM gBasieTcs oOuH u3 Hanbojee XOPOLIC H3y4YeHHBIX
MYTareHOB — a30THCTast KHcaoTa. IIpH peakIdu a30THCTONH KHCJIOTHI
C OCHOBAHUSMH HYKJEHHOBBIX KHCJOT, COLEPXKAIUIUMH aMUHOrpYymnny,
IIPOMCXORUT OKHCAEHHE 5TOH DPYIIB! A0 a30Ta 10 yPaBHEHHIO:

R —NH; + HNO; =R — OH + N; 4+ H.;0

Bosuukine B pesynbTaTe 3TOM DeakIlHd OCHOBAHHA OTJIHYAIOTCS OT
HCXOAHBIX MO cnocobHOCTH 06pas3oBBIBATH CleldpuuecKHe KOMIJIe-
MeHTapHble napsl. Tak, THMOKCAHTHH, NOJyUYaKOWUfcsa TpU Ae3aMH-
HHDOBAaHUH afleHWHa, 06pasyeT KOMIJIEMEHTAapHYIO Napy He ¢ TH-
MHHOM, KaK ajJleHHH, a ¢ HIuTO3uHOM. TakuMm o6pasoM, Ha MecTe
ajJeHNHA B pe3y/ibTaTe Ae3aMHHHDOBAHHs OKa3blBaeTCsi OCHOBaHHe,
KOTOpOe BefeT celf KakK ryanud. [lpenmosaraercs, uTo 3Ta 3aMeHa
SIBJISIeTCA MCTOUHHKOM TOUEYHBIX MYTalHi, HHAYUHpPOBAHHBIX a30-
THCTOH KHCJOTOH.

KpoMe mesaMuHHpOBaHMS OCHOBaHHI a30THCTas KucjoTa obpa-
3yeT CIIMBKH MeXJy KoMIeMeHTapHbiMH HuTsaMw JIHK, uto npe-
MATCTBYET HMX pPAacXOXKIEHHIO TpPH TelJoBOH JAeHaTypauuu [52]
[losToMy BecbMa pa3yMHBIM Ka)XeTcs MpeAnoJoXeHHe O TOM, 4TO
npu pemaukanuu yuacrok JJHK B palioHe cliMBKH He Gyner CKOIH-
pOBaH, T. e. BOSHUKHET JeNellus.

K paccMaTtpuBaeMofl rpynie OTHOCATCS MePBbIfl OTKPBITHIH XHMH-
YeCKHA MyTareH Hoj, HOHBl METaJJOB IIepeMeHHOH BaJIEHTHOCTH,
HalpHUMep Maprasia, nepekucu, Kucaopod. O XHMHYECKOM MeXaHH3-
Me JeHCTBHSL 3THX MyTareHoB H3BecTHO odeHb Majo. OrtuacTtu 3TO
OGBACHSETCSA TEM, UTO OHH SBJAIOTCS CPAaBHHTENbHO cjJabblMH MyTa-
reHaMH, a rJaBHbIM 00Da3oM TeM, UTO STH COeIHHeHUsS OueHb He-
cnendGUUHBL H MOTYT BCTYNATh B OUEHb GOMBIIOE YHCAO DPeakIlHil.
IMTocnensum o6cTOSTENBCTBOM OOBACHASTCS TakXe MaJOUHCIeH-
HOCTh HAlIMX CBEXEHHH O MOJIeKyJSPHOM MeXaHH3Me MYTareHHOro
NeficTBUST CBOGONHBIX panukanoB. OHM 06pa3yloTcsi B KieTKe NpPH
JeHCTBUH HOHU3HDYIOUIUX HBJAYYEeHHH 1, N0-BUAHMOMY, HTpAIOT Onpe-
ZLeJeHHYIO PoJb B UX MyTareHHOM AefictBHH. CBOGOJHBIE DagHKaJsIbl
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MOTYT BO3HHKATb B KJAeTKe H 6e3 o6/yueHHs], TyTeM BOCCTAHOBJEHUS
nepekuced, KOTOPble SABJSIOTCS eCTECTBEHHBIMH MeTaGoJIuTaMH.
BoccranoButesefi e B KJeTKe Bcerjia JOCTaTOYHOE KOJIHYECTBO,
HaTpHMep, acKOpOUHOBON KHCJIOTHL

5) AKPUIHHOBBIE KPACHTEIH

3TH coenuHeHHsl Jerko ofpasyior kommiaekcel ¢ JJHK u PHK.
PeHTreHOCTPYKTYpHble H ONTHYECKHE [aHHbie CBHIETENbCTBYIOT
0 TOM, YTO aKPHAHHBl BKIHHHBAIOTCS MEXIY NYPHH-THPHMHIHHOBHI-
M# napamH ABoHHOH cnupaam JHK rtak, 4To mIocKocTb KpacHTens:
neprneHAUKYyJAapHa ocH cnupand. B pesyabrare storo muth JHK
pacraruBaercad u Mojexyna JHK yanunsercs [53]. KpoMme Ttako#
BHYTpeHHeH MocajK¥ aKpHAHHBI CHOCOOHBI K BHeIlHeH MocafKe Ha
OTpHIATEJbHO 3apsi:KeHHble ¢octhaTHBIe TPYNIbI HYKJAEHHOBHIX KHC-
JoT. B HacTosilllee BpeMsd npednonaraeTcs, YTo MyTareHHoe AefCcTBHe
akPHAMHOB BBIBBAHO TeM, 4TO, oOpa3oBaB kommiaekc ¢ JHK, onu
MellaloT €e HOpMaJbHOHR DellIMKalHH; B pe3yJbTaTe 3TOT0 BO BHOBb
cuHTesnpoBanHoll JIHK au6o He xsataer, Ju6o oKasblBaeTcs JIHII-
Hell OlHA MJIH HECKOJIBKO Iap a30THCTHIX OCHoBaHu# [54].

Axpudunossie Kpacureau

hesel

TIpodaaBun
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Bo3MOKHO, 4TO 1O MexaHH3MY AeflCTBHA K aKpHIMHAM INPHMBbI-
KalOT KaHIepoTeHHble apOMaTHYECKHE YIJIeBOAOPOIB!, THIHYHbIE
NpefCTaBUTENHd KOTOPBIX H306paXkeHbl HHXKE,
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4. Cnenudu4HOCTD MYyTareHoB

ITocne OTKpBITHS XHMHYECKHX MYTareHOB BO3HHK BONPOC, OTJH-
YalTCA JM OHH MO XapakTepy AefiCTBHA OT y:Ke H3BECTHBIX H CpaB-
HHTEJbHO XODOIIO M3YUYEHHBIX MYyTareHOB — HOHU3HDYIOIIUX H3Jyye-
Hu#. Ha nepBblfl B3rasd Ka3aaoch, 4TO CXOACTBA MeXJIy HHMH $0Jib-
file, 4eM pas/JH4ui, NpuyeM OoJiee BCEro MOXOMHUNH Ha HOHH3HDYIO-
LIMe M3JYyYeHHs aJlKHIHDYIOIIHe COeTUHEHHS, KOTOPble Ha OCHOBAHHUH
TOrO0 OTHOCATCS K TPyNIe pagHOMHMETHUYECKHX BEIeCTB, T. €. Be-
L1eCTB, HMHUTHPYIOLUHUX NeficTBHe M3AydeHuH. O ¢cXoacTBe CBUAETENb-
CTBYIOT CAeAylollHe (DaKTh:

1. Tlpr noMolIH XHMMHYECKHX MYTareHOB yNa/Joch HHAYHIHPOBATH
BCE THIbl TeHETHUECKHX H3MEHEHHH, KOTOpble BBI3LIBAIOTCS HOHH3HU-
pPYIOIUUMH H3jayueHHsMu (Taba. 3).

Ta6auuma 3

FevetHueckne athbexTn, BH3HBaemuie y D. melanogaster neiicrsvem
PEHTIeHOBHIX AYyyeH H Pas3JHYHBLIX XHMWUYECKUX areHToB [45]

JHeterpyomuit dakrop

SpdexT PeHTTeHO- | cepuHCTHIA | asoTHeThift | dopmasb-

BHl JIy4H MIIPHT HIPHT AETHA yperan

i .
Peneccupgele setamm . . . .1 4+ ! + + + +
JloMuHaHTHHE JeTaMH . + P -+ + ?
Busumble MyTanun . . . -+ + + + -+
Meskue Hexparkn . . . . . -+ + + 4+ +
Kpynsue nenenuu . . + -+ + + L+
Wusepenu . . . . . . ., . -+ -+ ? -+ ?
Tpancmokauu . . . . . . . + i+ + + ?

ITpuMevanne. Ha6monaerca (-); He Habmomaauch (?).

2. JIns MHOrMX MYTareHOB 0Kas3aJjoch, YTO KDHBHIE <«103a —
3¢ deKT> UMEIOT TOT Ke BHI, 4TO ¥ 1 paauauuu. Chenyer, ofHa-
KO, 3aMETHTb, UTO H3 CXOJNCTBAa KPUBHIX «103a — 3PHEKT> B NaHHOM
cilydae Hesdb3sl CHeNaThb ONpeleseHHBIX BHIBOAOB, TaK KakK XHUMHYe-
CKOe BEIIeCTBO B KJETKe MOXKeT ObITh pacnpefieneHo HeDaBHOMEDHO
W MO3TOMY «103a» XMMHUECKOr0 Bell[eCTBa MOXKET He OTpaXaTb ero
KOHUeHTpaumio BOJU3M TeX MOJNeKyJ HJH CTDYKTYD, H3MeHeHHe KO-
TODBIX TIPHBONUT K MyTalMH. Bojee ybendTenbHO TOBOPAT O CXOX-
CTBe H3JYUYEHHH M XUMHUECKHX MYTareHoB OIbITBl, B KOTOPBIX H3-
yuaJuCch KDHUBBlE «103a — 3bdheKT» AAA NBYX reHeTHUecKHX >¢dek-
TOB, BO3HHKAWOLUIUX ONHOBPEMeHHO NpPH NeHCTBHM TOPUMYHOrO rasa.
Peub nper o JeTaJbHBEIX MyTanuAX, BO3HHKAIOIIHX B Dpe3yjabTaTe
paspeiBa XpOMOCOM B OJHO TOUKe, M O TPaHCJOKalUUAX, KOTOpHIe
BO3HUKAIOT, €cJH JBE XPOMOCOMBl pa3opBanucb H OOMEHSIJIHCH
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OTOPBAHHBIMH KyckamH. Kak m B ciyyae peHTHeHOBHIX Jyuefi, yac-
TOT4 TpaHcJOKalHA Hapacraja ¢ [030f TIpUMepHO KaK KBajapat
YacTOTl JeTasted. IDTO ClAelyeT H3 MNPEANOJOXKEHHs, YTO JeTajb
BO3HHKaeT B pe3yJabTaTe OJHOrO «yAapay, B TO BPeMs KaX TPAHCJO-
Kanust TpebyeT ABYX He3aBHCHMBIX «yAapoB» [55].

3. PaspniBel XpoMOCOM, HHAYUHPOBAHHblE XHMUUYECKHMH MyTare-
‘HaMH, OKasa/HCb NOXOXKHMH Ha pa3pbIBH, WHAYIHPOBAHHBEIE DEHT-
TeHOBBIMH J1y4aMH. 3TOT BBIBOJ MOXKHO CHeJaTh Ha OCHOBe paboThl,
B KOTOPOH H3y4a/sOChb BOCCOeJAUHEHUE Pa3PHIBOB XPOMOCOM, HHIYLH-
POBAHHBIX HIIPHTOM, C pa3pbiBaMH, BbI3BAHHBIMH PEHTIeHOBBIMH JY-
yamH. B 310t paGoTe BO3NEHCTBOBAJH HAa CAMIOB IJIOHAOBON MYIIKH
CHaya/ja PeHTTeHOBBLIMH JyYaMu, a 3aTeM HIPHTOM, U HaoBopoT.
B o6oux caywasx yacrota TpaHcaokauuit Gelia Godblle, aAAHTHB-
Hol. BenmuwHa OTKJOHEHHs OT aJAMTHBHOCTH XOpollo OOBfCHeHA
TEM, YTO Da3pPbIBbl, HHAYUHPOBAHHEIE HIDHTOM, C TeM XK€ yCIeXOM
BOCCOELUHSIOTCS KaK caMM ¢ cofofl, TaK H ¢ pa3spblBaMH, HHAYLHPO-
BaHHBIMW PEHTIeHOBLIMH JyuaMHu [56].

4. B0 HafileHo, UTO HIPHUTHL, TaK XKe KaK ¥ DeHTreHOBBI JY4H,
6osnee 5b(hEKTUBHBL, '€CJAH XPOMOCOMBl MpelBapHTeNbHO OOJYYHTD
OMHXKHUM HHPPAKPACHBIM CBeTOM [H7].

5. B psane cnyuaes nabarmompanoch siBJeHHe NEPEKPECTHOH yCTOH-
YHBOCTH K HefiCTBHIO XMMHYECKUX MYTareHOB H paguanuu. MssectHo,
uTo 6aKTeDHH, BLIXKHBILHE II0CJHe PEHTTeHOBCKOTO o6/yueHus B 60Jb-
LINX 103aX, 00/1a4al0T NMOBBIIIEHHOR YCTOAUYHBOCTBIO K ero JeiiCTBHIO.
TouHo Tax Xe MOMXHO NOJYYUTb GaKTePHH, YCTOHUHBEIE K AeHCTBUIO
as3oTtucToro uapura. [Ipy aTom oxasbiBaercs, uto GaKTepHu, ycTOH-
YHBBble K HIPHTY, YCTOAUYUBH TaKKe K obayueHHIo, H HaoBopot [58]
Kak npaBuso, YCTONUHBOCTb K «SILY» SABJSETCA OYeHb cHeluduye-
CKHM CBOHCTBOM, T. €. YCTONUYHBOCTb K OLHOMY «sAiy» He obecrneuy-
BaeT YCTOHYHBOCTH K JApyroMy. [TosTomy BO3HHUKHOBEeHHe nepekpecT-
HOH yCTOMUMBOCTH CBHUJETENBbCTBYeT O OJH3KOM CXOACTBe IBYX
«a10B> [59].

MHorne xuMuyeckHe MyTareHsl 06/1a1al0T CXOACTBOM C pajHani-
el ¥ B QU3HONOTHYECKOM JeHCTBMH Ha KiaeTKy. OHW BBI3BIBAIOT
obpaTHMOe CJIHIAaHHE XPOMOCOM, a TakKXe 3aJepXKHBAWT HAYaJo
MHuTO3a. MHOrHe XMMHYecKHe MYyTareHbl, Tak Ke KaK W paJHalud,
SIBJASIIOTCA KaHIepOTreHaMH,

OnHako Hapsigy co CXOACTBOM HaGaI0Januch # CYLeCTBEHHBIE
pasanuuda. Iloxkany#i, caMoe 3aMeuaTesibHOE OTJIHYHE TOPUYHYHOTO
rasa oT pazualnu, oOHapyXeHHOe yKe Ha CaMBIX DaHHHX CTalHAX
U3y4YeHHs XHMHYeCKOr0o MyTareHesa, 3akK/ioyaeTcd B 3aleDXKKe
NPOSABJEHHsT ero MyTaresHoro s¢dekra [60]. 3amep:xka nposBas-
Jlace B TOM, YTO IIOCJAe BO3JeHCTBUA TOPYHYHBIM Tra3oM Ha MJA0L0-
BYIO MYIUKY 4yalle Ha6JI0falUCh TOTOMKH C MO3aHYHBIMH y4aCTKaMH
Tesa, a IJIoMaAb 3THX YYacTKOB Oblia MeHbIIe, 4eM nociae ofayye-
HHSl DeHTT€HOBBIMH JyyaMH. B ciayuae MO3aHUHOCTH He BCe KJETKH
Tesia 061a7a10T MYTaHTHBIM NpH3HaKOM. Bo3aunkaeT oHa B pe3yib-
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TaTe TOTO, YTO MYTalUsl MPOHUCXOAMT YKe MOc/Je Hauyajaa Apobie-
HHUSl ONJIOAOTBOPEHHOrO silna. UeM nospHee mpu 3TOM MpPOH30HAET
MyTauHs, TeM MeHbille §yLeT NJollalb Tela, 3aXBaueHHAs MO3auy-
HOCTBIO.

3anepxaHHHH MyTareHHelfi 3ddext HaGaonancs TakxKe A
TPHITW/IEHMe/NaMHHa, AH3NOKcHOyTaHa, GopMajbieruia U HeKOTO-
pPBIX IPYTHX MyTareHoB.

Cnegyromee OT/IMYHe 3aKJjloyaeTcs B TOM, UTO TEPHOJ MaKCH-
MaJbHOH 9YBCTBHTEJbHOCTH KJETOK K JeHCTBHIO XMMHUECKHX MYTa-
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Puc. 2. UyBCTBUTENLHOCTE OMYXOJEBBIX KJIETOK KPHICH!
(onyxoab Yoxepa 266) K nefiCTBHIO PEHTTE€HOBHIX Jydefl
H asoTucToro umpura [61]

“

reHOB OTHOCHTCS, KaK NMPAaBUJIO, K GoJjlee pAHHUM CTaAUSAM MHTOTHYe-
ckoro mukjaa (puc. 2). 1o 6bl10 06HAPYKEHO Ha ONyXOJAX KPBIC
[61], a TakxKe Ha pacTHTeJbHBIX 06BLeKTax {62].

Pasnuuna HaGAOJanHCh H B YYBCTBHUTENbHOCTH DA3HBIX CTaAuH
cnepMaTorene3a. Co3peBaHHe MYXKCKHX 3apOABILIEBBIX KJETOK MpO-
HCXOMHT cjeaylomuM o6pa3oMm. M3 HcXonHBIX cllepMaTOTOHHH B pe-
3yJabTaTe CePHH JeJeHHA pa3BHBAlOTCA CHEPMATOLMTH IE€PBOTO
mnopsaxa, objajaiollHe MHNJIOMIHBIM HabopoM XpoMmocoM. 3aTeM
HacTymaeT TepBoe MefOTHYECKOe JejeHHe, B pe3yJibTaTe KOTOPOTN
noJyyaloTesa TamJoHAHBle CMepMaTOLHTH Broporo nopsaxa. Ilocae
6LICTPO NPOTEKAIOUIEro BTOPOTO AeJeHHs 006pa3yloTcs YeTbipe ramn-
JouHble ciepMaTuabl. CrnepMaTuabl yXe 6e3 JejqeHHH npeBpamaloT-
ca B 3penble cmepMuH. UyBCTBUTEAbHOCTh CTAJHMH crnepMaToreHesa
M3YUaloT CaelyIolUM o6pa3oMm. Ha caMmuloB BO3AeHCTBYIOT MyTare-
HOM, 3aTeM uepe3 OmnpeleseHHbIe TPOMEXKYTKH BPeMEeHH X CKpellH-
BAIOT, IPHUYEM KaxABl pas ¢ HOBBIMH caMKaMH. TaKum o06pasoM
nojiyyaercs HECKOMbKO TPy NOTOMKOB OJHHX H TeX XKe CaMIOB,
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HO BO3HMKIIHX OT CIIEPMHeB, HAXOAUBIIHXCA B MOMEHT MYTareHHOro
BO31eHCTBUSA HA PA3HBIX CTAAHSIX PAa3BUTHA.

JJis1 peHTreHOBBIX M y-Jy4ell, TOPYHUHOTO rasa, TPHITHIEHMea-
MHHAa M. HEKOTODBIX APYrHX aJKWIHDYIOUIMX COEJHHEHHH pasHbIe
CTaJAWH ClepMaToreHesa y IJIOAOBOH MYIIKM TIpOSIBHAM B OOLIHX
yepTax CXOAHYI0 UyBCTBHTeNbHOCTb., MyTanuu (peleccrBHble CIel-
JleHHBIE C TIOJIOM JieTaJH) BO3HHKAJH C 3aMEeTHOH 4acTOTOH HA Bcex
CTaJusiX ClepMaroreHesa, NpHUeM 3pejble CIepMHH ObliH OGoJjee
YUYBCTBHTEJbHbl, YUeM DaHHHE CHEPMATOTOHHH, d IHK UYyBCTBHTENb-
HOCTH NPHUXOAMJCS HA CPeHHe CTAJUH: CleDMaTHIbl, CIEpMaTOLUTHI
HIW paHHHe cnepmarorouud [56]. [Ipn Bo3meHdcTBHM pPEHTreHOBHIMH
nyuaMH 6oJblile BCero MyTaunuil BO3HHKAJIO B MO3AHHX CIepMaTHAAX,
TOrZA KaK NPH BO3AeACTBUH TOPUHUHBIM Ta30M HJIH TPUITHUIEHMeJsa-
MHHOM — B TIO3JJHHX CNEPMATOTOHHAX HJIM paHHHX CIepMaTolH-
Tax [63].

Hekoropble npyrue myrareHsl, HanpuMep yperaH [14], ¢opmans-
JerujJi, HEBEnwpyeMelll B3pocabM ocobam [64], u stunmerancyapgo-
nat {49] adderTnBHEE BCero AeHCTBYIOT Ha 3pesbie CHepMHH; (Gop-
MaJdbAerua, AobaBasieMbli B nuily {63], u xJopatunMeraHcyabdo-
HaT {49] mefcTBYIOT MCKJ/IOUHTENbHO HJIH TOUTH HCK/IIOUHTENbHO Ha
CTaluH, NpeilllecTBYIOLIHe MeH03Yy.

XMMHYecKHe MyTareHbl OTJHYAIOTCST OT paAvaldM ellle H TeM,
YTO OHH, KaK [IPaBHJ/IO, BBI3bIBAIOT PA3JHUHbBIE THIB MYTALHil B HHBIX
Nponopuusx, 4yeMm paadanus. B uvacTHOcTH, NpH BO3AEeHCTBHH HA
MJI0A0BYIO MYIIKY TOPYHUHBIM Ta30M OTHOIUEHHE YHCJIA XPOMO-
COMHBIX TlepeCTpOeK K 9YacToTe JeTalel, BbI3BAHHBIX pPaspblBAMHU
XpOMOCOM B OJHOH TOYKe, MeHbllle, YeM INPH BO3JAeHCTBHH pa-
auanuu [55].

CylLlecTBeHHOe OT/IHYMe 3aKJA0UaeTcsd H B TOM, YTO HOHH3HUDYIO-
IIHe H3JYYeHHs] MyTaTeHHbl JJs BCEX OPTAHU3MOB, MeXIYy TeM H3-
BeCTHO JOBOJIBHO MHOTO CJIYYaeB, KOTJa BEIIeCTBO fIBASIETCS aKTHB-
HBIM MYTareHoM AJsl OJJHOrO OpraHu3Ma, HO COBEDIeHHO HeMyTareH-
HO aas1 Apyroro. Hanpumep, yperaH BbI3bIBaeT MYTalHH Y I10J0BOH
MVIIKH, pacTeHHH ¥ GaKTepu#i, HO He BBI3BIBaeT HX y HeHpocno-
pet [65]. Takas cneunuUHOCT NPOABJISETCS U B er0 KaHUEDOTEeH-
HOM JefCTBHH. YpeTaH BHI3BIBAET pakK Jerkoro y Mblmeit U KpHIC,
HO He BBI3BIBA€T €T0 Y KPOJHKOB ¥ MODCKHX CBHHOK. HacTHUHO 3TO
CBSI3aHO C TeM, UTO B JNAHHOM cJydae aKTUBHBIM KaHLEDOTEHOM
ABJseTcsl He caM yperaH [66], a NpOAYKT ero npeBpallleHHsi, KOTO-
pelfl oOpasyercs He y Bcex MJiekonuTamoliux. Eie Gonee pasureib-
HBIfl TpHMep mpeAcTaBaseT cobofi MyrareHHoe aeficTBue ¢opMaJb-
Jeruja Ha IJIONOBYIO MYLIKY; Koraa 'hopMaJbleruj, MHBEUUPYIOT
B3pOCJBIM 0cO0AM, MYTAllHH BO3HHKAIOT TOJBKO y caMuos [55].

XHuMuUecK#e MYTareHel IO CBOEMy JAeHCTBHIO OTIHYAIOTCA He
TOJBKO OT paJHalyH, HO H IPYr OT APYra; OTCIOfa BO3HHKAET BO-
npoc o crnenupuke AeficTBUS KaxXKAoro MyrareHa. MoxKHO ycJa0BHO
BBINENHTL ABAa BHAA CNeUM(PHUHOCTU: CIeUH(PUIHOCTh B OTHOLIEGHHH
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Pe3yNbTAaTOB BO3[AefICTBHS MyTareHa; CleUHHUYHOCTh B OTHOLIEHHH
MexaHuaMa JAefCTBHSL MyTareHa.

on cnenutdHYHOCTBIO B OTHOLIEHHHW pe3YJbTAaTOB BO3AeHCTBUA
MBI NOHHMaeM cjefyiomlee. Kaxayio MyTanuio MOXKHO XapakrepH-
30BaTb BEPOSTHOCTHIO ¢€ BO3HMKHOBEHHS TOX AeHCTBHEM JAHHOTO
MyTareHa, 4TO 3aBHCHT OT yCJOBHH 06paboTKH MyTareHoM, OT TaKHX
¢akTOpOB BHeWIHEH Cpeibl, KaK TeMIepaTypa, YCJAOBHS THTAHHA
" T. 1. Pa3nble MyTauuu noa nefcTBHEM OJHOTO H TOTO XKe Myrare-
Ha NpH OJHUX M TeX 3Ke YCJOBHSAX MOTYT BO3HHKATb C Pa3JHYyHON
yactorofl. [losToMy, 4TOGH AeTanbHO OXapaKTepH3OBaThb HeHCTBHE
MyTareHa, HeoOXOZHMO 3HaThb YaCTOTHl BCeX MyTalkil, KOTOpHIE
3TOT MyTareH crnocofeH HMHAyHHpOBaTb. COBOKYIHOCTb BCeX 3THX
4aCcTOT MOXKHO Ha3BaTh CMEKTPOM MYTalLHH, HJH CIEeKTpPOM HedCTBHA
MyTareHa.

Ecnu crnekTpbl neHCTBHS pa3HBIX MYTareHoB OTJAHYalOTCA ADYT
OT Jpyra, TO MOXHO TOBOPHTb O TOM, YTO ITH MYTareHH UMEIOT pas-
JIMUHYIO Cend(HUHOCTL B OTHOIIEHHH Pe3yJbTaToB AelcTBhA. EcaH
IBa MyTareHa o06/1a1ai0T pa3HoH chnelNWHYHOCTHIO, TO 3TO KOHEUHO
ellle He 3HAUYHT, YTO MEXAHW3M HX JeHCTBHS pa3juueH. Tem He
MeHee  HM3Y4YeHHE CHEeKTpOB JAeHCTBHSI ~ MyTaredoB  sABJsercd
KOCBeHHBIM NOAXOAOM K BBISICHEHHIO MOJEKYJISPHOTO MeXaHH3Ma HX
neficreusa. C Ipyro#l CTOpOHBI, H3yueHHe cNenWPHUYHOCTH B OTHOLIe-
HHUM Pe3y/]bTaTOB BO3AeHCTBHSA MyTareHOB HMeeT NpsIMOe OTHOILIEeHUe
K npo6JjieMe HANpaBJeHHOTO INOJYYeHHsS MYTandH, T. e. HHAYKLHH
HYXKHOHM HaM MYTallHd C YacTOTOH, NpeBHILIAloOllell HAH XOTH Obl
CpaBHHMOH C CYMMapHOH 4YacTOTOH BCeX OCTaNbHBIX (HEHYXHBIX
HaM) Myrauuii. JIpyrdHMH CI0BaMH, AJs MOJydYeHHs] HanpapJeHHOTO
MyTareHesa HeoOXOAMMO HAaHTH MyTareHbl ¢ OYeHb Y3KHM, CIIEIH-
(HYHBIM CNeKTPOM HeHcTBHA.

1) Cneuu¢U4HOCTD MYTAreHOB
B OTHOMIEHHHU Pe3yJbTATOB BO3JeHCTBHS

CHATh NOJHBIH cneKTp AeACTBHA MyTareHa JaKe Ha TaKOM IIpO-
CTOM OpraHH3Me, Kak fakrepuodar, cefiyac npakTHuecKkl HEBO3MOXK-
HO. [losTOoMy crneuH(HUHOCTH MyTareHa NPHXOAUTCH W3y4yaThb JHIIb
Ha OTIeJBHBIX yuacTKax ero Clekrpa. B cooTBercTBHH ¢ TeM, HA
KaKOM yyacTKe CIIeKTPa ¥ C KaKO# paspellalolllefl cHJIOH H3yuaercs
creluPUUHOCTb PE3YJAbTAaTOB BO3IEHCTBUSA MyTareHa, MOMKHO Bblle-
JUTh CJelyIollfe BHAbLL 3TOH crenHdUYHOCTH: ClelH(UUYHOCTbL HA
XPOMOCOMHOM YpOBHe (peruoHajibHas Cleld(HYHOCTb); MEXJIOKyC-
Has CrneUH¢HYHOCTh; CnenwdUYHOCTh B OTHOLIEHHWH CTEleHH M Xa-
paKrepa IOpaKeHHs TeHETHUEeCKOTO MaTepHaJja; BHYTPHJIOKyCHas
crel(HUHOCTb: B OTHOILIEHHM NPSAMBIX MYTalu#l (ropadde TOYKH)
M B OTHOLIEHHH 0OpaTHBIX MyTauM# (asnenb-crnelndHuuHOCTD).
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a) CneyuguunocTe Ha XpoMOCOMHOM YpoBHe,
UAL pe2UOHAAbHAR CREeYUPUUHOCTD

ATa cneundHYHOCTb YETKO YCTAHOBJIEHA B OTHOLIEHMM pa3phl-
BOB XPOMOCOM pacTeHHH. DBOJBUIMHCTBO XHMHUYECKMX MYTATeHOB
BBHISIBJISIIOT B XpOMOCOMe «cjabble 06J1aCTH», KOTOpble uYalle BcCe-
ro pByTCA TOA HX AeACTBHeM. MOXHO TIDHBEeCTH TaKOH NpuUMep.
B mepucremaTHyeCKMX KJeTKax KOPEIIKOB KOHCKHX 6oGoB (Vicia
faba) uMeloTcA WeCTh Nap XPOMOCOM: OfiHA GOJbIIAs U MSTh MaJbIX.
IIpu y-06/1yyendn oTHOIIEHHE YHC/IA PA3PLIBOB B GOJBLIOH XPOMOCO-
Me K UHCJIY pasphiBOB B MaJblx cocrasiaser 5:2. I[Ipu o6Gpabotke
KODELIKOB HIPHTOM 3TO OTHolleHHe paBuo 50:2 [67]. Llutonoruue-
CKHMU aHa/lH3 NOKa3blBAeT, YTO Pa3phIBbl, HHAYIHPOBaHHbIEe HIIPHTOM,
KOHLEHTPHDPYIOTCA B reTepOXpOMAaTUHOBOH 06saacTu B paloHe LieH-
TpoMephl GoJiblliolf XpoMocoMsbl [62]. Jpyrue XUMuyecKue MyTareHhl
Tak Xe PBYT XpPOMOCOMH DacTeHHH B TeTepOXPOMATHHOBBLIX obJa-
crax [68, 69]. B npoTHBONOMOKHOCTD 3TOMY, A HOHH3HPYIOIIHX H3-
JAyueHHH W JJIS KHCJOPOJA IOJ BBHICOKHM JIaBJeHHeM He 6hJIO o6Ha-
PYKEHO CToJIb YeTKOH u3GupartesbHOCTH AedcTBus [70].

PervonanbHas cneuu¢pHUYHOCTb NPOSABJAETCS He TOJBKO B KJIeT-
Kax pacteHuii. B KyjabType KJeTOK KHTAaHCKOTO XOMSIUKA H B JeH-
KCLUHTAaX YeJOBeKa paspbiBbl, HHAYUUDOBaHHble TAKHMH areHTaMH,
KaK THAPOKCHJaMHH u OpOMIE30KCHYPHIHH, paclipeflejieHbl [0
JJIMHe XpOMOCOMHEI TakxKe He cayuafino [71—73}

[Tpu wmccnen0oBaHUH MOTOMCTBA CaMIOB IJIOROBOH MYIUKH, Bbi-
pauleHHBIX Ha InHille, B KOTopylo pao6aBiasercs GdopManableru,
6b10 Halzeno, YTO mepecTpoiikd, Ha6/IOfAaeMble NIPH ITOM LHTO-
JIOTHYeCKH B THTaHTCKHX XPOMOCOMaXx CJIOHHBIX JKeJie3, pexe
BCTPEYAlOTCd B TeTEPOXPOMATHHOBOH 0OJacTH, UeM TIpH BO3JeH-
CTBUM peHTreHoBHIX ayueil {74]. BosMoXHO oaHakKo, uTo 3TO OTJIH-
UHe OT pacTeHHH YHCTO KaXKylleecs, TakK KaK B XpOMOcCOMax pac-
TeHUH MOXKHO OOGHApYXHTb BCe NepecTPOHKH, a Yy IJIOAOBOH MYIIKH
nepecTpofiku ¢ 0G0MMH pa3pblBaMH B reTepOXpPOMAaTHHOBOH 06JacTH
OCTaloTCsl He3aMeueHHBIMH [55). -

6) Mexcrokycrhas cneyupuuHocto

Myraren MOXHO Ha3BaTb CrelH(HYHBIM B OTHOILIEHHH HEKOTO-
pBIX JIOKYCOB, €C/JAH 3TH JIOKyChl MyTHDYIOT TOJ €ro Bo3AeHcTBHEM
yanie APYrux U pasbpocaHwl o JJHHE XPOMOCOMB! GoJiee HJIH MeHee
cayuadHeiM o6pa3oM. Ecnu ke BLHICOKOMyTaGUuIbHBIE JIOKYCHI CKOH-
UEHTPHPOBAHBl B OlpeleIeHHOM palloHe XPOMOCOMBI, TO MyTareH
MOKHO Ha3BaTb crnelndHYHEIM B OTHOWIEHHW 3TOTO paioHa. OnHako,
4yTOGbl BBIACHHTB, C KaKHUM BHOOM CrelH(pHYHOCTH MBI HMeeM JeJo,
H3yueHHus ONHOH JHUIb «reorpauu» BHICOKOMYTaOHIbHBIX FeHOB He-
pocraToyHo. [lomycTuMm, uTO MBI OGHAPYXKHJAH TPYNIY TeCHO
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ClLeNJeHHBIX BEICOKOMYTaOUJbHBIX reHoB. I'eorpaduueckoe pacmnosio-
JKEeHHe 3THX IeHOB CBHAETEJNbCTBYET O TOM, UTO MYTAareH «OTJHYaeT»
pailod, B KOTOpPOM OHH Haxoxsitcsi. Ho Moxer ClHydyHTbest Tak, 4TO
3TH TeHbl COXPAHSAT CBOIO BBICOKYIO MYTaOGHJIBHOCTb, JaXe €CJaH HX
pasbeqUHHTh, [lepeHecss B Pa3JHuHbie YYacCTKH XPOMOCOMH. SlcHO,
4YTO B 3TOM CJiyiae MyTareH «OTJHYaeT» He paloH, B KOTOPOM Haxo-
AATCS TeHbl, a caMH reHbl. B 6osblIMHCTBE cay4daeB Takoro (yHK-

IHOHAJbHOTO pasrpaHuYEeHUd

TaG6anua 4 MEeXJy perMoHaJbHOH H MeX-

YacTroTa CNOHTaHHMBIX MyTauMii B reHax,
KOHTPOJHPYIOLHX MOPPOJIOTHI0 H [OHr-
MEeHTauHi0 3epeH KyKypysul [75]

JIOKYCHOH cnelnudUuIHOCTLIO MPOo-
BeCTH He yJajocCh.
[Ipexne yem nepefATH K HH-

oo JyIUPOBAHHOMY MyTareHesy,
) ‘K yKaxeM Ha JaHHble, CBUIETE/b-
fou | MeCIEROBAM- | |\ ramos | Che%m¢  CTBYIOIIHE O HEKOTOPOH Creln-
ramer ramer ($UYHOCTH CNOHTAHHOTO MyTa-
IIHOHHOro mpornecca. Jlyyie Bce-
R i 554 786 | 273 496 ro OHa H3yyeHa Ha KyKypy3e. B
1 265 391 28 106 TabJ. 4 moKasaHa 4acToTa CIIOH-
Pr 647 102 7 i1 TaHHBIX MyTalUii B JIOKycCax,
Sn |1 678 736 4 2,4  KOHTPOJHDYIOIIHNX MODPGOJOTHIO
Y 1 745 280 4 2,2 ¥ TUTMEHTAUMIO 3epeH KYyKypy-
Sh | 2 469 285 3 1,2 3H [75].
Wx | 1 503 744 0 0 Ha kykypyse 6bu1o oGHapy-
JKEHO, UTO MEXJIOKYycHas CIellu-

GHYHOCTL CIIOHTAHHOTO MyTa-
UMOHHOTO Npolecca HaXOLUTCH NOA IeHeTHUYeCKUM KOHTpoJeM. B ka-
uecTBe TpHMepa TpPUBEAEM JBYX3JIEMEHTHYI0 cHcreMy «Ds-Ac»,
noapobHo usyyensywo Mak-Knunrtok [76]. Ora o6HapyxHuaa, uto B
JoKyce, 3aHuMaeMoM 3aemeHtom Ds (Dissociator), wuacto mpowuc-
XOAAT Da3pbiBhl, €CJIM TOJBKO B APYroM JIOKyce NPHUCYTCTBYET 3Jie-
MeHT Ac (Activator). Ha npyrue yuacTku XpOMOCOMBI 3/eMeHT Ac
He OKashiBaeT HHKAKOTO BJIMSIHHS. Pa3pbiBbl NPOHCXOASIT B COMAaTH-
UeCKHX KJ/eTKaX, NpHyeM BpeMs HX BO3HUKHOBEHHS 3aBHCHT OT KO-
JmuyectBa d7eMeHToB Ac B sigpe. C yBenHueHHEM YHCIa 3JEMEHTOR
Ac paspbiBbl B n0Kyce Ds mpoucxomar Ha GoJjiee MO3AHHX CTARUSIX
pasBUTHA pacreHus. [lajsee oxasajock, YTo 3aeMmeHT Ds crnocoben
MEHSATb CBOE PacloJIOKeHHe Ha XPOMOcOMe. DTO NPOHUCXOLHUT TOJbe
KO B NMPHCYTCTBUH 37eMeHTa Ac Ha Tex CTafAHsX Da3BHTHS, BO Bpe-
Ms KOTOpHIX B JIOKyce, 3aHHMaemoMm Ds, MOI'yT NPOHCXOAHTh paa-
PBIBBI. Y4YacTOK XPOMOCOMBI, Ha KOTODBI NEepeMeCcTHJICS 3JeMEeHT
Ds, npuobperaer cnoco6HOCTh K YaCTHIM pas3pbiBaM.
MexnoxycHas cnenuGuyHOCTH CHOHTAHHOTO MYTaLMOHHOTO MpO-
necca 6bna ob6HapyxeHa u y Drosophila {77). T'ensl, MyTupyomue
C BBICOKOH 4aCTOTOH, MOJNIYUHJIH Ha3BaHHe HecTaOuibHbIX. HasBanue
3TO HeyJlauyHO, TaK KaK HecTaGUJBHOCTb XapaKTepDHAa He JIJs BCeX
annene#t aTux reHoB. Kak mpaBuso, ¢ BBICOKOH YacCTOTOH IPOHCXO-
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JAT MyTallHH H3 pelecCUBHOA MyTaHTHoOH (GOpMBl B JOMHHAHTHYIO
IUKYI0O (popMy rena, Kotopas oObuHO cTabuspHa. ITostomy mpa-
BUJIbHe!l TOBOPHTL O HeCTaOH/IbHBIX aJJIeJIsX.

Hecra6unpHocTh ‘HEKOTOPHIX aJjiiesiefi Oblja OOHapyXeHa B JH-
uun Drosophila virilis, Toraa Kak B APYTHX JIMHHAX JAHHOIO BHAA
3TH e aJl/ieJid OKasaJHchk cTabunbHBIMH. MHTepecHo, uto Hecra-
- GUJABLHOCTL MPOSBJSLJIACH He HAa BceX CTaJHAX oOMToreHeda. [locae
OMJIOJOTBOPEHHS SHIO IIOROBOA MYIIKH NPOXOAHT UYepe3 BOCEMb
CHHXDOHHBIX JeJIeHHH, B pe3ysbTaTe KOTOPHIX 06pa3yeTcs 256 anep.
[IpumMepHO NATH HJAW BOCEMb M3 HHX JalOT Hadajo 3apoAblIIEeBHIM
" KJIETKaM, a OCTajbHble — cOMaTHuecKHM, M3ywas pa3mep yuacTKoB
TeJla MyXH, 3aTPOHYTHIX MyTallHefi, H MPONOPIHIO MYTAHTOB B TIOTOM-
CTBE MO3aHYHBIX MyX (MyTaHTHBIE IOTOMKH MOTYT BO3HHKHYTh
TOJIKO B TOM CJiyyae, ecJid MyTallus 3aTPOHYJa 3apoAbllieBble KJET-
KH), MOXHO NpPHGJH3UTENILHO ONpPEAeNHTh, Ha KaKoff CTafjHH OHTO-
reHe3a BO3HHKJa MyTauus. Jlns Tpex aajenein (a, b, ¢) rena mt
TaRUM CIlocOO0M GBLJIO HaHAeHO, UTO BO BpeMs NePBLIX BOCBMH Ie-
JIeHUH 3TH aJiesin CTaOWibHbL. AJjienb @ CTAaHOBHTCA HeCTaOHJIBLHBIM
Ha OoJlee MO3MHHX CTafHAX oHTOTeHe3a. HecrabuibHOCTH NpOsBAA-
eTCs H B 3apOJBIIIEBLIX, H B COMaTHUECKHX KaeTKaxX. Asitenb ¢ cTa-
HOBUTCS HECTaGUJbHBIM TOJMILKO B COMATHUECKHX KAeTkax. Annenn b
octaercst cTaOWJILHBIM B 060MX THIAaX KJIETOK.

Y MHKpOOPraHH3MOB TaKXKe OOHapyXeHa MeXJOKyCHas CIelH-
(UYHOCTL CIOHTAHHBIX MyTanuf. 3Ta cHeUH(HYHOCTL HAXOIHUTCA
IIOI TeHeTHYeCKHM KOHTposeM. Tak, HampuMep, HMeeTcs WITaMM
KHIIEYHOHR Ma/IOYKH C NOBHIIUEHHOH YacTOTOH MyTalUMH K CTpenTo-
MHUUMH-ycTofiunBOCTH {78]. 3TO OOBSACHSETCS NPHCYTCTBHEM B 3TOM
HITAMMe TeHa-MyTaTopa, KOTOPHI pacno/ioXKeH B 1M0Ji0BOM haKTOpe.
Korna nonoBofi ¢akrop, HecyllHH 3TOT TeH, Nepenaercs APYTHM
HITaMMaM, TO OHM NPHOOpPETaloT CBOACTBO MYTHPOBATh C BBICOKOH
yacTOTOH K CTPeNTOMHUHH-ycTOAYnBoCcTH. UacTrora Myrauuii B Apy-
THX reHaX TIDH 3TOM He H3MeHseTCs.

MexnokycHas crnenu(HYHOCTS HHAYUHPOBAHHOTO MyTareHesa
MHTEHCHBHO H3ydYaJiach IIBeJCKHMH FedeTHKaMun Ha siuMese [79, 80].
Hekotopas MeXJsioKycHasi cheinu(pHUHOCTb ‘Obljia HMK OOHapyXeHa
B CHCTEeMe TeHOB HeNmoJeraeMoCTH NOJ JeHCTBHEM Pa3IHYHBIX H3JIy-
yennil. [Ipu3Hak HemoJieraeMoCcTH KOHTPOJIHDYETCS 1O KpaftHefl Mepe
22 renamu a, b, c... v. MyTauuu B 3THX reHax NPHBOASAT K BO3HHK-
HOBEHHIO KPENKOfl coMOMB y sumeHs. Hame Bcero MyTalluH BO3HM-
KaloT B JIOKycax a, ¢, d, m (puc. 3).

Pa3nnua B MyTareHHOM cleKTpe y-Ayuell H HEKOTODHIX XHMHYe-
CKHX MyTareHoB Onuia oGHapyXeHa NMpH CPABHEHHH YaCTOT MYTallMit
YCTOMYHBOCTH K MYUYHHCTO! poce (mapasuTHbIfl TPHO) H XI0PODHIb-
HBIX MyTauufi (tabJ. 5).

Bulio TakXKe HalileHo, YTO JBa OCHOBHBIX THIA XJIOPOGHJIbLHBIX
MyTalH#, a HMEHHO MYyTallMM, NPHBOASILHE K H3MEHEHHIO 3esieHOR
OKpacKH B CBETJO3€MeHYI0, H MyTaluuH, naiouniue 6ecxopoduiabHbie
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Ta6auna 5

Yacrora xJ0opoduAbHEIX MYTauMi ¥ MyTauuiit yCTOHYHMBOCTH K My4YHHCTO#H

poce [80]

Hueno OrTHolleRde

Myrtaren uayuennpix | MYTauM#, yCTo#- | ynonobunbrbx M;-:-Tl;.):ﬁ

cemett My::;z;xo;pggczf @ MyTaiuit (6) (a) : (6)

EcrecTBenHblii  MYTaLHOHHBIA

npouecc . . . . . . . . .| 3814 0 i 22 0,00
G A1 S 8 531 14 213 0,07
OKHCb 3THJIEHA . . . . . 9 251 0 4 0,00
dopMasbierny . . . . . . . 15 849 1 47 0,02

Kak ¥ npw o06paboTKe IVIMUHHOBHIM HIDHTOM HJIH HUTPOMHHOM
(okuceio azorucroro unpura HNZ2). Hanporus, 310 OTHOIIEHHE paB-
Hanock 0,6 B JBYyX GOJBIIMX 3KCIGPUMEHTAX C AJaHHHOBHIM HIIPH-
toM ¥ 0,07 npu of6paboTKe aMHUIOM aJaHHHOBOro HmpuTa. Paszuulla
B JNeHCTBHW 3ITHX MYyTareHOB OYeBHAHA, HO HHTepHpeTaluio ee
OCJIOXKHSIOT HEKOTOphble CTPaHHBIe CBOHCTBA 3TOf cucTeMH. HacTOoTH
MyTauufl OLIIH OYeHb BeJHKH U B KoHTpoJe. [loroMcTBO B nmocaeny-
IOIHX TIOKOJEHHSX HCCJAeN0BAJOCh 0YeHb MaJo, I03TOMY He HCKJIO-
yeHa BO3MOXKHOCTb TOrO, YTO YaCTh PO3OBBIX MJIH KPacHHIX QeHOTH-
IIOB, ‘BO3HUKAIOLIHX Nocse 06pafoTKH B BUIEe MO3aHK, 00si3aHa Bpe-
MEeHHOMY BJIMSIHHIO MyTareHoB Ha AefcTBHe reHa. Kpome toro, oTHo-
eHue pefre Bcerja 6oJbliee eNHHWUL INPH OOJYyYEeHHH CaMIOB,
CTAaHOBHUTCA MeHbllle eIHHHIE Nmpu OOGJyyeHHH caMoX. ITO 06cTosi-
TeJILCTBO HABOJAUT Ha MBICIb O TOM, YTO OTHOIIEHHe 3THX [BYyX TH-
OB MyTalUHH MOXKeT 3aBHCeTh OT CTaguH crmepMaroresesa [55].
B nonw3y TOro, 4To CHEKTp MyTralufi MOXKeT 3aBHceTh OT (puU3HOJI0-
THMECKOTO cocTOsiHuSt ofpafaThiBaeMBIX KJETOK, CBHAETENbCTBYIOT
ONBITHI 10 HHAYKUUHK MyTaluf 8 ceMeHax ssuMeHs. Korpa obnyuenuio
noABepraJjuch HaOyXalollHe CeMeHa, TO CPeAH BHIPOCHIHX u3 HHX
pacTeHHH BCTpeyaJuCh XJOPO(QHUIbHBIE MYTAallHH ¢ DeAKUM (eHOTH-
oM alboxantha. Ecnu xKe o6JayyeHHIO MOABEpPraluch CyXue ceMeHa,
TO 3TOT EHOTHI He BO3HHKAJI JaxKe MPH OUeHb OogabliHX mosax {81]

O. ®axmu 1 M. Paxmu Ha nJ0NOBOH MyIlKe TaKXKe MOJYYHJIH
HAaHHBE, CBUIETEJNbCTBYIOIIME, TIO HX MHEHHIO, B MOJbL3Y MEXJOKYC-
Hoil cnenugpuyHoctd. CpaBHHBAast MyTareHHoe nelCTBHe H3JyYeHHR
¥ XHMHYeCKHUX BeIlleCTB, OHM HAULIH, YTO Paclpene/eHHe CLENJeH-
HBIX C IOJIOM JeTanel, HHAYIHUPOBaHHLIX TPUITHACHMeTaMHHOM, CY-
IIECTBEHHO OTJHYA€TCsl OT paclpellesieHns JeTasael, HHIYUHDPOBAaH-
HBIX PEHTTeHOBBLIMM JIyyaMH H BO3HHKHIMX CrMOHTaHHO. Pa3nulla Ha-
Gaioganack TJIaBHBEIM 06pa3oM Ha KOHue X-XpOMOCOMBI BOJIH3M
uestpomepnl [82]. Kar 3amernna Aysp6ax {55], ato HaBoaMT Ha
MEIC/Ib O TOM, 4TO ipa3HHlla B CIEKTPaX BLI3BaHA BJHSHHEM ILEHTPO+
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Mepbhl, 103TOMY OBLJIO Obl HHTEDECHO ONMpelenuTh paclpeje/ieHHe Je-
Talell B HHBepTHPOBAHHOMA XpomocoMe. Buanumble MyTalluH, HHAYLIH-
pOBaHHBIE TPH3THJIEHMETaMHHOM W IPYTHMH XMMHYeCKHMH MyTare-
HaMH, pacnpefefsiiiCh CXOZHHIM o6pa3oM. OTH pe3y/bTaThl
TO3BOJIAIOT NPeANOJI0XHUTD CYlllecTBOBaHHE HEKOTOPOH PETHOHAJIbHOH
cnenuuunHoctH. OpHaKo YTBEPXKJIEHHs aBTOPOB, MOABEPrHyThIE
o6crosiTesqbHOR KpHTBRe Aysp6ax {55, 83], aTuM He OrpaHUUYHUBAIOT-
cs1. [lepBoe yTBepKIeHHe 3aK/al04aeTcs B TOM, UYTO HEKOTODhle MY-
TareHel, TakMe, KaK TPHITHWIeHMenaMuH, (eHHSaTaHUHOBBIH HIPHT
U XJOp3THAMETaHCYyAbGOHAT (BCe aJKUIHPYIOLIMe COEJHHEHHS),
BHI3HIBAIOT GOJbIlle BUAMMBIX MYTalHH O CPaBHEHHIO C JeTajasMH,
yeM peHrtreHoBbl ayuH [5]. Jauueix ®axmu u PaxmMu HemoCTaTOUHO
I/l CTAaTHCTHYECKOH JNOCTOBEPHOCTH 3TOTO yTBepXJAeHud. B ombiTax,
NpOBeJleHHbIX XDYTHMH aBTOpaMi, H ¢GeHH/IaJaHHHOBHLIA HMNDPHT, #
XJIOD3THIAMETaHCY/Jb(}OHAT BLI3LIBAJH BHJIMMble MYTAallMH H JIETAJH
TIPHMePHO B TOf K€ NMPOMOPLHH, UTO H PeHTreHoBHl JyuH [83]. Bool+
e ke, BCAKHE KOJHUYECTBEHHBIE OMNBITHI C BHIHMBIMH MYTalHMH
y MJIOOBOM MYLIKH HeJNb3sl CYUHTATh JOCTOBEPHBIMU JO TEX TOP, MOKA
OHH He MpoBepeHB! GOJIbIIHM YHCJAOM HCcJefoBaTesel, Tak Kax dac-
TOTa BHIHMBIX MyTanufi 3HauyuTe/JbHO BapbHpYyeT, MO TaHHBIM pas-
HbIX aBTOPOB, H He SBJSETCH BIIOJNHE OOBEKTHBHbIM MOKa3aTeJeM.

Bonee unrepeco mpyroe yrBepxpaenue O. Paxmu u M. ®Paxmu.
Ilocne Bo3neHCTBHS HEKOTOPHIMH XUMHUYECKHMH MyTareHaMu OHH
06HAapyXKHJIH NMOBTOPSIOIIHECS BHAHMBlE MYTallMH, KOTOpbie DaHee
He Oblin onmucaHbl {6]. OHH NPUNHCHLIBAIOT 3TO TOMY, UTO HEKOTOPHE
AJIKHVIMPYIOLHE COeIHHEHHS NPOU3BOAAT MYyTallHH B IreHaX, KOTOPHe
paHee He MYTHPOBAaJH HH CIOHTAHHO, HH NOJ BJHSIHHEM paJHallHH.
MHorie H3 3THX HOBHX® MYTaHTOB CTEDHJbHBI W IMIO3TOMY MOTJIH
ObiTb He BK/IOUEHH B ONYOJMKOBaHHble CIIHCKH MYTAHTOB IJIOJOBOH
MyWKH. [Ipyrie uMesnn BecbMa He3aMeTHOe ¢eHOTHNMHUYECKOe NPOsiB-
JIEHHEe H MOIVIH YCKOJb3HYTb OT BHUMAaHUs HCCJAeNoBaTeNeH, He HHTe-
pecoBaBLINXCS OTKPBITHEM HOBbLIX BUIMMbIX MyTtauui. ITocse orceBa
3THX MYTaHTOB OCTAJIOChb HECKOJIBKO «XODOLIMX» MYTalMH, KOTOpHe
MoryT ObITb BBeJ€Hbl B TOMO3HTOTHYIO JIHHUIO, YTO TIO3BOJISIET NIPH-
MEHHTb K HHM TEXHHKY H3YyueHHs MyTauuii B MHAUBHAYAJbHBIX JIO-
Kycax. DTa TeXHHKa COCTOMT B TOM, UTO CaMKH, pelleCCHBHbIE 110 MY-
TAHTHOMY TeHY, CKPellUBAIOTCS C CaMllaMH JUKOro THIA, Ha KOTO-
pHIX BO3NeHCTBOBAJH MyTareHoM. IIpu 3TOM yxke B MOTOMCTBE mep-
BOTO TMOKOJIEHHs caMOK OOHapy»XXHBalOTCA MYTalldH B H3yuaeMoM
JgoKyce. TakuM cnocobom Paxmu u ®axMu HHAYUHPOBAIH HECKOJb-
KO «HOBEIX» MyTalufi ¢ NoMouibio (eHHIaTaHHHOBOIO HIIPHUTA.
PeHTreHoBBl Xe JIyun He BbI3BAJIW 3THX MyTalufl. JlaHHBIX eule He-
JOCTaTOYHO JJIst CTAaTHCTHYECKOH NOCTOBEDHOCTH, HO HX MOXKHO pac-
CMaTpUBAaTh Kak npenBapuredbHble. XoTa PaxmMu 1 Paxmu yTBepK-
Jal0T, YTO HOBble MYTallMH BO3HHUKAIOT TOJILKO NOJ JAeHCTBHEM XHMH-
YeCKHX MYTareHoB M UTO CHeLH(pHUecKOe NEeHCTBHe ITHX MYTareHoB
He pacnpocTpaHsiercsi Ha «OOblUHbBIE» MYTAlUH, HX Pe3yabTaThl JAIOT
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OCHOBAHHS JHILIbL NJas GoJee OCTOPOXKHBEIX BBICKa3bIBaHHUH O TOM, YTO
HMeeTcsl HEKOTOpoe pacripelelieHHe 3G (PEeKTHBHOCTH AeHCTBHA 3THX
MYTareHOB M «HOBBIE» MYTAaIlUM JI€XKAaT Ha Kpaw 3TOr0 pacnpefge-
JICHH.

Mpyoro pa6oT MO MEeXTIeHHOH CMelM(pHYHOCTH MYTareHoB GHLIO
NpojleaHo Ha MHKpOOpranusmax. bosbuias 4acTb W3 HHX MOCBSLIE-
‘Ha CpaBHEHHIO YacTOT OOPAaTHHIX MyTalliHi B pasHbIX reHax Noj
JeflCTBHEM DA3JHYHBIX MYTareHoB. DTO OUEHb CYlleCTBeHHOe 06CTO-
SITeNIbCTBO. ['€H, KaK H3BEeCTHO, MOXKeT CylIecTBOBAaTb BO MHOTHX
pasHbiX hopmax — asjensx. BeGop onHOA M3 HUX B KayecTBe CTaH-
JNapTHOTO «JHKOTO» THIA YCJOBEH, IO3TOMY H YCJIOBHO TaKie NOHS-
THe 1P S MBLX MyTauuff, T. e. MyTalui, NPHUBOAALIHX K H3MEHEHHIO
nuko# (GopMbI TeHa. Y MHKDOOPraHH3MOB B KaueCTBe AHMKOIO THIA,
KaK IIpaBuJo, BBIGHPAIOT TaKylo (hopMy resa, B KOTOPO#A OH HaHJIyd-
muM o6pa3oM BbinogHseT cBoio pyHkuuio. Torpa Gonbiuias wacTb
MyTalUuilt TPUBOJUT K TOMY, UTO T€H IIOJHOCTHIO HJIH YACTHYHO TIepe-
cTaeT BBHINOJHATL 3Ty pyHKuuo. Msyuenue 6oJbHoro yHcaa He3aBU-
CHMO BO3HHKAIOIIMX MYTAauUuf, 3aTparuBaioUHX OLHH H TOT XKe TeH,
[I0Ka3bIBAeT, YTO OH O6JafaeT BHYTDEHHeH CTPYKTYDOi H Dasjuu-
Hble MYTALUW H3MEHSIOT €r0 Pa3JHYHble YYACTKH.

O6paTHB MH Ha3bIBAalOT MyTallMH, KOTOPLie NIPHBOAAT K TOMY,
YTO MYTaHTHHIA (eHOTHN Bo3BpaUlaeTcs K AMKoMy. Muorna pesep-
CHsl K IMKOMY THIIy HacTyllaeT 3a cueT MYTAallMd B APYroM TeHe.
Takas obpaTHash MyTalus HasbiBaeTcs cynpeccopHoif. Caywaeres,
YTO peBepCHS BO3HHKAeT B pe3ysJbTaTe MyTallHH B TOM e reHe, 4TO
H NpaMas, HO B JIPYroM €ro yuacTKe (BHYTPUT'eHHas CyIpeccHs).
W HaxoHell, MOXKET HACTYNHTh UCTHHHASA DeBepCHSA, KOTAA I'eH B TOY-
HOCTH BO3BpalllaeTCsl K MCXOZHOMY COCTOSIHHIO.

Pasnuny Mexay npsamoll U HCTHHHO oO6paTHOH MyTalMeld HelJo-
X0 TepedaeT aHAJOrHA, BbickasaHHasi Becrepraapaom {84]. Ecan
1BLIPHYTh B cTeHKy 1000 GyAHABLHHKOB, TO BCe OHH, BEPOATHO, CJIO-
MatoTcss. OXHAKO CIenyeT OXUAaTh, UTO, XOTSI KOHEUHBH pe3yabTaT
BCeX I0JOMOK 6YJeT OJHHaKOB — OYAUJbHHKH OCTaHOBATCSH,~— TIDH-
YHHLI 3TOH OCTaHOBKH, T. €. XapaKTep NOJOMKH MeXaHH3Ma, Yy BceX
GyaHJALHHKOB OynyT pasHbie. Bo3MOXHO, 4TO HeKOTOPOE KOJIHYECTBO
OyAHIbHUKOB OyAerT TOBpeXAeHO CTOJb He3HAUHTENLHO, UYTO ecJay
HX cJerKa BCTPAXHYTh, TO OHHM cHoBa mo#nyT. Ho ecuam craomars
OyAMJIBHUK MOXKHO, GPOCHB €ro Kak IIOoNaJjo, TO JJs HCIpaBJjeHHUs
€r0 HYXKHO BCTPSAXHBATh OYeHb OCTOPOXKHO U «CIELH(pHUHOY.

IlpuBeneM TUMUYHBIA NpUMep PabOoTH IO H3YYEHHIO MeXKTeHHOR
cnennduuHocTH Ha Gakrepusx [85]. B Hell u3Mepsanuch 4acTOTH
MyTauui gal- —gal* u ser——ser+t y BOCbMH HITaMMOB S. {yphimu-
rium, HeCNOCOOHBIX cOpaXKHBaTh rajJakTo3y, M HIeCTHAaAlLATH IHTaM-
MOB, TpeGyOLIHUX JJis CBOEro pocTa cepHH. ['eHeTHUECKHH aHaIH3 C
TIOMOIIbIO TPAHCAYKIHH NOKa3aJ, 4To BCe BoceMb gal~-MyTaluil fB-
JAITCA HecOBNAJAaKOIIMMH aJiesIMH OJHOTO TeHa, YeThIDHAAUATb
ser~-MyTalHufl — HeCOBNAJAIIUMHU aJJeJIMH JIPYTOro reHa ¥ OAMH
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Ser~ mpeAcraBasa co0OH MyTaHTHHIE anjenb Tpetbero reHa. Coor-
HOUIEHHEe YacTOT MYyTalHH pasHbIX ajsenefl OT MUHyCa K IJIOCY B
3HAUMTeJbHOH Mepe BapbHPOBajJ0O OT MyTareHa K MYTareHy, HO HH
AJISl OJJHOTO MyTareHa He GbIJIO TaKOH CHTyallH, UTOOB BCe raJak-
TO3Hble a/jleTH MYTHPOBa/AM dalue (UJIH pexe) BCEX CEPHHOBBIX
annesneli. Takum o6pa3soM, MyTareHbl B JaHHOM C/lydYae pasjHyaloT
He TeHbl, a UX ONpejeJeHHble aJJield WM, BO3Bpallasich K aHaJOTHH
Becrepraapaa, He pasHbie MapKu OYAWJBHHKOB, a OIpeJeseHHble
THMB! TIOJIOMOK.

IleHHOCTb 3TOH PaBoThl, a TaKXKe HEKOTOPHIX APYrUX, He YIOMS-
HYTBIX HaMd, B 3HAUUTEJbHOH Mepe CHUXKaeTcs TeM OO6CTOsITE/b-
CTBOM, YTO B HHX He Obljla HCKJIIOUEHA BO3MOXKHOCTb TOTO, UTO MY-
TallHf K NAIOC-BADHAHTY MPOU30LLIA He MyTeM TOYHOTO HCIpaBJeHUA
MYTHDOBABIIEro rexa, a 3a cyeT CyNpeccOpHON MyTaLHH.

310 06cCTOATEBCTBO OBIIO yuTeHO B paboTrax ¢ HeHpOCmopoi,
B KOTOpBIX [€TaJbHO H3yUaJHCh DEBEPCHH B JIOKyCe UHO3, KOHTPO-
JIHDYIOLIeM CHHTe3 BHTAaMHHA HHO3MTOJA, H B JIOKyce ad, KOHTPOJIH-
pyollleM cuHTe3 ajeHHHa. Korja aeficTBHIO MyTareHOB NojBepraJics
LITaMM HeHRpoCHOpbl, HMeIOUIH TeHOTHN a0~ UHO3™, T. €. Hecrocos-
HBIH CHHTE3UpOBaTb 06a MeTab0J/MTa, TO Bce H3yYeHHbie MYyTareHHI,
3a UCKJIOuUeHHeM yabTpadHONeTOBBIX Jyuell, BHI3bIBaaU '00Jibllie pe-
BepcHil B aJleHHHOBOM JIOKYce, 4eM B HHO3HTOJOBOM (Taba. 6) [33].

Ta6auua 6

KoauuecTBo 06paTHbHIX MyTanmi ABYX ajjeself y He#pocmopbl
noj, jeiicTBHeM pasHHX MyTtareHHbix daktopor [33]

Yncso o6paTHetX MyTapuh
Ha 10 MaKpOKOHHZHHA OTHOWeHHE
MyTaren MyTauHi
unos— —» uHos+|  @d— — ad+ ad+/unost
EcTecTBeHHHI MyTallHOHHBIN NpoLece 0,02 0,2 10
ISTHIMeTaHCYabPOHAT .« .+ & & . . . . 11,3 17,4 1,5
Hustuncymspar . . . . . . . .. 4,3 16,8 4
HOumMeruncymsdaT . . . . . . .. . . 3,4 84,0 24,7
XsopsTHaMeTanCcyabpOHAT . . . . . 0,3 51,0 170
Husnokcubyrad . . . . . e 0,2 89,0 445
Bpomastunmerancyabdorar . . . . . . 0,04 152,0 3800
YabTpadHOIETOBHE JYYH . . . . . . . 7,1 3,5 0,5
PentrenoBs iyun . . . . . . 0,2 3,2 16

Korana usmepsgach 4yactota oO0paTHbBIX MyTauuii ajs JpYyrux
aJsljiesiedl 3THX Ke I'eHOB, TO COOTHOLIEHHe 4acToT Obljio APYrHM, a B
pafe caydyaeB gaxe oOPaTHHIM, T. e. B MHO3HTOJNbHOM JIOKyce BO3-
HUKaJo OOJblle MyTalWh, yeM B aJeHHHOBOM. TakuM o06pasoM,
3Jech Mbl OTIATb HMEEM JeJIO He C MeXreHHOH CclelH(HUHOCTbIO, TaK
KaK MyTareH «OTJIHYaeT» He TeHbl, 8 HX onpelesieHHble aJlJesH.
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IIpn mHAyKUUY np AMBIX MyTauuit y Penicillium chrysogenum
C MOMOUILI0 YaIbTPatHOJETOBHIX Jydyell M JAUSMOKCHOYTaHA MeEXIy
5THMH MyTareHaMH He Obli10 06HapyKeHO TOH rpoMaiHOR pasHHIH,
KOTOPYIO OHH NPOSIBJSVIM TIDH PEBEPCHH B UHO3 U ad JOKycaX HeH-
pocrmopsl {84]. OnbiT mpoBoaMJAcCH caeAyoliuM o6paszoMm. KoHuauu
obpabaTeiBaaHCh MYTareHaMH B TaKHX N03aX, NPH KOTOPBIX MOXKHO
OBLI0 MOJAYYHTb NPHMEDHO OAHHAKOBYIO BBIKHBaeMOCTb. 3aTeM 00-
paboTraHHble KOHHJAUH BHICEBa/JIM Ha NOJHONEHHYIO CpPEAy W paspoc-
IIHecsl KOJIOHHM NPOBEPSIMCh Ha HA/IMuMe B HUX MYTaHTOB. B TtabJ. 7
NpUBeJeHH NOJyuYeHHble TAKHM 00Pa30M IaHHbIE TIO YacToTe OHOXH-
MHMECKH HeJOCTaTOYHBIX MyTauuil. M3 TaG/uubl BUAHO, UTO CIHEKTDHE
MYTareHHOTo JeHCTBHS yAbTpa(dHOJETOBHIX Jyuell H AUINOKCHOyTa-
Ha NpaKTHYeCKH He Das3iH4aloTcs. n

TaGauua 7

BHoxUMHYeCKH HeloCTaTO4YHBle MYTANHH, HHALYUHPOBaHHbBIC
yJabTpadHOoMeTOBHMH JyyaMH H AH3NOKcuOyTaHoM npH o6paGoTke
Kounauii Penicillium chrysogenum [84]

I O6paGoTka

Tokasatens yasTpaduoeTo- JUESTIOKCH-

BHIMH JYyd9aMU GyTaHoM

IIpOLeHT BBUIKHBAHHA . . . . . . . 2,6 1,7
Yucno H3YYEHHBIX KOJOHHH . . . . 5283 5086
YUHea0 MYTaHTOB . .« . . .+ 950 720

TlpoueHtT MyTaHToB . . . . . . . . 18,0 14,2

UYueno MyTaHTOB, TPeGYIOWHX IJs |
pocra: l
AMHHOKHCIOTEL . + « « o .+ « . 138 127
B TOM WYHCJE:

apLHHHH . . . « « « + . . 9 10
METHOHHH . « + + + « . . h4 52
NH; .......... 35 . 51
FHCTHAMH  + .« « + o + « 10 3
JH3HH & . o o v 0 4 . 14 6
¢deHHMaMAHHE . . . . . . 1 0
JEHUMH .+ o « o ¢ 4 & . 6 3
OPOJIHH .+ . &+ « & o « « & 9 1
BHTAMHHREL . .« &+ « & « 4 o & 43 AN
a30THCThIe OCHOBAHUA ., . . . . 6 11
CJIOXKHBIE MOTpeGHOCTH . . . . AN 29

HekoTtopas Mexrengas crneuupuusocTs Obla OOHapyXeHa B
OnbiTax ¢ paroM Kanna, NapasuTHPYIOIIMM Ha KJeTKax 30JI0THCTOrO
craduaoKoKKa. ¥ storo ¢ara merko Habaw0jaeTcsl HECKOJABKO THIIOB
MyTauuii, saTpardBaimomux Mopdosoruio Oasimek. Myranum ObLTH
{pasjeseHbl Ha YeTbipe TPYNMbI: CBETJBI LeHTp OJAIIKH, LBETHOH
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Ta6auua 8

CnexTp MyTaumi, 3atparuBaromux Mopdonoruo 6Gasmek dara Kanna,
obpaGorannoro In vifro pasanunniMu myrtareHamu [86]

Cpemamn | | QOmee | s (s cRodkax nponenTsd)
MyTares MOCTh MyTauu#t | noxcuHTaH-
X 10— x10- HbIX 1 2 3 ' 4
MYTaHTOB

AsoTHcTas KuGJIOTa 2,0 19,8 24 100 | 51 80 10
, (42} ), )| @

Tugpokcwiamnd . . .0 1,6 38,7 1529 793 | 180 | 495 | 61
G2)| (12| 32| &

TpusrunenmenaMun 1,5 20,0 969 517 1 263 | 160 | 29
G| @n| an, A

SrunmerancyishonaT 1,4 8,0 176 106 3 58 9
(60) | @ | B3| )

Tepekuch Boxopoja 0,9 0,34 44 44 0 0 0
(100 © | O ! O

¥ mp1paduoneroBble 1,2 28,5 399 282 36 81 0
JYTH & o o o o o« (GARERL)] (20) [ (O
Pentrenobn siyunr . . . 0,96 14,6 11 36 48 27 0
- (3) | 4| (29| O

CrnoHransbe . . . . . — 4,33 323 13 308 2 0
4 | (95,4)] (0,6)| (O

IlpuMeuanue. 1 — npospauHnlit ueHTp GNAMKEY; 2 — LBETHOH Opeoa GMsIIKY;
3 — GnenHHit opeos WJIH OTCYTCTBHE OpeoJa; 4 — mpoune.

opeos 6asiuKu, 6JeqHBIA OpPeos MJIH OTCYTCTBHe opeosa H mp. My-
Tallyud, 3aTparuBaloliie OAHH U TOT Xe (DEHOTHI, OTJIHHAIOTCH APYT
OT pyra 7o MeCTy TIOPaXKeHHA reHeTHYecKoro MarepuaJsa. Kak Bua-
HO H3 Tabj. 8, COOTHOLIEHHe YacTOT MNOSIBJEHHS OJSlIeX pa3HbIX
THIIOB B 3HAYMTEJLHON CTENEHH MEHSI0Ch PR HefICTBUU PAa3HBIX MY-
rareHoB {86). Cienyer 3aMeTHTb, 4TO LEHHOCTL 3TOH PaboOTHl yMa-
JIsieTcsl TeM, YTO HeH3BecTHO, KakHe H CKOJbKO IeHOB KOHTPOJIHPYIOT
Mopdoaoruio GJasiuek sroro dara.

8) Cneyugu4nocTe MYyTaceHos8 8 OTHOWEHUU CTEneHu
U XapaxkTepa U3MeHEeHUs 2eHeTudecKkoeo marepuaisa

Bo/IbIIMHCTBO MyTareHOB «yMeeT» BEHI3bIBATb BCE THIIBI MyTallui:
H XPOMOCOMHEIE IepPecTPOiiKH, H reHHble MyTanuu. OnHaKo COOTHO-
IIeHHe 3THX TUIIOB MOXKeT B 3HAYHTeJILHOH Mepe BapbHPOBaTb OT
MyTaresa K MyTareHy H MeHATbCS Aaxe [Js OOHOTO MyTareua B 3a-
BUCHMOCTH OT J03Bl, CTAJUH Pa3BUTHSA 3aDOALIIIEBHIX KJETOK H IP.
OpHum U3 1noKasaTejell crnenuH(UYHOCTH B OTHOIUEHHH CTEIEHH
TOpaKeHHUs] TeHeTHYeCKOro MaTepHasa CJYXKHUT OTHOLIeHHe dYHC/Ia
TeHHBIX MYTaiHMfi K YHCJAY XpoMocoMHbIX abeppauuit. DTO OTHOlIe-
HHEe MeHsieTcsl B OYeHb WIMPOKUX TIpefesax. Tak, 3TOKCHKO(eHH BHI-
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3bIBAET TOJILKO XPOMOCOMHBbIE PaspbIBH, MPAKTHUECKH He BJIHSSA Ha
4acTOTYy reHHBIX MYTALHH, B TO BPeMA KakK HeGyasipuH COBEPIIEHHO
He pBeT XpOMOCOM, 3aTO 3(PdeKTHBHO MHAYUHUPYET TeHHbE MYTallHH.
Y daros n GaKTepHit TaKMe MyTareHbl, Kak 5-6poMypalua U 2-aMu-
HONYPHH, BLI3BIBAIOT HCKJ/IOUHTENbHO TOUEUHBIE MYTAllHH, B TO Bpe-
Ms KaK a30THCTasl KHCJIOTAa HHAYLUHPYET H AeJeldH, H ToueUHble My-
tauuu [87, 88).

Caenyer 3aMeTHTb, YTO CNellM(PHYHOCTh MyTareHa B OTHOLIEHHH
CTelleHH H3MEeHEeHHS IeHeTHUeCKOrO MaTepHaja MOXeT 3aBHCEeTb OT
TOTO, KaKoil opraHusM mNoaBepraercss ero paeHctBuio. Hampumep,
5-46pOMAE30KCHYPUAHH, HHAYUHPYIOIUHH ¥ MUKPOOPraHH3MOB TOJNbKO
TOYEYHbIe MYTaLHH, CIocoOeH HHAYLHPOBATb Pa3pHIBEl XPOMOCOM B
KyJbType KJeToK ueqomeka. Pacnan docdopa P32, sraouusierocs
B JJHK, BHI3BIBaET reHHble MyTauuu y GaKrepuii, HO He y (aros, pJs
KOTOpBIX pacnan docdopa Bcerna Jerases,

CyuiecTBoBaHHe cren¢pHIHOCTH TAKOrO POJAA HABOAHT HA MBIC/Ib
O TOM, UTO MYTareH «pasjHu4aeT» FeHbl He TOJBKO 3a cUeT pPas3/HTHO-
ro CpOACTBAa K pPa3HbIM reHaM. MoXHO NpPeNNONOKUTb, UTO MyTareH
NPHMepHO ¢ OMHHAKOBOH BEPOATHOCTBIO BHI3LIBAET XHMHUECKHE H3-
MeHeHUS] BO BCEX IeHaxX, HO B HEKOTOPHIX M3 HHX IIOUTH BCe H3MeHe-
HHS TPHBOASAT K MYTalHH, B TO BDPeMs KaK B Apyrux Gosbliasg 4acTb
H3MeHeHHH reHa ocraercs He3aMeueHHOH. [ToscHHM cka3aHHOe NpH-
MepoM. IIpodJaBHH 4eTKO «pasdauyaeT» Jokycwl rII u h dara T4,
BHI3bIBasg Gosbme myrauuit B rll-o6aactu {89]; 5-6poMypauua unmy-
IUpyeT MyTall¥d B 3THX reHax NPHMepHO ¢ ONMHAKOBOH 4acCTOTOMH.
HsBecTHo, 4TO- 5-6poMypalu] BBI3bIBAET 3aMeHbl [Ap Aa30THCTHIX
ocHosanuil B JIHK. IIpu 3amene onHoil mapsl ocHoBanuit B JIHK Ha
JIpYTyI0, KaK MpaBHIO, NPOHCXOAHT He3HAaYHTeJbHOe H3MeHeHHe
B GeJKe: OfHa aMHHOKHC/JOTAa 3aMeHsieTcss Ha apyrywo. IlpodnaBun
JKe «BCTABJASET» HWJH <«BhIepruBaerT» mnapel ocHoBaru#i B JIHK.
Boinmazenue HAH BcTaBJeHHe OXHOA mnapbl OCHOBAHHHA IHpHBO-
IAT K TOMY, YTO CUMThIBaHHe GeslKa pajuKaJjbHBIM 06pa3oM Hapy-
IIaeTcst, B pe3ysabTaTe Yero OH Yaillle BCEro BoOGIUe He CHHTEe3HpYeT-
cs [54].

Ecin MexaHH3M JIeHCTBUS STHX MYTareHOB BCKDHIT BEPHO, TO Jer-
KO MOHSATb XapaKTep HX Bo3nefcTBHs Ha obaactu rIl u h. I'en h
KOHTpPOJIHpYeT cHHTe3 Gesnka obogouku dara. IlostoMmy npm panu-
KaJbHBIX H3MeHeHHAX 3Toro OGeska «par aubo BooOuie He OyaeT
o6pa3oBaH, MHG0 TIOTepAET CNOCOGHOCTh aAcopOHpOBATLCH HA KJeT-
kax. Jluiub H3pegKa H3MeHeHHe Oenka IPUBENET K TOMY, uTO par
npuwobperer crnocobHOCTL aXcopbupoBaTLCST HAa HOBOM XO3sHHe.
Wuoe Habaogaerca B rll-o6aacTu; MyTallisa B Heil BEIET He K H3-
MeHeHHIO QYHKIHH, a K ee TioTepe. [[03TOMY Te H3MeHEHHs, KOTOpbIE
B rede h GblIM JeTadbHbl, B rIl-06gacTH NPUBOAAT K BHAHMOH MYy-
Taluu.

PaHee Mbl TOBOPHJIH, UTO PEHTTEHOBBI JYUH CPaBHHTENBHO C XH-
MHUYECKMWMH MYyTareHaMH, HHAYHHPYIOT GoJblle anbOHHOCOB, YeM
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CBETJIO-3eJIeHBIX MYTaUHH y siuMeHs. M3sMeHeHHe 3TOrO OTHOIIEHHS
MOXHO MOHATb, €CJAM TPEANOJOXKHTh, YTO MYTAaUHU anbGHHOCOB
H CBETJIO-3e/leHble MYTALMH [POHUCXOASIT B ONHHX H TeX e reHax
(Ho anb6HHOCH BO3HHKAIOT NPH UX Gosee pagHKaJbHOM H3MeHeHuH)
W 4TO pajuanus sBiasercsa Gosee «rpy6biM» MyrareHoM {84]. drto
NpefnoaoxKeHHe MoXeT GHTb IDOBEPEHO CTAHAADPTHHIM TeCTOM Ha
aaNeJU3M MeXAy aJbOHHOCAMH M CBEeTJIO-3eJeHbBIMH MYTallHsiMH.

2) Bryrpusoxycnas cnequguunocts

BHyTpusoKycHas crnelH(UYHOCTh B OTHOLIEHHH NpAMBIX MyTa-
Ui Jgyulle Bcero usydena B rll-o6nacru ¢ara T4 [90]. B nefi 6ul10
HHIYIMPOBAHO U TOJNYYEHO CIOHTAHHO OOJbIIOE KOJHYECTBO MY-
TAHTOB, MHOTHE M3 KOTOPbIX OKa3a/JHCh <«TOUYeYHBIMH», Kaxnas
«TOoueuyHas» Mytauusi B rll-o6sacTu 3aHHMaer OueHb MaJeHbKHH
yYaCTOK reHeTHUeCKOH KapThl — MeHee 0,05% pexomGuHauuii, uro
cocrasJaser npumepHo 1/400 pasmepa Bceit rll-o6aactu. [lo npu
6nusuTenbHBIM oueHkaM, yuacTok JHK, sarpoHyThlii «ToueuHO»
MyTaluue#, COCTOUT He O6oJjiee ueM H3 HEeCATH Nap HYKJIEOTHIOB,
BO3MOXKHO Ja)Ke H H3 ONHOH naphl. YUHTBIBag 3Ty HeOIpeleJeH-
HGCTh, MBI B3SJTH 3MHTET TOYEUHBIA B KaBBIUKH.

IIpu moCTpOeHHH KapThl TOUEYHBIX MyTaluui OblIH OOGHApYXKEHH
Yz2CTO NONAjalollvecs He3aBHCHMO BO3HHKIIHE MYTAHTBI, KOTOpble
IPH CKPEIIHBAHHH HE NaIOT PeKOMOHHAHTOB JHKOTO THIIA; NOITOMY
HX NOMeNIaloT B OJHY TOYKY Kaprthl. Paspelnaioniass cuma cKpelliH-
BaHusa B rll-o6nactu cocrasuasier npuMepHo 0,02% pekom6GuHanun.
MoXHO yTBepxKIaTh (C TOH JKe CTEeNeHbIO JOCTOBEPHOCTH, KaK H IpH
onpeaeseHHH pasMepa o6iacTH, 3aTPOHYTOH MyTauued), yro pasme-
pbf TOYKH He npeBbinaioT 5—6 map HykaeotupoB JHK. HubimMu
CJIOBAaMH, MYTalHH, MOMNABIUIHE NIPH KapTHPOBAaHHH B OAHY TOUKY,
sarparuBawoT yuacrku [JHK, orcrosimue npyr oT Apyra He jAanee
yeM Ha 5—6 mykaeotunoB. Ecan 6bt Bce yuactkn JHK myrHpoBa-
JIH ¢ OJMHAKOBOH BEPOSITHOCTBIO, TO CJENOBAJO OXMHIATh, YTO BO
BCE TOUKH K4aPTHl IONAfeT TPUMEPHO paBHOe KOJHYECTBO MYTaH-
ToB. Ha caMOM Xe nese sToro He Hab.uiofaercss. M3 moayropa ¢
JHUIIHUM ThICSY CIHOHTAHHBIX MYTaHTOB 517 momasnio B OAHY TOUKY,
292 — B Apyryio, B TO BpeMs KaK OCTaJbHble paclpefeHuCh MexX-
oy 249 roukaMu. TOYKH ¢ MOBBILIEHHOH YaCTOTOH Myrauuit Gblin
HA3BAHBl <TOPSUHUMH>,

Ilpu cpaBHeHHH KapThl CIOHTAHHLIX M HHAYUHPOBAHHLIX MYyTa-
uuf HapALy ¢ 3JeMeHTaMH CXOJACTBA B CHNeKTpax Habaojaorcs
H CYLIECTBEHHblE OT/IHYUS, NPOABJISIONIMECS] B TOM, UTO TOUKH, «IO-
psAYHe» 1Js OJHOTO MyTareHa, OKasblBalOTCA «XOJOAHBIMU» AJS APY-
rux (puc. 5).

Jst TakuX MyTareHoB, Kak 5-6poMypalui, 2-aMHHOIOYPHH, a30-
THCTasl KHCJIOTAa M THADOKCHJIAMHH, OblJIa BHIJABUHYTA DHIOTE3a
O XapakTepe WX MoJieKyJasipHoro gmeiicrBus. Celiyac HerT Heo6XOIH-
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u3MeHeHHe B Gesike, a ciaenosaTesnbHo, H B JIHK, nporpamMmupyio-
Uleil ero CHHTE3, NPHBOJAHT K TOMY, YTO OH TepSieT CBOIW (PYHKLHO-
Ha/lbHY[0 aKTHBHOCTb. Jlajiee, pa3Hble MyTanuM B OJHOM M TOM Ke
rede OYEHb CHJIBHO OTJHMYAIOTCH MO CTEMEHH NOTepH (YHKUHH: OT
MOJIHO¥ 1OTepH, A0 enBa yJaoBHMo#. [losTomy HeT OCHOBaHHA noja-
rath, 4TO B 3TOM K€ IeHe COBEPLIEHHO He BO3SHHKAIOT HE3aMETHbIe
MYTalHH.

Ha ocHoBanuM aHaju3a CNEKTPOB NPsSMBbIX MyTalUH B HACTOs-
liee BpemMsi He ynaeTcsl cjiejaThb BHIOOD MeXAy 3THMH [JByMs BO3-
moxHocTaMu. CyllecTBeHHble faHHBIE [JS TaKoro BhGopa mpe-
CT2BJSIIOT PE3YJbTaThl H3yYeHHs CNeUHPHYHOCTH OOGPAaTHHX MyTa-
uui. Toueunble rII-MyTalumu palwT BO3BpPAT K AHKOMY THNY KakK
CMIOHTAHHO, TaK W NOJA BJHSHHEM pPAa3JIHYHBIX MYTareHoB, NMpHYEM
peBepcUsl HacTyNaeT He 3a cueT CYNMPecCOPHON MYTalHU B ADYTOM
reie. O6paTHble MyTalUUH, BbI3BIBAIOLHE PEBEPCHH K AUKOMY THIY
MYTQHTOB, HHAyUMDOBAHHBIX 6pOMypanM/IOM, aMHHONYpPHHOM, a3o-
THCTOH KHCJIOTOH H THIPOKCHJIAMHHOM, NMPOHCXONSIT, KakK NPaBuJOo,
B TOH e TOYKe, UTO M NpsiMasi MyTauusi. DTO 3HAYMT, 4TO obpar-
Hasl MyTallusl BO3HHKaeT He JaJblle 5—6 nap ocHOBaHHH OT MpsIMOH.
Ecau peBepcusi macTynaer 3a «cyeT ToyHoro wucnpasjenns JHK,
T. €. MyTHpOBaBIlas rapa OCHOBAaHHH 3aMeHseTCs Ha Napy, CTOAB-
IIyI0 B 3TOM MeCTe Y LHMKOrO THIA, TO COIVIaCHO NMePBOMY Npenro-
JIOXKEHHIO C/IelyeT OXHAaTb, YTO 4acToTa peBepcHil y pa3HbIX MY-
TaHTOB OyJeT OT/IMYaTbCS HE MeHblle, YyeM YacCTOThl NMPSMBbIX MyTa-
uuii. CornacHO BTOPOMY — HYJKHO OXHAaTh, YTO [0 YacToTam
peBepcuil Bce MYTaHTH, HHAYyUHPOBAHHble GpOMYpalMJOM, pacna-
JyTCs Ha JBa KJjacca: OJHH KJacC MYTaHTOB, y KOTOPHIX NPOH30MI/Ia
3amena napbl A—T na 'L u npyro#t — ¢ 3amenoit '—L na A—T.
BHYTpH Kaxjaoro Kjacca 4acTOTHl [OJiXKHB BApbHPOBAThH He3HauHu-
TeqbHO. EcaM e MyTareH nNpoHM3BOIHT 3aMeHH B 0GOMX Hamnpas-
JICHHSIX C OAMHAKOBOH BepOSITHOCTBbIO, TO BCE MYTaHTHI JOJIKHB!
pPEBEPTHPOBATLCSA C PABHOH CKOPOCTHIO.

DKCNepUMEeHTH! N0 H3y4YeHHI0 ofpaTHbIXx MyTauuil B ril-oGnactn
CBHJETEJbCTBYIOT O TOM, YTO YacTOTH peBepCHHl MEHSIOTCS OT MY-
TaHTa K MyTaHTy Jaxe B GOJbllefl CTEeNeHH, yeM 4acTOTa MPAMBIX
mytauuii. Takum o6pas3oM, NpeAnoJIOXKeHHe O TOM, UTO peBepCHs
HacTymaeT 3a (CYeT TOYHOTO HCIpaBJjeHHs MyTaHTHOH mapwel JHK
HE COBMECTHMO CO BTOPHIM OGbsICHEHHEM CYIIEeCTBOBAHHS TOPSYUX
touek. HecmoTpst Ha Gosblioft pas6poc B 4aCTOTax peBepCHH, B HHX
Habaopaercss ueTKasi 3aKOHOMEDHOCTb, CBSI3BIBAOLUAs HCTOPHIO
BO3HHKHOBEHHs1 MYTaHTa (T. e. XxapakTep MyTrareHHoii o6paloTkH,
C [OMOLUBIO KOTOPOH OH OBl MHAYHHPOBAH) C €ro CrnocoGHOCTHIO
IaBaThb PEBEPCHH NG BJHSHHEM Pa3JHYHBIX MyTareHoB. OKaszaJsocs,
YTO MYTalHH, HHAYHOHPOBaHHbIE OpPOMYPaUHJIOM H THADOKCHJIAMH-
HOM, HaiOT HU3KHI YpOBEHb DeBepCHH IOA BJHMSHHEM GpOMypauu/a
H TMAPOKCHJaMHHA, HO 3aTO BBICOKHH ypOBeHb NDH AeHCTBHH aMH-
HomypuHa. MyrauuM, HHAYUHDOBaHHblE AMHHOIYDHHOM, AAIOT BbI-
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COKHH YpOBeHb peBepcuil TIDH BO3[eHCTBHH aMHHONYPHHA, a NpH-
MEPHO IIOJIOBHHA M3 HHX — TAKXe H INpPH BO3JeiiCTBHH GpOMYypauH-
Jia U NUIPOKCHJIAaMHHA. ¥ OCTaJbHBIX e MYTaHTOB, HHIYLIHPOBaH-
HbIX aMHHONYDHHOM, BO3HHKaJ HHU3KHH YypoBeHb peBeDCHH NoOA
IeficrBueM Gpomypaumiia ¥ rugpokcuaamuuna [92]. 13 ta6a. 9 Bua-

Ta6auua 9

Yacrora pesepcuii rll-myrantos (X 10-7) noa BospeiicTBHeM 2-aMHHONypuHa
(2AI), 5-6Gpomaesokcuypuauna (5-BJY) u rHapokcunamuna (FA) [92]

ITapa BYKJIEO-

Myrant Cronraukas 2AIT 5-BIY rA Ta708 B JIHK
AHKOT'O THIIA
N74 0,0 390 0,5 0,0 r—1I
N55 1,4 1700 2,8 0,5 r—14
HB118 0,5 2 300 0,0 0,0 r—1
HB122 0,1 14000 4,6 0,5 r—1I
AP211 0,0 200 0,5 1,2 r—1I1
N11 1,3 2800 5,3 0,0 r—n
HB32 0,1 4800 1,8 2,7 r—11
HB35 0,1 1 400 0,2 2,0 r—1Ip
HB8O 0,0 3500 12,0 0,8 r—11
AP126 0,0 2 900 0,7 0,8 r—I1
HB129 0,2 1000 0,3 0,0 r—I1
HB84 0,0 750 0,1 0,0 r—I1
N21 0,0 450 0,0 0,0 r—11
AP129 41 6 200 2100 680 A—T
AP218 2,6 1 200 250 730 A-—-T
AP100 2,0 80 1800 2600 A—T
607 0,9 340 7100 1500 A—T
380 0,5 6 600 " 2400 220 A—T
263 7,8 3700 -8900 3600 A—T

IllpuMmeuanue. B tabn. 9 npHeepeHa TOJILKO YaCTh JAHHBIX, ONYGIHKOBaRHHEIX
B paborte. BykBaMH of03HaueHnl: AP — MYTaHTHI, HOJyYeHHbIE HOJ HEHCTBHEM aMHHO-
nypuHa, N—D5-Gpompaesoxcuypunuia, HB — rugpokcunamuna; HomepamH 6e3 Gyks
0603HaYeHEl MYTAHTHI, BO3HHKIIHE CIOHTAHHO.

HO, YTO CYILECTBYeT 4YeTKas «lleJb» MeXJy BBICOKOH H HH3KOMH
YyaCcTOTOH. DTH pe3yJbTaThi CBHAETEJNLCTBYIOT B IOJIB3Y TOTO, UTO,
XOTH Ha 4YacTOTy INepeXOJoB, HMHAYUHPOBAaHHBIX OpPOMypalHJIOM
W THADOKCUJIAMHMHOM, H BJIMSIIOT COCeIH, 3TH MyTareHbl BCe-TaKH
ueTKO pasanyaroT napbl A—T u I'—L] He3aBHCHMO OT NOJOXKEeHHA
3THX map. AMHMHONYPHH e OJMHAKOBO OXOTHO IPOHU3BOJMT 3aMEeHH!
n2p OCHOBaHHH B OOOHX HampaBJEeHHSX.

UMetoTcs Aanuble 0 TOM, uTo rugpokcuiamun B JJHK Baanmo-
AeACTBYeT MpeuMYILIecTBEHHO C UUTO3HHOM H IMO3TOMY 4allle BCEro
Bhi3biBaeT 3aMenbl nap '—I] na A—T [92].
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Cyulectayer mMHoro rII-MyTaHTOB, KOTOpBHE He [alOT peBepCHi
HU IO JelicTBHeM OpOMYypalWja M IHADOKCHJAMMHA, HH mon pelt-
CTBUEM aMHHONYPUHA, 3aTO XOPOUIO PEBEPTHPYIOTCS aKPHUAHMHAMH.
K Myranram Takoro Tuma oTHocHTcsa npuMepro 80% crnoHTaHHBIX
W BCe MYTaHTHl, HHAyLHpOBaHHble akpuaunamu. Haobopot, myTan-
Thl, MHAYLHPOBaHHbEIe 6POMYyPaLMIOM, aMHHONYPHHOM H IHIPOKCHJ-
aMHHOM, He JAlOT peBepPCHA MNPH JeHCTBHU aKPHUAMHOB. YKaszaH-
Hbe (aKTbl TOBOPST O TOM, UTO MYTareHbl THIA aKPHIMHOB H MyTa-
reHsl THna GpoMypaluJa BbI3bIBAIOT COBEPLIEHHO pa3HbBle H3MeHe-
uest B JJHK. Ombitel Kpuka ¢ cotp. {54] cBunerenncTByioT 0 TOM,
YTO aKPUIUHBI BBHI3BIBAIOT MYTAlHH, OCYILECTBJISAS BCTABKHM WJIM BbI-
JIepTUBasi OXHY WJi HECKOJHKO Ilap OCHOBaHHML. -

Takum o6pas3om, HCCIENOBAHHA CHeUH(DHYHOCTH OODPAaTHHIX MY-
Tauuid MO3BOJISIIOT ONpEeNe/IUTh XapaKTep H3MeHeHMS, BO3HHKIIEro
e JHK (ta6a. 10).

Ta6nauuma 10
Xapakrtep usmenenuss B JIHK myranra B saBucumocTH

OT ero CnocoGHOCTH JaBaTh PeBepCHH MO BJAHSHHEM
pasnyguHbIX MyTareHoB

MyTaresn
XapakTep M3MeHEHHst —
8 AHK AIl ' BOY 11 TA i pod1 aBHH
'—01 na A—T -+ — — —
A—T nal — [0 + +- + —

napel HyKJ€OTHAOB

Jeselnss uaH BCTaBKa OMHOM
|-l -
ITpumeuanue. Bricokuit yposeHb pesepcuil -}-; HH3KHE
ypOBeHb peBepcHil —.

[Tpu u3yyeHun APYruXx MHKPOOPraHH3MOB He HaGJil01anach BbI-
C€OKasl cnelH(HUYHOCTh INPH HHAYKIWH [pAMBIX MYyTalUH#, Kakas
Habatonaercs B rll-o6nactu. JIump B HeKOTOPHIX TeHax Gblio O06HA-
PYKEHO HECKOJbKO COBNAZaloOLIUX aJjuienell. DTO He 3HAYHT, YTO
B NTaHHBIX IeHaX HeT TOPSYHX TOUYEK, MOCKOJbKY B HHX pacKapTHpO-
BAHO CJMIIKOM MaJio MyTauuf. CneuudpuyHOCTL e OOGPAaTHBIX MY-
tauuil HabJaogaeTcss ropas3fo valle.

B kauvecrse npumepa npuseieMm patory Pyamuep [93], B xoTO-
poil M3yyajach yacToTa peBepcHii K JUKOMY THNY JABaALlATH Tpex
TpUNTO)aHHENOCTATOYHBIX MYyTauToOB S. fyphimurium noj gedcTBH-
€M XMMHYeCKHX MyTareHoB. Pesy/brarhl 3TOH paboTH MpHBEIEHHI
Ha puc. 6.

[Ipu KapTHpOBaHHH MYTaHTOB 0OKa3aJioChb, YTO HEKOTOPhle H3 HHX
cosnanator: Hanpumep tryD-10 u fryD-11 3anuMaloT ONHY H Ty Xe
TOYKY Ha reHeTHdyeckoii kaprte. Ho xapakTep Hx pesepcuu npu ael-
CTBHUH pas3/JHMYHBIX MYTareHoB CYIeCTBeHHO Dpaaiuyaercsa: tryD-10
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XPOMOCOM, TO MOXHO H3MeHATb KOJIHYeCTBO T'€HOB B fi/ipe OT OJHOTO
no tpex. C YBeJIMYEHHEM «J103bl» aJjeiss Df MPOHCXOAUT HapacTa-
HHE YHC/Ia MyTalMil ajJieslst a; Ha OflHO CeMsl CJIelYIOIUUM 06pa3oM:

dtdtDt . . . , .72
da¢DiDt, . . . .222
DiDeDt, ., . . L1219

Mbl TO3HAKOMHIHCh C HEKOTOPHIMH (akTaMu cCrneuu(HYHOCTH
MmyTareHoB. B cayuae rll-o6mactu stum ¢aktam ymasoch nath
HCTOJIKOBaHHe Ha YpOBHe XHMHYecKoro B3aaumojeiictsus c JIHK.
Ho Mytaums, Kak Mbl YBHAHM B AajibHefllleM, 3T0 He NPOCTO aKT
B3aumonedcTeua MyrareHa ¢ JIHK, a cnoxHeifi mnpounece, mpore-
KAIOIUi B KJeTKe; TPOLecc, FOTOPHE B 3HAYHTEJBHOH Mepe 3aBH-
CHT OT XapakTepa o0MeHa BeilecTB B KJjeTke. [lostomy cnenndnu-
HOCTb Pe3yJIbTaTOB BO3LEHCTBHSI MYTareHOB MOXeET BO3HHKHYTH He
TOJbKO Ha ypoBHe B3aHMopeiictBua ¢ JIHK, Ho u Ha npyrux 31‘8-
nax npouecca BOSHHKHOBEHHS MYTAlUH.

OTBEeTHTb Ha BOMPOC O TOM, KAaKHe NMPOLECCH B KJIETKE BJHSIOT
Ha BO3HMKHOBEHHE MYTalUMH, 4acTo YAaeTcs,, BBIICHHB, KOrjl1a Ipo-

HCXOOHT MyTanuf.

5. OGpasopanwe MyTaumii ¥ MeraGoaH3M KJeTEH

B 3noxy nepBbIX ycnexoB DaJHALIHOHHOH T'€HETHKH Ka3aJoch,
uTo MyTauMa o6pasyercs Bo BpeMS 0OJyuYeHHS NPAKTHUYECKH MTHO-
BeHHo. OJHaKO MoO3JHee CTaJO SICHO, YTO 3TO MpeACTaBjieHHe €CJH
Y BEPHO, TO He /i BCeX MYTalH# M He [Jisi BCEX MYTareHos. SIpruM
npUMepoM TOTO, 4TO MeXIy MOMEHTOM MYTareHHoH o6pabCcTKu
B YCTAaHOBJEHHeM MYTAallHH MOXeT NpPOHTH 3HAYHTENbHOE BpeMs,
cayXaT ONLITHl MO (OTOpPeaKTHBalUMu MYTAlUil, HHAYUMPOBAHHBIX
yiabTpadHoneToBLIM cBeToM. PoTOpeakTHBANHA 3aKAOYAETCA B TOM,
yTo Oo6JyyeHHe BHIHMBIM CBeTOM nocje oGJyueHus yabTpacduose-
TOBBIMH JYYaMH YMeHbIIAeT YHCJAO WHAYUHPOBAHHBIX HMH MyTalui.
Toabko uepe3 jaBa uaca mocae o6JyueHHs cnop Sireptomyces
YAbTPadHOJETOBBIMH JiyiaMH BO3JEHCTBHe BHJIMMBIM CBETOM IMEpe-
CTaeT BJAHATb HA yactoty Mytauuil [95]. Myrauuu craHoesrcs cTa-
61IbHBIMH K JEHCTBHIO BHAHMOTO CBETa A0 pasfejeHust sagep (Ha-
CKOJIbKO 3TO BHJAHO B MHKpockon). Bo3uukaer Bonpoc, cBsi3aHa JiH
3Ta 3afiep:KKa ¢ TeM, YTO MYTallisi MOXKET CTaTh CTaAOUJIBbHOM TONBKO
nocae HJAM B pe3yJbTaTe ONpefesieHHBIX COOBITHE B KJETKe (mede-
HHe, CHHTEe3 ONpeleJeHHbIX BELIECTB H T. I.), MJIH, MOXeT ObITb,
3a/lepKKa BbI3BaHA HeNbl0 peaKuui, BeAyLHX OT MepPBOHAYAJbHOTO
NnopaXeHusi TeHeTHYECKOTO MaTepHaJa K OKOHYATEeJLHOH MYTAallHH
U TPe6YyWIUUX AJ5 CBOEro NPOTEKaHUsi 3HAYHTEJBHOTO BPEMEHH,
A CKOPOCTb 3THX PEAaKUHH He 3aBUCHUT OT APYTUX COGBITHH B KJeTKe.
ITOT BONPOC OTHOCHTCS BoOOIle KO BceM MyTtauusm. Ero Moxuo
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CBECTH K JpPyroMy BOTIPOCY: KOTAa NDOHCXOAHT MyTrauus? HeficTBu-
TeJIbHO, HeJib3s CKas3aTh, KOrja NPOU30LLIC KaKoe-AHOO cofbiTHE,
€CJIH Mbl He YCTAHOBHJIM HauaJjlo OTCueTa W efHHHLy BpeMeHH. Haua-
JOM OTcYeTa #fBJsercsd MyTrareHHas o6pab6otka. Eciau Myrauus He
3aBHUCHUT OT MeTa'60JIH3Ma KJIE€TKH, TO BOHpOC O €eIHHHIE Bpeme}m HEe
HMeeT CyLIECTBEHHOTO 3HaUYeHHs: BpeMsl MOXHO U3MepsiTh B JIOOBIX
efMHHIlaX, HalpuMep B uacax. Ecsu e MyTauuu cassann ¢ Merabo-
JHU3MOM KJIETKH, TO aéCOJIIOTHOe BpeMsd UX BO3HHKHOBEHHSA MaJo HH-
TepeCcHO camo Io ceGe. B 3TOM cayuae BaXKHO 3HaTh, OJHOBPEMEHHO
¢ KaKuMHu COébITHﬂMH IIPOMCXOAUT MYyTaluusa B KJ/€TKe, TaK KaK € H3-
MeHEeHHEM BPEMEHH 3THX COébITPIﬁ 6y11€T MEHATbCA H BpeMs BO3HHUK-
HOBEHHSHA My"raum”{, H3MepeHHOe B a'6COJI}OTHbIX eJHHHIax.

1) Myrauuu u AejeHHe KJETOK

Haun6osee sApKHM H BaKHBIM COOBITHEM B JKH3HM KJETKH $B-
asietca nenenue. OnblTHl psiga HccJenoBaTeNedl Noxasanu, uTo AAS
BO3HUKHOBEHHS] NEPBUYUHOH MyTalldd [eJieHHe KJeTKH He ofs3a-
TeabHO. Tak, Npu XpaHeHHH CeMSIH YHCJIO0 MYTalUll B HUX Hapacrasnao
co BpeMeHeM [96]. CxonHble pe3ynbTaThl OBIJIM NOJYYEHBl AJS CIep-
MHEB MJIOJOBOH MYUIKH, XPDaHSAIIUXCA B CEMANPHEMHBIX KaHastax
CaMOK, AJs CYXHX COOp HeHpOCNOpBl, IJs BHeKJeTO4YHOro ¢ara,
06pa6oTAaHHOTO TaKUMli MyTareHaMHi, KakK a3oTHCTas KHcJaoTa, THO-
POKCHJIAMHH H aJKHJHpYyolne coefiuHeHuss. OnHako BO BceX 3THX
cayuasix, yTo6bl 3aMETHTh MYTAlUIO, HENEJASIIUMCS HCXOAHBIM KJeT-
KaM HeoOXOJHMO JaTh BO3MOXHOCTh pasfieNuTbes Mias obpasoBa-
HUS MYTaHTHOTO KJOHa uJu opraHusaMa. [lostoMy B 3THX onbITax
He HCKJIIOYEHO, YTO B Hejedsllleficss KMeTKe BO3HHK/a JUIIb NOTeH-
LHaJibHas MYTalHs, KOTopas peaJju3yeTcs B cTaOUJIBHYI0O MYyTalHio
TCAbKO B PE3YyJbT2Te JeJNeHHS KJeTKH,

Bonee onpeneneHHbie pe3ydbTaThl OBLIH MOJyYeHH B ONBITax
Pafina, B KOTOpBIX H3yuaauch MyTauud y E. coli or Henmocrarou-
HOCTH 1O THCTHAHHY (AiS™) XK He3aBHCHMOCTH oT Hero (his¥).
Korna kynbtypa Ats—-Gakrepuil pacceBanach Ha arap, He COAep-
JhallUil rUCTHAMHA, TO 6akTepuu He pocau. OAHAKO NPHUCYTCTBYIO-
ulge B KyJabType AiSt-MyTaHThl 06pa3yloT KOJOHHH NPUMEPHO Yepe3
ABa nHs. Ho u mocJie 310r0 B TeueHHue Mo KpaiiHell Mepe HECKOJBKHUX
HeJlleslb Ha Yallkax NMPOJOJIKAIOT NMOSBJSATHCS HOBble KOJIOHHH, XOTS
¥ B MaJom KosjuuecTBe., MX umcyio mpomopuxoHadbHo Bpemenu [97).
JiaHHOe sABJjieHHE MOXHO 6blj10 OB OOBSICHHTD TEM, UTO HOBBIE KOJIO-
HIH BO3HHKAIOT 3a CYeT MeJIJeHHO pacCTyLIHX MYTaHTOB, NPHCYT-
CTBOBaBIINX B KYJbTYpe ellle 10 pacceBa Ha TBepaol cpene. OnHa-
KO 3Ta BO3MOXHOCTb Obl1a HCKJIOUeHa (HIYKTYalHOHHBIM TECTOM
Jlypua u Jdennb6pioka, sakalouaoliuMcs B aHajJu3e pasfpoca uuciaa
MYTaHTOB B 60JIbIIOM KOJHYecTBe napaJjienbHblx KyabTyp. Cpenne-
KBaJpaTHYHOE OTKJOHEHHE UHCJIa KOJOHHH, BO3HHUKIIHX B IepBBHIE
JEa OHs B OOJNBIIOM KOJHYECTBE TMapaJsJe]bHBIX KYyJabTyp, OblIO
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B 100—1000 pas GoJilie HX CPEAHEr0 3HAUEHHS, UTO CBHAETEJb-
CTBYET O BO3HHKHOBEHMH DaHHMX KOJOHHH OT MYTaHTOB, NpPHCYT-
CTBOBABIUHX B KyJbTypPe 10 IloCeBa Ha TBepAylo cpeny. Hamporus,
CpeiHeKBaJpaTHUHOE OTKJOHEHHE YHCJa MO3JHHX KOJOHHH IpHMepHo
pPaBHAMOCH HX Cpe/HeMYy UYHCHY.ITO COLIACYeTCsc TEM, YTO O3AHHE
KOJIOHMH TPOU3OUIIHM OT MYTaHTOB, BO3HHKIINX yXKe HA NOBEPXHOCTH
arapa, korga GaKTepHM HAaXOAWJHCh B CTAlMOHAPHOM COCTOSIHHH.

* O6uiee yucno 6aKTepHH B CTAllHOHADHOM COCTOSIHMH He YBEJH-
YuBaeTcs 3aMeTHoIM o6pa3oM. OJHAKO mpH 3TOM He HCKJIOYEHO,
YTO B KYJNbType NPOHCXOJHT HEKOTOPOe OGHOBJEHME KJaeTOK. MOXHO
PEACTaBHTb, UTO HEKOTOPble KJETKH JH3HPYIOTCS, a JPYrHe — HC-
NG/AB3YIOT BBIAENUBIIMICA OPH 3TOM THCTUJUH, AENATCA H BOCIOJ-
HSIOT TaKUM o6pasom yOblib kjaeToK. OnbiTel PafiHa rosopdr o oM,
UTO B CTAUHOHADHOM COCTOSIHHH TaKOro OGHOBJIEHHS KJETOK He Ipo-
ucxonut [98]. I3 atux onbITOB, TAKHM 06DPa30M, MOXKHO CleNaTh Bbl-
BCA O TOM, YTO He TOJbKO MOTEHIHAJNbHble, HO H OKOHYaTeJbHble
MyTalLHH MOTYT BO3HHKaTb 0e3 fAesneHus kjerkH. Cieayer, 0JHAKO,
3aMeTHTb, 4TO, XOTq OaKTepHH B CTALHOHADHOM COCTOSHHH He Je-
J5TCH, B HAX TEM He MeHee NpPOUCXOJHUT OGMeH BelIeCTB M OHHM
HCHO/Ib3YIOT HCTOUHHKH YyIiepoja. IToT o6MeH BellecTB OKa3biBaeT
BJIMSIHHE Ha MYTallMH, TaK KaK OHH He BO3HHKAIOT, €CJH HejeJsi-
wHecs KJETKH JHIUIHTh HCTOYHUKOB YIJepoja.

2) Poab penaukauuM reHoB B BO3HHKHOBEHMH MyTalMii

" JIpyruM BaKHBIM COGBHITHEM:-B XKH3HH KJETKH SIBJASETCH penJiu-
Kauusi reHos. [IpH HOpMa/NbHOM pemJIMKAUHM C TeHa CHUMaetcsd
ToyHasa konudA. ONHAKO MOXHO MpPeACTaBUTb, UTO B Ipoliecce KOIH-
poBaHHsl nmpou3oliieT omnbKa, B pe3yJbTaTe KOTOPOH HOBBIH TreH
6yneT oTJHYaTbCA OT CTaporo. Takas MBICJAb BBICKA3kIBaJach elle
Ha 3ape pa3BuTHA reHeTHkyu [99], Ho Jojaroe BpeMs cuuTakH, YTO
MyTauusd MNOsBJSETCd B pe3yJbTaTe H3MEHEHHs CTaporo reHa, a npH
PEMJHKANHK NPOUCXOAUT JHIUb NPOCTOe KOMHMPOBAHHE H3MEHEHHOTO
reHa. Ilocse toro kak Yorcod u Kpuk [100], ocHoBbIBasich Ha Moje-
au crpoenus [JHK ¥ Mopmenn ee penyuKalHH, NPeAJOXKHIH KOH-
KpPEeTHbIi MeXaHH3M CIOHTAHHBIX omwxH60K npu penaukanun HK,
IIHPOKOE pacCHpocTpaHeHHe MOJYYHJIO NPOTHBONOJOXKHOE MHeHHe.
Jloaroe Bpems, HanpuMmep, CUHTaaH, uTOo Yy (paroB MOXHO HHAYLH-
pOBAaTh MyTallMu TOJbKO B TOT NePHOJA, KOrJa OHH HaXomsdTcs B CO-
crossHuM penaukaunu [101].

[TosgHee ypanoch HHAYLMPOBAThH MYTALUHH B B MNOKOsLleMcH
dare. Tak kak [IHK nokosiuierocs ¢ara He penaunupyercss u BooG-
le, NO-BUAHMOMY, COBEpLUEHHO HHEPTHA, TO MOMKHO YTBEpXKAaTh,
YTO MOTEHLHAJbHBblE MYyTallMM MOTYT BO3HHKaThb U 06e3 penJHKa-
muu JJHK. Takxe uneptHa u JHK B cnepmusx nuaogoBofi Myuiky,
B KOTOPHIX, KAK Mbl y2Ke rOBODHJIH, NIDH XPaHEHHH HaKaIIHBAIOTCS
MYTalHH.
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Ponb pennmkanun JHK B npouecce BO3HHKHOBEHRMst MYyTaLHH,
no runotese Yorcona u Kpuka, 3akmiouaercs B caenyouieM. [1pu
penankanuu Hutu ponurenbckolt JHK pacnseranores ¥ Ha Kaxioft
HUTH CHHTE3HpYeTcsi HOBas KOMIIeMeHTapHas HHTb (IOJYKOHCep-
BaTuBHAasl Mojeab). KoMnieMeHTapHOCTb, KakK H3BECTHO, O3HAYaeT,
yto B asyxuutyarofl cnupaau JHK B mape ¢ aneHuHOM BCerjia
HaxOMMTCS THMMH, a B Tape ¢ TyaHHHOM BCerfa CTOHT IKHTO3HH.
OnHako THMHH, o6BMHO cyulecTBylolluii B ketopopme (puc. 7),

Adenun Tumus
(HopManonas amunopopma) (nopmanenas xemopopma)

lyanun Tumun
(Hopmansnas amunopopma) (pedran snomonan popmu)

Puc. 7. Tunbl KOMMIEMEHTaDHOTO CNAPHBAHHA THMHHA.

C HEKOTOPOH BePOATHOCTbIO MOXKET nepedTH B Gojiee PeAKYIO FHOMb-
Hy!0 ¢opMy. B sHOaBHOH dopMe THMHH MoxXKeT 06pPa30BLIBATHL Napy
He ¢ afleHHHOM, a ¢ ryaHHHOM. CJjeqoBaTesbHO, e€CJH B MOMEHT
penJinKalM¥ THMHMH OKaXeTcsl B 3HONBHOR ¢opMe, To NPOH30HAET
omn6ka konuposaHusi. [lpu aTOoM, eciu THMUH OEPEXOJHT B He-
odbiunyio gopmy B posutenbckoil JITHK, to B 3TOoM cayuae nportus
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HEro BO BHOBb CHHTE3HPYEMYIO HHTb BMECTO afleHHHA BCTaHET Iya-
HKH. Kak BHIHO H3 cXeMBl @ Ha puc. 8 mocse BTOPOil penyIHKauum
napa A—T,croasmas B ucxoxnoit JHK, samenurcs Ha napy '— L1,
DToT cayuail OBl HazpaH OWIMOKON MNpu pemiukaumu. Ecam ke
THMHH TePeXOAHT B HCOGBIUHYIO HOPMY B MOJseKy/e THMHAHHTDH-
docdara, To npu cuHtese HOBOH HHTH [IHK, BMecte Toro uto6ni
BK/IIOUHTLCS B Hee NDOTHB aJeHHHA, THMUH BKJIOUHTCH IPOTHB
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Puc. 8. MexanusmM MyTaumii py KeTOIHOJLHOM Tiepexoje
‘THMHHA H 6poMypanuIa

a —omwnbKa npH periMkanHu; 6 — omubKa INPH BKIIOYEHHH

ryanuna. Ilocae BTopo#t pemnukamum mapa I'—LI, crofwas B uc-
xoanoit JJHK, samenurcs wa mapy A—T (puc. 8). dror wcayuait
flOJYYHJl Ha3BaHHe OWHNOKH NMpPH BKJIIOYEHHH.

'unoresa Yorcona 1 Kpuka 6puia pacumpena Ppusom H npH-
MeHeHa K HeKOTOpbIM MytareHaM. Tak, ®pus npeanosoxuna, 4To
MyTareHHoe fefcTBHe S-OpoMmypaliina, SBJASAOLIErocs aHaJoroM TH-
MEHa, Y KOTOPOT0 BMECTO MEeTHJIbHOH IDYIIE HMeeTcs aToM 6poMma,
TAKXKe CBSI3aHO C KETOSHOJBbHBIM mepexoaoM. B oGbiuHOH Ketodop-
Me OpoMypauuJs, Kak W THMHH, 06pasyeT KOMIJIEMEHTAPHYIO napy
C aIeHHHOM, a B 3HOJbHOH ¢opMe —c uMTO3HHOM. Ilpeamonarae-
MbIlf M€XaHH3M MyTalHUH COBeplUeHHO aHAJOTHYeH AeHCTBHIO THMHHA.
ITockobky 5-GpoMypaulMJs daille NepPeXOJHT B 3HOJbHYIO GoOp-
My, 4yeM THMHH, TO M MYTallHH OH BBI3bIBaeT uyallle, 4yeM 3TO IIPOHC-
xoauT crnoHTaHHO [102). OTHOCHTENBHO HEKOTOPHIX APYTHX MyTare-
HOB PpU3 npeanoaoXKuJ, YTo 06paboTka UMH NPHUBOAHT K NEpPexony
HOpMaJbHBIX OCHOBaHuii, Haxoaswuxcs B JHK, B npoxssonusie,
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cnocoGHple yallle HOPMAaJbHBIX OCHOBAHHE O6Pa3soBLIBATH OLIME0Y-
Hble cnapuBaHus. Hanpumep, TMIPOKCcHIaMHH B3anmMoJeHCTByeT B
JHK npeumylnecTBeHHO ¢ LUTO3HHOM, MpeBpalllas ero B MPOU3BOJ:-
HOe, KOTOpOe Yallle, YeM IIHTO3HH, MOXKET CNIapHUBaTbhCs C aJeHHHOM.
B pesynprate 23TOTO MOXeT npous3oiTH 3aMeHa napol I —II Ha
A —T. Takum o6pasom, no runorese Dpusa, npeanonaraercs, 4To
" MpH AEACTBUH MYTAareHOB THMA THAPOKCHJIAMHHA IOTEHIHAJbHBIE
MyTanuu (M3MeHeHHe HOPMAJIbHOTO OCHOBAHHA B IIPOHM3BOJHOE)
npoucxonar B noxosureiics JIHK, a okoHuaTenbHass MyTalHs BO3-
HUKaeT B De3yabTaTe OLIUOKH NPH PENUKAalUH, KOTAa U3MEHEHHOe
OCHOBaHHe 0o0pa3yeT HenmpaBHJbLHYIO Tapy.

HauGonbliee KoOIHYeCTBO MAHHBIX B NOJB3Y THIOTE3B YOTCO-
Ha — Kpuka — ®Ppusa Ovuio moayueHo B pafiotax Ha ¢arax.
PeaynbTaTel 3THX paboT CBUAETENBCTBYIOT B TNOJB3Y CJEAYIOLIHX
TpeX OCHOBHBIX BBIBOJOB M3 3TOH THNOTE3B: 1) MyTalHs COCTOUT P
3aMeHe OHOfl mapbl OCHOBaHHI; 2) CYILIECTBYIOT ABA THOA 3aMeH —
npH owHOKax pemyqHKalnud u oMbGKax BKJIOUeHHS; 3) Nnpu MyTa-
IIHAX 3aTparHBaercs TOJbKO oxaHa HuTh JJHK.

OueBunHo, uyro rumoresa Yorcona — Kpuka-— Ppusa He npe-
TeHAyeT Ha OOBsCHEHHE MeXaHW3Ma BCeX THIOB MYTalu#l, Hampu-
Mep XpoMOcoMHBIX aGeppanuit. [TosTtoMy 3Ta runotesa He siBAsieTcCA
aJbTEPHATHBHON NPENNOJONEHHIO O TOM, YTO MYTallUs BO3HHKaeT
nytem uaMenenus nokosaiueiica JHK. KpoMme toro, BeinosHeHHe ne-
PEUHCJIEHHBIX BhIIIE CJAEACTBHH H3 runore3n yorcoHa — Kpuka —
dpusa ofHO3HAUHO He JIOKA3HIBAET ee. BHIMOJIHEHHE 5THX CeACTBHHA
He SIBJSETCS OKOHYATENbHHIM JOKa3aTeJbCTBOM TOrO, YTO MYTAallHs
NpPOH30LIAa BCAEACTBHe OIIHOKH npu KonupoBarnuu JHK.

PaceMOTpHM KOPOTKO 3KCIepHMeHTaJbHBle J0Ka3aTeJbCTBa yKa-
3aHHBIX TPeX NOJOXKeHHH.

1. CyliecrBopaHHe MyTalHi#l, COCTOSIIHX B 3aMeHe OMHON maphbl
ocHoBaHHH. Mbl He OyneM OCTaHAaBJAUBATbCA Ha 3THX NAaHHBIX, MOTO-
My 4TO OHH NOAPOGHO pacCMOTpeHBl B Apyrux o6sopax [103, 104].

2. T'unotesa Yorcora — Kpuka — ®pusa npeanosaraer aBa Me-
XaHH3Ma 3aMeH. KOCBeHHHIM CBHAETEALCTBOM HX CYILECTBOBAHHSA
cayXaT pe3yJbTaThH ONEITOB INo peBepcuu rll-myrantoB ¢ara T4,
KOTOphie OBl KPATKO pPaccMOTpeHb! BhIle. B moap3y Hx cymiect-
BOBaHHSA TOBOPSAT TaKXKe pPe3yJbTaThl KUHETHUECKHX ONBITOB MO HH-
AYKUHH peBepcHil y TpunTodaHHELOCTATOUHHIX MyTaHTOB S. typhi-
murium ¢ noMoupio 5-6poMaesokcuypuauna {105]). B 31HX onblTax B
KYJAbTYpY fry—-0aKTepHi, CHHTE3 THMHHA Y KOTODHX OblJ NOAaBJeH
aMHHONTEPHHOM, f06GaBasau 5-6pomMae3oKcHypHANH. Bakrepuu nenu-
auch, npoucxoaun cunres HK, B Kotopyio Bkiouanacs 5-6pomypa-
uua. Tlocse onpeneeHHOTO MPOMEXYTKa BpeMeHH 6aKTepud OTMbIBa-
JIUCh OT aMHHONTEPHHA TaK,YTO Y HHX HauHHaJICS CHHTE3 cOGCTBEHHO-
ro TumuHa., Briouenne B JJHK 6pomypauusa npu sToM npekpaia-
aock. OKasansoch, UTO Y HEKOTOPHIX IITAMMOB fry~ peBepTaHTbl JH-
KOTO THITa IPOJOJKAJNH MOABJATHCH M ITOCJAE TOTO Kak 6poMypalud
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nepecraa skaoyatbest B JIHK, B To Xe BpeMs y APYrux LITAMMOB
BO3HHKHOBEHHE PeBEePTAHTOB NpeKpallanoch. FIMEHHO Takyl KapTH-
HY MOXHO OXHJAaTb Ha OCHOBAHHH THIOTE3H YoTcoHa — KpHka —
®pusa. MyTaunH, BO3HHKAIOLHE BCJAEACTBHE OUIHGOK pEIJIHKAIHH,
JONKHBI TPOMCXOJHTH M NOCJAe yHajleHHss MyTareHa H3 Cpeldl,
Tak Kak Brjawouusmuiica 8 JHK 6pomypauun npomonkaer Bbl-
3bIBaTh OIIMOKH M B TOM cJayYae, Korga ero BikjaodeHne B JHK
npekpatuaock. [losToMy MOXKHO NpPeANONOXKHTb, YTO y MYyTaHTOB,
IPONOKABUIHNX [aBaTh PEBEPCHH MOCJ]e NMpeKpalleHHd BKJIOYEHHSI
G6poMypannsa, B MYTaHTHOH Touke cToHT mapa A-—T. Hanporus,
OLIHOKH BKJIOUEHHSI MOTYT NIPOHCXOJHTb TOJMBKO B TOM CJyuae, ec-
JAH OpoMypaluJ TNPHCYTCTBYyeT B cpeie M BKawuyaercs B JHK.
[To3TOMYy MOXKHO CHUHTATh, YTO y MYTAHTOB, He HAIOIIHX DPeBEPCHH
nocJe OTMbBIBA AMHHOANTEPHMHA, B MYTAaHTHOH TOYKEe CTOHUT Tapa
— 1. ,

Eule ORHO CBHAETENBCTBO B MOJb3Y THNOTE3H YOTcOHa — Kpu-
ka — Ppusa B paccmaTpHBaeMofl pa6oTe 3akJouaeTcsi B TOM, UTO
cTaOHIbHBle MYTAHTHl HAYHHAIOT MOSBJATLCS TOJBKO NOCJAE BTOPOi
penyIMKalMH B NPUCYTCTBHH OpoMypaluda.

CxoJHble pe3y/abTaThl OBlLIM MOJYYeHH B pabore [106} Ha ¢are
T4. B meft uayuanuch Mytauuu e~ —et B rege e, KOHTPOJHPYIOILEM
CHHTE3 JIH30uHMa. MyTaluu HHAYUHPOBANUCH CJENYIOIIHM 00pa3oM.
Baktepun E. coli, pactymde Ha cpene 6e3 OpoMypalunaa, 3apa-
Kanuch ¢aramu, B JJTHK KoTOpPBIX MOYTH Bech THMHH OblJ 3aMelileH
6pomypauunoM. Ilpn 3ToM MyramHu e~ —e* BO3HMKAJIH TOJBKO Yy
YacTH e~ -MYTAHTOB. DTOT Pe3yJbTaT NO3BOJSET NPEANOJOKHUTh, YTO
Yy MYTaHTOB, AAaBIUHX BO3BpPAT K JUKOMY THNY, B MYTHpOBaBllel
ToYKe CTOMT napa A—T.

3. Ilo Momeau ¥Yotcona — Kpuka — ®Ppusa, sopmansras JHK,
B pe3yJbTaTe OLIHOKM NpPH PenIMKallHH, KpOMe MYTaHTHOH HdaeT ellle
nopmaibHyio nouepriorw JHK. ¥ daros pennukanuesi IHK u orpa-
HUYUBACTCH YJABOEHHE «XPOMOCOMBI», COCTOsILIed H3 OJHOH ABYHHT-
yatoft mosexkyabl JHK. [TosToMy mnocne omH6Ky pemyiMKamHu OXUH
H3 pouepHUX (aroB noJXKeH OBITh MYTAHTHBIM, & APYrod AHKOrO
tuna. Ecin Myranus — oumin6Ka pensiMKalHK — MPOHCXOAHT Ha TO-
BEPXHOCTH arapa, TO CJEAYyeT OXKHIaTb, YTO MYTaHTHBIE KOJOHHH
OYyRYT cOMEPXKaTh, KpOMe MYTaHTOB, daru nukoro THna. CMelmaHHblE
KOJIOHHH MOTYT INOSIBHTBCA M B TOM CJay4ae, eCJH MyTareH He HHAY-
LHpYeT OUHOKH PenyIMKalliH, a NMPOCTO H3MEHSAeT OJHY HHTb MOKOs-
utefica JHK.

JleTanbnoe H3yueHHe NPHYMH, BHI3LIBAIOLIMX MOSIBJIEHHE CMelllaH-
HHIX KOJIOHHH Yy ¢aroB T4, O6b10 nposeleHo B pabore I'puHa H
Kpura {107). Ouu uHAyuupoBaJn MyTauuy, o6pabaTeiBass BHEK/IETOU-
HBIl (ar sTHAMeTaHcynbdonaTtoM. Bece Bo3HHKIIHe NpH 3TOM Gasdul-
KH r-THIA CONepKaJjH, KpoMe MYTaHTOB, ¢ard RHKOro THHA.

Ecau nogsnenue cMewmlanHblXx (KpamuaTtbix) OJsILIEK BBI3BAaHO
TeM, 4TO MyTared Bhi3Baa Myrtaluio B nokosallefics JHK Brerme-
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TOYHOrO (ara, HO 3aTPOHYJ TOJBKO OAHY HHTb, TO KHHETHKa MOSBJIe-
HHS MYTAHTOB NIOJIXKHA MMETb CJEAYIOUIHi BHJ: MOCJe NEpBOit pen-
gukauud JHK nosassirca MyTaluM, a npH JajbHeRLIHX penauka-
IHAX HOBHIX MYTALlHH He BO3HHKHET.

I'puH w KpHr H3syya/H KHHETHKY NOSBJIEHHS MYTaHTOB Caelyio-
KM 06pasoM. B Goabiuoe KomuuecTBO NPOGHPOK ¢ GaKTEePHAMH OHH
BbiceBaJM 06paGOTAHHEIN MyTareHoM ¢ar B TAKOM KOJHYECTBE, YTO-
6bl B CpellHeM B KaX(QOH 1poGHPKe BO3HHKJIO MEHbILe OJHONH MYTa-
uuy. Torna, 3Hasi TeMN [eJIeHHSt MYTAHTOB, MOXKHO M0 MX YHCIY B
npoGupKe ONpeleNHTb, NMPH KaKOH PelVIHKAaUHH NpPOM30LLIA MYyTa-
uus. Mceaenyst 4HCJIO MyTaHTOB B GOJIBLIOM KOJHYECTBe NMPOGHPOK,
MOXKHO YCTaHOBHTb 3aBHCHMOCTb BO3HMKHOBEHHS MYTalHH OT Bpe-
MeHH. :

Oxkasasioce, 4TO MyTalliH BO3HHKAIOT He TOJBKO MoC/e IHepBOi,
HO M TIOCJe BTOPOIl, TPeTbeH H NOCJeAyloulx pemyinkamui. [Ipuuem
BEPOSITHOCTb BO3HHKHOBEHHS! MYTallMH OJMHAKOBA MPH BCeX PemnJH-
kauusx. [Ipome Bcero ator pesyabTat 06bAcHHTH TeM, uto JHK,
06paboTaHHasi MyTareHOM, NEPeXONUT B COCTOSIHHE, B KOTOPOM MO-
TYT 4acTo NPOMCXOAHTL OWHMOKHM npu pemukanusax. K cowkaneHuio,
3TOT BBIBOJ He OJHO3HaueH. MoxHo npeamosoxuth, 4to o6pabo-
TaHHas Mytaredom HK nepexoaut B MeracraGuabHOe cocTosiHHe,
KOTOpOe ¢ ONpefefeHHOH BCPOSITHOCTBIO NpPEBPALIAETCSs B MYTaHT-
Hoe. PasHuua MexIy STHMH NpPEANoJIOXEeHHAMH 3aKJII0YaeTcs B TOM,
YTO KOTJla MyTalli{ NPOHCXOAAT BCJIEJCTBHe OLIHGOK NPH KOMHPO-
BaHuu JTHK, 1o MyTaHTHO cTaHOBHTCS BHOBb CHHTE3UDOBAHHAs
JHK, a poauteasckas JHK ocraeTcs HOpMaJbHOH M MOXKET <2Lie
pa3 npoussecty omH6Ky. Takum o6pa3oM, B 3TOM cJayyae B pacTy-
e KyJabType HMeeTcss noctosHHoe yucao Hurtedt JIHK, spems or
BPpEMEHH NalOLiHX HOBble MyTauMH. EcaM e MyTaHThl BO3HHMKAWOT B
pesysabraTe Nnepexoja MeTacTAO0HJIBHOTO COCTOSIHHSI B MYTaHTHOeE, TO
myranTHo# craHoButcs JAHK, o6paGorannas myraresom. ITostomy
laHHasi MOJeKyJa YyXe He cHoco6HA JaBaTh Hauajo HOBBI M My-
TauusaM. B pesyabrare uucio modekya JAHK, cmoco6Heix AaBaTh.
HOBble MYTallMH, YMeHbIIlaeTcsl CO BpeMeHeM 1o 3kcnoHeHre. [To ru-
norese OUIMOGOK KONUPOBaHMSI BEPOSITHOCTh BO3HHKHOBEHHsS MYTallHH
NCTAeTCA MOCTOSHHOH BO BPEMEHHM, a 1O I'HIOTe3e MeTacTabHIbHOTO
COCTOSIHHSI 3Ta BEPOATHOCTb YOGBIBaeT nmo 3kcmoHeHTe. OgHako pas-
HUllA MEXJY 3THMH KPUBBIMH TakK MaJja (M3-3a MaJjoit 4aCTOThl MY-
TalHi), 4TO clAeJaTh BEIGODP MeXAY HHMH 10 3KCIepHMeHTaJbHBIM
JAHHBIM HEBO3MOXKHO.

Ecaun onbitet I'puHa u Kpura u He galoT ocHOBaHHH, 4TOGHI
caeaaTh BolGOp MeXKAY 3THMH JABYMSI BO3MOXKHBIMH OGBSCHEHHAMH
3aepXKKH MNOSIBJIEHHS1 MYTAHTOB, TO OHH HCKJIOUAIOT TPETblO, TPH-
BHAJBHYIO BO3MOXHOCTb, KOTOPYIO, OJHAKO, 4acTo ObIBaeT TPYAHO
nposeputh {108]. DTa BO3MOKHOCTb 3aKJIOYAETCS B TOM, YTO MYTa-
red npH o6paboTKe BHEKJETOUHOro ¢para JHUIb MNPHKPEMISIeTCs K
JIHK, a motoM, Korja oHa npoHukaeT B 0aKTepHIO, 0CBOOOXKAaEeTCHl.
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TTosToMy ecTeCcTBEHHO, UTO B €ro NMPHCYTCTBHH BCE BPEMS TOSABJSIOT-
¢l HOBble MyTalHH. UTOObl MpOBEPHTH 3Ty BO3MOXKHOCTb, GaKTepHH
OIHOBPEMEHHO 3apakajd AByMs pas3ubiMu rll-mytantamu. Onnoro
M3 HHX, He JaBaBIUETro PeBEPCHIl MOJ AeHCTBHEM 3THJIMETaHCYIb(O-
nara, nepei 3apaxeHueM oOpaboraam 3THM MyTareHoM. [ pyroro
XKe, CocoOHOro JaBaTh DEBEPCHH, He oOpabaTHBAlH MYTareHoOM.
Ecau 661 MyTaren ocBoGoxkjaJjcsi B GaKTepHH, TG IPH TAKOM COB-
MECTHOM 3apaKeHHH BTODOH MYTaHT C©MOr Obl 1aTh DPEBEPCHIO.
Ha camom xe gene 3Toro He Haba0a10Ch,

[Tpu nepexone or ¢aroB K GaKTepHUAM M3YyueHHe paclleN/eHHs
wutedt JJHK npu Myrauusx saTpynHsieTcs TeM oOGCTOSITEJILCTBOM,
4TO y GaKTepHH MoXeT GhTh HECKOJNbKO snep. Iloatomy nosiBaenue
CMelIaHHbIX KOJOHHH MOXeT OOBIACHATBLS TeM, UTo Y POJOHAYa/b-
HHLBl 3TOH KOJIOHHH MYTHPOBaJO TOJNbKE OHO SAPO. ¥ 1a10Ch, OAHA-
KO, HaHTH 3aBHCHMOCTb MEXJY UYHC/HM OMeliaHHbIX KOJOHHH H
yncaoM simep {109]. Ilpu aToM okasafioch, uto Aasl GOJBUIHHCTBA
OJHOsAEPHHX OaKTepUH NPH MyTaUHsAX, MHAYUHPOBAHHBIX YJABTpa-
¢pHoeTOBEIM cBeTOM, paciuennedue JJIHK we Habnionaercsa. Takyio
e CHTYaLHMIO OTMeTH/IH U NPH HHAYKUMH MYTalHl a30THCTOH KHCJO-
TO#. B TIPOTHBOMOJNOXHOCTH 3TOMY, MYTallHH, Bbi3BaHHble pacna-
nom P32 Bxopsmero B coctras JIHK, maioT pacuiemienue.

Y MHOTOK/JETOYHBIX OpPraHU3MOB, H B YAaCTHOCTH Y IJIOLOBOH
MYILIKH, HaOJI00aI0TCsl MYTalHH, MPOSBASOLIHECS B BHOE MO3auKH
MYTAHTHBIX ‘M HEMYTAHTHHIX TKaHeH. ITO sBJeHHe TIpeACTABJSET
co0oit aHaNOrHIo €O CMelIAHHBIMU KOJIOHHSIMH Y MHKDOOPraHH3MOB.
Boénbuas wacts MyTauMi, HHAYIMPOBAHHBIX B CHEPMHAX IJIOLOBOH
MYUIKH PEHTreHOBCKHMH JyyaMH, He NPHBOAHUT K Mo3adnuHocTH. He-
CKOJIbKO OOJibllie MO3aHK BO3HHKaeT IIpH 00paboTKe ciepMHEB HEKO-
TOPBIMH XMMHuUecKHMH MyTtaresamu [110}.

Jas Toro 4yToObl OGBSACHHTH OTCYTCTBHE MO3aHK NMPH AeHCTBHH
pPEHTreHOBHIX JyueH CYLLeCTBYIOT [0 KpaHHed Mepe JBe BO3MOXK-
HocTH. OJHa M3 HHX 3aKJloYaeTcsl B TOM, UTO NIPH MYTALHH OJHO-
BpeMEHHO KOMIJieMeHTapHbBIM o6pa3oM HaMeHsioTcs obe HuTH JJHK,
B pesyabTaTe o6e HuTH JTHK craHoBsiTca MyTaHTHBIMH. Méniep u
ero cotrp. [111] mpegnosaraioT, YTO HMEHHO 3THUM OOBACHseETCH
OTCYTCTBHE MO3aHYHOCTH y IJIOAOBON MYIIKH NPH HHAYKIHH MyTa-
UMA PEHTTeHOBCKHMHM Jy4aMu. ABTODBI CUHTAIOT, UTO PEHTIeHOBCKHE
Jyuy BBI3LIBAIOT OJHOBPEMEHHBIN pa3pblB cBf3efl caxap — OCHOBa-
HHe Y o60HX OCHOBaHMH KoMmJemeHTapHolt mapbnl B JIHK. 3aram
3Ta mapa 3a cuet BpallleHus Bokpyr ocu [IHK MeHseT opueHTanuio
Ha 180° u cBsA3M ¢ caxapaMH BOCCTAaHaBJHBAIOTCH (pOTALHMOHHAS
runoTesa). Takum o6pa3oM, OJHOBPEMeHHO U3MeEHsIOTCS 06e HHUTH.
Hu 3a, HH NpOTHB 3TOH THIOTE3Bl HAT HUKAKHX XUMHYECKHX HAHHBIX.
Jpyrasi BO3MOXHOCTb AJ5 OGBSCHEHHS OTCYTCTBHSl paclieN/eHHs
Mpd MYTaUHSIX COCTOHT B TOM, uTo B MoJgekyse JHK, Ha kotopyio
TIoNefiCTBOBAN ‘MyTareH, MOTOMCTBO HaeT JHMIb OfRHa HHTb. OcobeH-
#H0 BEPOSTHHIM KaxeTcsl 3T0 OObsICHeHHe AJS OTCYTCTBHS pacllziJje-
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HMS [PH MHAYKUHH MYyTauui y OakTepHfi ¢ MOMOIUbIO a30THCTOH
KHCJIOTHL H yJbTpadHoseroBoro cBera. M asoTucras kucnaora, H yJib-
TpadHONEeTOBble JYUH BHI3BIBAIOT 06pa30BaHHe CIIMBOK MEXIY KOM-
mjeMeHTapHbiMH HUTAMH JIHK, KoTOpBle MemiamT HX PacXoXKAeHHio
npu TensoBoi AeHatypauuu. OTcyrerBue paciensenus JHKy Gak-
TePHA MPH MYyTalUHAX, HHAYUHPOBAHHBIX YJAbTpadHOIeTOBbIMH Jyda-
MH M a30THCTOH KHCJOTOH, HaG/II01a0Ch B TeX YCJIOBHAX, KOorga GakK-
TePUH NoJaYy4YaJH MHOro «ynapos», T. e. JJHK 6bia satponyra B He-
CKOJIBKHX MecTaX. [103TOMy MOXKHO NpeiNcTaBUTh ABa CJAEACTBHSA 00-
pabOTKH JaHHBIMH MyTareHaMH: MepBOe COCTOMT B TOM, UTO MEXIY
uuramun JIHK ofpasyercs ciuuBka, B pesysbraTe uYero omHa H3
HUTEH NMPH pPeIVIMKalHH He JaeT NMOTOMCTBA; BTOPOE 3aKJAIOYa2TCs B
TOM, 4T0 B ApynoM MecTe JITHK 3a cuer ne3aMHHHpPOBaHHA OCHOBa-
HHH BO3HHKHET MyTauuda. B atom cayyae pacluenseHne He Ha6.Jio-
Jaercs.

Bo3MoxKHa H Takas THIOTE3a: €CJH SHEPTHHA CLUIMBKH 60Jblie
SHEDPTHH CBSI3H OCHOBAHHS C CaXapoM, TO IIPH PEMVIHKAIIHH BO BpeMs
PaclyieTaHHusd HHTEH MOXKeT [HOpPBAThCA CBSA3b OJHOrO H3 OCHOBaHHH
¢ caxapoM. Ha ocBoGojuBlIeecss MeCTo BKJIIOYHTCS JI060e OCHOBA-
HHe, 4To C GOJIbIIOH BePOSATHOCTBIO NPHBENET K MyTalud. B apy-
PO Ke HHMTH MeCTO CLIMBKH MNoMellaeT pemHkaluu. [lostomy Gy-
JeT CHHTe3HpoBaHa Jullb MyTaHTHad J[JHK.

IIpuBelleHHbIE BHIIIE THIOTETHYECKHEe OGDBIACHEHHS Hepacluense-
Huag JJHK npu HeKOTOpHIX MYTallHIX OCHOBAHBl Ha NPEANONOKEHHH,
YTO MyTauus npoucxoaut B nokoseiicas JTHK. O6bacuenus, ocgo-
BaHHbBle Ha MNpEINNONOXKEHHH, YTO MYTAlMH, He AAIOLlHe paclierie-
HHUA, NPOHCXOAAT B pe3yabTaTe OMHOKH PENJHKALHH BBHINISIAT
O4YeHb HCKycCTBeHHO. [103TOMY OTCYTCTBHE pacIlelieHUs NpH MyTa-
UMM paccMaTpHBaercs KaK CHJBHBIH JOBOJ B M0Jb3y TOrO, 4TO 3Ta
MyTallusi IPOM30OlLLIAa B pe3yJjbTaTe H3MeHeHHA nokosiuledcs JIHK.
OpnHako H2 SICHO, NOCTATOYHO JIH TOrO NPENINOJONKeHHs M 06bAC-
HEeHHs CYIeCTBOBAHHSA MYTallMil, He Ralollux pacllenenusd. Jlenao B
TOM, UTO MBI He 3HaeM, Kak opraHu3oBasa JHK B xpoMocomax op-
raHuaMoB OoJiee CI0KHBIX, YEM BHUPYCH. OJeKTPOHHOMHKPOCKOIH-
YecKHe HCCeN0BaHHsA 3acTaBJAAIOT NPEANOJOXKHTb, YTO XPOMOCOMbI
COCTOAT W3 MHOTHX HHUTeli. MHOrHe HcclieqoBaTend, 0IHAKO, NPEANO-
JaraloT HaJiHyHe B HHUX ToabKo onHoi ABofino#t Hutu JHK, ckxpy-
YyeHHOH TaKHM o6Gpa3oM, UYTO CO3/AaeTcd BIleYaTieHHe MHOTOHHT-
yatofi cTpykTyph [112]. DBrulo mnpennoXeHO HeCKOJAbKO Mofenel
XPOMOCOMHB!, B OCHOBE KOTOPBIX JIEXHT TNpPEANOJOXKEHHE O Cylle-
CTBOBAHUH HeBGOJBIIHX 3BEHbEB, BO3MOXKHO, GeJKOBOH NPUPOAH, KO-
TOpbiE COEJHHSIIOT INONapHO MeXAy co60# OTHAejbHBlE MOJIEKYJb
I HK. Ecau BepHO 01HO H3 OCHOBHBIX NPEIIOJOKEHUH THX THIOTE3
O TOM, YTO Te€H IpelCTaBjJeH B XPOMOCOMe OAHOHN KonHel (0aHOH
nsoinoil HuThio JIHK), To HeT ocHOBaHHH OXHOaTh, YTO XapaKTep
pacilenJeHuss MyTauui y opraHu3MoB ¢ nogoGHofl xpoMocoMmoil 6y-
JIeT CYLIECTBEHHO HMHBIM, YeM Yy BupycoB. Ec/iH XKe XpoMocoMa co-
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¢TOMT U3 MHorux Hutefl [THK, CKpy4eHHBIX B XryT, TO XapakTep
paculenyedus DoJiKeH OblTe uHOH. MaBectno, wto JJHK n y 6akre-
PHA M Y BHICUINX OPraHH3MOB DelIHIHUPYETCS B COOTBETCTBHH C IO-
JIYKOHCEPBATHBHOH MOJeJbI0. XpOMOCOMa KaK LeNoe TaKkKe pelllH-
UHDPYeTCs B COOTBETCTBHH € IIOJNYKOHCEPBATHBHOH MOJENbIO, T. €. PO-
JUTeJbCKHA MaTepHas NMOPOBHY paclpefesieTcss MeXAy AOYEPHHMH
XPOMOCOMaMH, a BTOPbIe NMOJIOBHHBI XPOMOCOM CHHTe3HPYIOTCs 3aHO-
BO. DTO 3HAUMT, YTO BHOBb CHHTe3HpoBaHHble HHTH JHK pacnpene-
JAI0TCA MeXAY JAOYepDHHMH XPOMOCOMaMH MOPOBHY, IIPH 3TOM Teo-
peTHYeCKH BO3MOXKHBI TPH KpafiHUX cayuas.

1. BHoBb cunTe3upoBanubie Mosekyan JHK pacnpeneastorcs
MEXKAY NOYEPHHMH XpPOMOCOMAaMHM TaK, UTO Ka)KJAas POAHTEIbCKAas
monekysna JIHK mepemaer mouepHell XpoMocoMe TOJBKO MO OLHOM
HUTH (pHC. 9, a).

2. BuoBb cHuHTe3supoBaHHble MoJekyaw JHK pacnpenensiorcs
MeXJy HOYEePHHMH XPDOMOCOMaMH cayyaHHbLIM 06paszoM (HO MODPOB-
Hy). Ilpu arom o6e nutn poaurensckoit JHK moryr okasaTtbes B oa-
HOl xpomocoMe (puc. 9,6).

3. XpoMocoMa cHayaJa AeJHTCsl Tak, yTo MoJsexkyasl JHK pac-
NpellesIAIOTCSA NOPOBHY, a 3aTeM NpoHcXoAuT pemiukanus JHK u
NIOJIOBHHKH XPOMOCOM MOCTPaHBAIOTCS A0 LeNOfi XpOMOCOMBL (pHC.
9,6). Ha BO3MOXHOCTb TAaKOIO MeXaHM3Ma yKasbiBaeT paGora Hpen-
ca u Ceamxa {113].

Ecau peueccHBHas MyTalHsi BO3HHKaeT BC/IeJCTBHE OMHGKH pern-
JIMKalK{ HJAH 3aTparuBaer Jauib oAy Hutb JIHK, To no mepsomy
MeXaHH3My C/lelyeT '0XHAaTh, YTO TaKas MyTanus BooO6lie HHKOTIA
He nposBuTcA. [lo BTOpOMY H/M TpeTbeMy MeXaHH3MYy Takas MyTa-
LHS TIPOSIBUTCS TOJBKO Yepe3 HEeCKOJbKO PeILIHKallHH Tocje H3Me-
HeHUH, npouclleniux B ogHo#t uutu JHK.

[losToMy, ecaH XpoMOCOMa COCTOMT H3 MHOIHX HHT2H, OUeHb
TPYAHO MNOHATH YacTOe BO3HHKHOBEHHe MYTAlHH, 3aTparHBarolliuX
BECh OPraHH3M.

Ecau MyTanuy BO3HHKAlOT B pe3y/bTaTe OLIHGOK IPH KOIIMPO-
BaHun JJHK, TO MOXHO oXHHAaTh, YTO yacTOTa TaKHX MyTallUil B
€JHHHIy BpeMeHH NOJIKHa BO3pacTaTb C yBEJHYeHHeM TaMIla pPem-
Juxauu#. 3ty 3asucuMocTb HoBuk u Cuusapl H3yyajJd B XHMO-
crate — npuope, NMO3BOJSIOUEM pPeEryJIHPOBATL TEMII JeJeHHS KJje-
ToKk [114], B HeM KJeTKH pacTyT B COCY/Ie, yepe3 KOTODBIH NpoTeKaer
110TOK TnHTaTenbHOl cpeabl (puc. 10). Ckopocrp nortoka mNOAGH-

Puc. 9. Boamoxuble cxembt penyiHKauuH MHOTOHUTHATOR XPOMOCOMBI,

Kaxnan monekyna JTHK u3o6paxkena B BuZe napel CTOJNGHKOB H NOMeYeHa HOMEpOM.

Huate poaurtenscko#t JHK 3auepuensnt, aodepreit JHK 3amrpuxoransl. HoMepa co MITpH

‘XaMy YKa3LBAIOT Ha TO, OT Kaxo#f poAHTenbckoit Monekyan JHK npowsouwia naHuas #0-
YepHAA MOJeKyna

KpyxkoM ofo3HayeHa MYTAalHA, KOTOpan KONHPYeTCA NPH DPEeNJHKAauHH
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M npoJoJKuTebHOCTD penaukauun JHK nponopunonansna nepuo-
Iy IeJeHHSl KJeTKH. DTO NpPello/OKeHHe KaXKeTcs BecbMa pasyM-
HBIM nmoToMy, yto JJHK cHHTesHpyeTcsl B KHUIeYHOH Majiouke B Teye-
HHe NIOMTH BCero nepuopa Mexay fenenusiMu [115].

B onmrax Hosuka n Cuunapia teMmn JefeHH# peryJnpoBascs
KOHIleHTpaluHell NHTaTeJbHBIX BelllectB. Kak MHB YBHAHM B JaJib-
HeHleM, OT HX KOHLEHTPAallUH MOXEeT CHJBLHO 3aBHCETb 4acToTa My-
Tanui. He HCKJIOUEHO, YyTo H Ha MYTalHH, KOTOpHe H3ayuyaanw Ho-
BUK u CUuiaph, BJAHSET KOHIEHTPALHsA NHTATeJbHHIX BELLEeCTB.

Korga yaanoch 3acTaBHTh KJAETKH JeJHTbCA ObICTPee YeM 3a JIBa
yaca, To OOHapyXHJAachb 3aBUCHMOCTH TEMIla MyTalHi OT TeMIa
neaenuit {116]. Orciona cseayer, 4TO, BO3MOXKHO, yCTOHYHBOCTBL K
¢aram TS u T6 BoO3HHKaeT B pe3yabTaTe ABYX KJIacCOB MyTalui:
OlHH MYTAallMM NIOSABJSAIOTCA B Pe3yJabTaTe OUIMOOK NIPH PeIVIMKallHH,
npyrue — p nokositeiics JHK. Hu onna wu3 3THX BO3MoxkHocTel
B OMBITAX C XHMOCTAaTOM He OblJa H3yueHa, NMOTOMY onblTel HoBuka
g Cuusnapia ocTaBASIOT BOTLPOC OTKPBITHIM,

OueBunziHO, uTO ynoGHEe BCErO H3yYaTh POJb Pa3JHYHBIX COCTOS-
ol JJHK B BO3HHKHOBEHHMH MYTalHHl Ha TaKHX CHCTEMaXx, B KOTO-
PBIX HMEIOTCS YeTKO pasfejleHHble BO BPeMEeHH NepHOAbl pervid-
kauuy u «nokos» JJHK. Tako# cucTeMoill SIBAAIOTCA BHPYCHI, Y KO-
TOPBLIX BO BHeKJerouHoM cocTosiHuu JIHK coBepluieHHo WHepTHa, a B
BEreTATHBHOM COCTOSIHHH MHTEHCHBHO peNJHIHpyeTc. YIOOHH B
3TOM OTHOLIEHHHU TaKXKe KJIeTKH BbICHIUX opraHu3moB, Cuntes [JJHK vy
HHX 3aHMMaeT JIMIb YacTb UUKAa nejeHHs. [Tocne okoHyaHus MHTO3a,
B HauaJe HHTep®asbl, He npoucxoaut cuHTeda JHK (dasa G;). 3a-
TeM Hactynaer nepuon cuHtesa JIHK (dasa S), Bo Bpems xotopoit
kosuyectBo JIHK B uHTepdasHoM sape yABauBaercs, Iocje 4Yero
CHHTe3 NpekpaliaeTcs. 3a 3TOH MNOcTCHHTeTHU2cKOol dhazoll ({,)
cjenyeT HOBhiE MuTO3 (pHc. 11). IlpomosmkuTenbHOCTH 3THX a3
peryJnupyercss TakuMu (aKkropaMH, KaK ypOBeHb GeJKOBOTO CHHTe-
3a, KoauyectBo mnpexpmecrsenHukoB JJHK u 1. o. [117]. Tlostomy
KJeTKH BBICIIMX OPraHH3MOB OBbLIM Obl HA€aJbHBIM OOBEKTOM AJs
usyuenuss poau penaukauuii JJHK B BO3HHKHOBEHHH TeHHBIX MyTa-
uui. K coxkaJseHHI0, H3yuyeHHe TeHHBIX MYTAUHH B KYJbTYype KJETOK
BHICIIMX OPraHH3MOB HAaXOMMUTCS B 3aYaTOYHOM COCTOSIHUM M INOTO-
MY INOKa TpPHUXOLUTCS OrpalHYHBATBCH HM3yYeHHEM XPOMOCOMHbIX
afeppanufi, BOSHHKAIOIIHUX NDU BO3JeHCTBHH MYTareHOB Ha pasHble
craguu uukaa JJHK.

B pesynbTaTe 3THX 3KCIEPHMEHTOB OBIJIO YCTAHOBJIEHO, UTO pas-
DPBHIBH, @ TaK¥Ke BOCCOEIHHEHHsI XPOMOCOM MOTYT NPOHCXOAMTBb IOC-
JNe 3aBepluenus cuntesa JIHK, a umehdHo B npodase H B KOHIe
vHTepdas3bl. Pa3pblBbl U BOCCOENHHEHHs] TIPOMCXONAT H B daze U,
T. e. 1o Hauaaa cuutesa JIHK. Ilocnennee yTBepxkieHue yGenu-
TeJibHee BCEro TOATBEPXKIaeTCs OMNbITAMH, B KOTOPBIX CDaBHHBAJCS
BbIX0J abeppauuil B KJeTKax, oOJiyueHHHIX OJMH pas, ¢ BHIXOAOM
abeppanuil B KJeTKax, MOJYYMUBLIMX Ty XKe N03Y, HO B ABa IIpHeMa
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[118]Hucno mByxynapubX aGeppamnuil, BOSHHKAIOWUX B De3yJbTaTe
BOCCOCMHHEHHA JIBYX HE3aBHCHMBIX PA3pBIBOB XPOMOCOM, MpOMOP-
UHOHAJbHO KBaJpaTy 4HC/Ia pas3pblBOB, CMOCOBHLIX K BOCCOEAHHE-
Huo. Ecan paspbiBbl, BhHI3BaHHHE INepBoll nopuueit o6MydYeHHus,
yCne/iu BOCCOEAUHHTBCS (HJIM NMOTEPSIH CIOCOGHOCTb BOCCOENHHSITh-
¢sl) K MOMEHTY BTOPOTo OGJIy4eHHsl, TO HOBhle ABYXyAapHbie abep-
panuu CMOTYT BO3HHKHYTb TOJIBKO 3a CYET BOCCOEAHHEHHS Da3phi-
BOB, BbI3BaHHBIX BTOpOH mopuuedl. B stom cayuae sddexr asyx no-
CJIeLOBaTENbHbIX O6GJY4eHHH G6ydeT aAJHTHBHLIM. FECTH XKe Ko

G,
Puc. 11. Huknr JHK B MuTOTHYUECKHX
KJETKAaX BBICIUKX OPraHH3IMOB

S G — npeacHHTeTHYECKAn CTaAUA; S — cramin
Muto3 CHHTe3a IOHK; Gy — NOCTCHHTETHYECKAN
cTanns

G;
BpeMeHH BTOPOro o6J/iyueHUs pa3pbiBH], BHI3BaHHBIE MEPBHIM ofJyue-
HHeM He yCIleJIH BOCCOEIHHHTBCS, TO MO3AHHE Pa3phIBbl CMOTYT BOC-
COeNUHATBLCS He TOJBKO CaMH ¢ Co60H, HO H ¢ pPAaHHHMY Pa3pbIBaMH.
ITpun stom addexr aByx nopuuit obaydueHus Oymer OoJblie ajaH-
THBHOTO.

Oxka3zaJjioch, 4TO B KOpEIIKax KOHCKHX 6000B HMEIOTCH IBa THIA
Pa3spLIBOB: OJHH BOCCOEIHHSIOTCS NPHUMEDHO Hepe3 MHHYTy Mocjae:
o6JyueHHs, ApyrHe — yepe3 OmHH-ABa 4aca. O6Ga Tuma paspbHIBOB
BO3HHKAIOT H BoccoeuHsioTess B ¢ase (G, korma cunres JIHK ne
uner. Ha Boccoennnenne MOJTOXKHBYIIMX Pa3PHIBOB CYLIECTBEHHO
BJIMsIET YPOBeHb (+eJIKOBOro CHHTe3a B KijerKe. Korla B TeuyeHHe
BCEro NPOMEXYTKa BPeMeHH MeXIy AByMs oOJy4yeHHsIMH cyMMap-
HBII cHHTe3 ‘GefKa moAaBasgercs XJopaMdeHHKOJOM, TO pasphl-
BBl, HHIYIHPOBaHHble MepBLIM 00JIyueHHeM, OCTaloTCsl OTKPHTHIMH I
COXPAHAIOT CIIOCOOHOCTh BOCCOENHHSTHCS C Pa3pbiBaMH, HHAYIHDO-
BAaHHBIMH BTOPHIM OO0J/IydeHHeM flaXKe B TOM CJyuae, eCJH NMPOMexy-
TOK MeXIy o6JyueHHsIMH QJHJca Gosee AByx yacoB. Ha ocHoBanuH
3THX OINBITOB OBIJIO BBLICKA3aHO MpPEJNOJIOXKEHHe, YTO CYLIecTBYeT
(epMeHT, KOTODHI 3aJjeuHBaeT Pa3pbiBHL.

TeM He MeHee ecThb JaHHBIe, YKa3bBalOlLiHe Ha TO, 4TO DeNJIHKa-
uus JHK MoxeT HrpaTh CYILIECTBEHHYI0O pOJb B BO3HHKHOBEHHH
XPOMOCOMHBIX aGeppanufi. Pedp uler 0 pasphiBax XpOMOCOM, HHIY-
IHPOBAHHLIX 5-QTOPAE30KCHYPHAHHOM. DTOT aHaJor THMHAHHA, MO-
najas B XJAeTKy, ¢ocdopHAHpYeTcs H npespallaeTcss B 5-pTopaes-
OKCHYDHAMJOBYIO KHcJoTry. Ilocnenuss dBiasgercss aKTHBHBIM KOH-
KYPEHTHBIM HHTHOGUTOpOM hepMeHTa THMHJHJAT-CHHTETAa3bl, OcCyllle-
CTBJAIOLLEro NpeBpallieHHe YPHAHJIOBOH KHCJIOTH B THMHAHJIOBYIO.
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Korna sta peakuusi nogasneHa, cuHtes JIHK He moxker mnpomos-
¥XaThesl U3-3a OTCYTCTBHS THMHIAHHTpHbOCDATOB.

Ecin kopewiku KoHCKHX 60060B NOMeLLalOT B pacTBOp (dhTopres-
OKCHYpHIHHa, TO uepe3 TPH Yaca HAYHHAIOT MOSIBJASATHCH MOBpEXK-
JeHHble XxpoMocoMbl. IloBpexpaeHuii He HabJIofaeTcs, €CJH ONHO-
BpeMeHHO ¢ (TOPAEe30KCHYPHIMHOM KJeTKaM AaBaTb THMHIHH. He
HabJofaeTcs NOBPEeXAeHHH XpOMOCOM M B TOM cJjiyyae, KOrfa TH-
MHJHH JaeTcs KJeTKaM CIYCTA HeKOTOPoe BPeMs Nocie NMoMelleHHs
HX B pacTBop HHrHO6HMTOpa. Bce 3To cBHAeTenbCTBYeT 0 TOM, 4TO NO-
BpeXJeHHs XPOMOCOM BOSHHK/IH B pe3yJbTaTe TOTO, YTO XPOMOCO-
MBI BCTYNH/JIH B MHTO3, He 3aBepiuuB cHHTe3da JIHK, u uto mns He-
npaBJieHHs1 3THX ToOBpeXJAeHuil Heobxomum cuntesd JIHK [11}

IlocnenHee mnoJsoXXeHHe NOATBepXKAAaeTcs elle H TeM 06CTOA-
TeJLCTBOM, YTO cpefu abeppailufl, BOSHHKIINX B NPHCYTCTBHH (TOp-
Je30KCHYPHIHHA, IOYTH He HaOJIOfaeTCsl NepecTpoeK, KOTOpbie
o6pasyloTcsi B pe3ysabTate BOCCOeJHHEHHS Pa3pblBOB. B oT/HYHe OT
pa3pLIBOB, HHAYIHPOBAaHHBLIX (TOPAE30KCHUYDHIHHOM, PasphIBbl, HH-
AyUHpOBaHHble DeHTTeHOBLIMH Jy4YaMH, MOTYT BOCCOEIHMHATBLCH H B
ycaoBHAX noaasneHus cuHresa JIHK. d1o BuaHo H3 TOoro d¢akra,
4TO MpH KOMGHHHPOBAHHOM BO3[eHACTBHHM PEHTTEHOBBIMH JYuYaMH H
($TOpAE30KCHYPHIHHOM He OTMeuaeTCsi OTHOCHTEJNbHOTO yMeHblie-
HHSA XPOMOCOMHBIX abGeppauuil, BOSHHKAIOUIUX B Pe3yJbTaTe BOCCOe-
nuHeHusi paspbiBop [119}.

Ecan dTopae3oKCHYPHAHH HHAYIHDPYET pa3phiBbl, NOJaBJsAsA CHH-
te3 JIHK, To oueBuaHO, utc ero peiicrBHe 6yaeT 3(pHeKTHBHO TOJIb-
KO B TOM cJjy4ae, eciqu KJeTKH OyLyT 3axBayeHol UM B ¢ase S.
K coxaneHuio, pa3Hbie aBTOpPbl PAaCXOLATCA B OIEHKE IPOLOJKH-
TeJbHOCTH (pa3bl S y KOPEWKOB KOHCKHX 606GOB: OIHH HallJH,
410 (TOPAE30KCHYPHAMH HHAYHHPyeT pa3pbiBel B KOHIe (a3 S,
Apyrie,— 4to oH >¢dektuBed u B Pase G, [119]. Takum o6Gpasom,
Bonpoc 06 o6pa3oBaHHM Pa3pLIBOB B pe3ysbTaTe IPeKpalleHUs] CHH-
tesa JIHK ocraetcsi OTKpHITHIM.

" TUMUOMH, KaK MBl TOBODHJIH, 3aJleUHBAET Pa3pbiBbl, BLI3BaHHLIE
(TOpHE3OKCHYPHOHHOM, NpHYEM 3ajeuHBaeT Jaxe B TOM CJyudae,
KOrja ero naioT KjJeTKaM 3a yac o aHadasbl, KOr4a CyMMapHBIH
cunres JIHK sasemomo 3aBepiuieH. 3To, 0JHaKo, He O3HauaeT, UTO
NpPH CHATHH TOJAABJSAIOMIEro JeHCTBHA (TOPAE30KCHYpPHAHMHA JO-
KanbHbll cuHHTe3 [IHK He MoXeT HATH B TOM MecTe, le IpPOH30-
L0 MOBpeXAeHHe XPOMOCOMHL.

3) Myrauuu u cHHTe3 6ejka

BausiHue cuHTe3a Geska Ha YacTOTy MyTanui O6bLio ob6HapyXKe-
Ho B pa6oTe Yurkuu [120]. Ona u3yyasa 3aBHCHMOCTb BbIXOAa MY-
TallWil OT UHCAa AeJeHHiH KjaeTKd. UHcao AeseHHI peryJaupoBajioCh
KOJIHUeCTBOM THTATeJbHBIX BelliecTB. Uem Goablie HX 6blI0 B cpele,
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TeM GoJiblile JeJeHHH COBepLIaJH KJjAeTKH. YHTKHH HHAYIHDOBa-
Ja MyTauuu y TpunrtodasHelocTaTouHbx E. coli, oGayuas yabTpa-
¢HnoseToBEIMH JayuaMH OaKTepHH, CyclleHAHpOBaHHbe B Oydepe.
3aTeM GaKTepHH BBICEBAJIHCh HA MHHHMaJbHble CPEAB! ¢ Pa3JHUHLIM
cojepxaHueM nurareabHoro OyasoHna. Ilocne Jsar-nepuona, npogpod-
JKHTEJbHOCTh KOTOPOTo Obl1a NpHMepHO 06paTHO MpPONOpLHOHAJbHA
NUTaTeJbHOCTH Cpelbl, 6aKTEPHH HauWHaAH AeadThcA. OKasajocs,
4yTO, 4eM Oorauye cpega, TeM 6oJbllie Ha Hell BO3HUKAAO MYTalUMH OT
TpUNTO(aHHEIOCTATOUYHOCTH K HE3aBHCHMOCTH OT Tpunrodana.

B nanbHefilmieM BBISICHHJIOCh, UTO Ha GOraThIX cpefaX BO3HHKAET
6oJiblle MYTAaHTOB COBCEM He NMOTOMY, YTO KJETKH MOIVIH pasje-
JHTbcA OoJbllee unejao pa3. Korga oOnyuyeHHble GakTepHH JejH-
JHChb cHayaJa OAMH pas (B cpeiHeM) Ha GemHoHl cpefle, a 3aTeM
NepeHOCHJNCh Ha Goratyno cpelly, BHIXOA MYTAHTOB OblJl MasibiM,
XOTS OHH H [JEJUJHCh MHOTO pa3. MeHsAs cOOTHOlIeHHe KOHIEHTpa-
uHit 6ysboHa B GegHo#l u GoraToll cpelle, YUTKHH OoOHapyxKHUna, UTO
BbIX0OJ MYyTalU#l 3aBHCHT TOJBLKO OT KOHUeHTpanHu Oy/aboHa B Oel-
Holt cpeme. MaMeHsia Bpems,, npoBelleHHOe OakTepdfaMu Ha OedHOR
cpele, yIanoch YCTaHOBHTb, YTO <«YYBCTBHTENbHBIHl NEPHOIA», BO
BpeMs KOTOpPOro Ha BbIXOJ MyTaluil BJHAET MHTATEJIbHOCTbL CPefbl,
OKaHYHBAeTCs NMPHMEDHO uepe3 yac nocje o6ayuenus. [Ipogomaxu-
TeJIbHOCTb ero He 3aBHCHT OT KOHIEHTpauuu OyJaboHA.

B apyrux ondtax BMecTto 6VyJbOHAa K MHHHMaJbHOH cpene J0-
OaBasijiach CMeCb BCEX aMHHOKUCJOT TMPHMEPHO B TeX Ke MPOMop-
nusx, yto u B 6ynaboHe. Ha takux cpenax Habmopancs Tor XKe agd-
(exT, uTO U Ha cpefax ¢ OyJbOHOM: BBIXOJ MyTalHil OvL1 mpomnop-
IHOHAJeH KOHLIEHTPAllHH aMHHOKHCJOT BO BPeMSl YYBCTBUTEJbHO-
ro nepvoia» ¥ He 3aBHCeJ OT KOHUEHTPallHH NocC/e ero OKOHYaHHS.
OT KOHHeHTpallUd BHTaMHHOB, NYPHHOB H NMHDUMHJIUHOB B cpene,
npUMeHsAeMOH mocjde o0JyueHHs, BBIXOJ MyTauu#i He 3aBuces. Ha
OCHOB&HMH 3THX M HEKOTODBIX APYTrHX AaHHBIX YUTKHH INIpeAnoJo-
3KHJa, YTO KOHIEHTDALHS aMHHOKHCJIOT HJAH OyJbOHA peryaHpyer
CKOpOCTb GeJKOBOr0 CHHTE3a, KOTODHIM B CBOIO ouepelb BJausdeT Ha
YaCTOTy MYyTaLHi.

Arta rdnoresa NMOATBepIUIACh B ONBTaX ¢ XJopaMbeHHKOIOM —
AHTHOUOTHKOM, CreuHpHyecKH MNOAABJAAIOILIUM O€eNKOBBIH CHHTES.
O6pa6oTka OakTepuil 3THM aHTHOHOTHKOM BO BpeMsd YYBCTBHTe/Ib-
HOTO mepHoja pe3ko yMeHbllasa Beixon Myrauui. [Tocste oKonuanus
YyBCTBHUTENBHOrO NepHoda (dyepe3 uyac mociae obJyueHHs) XJOpaM-
(heHUKOJ yXKe He BJAHAJI HA 4aCTOTY MYTalHMH.

Mrtak, uz paboTl YUTKMH MOXKHO cHesaTh BBIBOJ, UTO MYyTallUi
HACTYTAIOT He CPasy B MOMEHT o6ayueHHs yabTpaduoserom. O6pa-
30BaHHEe CTaOHJBHEIX MyTaHTOB NpeKpalllaeTcsl MPHMEpHO Yepes yac
nocje obsyueHuss. MyTaHThl He BO3HUKAIOT, €C/¥ B TeyeHHE 3TOTC
yaca He NPOH30HMAeT cUHTe3 OeJska.

B paborte Xaac u [lyauu [121] 6bli0 o6HapyXeHO, UTO Ha BBIXOJ,
MyTalu#, HHAYUHPOBAHHLIX YJAbTPa(HOJETOBHIMH JydaMH, BJHAET
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xapakrep MetaGonusMa GaKTepuH He TOJNBKO nocje oOJayueHHs, HO
H 10 06JayueHHs1. DTH aBTOPbl HALIM, YTO JAPOXKIKEBblE 3KCTPaKTH,
JobaBieHHbI2 K MUHHMAJBHOH cpefle, B KOTOpOH HHKyOHpOBaJHCh
NpeABapHTENLHO CHHXPOHH3HPOBaHHble OaKTepHH, 3HAYUTENBHO MO-
BHIIAIOT BRIxOJ MyTauui. Takoe Ke HefcTBHe OKa3biBaja CMeCh
OYPHHOB H NMHPHMH/JHHOB, a TaKXe BUTAMHHBI puGo(dIaBHH H Napa-
aMpHOGeH30#Hasi KucjoTa. JlobaBieHHe aMHHOKHCJIOT B cpely, Ha
KOTOpo# GaKTepHH POCHH Ao 06JYueHHs, He BJHUAJIO HA 4acTOTy My-
TalHH. :

Brixoa MyTalMH 3aBHCeN He TOJBKO OT XapakTepa Cpeisbl, HC-
nosb3yeMoll mneped o06JyueHHeM, HO M OT TOro, Ha KakKo# CTajHH
JeseHHsl 6aKTepuil MPOUCXOAHIO 310 006ayueHHe. HauGoabHi BoIXOA
MyTauuii Ha6awoojajtcsi B TOM cJaydae, Korga OGakrtepuH o6Jay-
yajyuch He3al0JIr0 U BO BpeMsi JefleHus sapa. Korna o6ayuyeHde npo-
HCXOAHJIO Ha CTAJHH KJETOUHOTO NeJIeHHs, BHIXOA MYyTaLMUH 3HaYu-
TesqbHO cHHxKajdcsa. Ilocie 3aBeplieHHs] JeJleHHSI KJeTOK BHOBb
H4CTyNnajo YyBeJHUeHHe BbIXOla MYTauHH. DTH pe3yJbTaThl YKa3bl-
BalOT Ha TECHYI0 KOPPeIALHI0O MexXIy MaKCHMaJbHOH YaCTOTOHW MY-
Taluid 1 MakcumMyMmom cuHte3a [ HK.

Cawmblit Baxublil ¢axT, ycTaHoBJeHHBI B pafore Xaac u Hynuy,
3aKJ/I0YaeTcsi B TOM, 4TO BLHIXOJ MYTAlUHH He KOppEeJHpYyeT C COLep-
XaHHeM HYKJEHHOBBIX KHCJOT B GaKTepusiX B MOMeEHT O6JydyeHHS.
B kynbTypax, HHKyOHpOBaHHBIX nepel o6JyueHHeM Ha MHHHMAJb-
HO#i cpelle U Ha cpelle, colepxkKaulell MypPUHB M MHPUMHIHHGI, OBLIO
npuMepHo ofHHaKoroe KosauyectBo Kak I HK, tak u PHK, oxnako
BBIXOJ, MyTalliii BO BTOpPO#l KyJabType Obl ropas3fo Bhillle, YEM B
nepBofi. ATH pe3yJbTaThl HABOAAT HA MBICAb O TOM, YTO MYTallHH
CBSI3aHBl He C NPSIMBIM JeHCTBHeM YJAbTpacdHONETOBBIX Jyuel Ha
JHK, a BnidaBaHbl B3aHMOJeHCTBHEM C NpeAlIeCTBEHHHKAMH HY-
KJIEHHOBBIX KHCJOT. BO3MOxHO, YTO 3TO B3aHMojelicTBHe NPHBOJAHT
K TOMy, 4TO NpejllecTBEHHHKH, aKTHBHPOBaHHble YJbTpadHOJEeTO-
BBIMH JyyaMH, ydacTtBya B cHHTe3e [{HK, BbI3bBaiOT oIHGKH MpH
ee KonupoBaHHU. Eciu yuyecTs naHHbBle YHUTKHH, NONTBEpKIeHHLIE
Xaac u [ynHH, TO clefyeT MPeNoJIOXKHTb, YTO BKJIOYEHHE AaKTH-
BHPOBaHHBLIX MpeJlUIeCTBEHHHKOB 3aBHCHT OT YPOBHs1 G€JKOBOTO CHH-
Tesa mociae 00JydeHUs. DTO NpPENNOJIONKEHHE XOPOLIO COrvViacyeTcs
C TeM, YTO 3a BpeMs YYBCTBHUTEJBHOrO MNepuoga, OGHADYHKEHHOrO
YVUuTKHH, npoucxofuT yaBoeHue JHK B KyabType; nostoMy KaxeTcs
BeCbMa BepPOATHBLIM, YTO MMEHHO NMPOJOKHTEeNbHOCTh cuHTe3da JIHK
ONpeneNsieT NPOAONKUTENBLHOCTh YYBCTBHTENBHOTO II€PHO.A.

CoBceM MO-APYroMy MOMKHO HHTEpNpETUPOBATb Pe3yJbTaTHl YHT-
KuH, Xaac W HyaHu B cBeTe MAHHBIX O pOJU CUHHTe3a Oenka H
PHK B peryasiuun uukaa JHK. B skcnoHeHuHanbHo pacryiled
KyJbType Oakrepufi, B OTJHYHE OT KJETOK BBICHIUX OPraHH3MOB,
cunte3 JIHK nponmosxaercss B TeueHue IOYTH BCEro LIUKJA JeJeHUs.
Opnako u nas GakTepuUdl ymaJoch MOKa3aTh, 4YTO Y HUX HUMeeTcs
uuka JIHK, B kKoTopoM nepuHox cHHTe3a cMeHsieTcss HeGOJbIIUM
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nepuonoM nokost. Ecanm cunres [THK BauaJics, TO OH 3akaHdIHBaeTcs
HEe3aBHCHMO OT TOTO, HIET HJH He HJeT OJHOBDEMEHHO C HHM CHHTe3
6eaka u PHK. Ho an1s Hauana noBoro nukmaa cunresa JJHK neo6-
XOIUMO, YTOObl TPOHMCXOAUJ CHHTe3 Genka H (BO3MOXHO, HJIH)
PHK [115]. Ha nuka JHK Bausiior te e (pakTophl, 4TO H Ha 4acro-
Ty MyTalnui (nocjeiywollye onbiTel Xaac u JlyJHH yKa3blBaioT Ha
3aBHCHMOCTb YacCTOThl MyTalluil cKopee oT mpefluectBeHHukoB PHK,
yeM JTHK). Bo3amoxkHo, 3T0 He ABJAsieTcs CiydyaliHBIM COBNALEHUEM.
Eciu B craguu CHHTe3a U B CTajuu «nokosi» JIHK yabtpaduonzro-
Bble JY4YH C pasHOH BePOATHOCTBIO BHI3LIBAIOT ee H3MeHeHHH,
TO BJMsiHME CHHTe3a Oeslka noc/e O0JydYeHHss M npeJllecTBEeHHHU-
koB PHK 10 o61yyenuss MoxeT GbiThb BBI3BAaHO TeM, 4TO 3TH (ak-
TOPBl PEryJHPYIOT COOTHOIUEHHE AJUTEAbHOCTH CTaAHH <«IOKOA» H
CHHTe3a.

6. Jrambi MyraumuomHOro mporecca

H3yuerne BpeMeHHBIX ¢Bs3efi MyTallHOHHOrO NpOIECca He BCKPHI-
BaeT ero fetajell U He OOBACHSET MOJHOCTbIO CNelHPHUYHOCTh MYyTa-
reHoB. OJHaKO Ha OCHOBaHHH CBeJEHHH, NOYEPNHYTHIX B 3THX HCCJe-
JOBaHUAX, MOXHO TNOJYYHTb HEKOTOpble 0OllHe TNpeACTaBJeHHsH O
X0/le MYTallHOHHOro Ipolecca W BbIAEJHTh HEKOTOpSle €ro 3Tallbl,
Ha kaxXoM 43 3TUX 3TaNoB NPOABASAETCHA Cnend(GHYHOCTL MyTareHa,

l. MyrareH Jo/XeH TNPOHUKHYTb B KJI€TKY H [00paThbcsi 10
«BaXKHBIX» MOJIeKYJ, H3MeHeHHe KOTOPBIX NpHBeAeT K MyTauuu. [1po-
HHKaoUlasg cnoco6HOCTL MyTareHa 3aBHCUT HE TOJBKO OT CKOPOCTH:
aupdysun. deso B ToM, 4To B KJIeTKe MyTareH, Kak NpaBHJO; CIO-
co6eH pearupoBaTh ¢ GOJBHUIHM KOJHYECTBOM «HEBAXHBIX» MOJIEKYI.
B pesysnbTaTe 3TOro 3HayHUTe/NbHAS 4YacThb MOJIEKYJ MyTarsHa Io
Jlopore K «BaXXHBIM» MOJIEKYJlaM TepsieTcs B peakLHsAX ¢ MHOrOYHC-
JEHHBIMH «HeBaXXHBIMU» MoJekyiaamH. [losTomy, ecan nBa MyTars-
Ha NpH OXHOH U TOH Ke MOJSAPHOH KOHLUEHTpPaUHH HA0T pasHbif
MyTareHHbH 3QdekT, 3T0 BOBCe He 006s13aTeJbHO 03HAYaeT, YTO OHH
B3anmoeiictByior ¢ JJHK ¢ pasHoit achdr2kTHBHOCTBIO (Ha OAHY MO-
Jeky1y MyrtareHa). IIpoHHKHOBeHHe H pacnpefieseHHe MyTareHa
BHYTPH KJETKH TNpaKTHYeCKH He H3yy2HO. Bo3MOXHO, 4TO HeKoTOpad
perHoHajbHas CnelHGHYHOCTL MOXKET BO3HHKHYTb YyXe Ha 3TOM
YPOBHe, €CJH MyTareH HepDaBHOMEPHO pacHpemlaJHTC B KJeTKe
BJlOJib XPOMOCOMBL.

2. BHYTpH KJ€TKH MyTareH MoxeT o6pa3oBaTh MyTareHHOe MpoO-
M3BOLHOe, GoJse2 crelHdHUECKOe, YeM HCXOAHBIA MyrareH. B kaue-
‘cTBe TNpHMepa MeTaGoJIHUECKOTO TNpeBpallleHHs MyTareHa B opra-
HH3Me MOXHO VyKasaTb Ha TIIpeBpalleHHS a30THCTOr0 HIDHTA.
B kJaeTKax M24eHH Kpbic MU KPOJIHKOB HMeeTcs (bepMeHTHas cHcTe-
‘Ma, OKHCJALIas MEeTHJBHYIO Tpymmy asortHcroro Hupura HN2 B
dopManbIerua, KOTOPbIA TakxKe sBasercs Myraremom {122].
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Myraren Moxer npsiMmo He pearuposatb ¢ JIHK. Ero pefictBue
NPUBSAET K TOMY, UTo B KJeTKe OyAeT HaKaIIMBATbCs KaKOH-IHGO
IPYrofi MyTared, KOTOPbIfl H BbI30BeT MyTauHi. Tak, mo-BHANMOMY,
JedCcTByeT LHMaHHCTHIH KaJjHi, OTPaBJAIOIWMA (epMeHT KaTaJjasy.
B pesynbraTe 3TOr0 OTpaBIeHHBII (epMEHT He pasjaraeT MyTareH-
Hble epeKHCH, BO3HUKAWIIHe NPU MeTaboau3Me KiaeTkH. He siBiser-
Csl OPAMBIM MYTareHoM TakXe W (TOPAE30KCHYDPHIHH, NMOAABJSIO-
Wit GepMeHT THMHAHJAT-CHHTETAa3y, YTO NPHBOLUT K TIOJIOJaHHIO
KJeTKH no TUMHHY. OTCYTCTBHEe THMHHA BBI3BIBAET MYTallHH.

3. Myrtares (HMaM ero NPOU3BOAHOE) NOJKEH NPOPEArHpoBaATb C
JHK. OnHako XpoMocoMa B GOJBIIHHCTBE CJAyudeB COCTOHT He
tonbko u3 JHK. B ee cocras BxomsiT GesKH, NO-BHAHMOMY BecbMa
cnenu¢ruecku cpasaHuble ¢ JHK. XapakTtep 3Toii CBA3H TaKKe
MOKeT BJHATh Ha creuu@uuHocTh MyTarena. CienHHUHOCTD MOXKET
ObITL BbI3BaHa, HANDUMep, KOHKYDEHIHWSH 3a MyTareH MexIy Xpo-
MocomHbM GenkoM u JIHK. Eciu 6esku B pasHbBIX MecTax XpoMOCO-
MHl 06/1aaI0T pPa3HBIM CPOACTBOM K MyTareHy, TO 3TH Mecta OYAyT
OTJIMYaThCs U MO BepOSATHOCTH B3aumofeicTBHa JIHK ¢ mytarenom.

O crneuucduveckoM BJAHAHUK OesKa Ha XapakTep B3aHMOJeHAcTBUSA
MyTareHa C HYKJIEHHOBBIMH KHCJOTaMH NPSMO yKasbiBaeT paboTta
{123}, B kotopoi#t Gnino obHapyxeno, uto PHK Bupyca taGaunoft
mozanku (BTM) mo-pasnoMy B3auMopelCTBYeT € a30THCTOH KHCJO-
TOH B CBOGOAHOM COCTOSIHHM U B coctaBe Bupyca. B uncroit PHK
BTM npoucxonauT ne3aMHHHPOBAHHe aJeHHHA, UUTO3WHA U I'YaHWHA,
B TOM BpeMs KakK B LesnoM Bupyce, Koria PHK cBsa3ana ¢ Geakom
060JI0YKH, Ne3aMHHHPYIOTCSI TOJNBKO aJleHHH M IUTO3HUH. B naHHOM
cayuyae poJb Genka He CBOAUTCA TOJABKO K NPHKPLIBAHMIO OTIENb-
ublx yuactkos PHK, Tak kak ryamun B PHK pacnpesnenen Bnepe-
MeXKKYy ¢ JPYTHMH OCHOBaHMSMH U He ob6pa3syeT 6o/blunx GJIOKOB.

4. Myraren pearupyer ¢ JIHK. 3tor 3Tan oO6bYHO Ha3blBalOT
nepsuunoil Mytauuefl. O crmeuHdHYHOCTH Ha 3TOM 3Tale MOXKHO
CYIHTb MO XMMHYecKMM peakuuam wmyrareHa ¢ JIHK B pactsope,
cpaBHHBas HX ¢ GHOJOTHUecKHM 3¢ @deKTOM, BbI3BaHHBIM 06palo-
ranHoit JITHK npu momamaHuu ee B KaeTkKy. TakuM o6pa3oMm cucre-
MaTHUecKH H3yuyalHcChb TOJbKO MyTaluu B Oesnkz oGomouku BTM.
Myranuu vHAynHpoBanau, o6pabaTsiBasi asotHcTol kucaoroi PHK,
BhleseHHY0 H3 Bupyca. dta PHK undekunonna. Ilpu sapaxenuu
el JHCcTheB TaGaka oOpasyeTcsd NMOTOMCTBO BHDYCOB, CpPelH KOTOPBIX
HaGJIONA0TCA MyTaldH. MeHee «UHCTBIM® METONOM H3yueHHs Iep-
BHUHBIX MyTalHH SBJASETCA MHAYKUHS MyTalH#d ¢ IOMOUpK o6pa-
GOTKM MyTareHOM BHEKJIETOUHOrO BHPYCA, NOCKOJbKY 37€Chb Ha B3a-
uMozelictBie Myrtareda ¢ JHK MoxeT cymecTBeHHO BJAHATH GesoK
000JIOUKH.

5. PesyabTaT NepBHYHON MYTAalHH yacTo Tpebyer cTaGUIH3alHA.
Pasnbre TepBHYUHBIE MYTalMH CTAaGHJIH3HPYIOTCS MpPH DA3JHYHHIX
yeaoBuax. OOHHM AAsi crTaGuau3auud HeoOXxoauM cHHTe3 Oellka,
npyruM HyxkHa penaukauusa JHK, tpetbnm npocro tpebyercs spe-

165



Mg, An8 Toro utobbl MeTacTalHUJbHOE COCTOSIHHe, BO3HHKlIee B
pe3ysabTaTe TNEePBUYHOR MYyTallud, NPEBPATHJOCh B CTaGHJAbHOE.
Ecau MyTareH He TOJNBKO HHAYLUHPYET NePBHUHVIO MYTalMio, HO H
BJIMSIET Ha NpOLecChi, OT KOTOPbIX 3aBHCHT CTabUJIH3alHUd MYTAlHH,
TO TO CNeNHMUYHOCTb MOXKET NPOSBHTLCS M Ha 3ToM ypOBHe. M3-
BECTHO, HalpPUMep, YTO HEKOTOpble MYTaUHH TpebGyIOT AJs CTabHJIH-
3anuu GeJKOBOrO CHHTe3a, TOrJ4a KaK Jpyrue He Tpe6yior ero [124].
Ecau MyTareH eile u nojaBnasferT CHHTe3 OejKa, TO MYTallHH BTOPO-
ro THOA TOJyuYaT NPeuMylLlecTBO Nepej NMepBLIMH.

6. Tlocsie Toro Kak MYTHPOBABIIMH I'eH OKOHYATeJbLHO Nepeln
B HOBOE MYTAaHTHOE COCTOSIHHE, OH JOJI2KeH HauaTh paboTaTb Mmo-HO-
BOMY M BHeCTH, TAaKUM 006pa3oM, H3MeHeHHUS B GHOXUMHUECKHe IpO-
Lecchl B KJETKe, BelyIllHe K MOSIBJIEHHIO HOBOrO, MVTaHTHOrO NpH3-
Haka. Bpems, KOTOpoe yXOAHT Ha MNpOsIBJIeHHE HOBOIO NpH3HAKa,
MOXKeT B NMPHHIHUIE 3aBHCETb OT MYTarexa, npHueM MO-pa3HoMy JJId
pasJHuHBIX MyTauHil. B Hacrosillee BpeMs He J0Ka3aHO cylllecTBO-
BaHHUsl CHeUH(PHUUHOCTH HA TakoM (DeHOTHIHUECKOM VPOBHE, OJHAKO
KOCBeHHble VKa3aHHUsl JeJaloT TaKylo chneludHyHOCTL BechMa Be-
positHo#. M3BeCTHO J0OBOJIbLHO MHOrO XHMHUYECKUX H (DH3HUECKHX
BO3JefICTBHH, NPHBOASIIMX K 3HAUYUTeJbHOH MoAMbHKanHH NposAB-
JeHHsl NpH3HaKa OpraHu3Ma W He 3aTparuBaIOUIUX NIPH 3TOM €ro
redoruna. Hekoropble BO3aeHCTBHSI OCYLIECTBJSIOT 3TO OUYeHb clie-
uuduuHO, T. €. BJAMAIOT HAa OJHHU MyTalliM M He BJHSIOT Ha ApYrHe.
Hanpumep, B npucyTcTBuM S-hTopypauusa Hexkotopble rlI-myTadTht
¢ara T4 npuoGperaioT beHOTHNHYECKHe CBOACTBa IHKOro THna [92].

MyTtauusi npeacrapasieT coboil npolecc, NPOTEKAIOWHHA B He-
CKOJIbKO 3TaNOB, H 3TO HMeeT 0co60e 3HayeHUe AJs NMOHMMAHUsS He-
ajJIUTHBHOTO N2HCTBHA MyTareHoB. Korga opraHusM HJIH KJETKH
NOJABEpPraloTCs OJHOBPEMEHHOMY WJH NOCJEAOBATENbHOMY JAeHCTBHIO
HECKOJIbKHX MYTAreHOB, TO YacTO MyTareHHHH 3ddekT He sBageTcsS
cyMMoll 3¢ ®dEeKTOB OT KaXKJOro MyTareHa, NPHUMEHEHHOro MO OT-
neasHocTd. B GoJbIIMHCTBE CJayyaeB HeaaqHMTHBHOCTb, MO-BHAHMO-
My, BO3HHKaeT He Ha yposHe Baaummogeiictena ¢ [HHK, Tak kak
4acToTa MyTaUHUil MaJja M IO3TOMY MaJIOBEPOSITHO. YTo JBa MyTare-
Ha «BCTpeTdTCs» B ofHOM M ToM ke M2cte JHK u nomoryr uin
IoMeIlnalnT ADPYT APYry NpopearupoBaTb ¢ Hefl. Eciu uHTepdepeH-
LUA MYTArTe€HOB NMPOHCXOAMT He Ha ypoBHe B3aumonedctBusi JHK,
TO H3yyeHHe HeaJJAHTHBHOCTH MOKET I[IOMOYb B M3VUEHHH CIIelH-
¢uuHOCTH mefiCTBHSI MyTareHoB. B kauecTBe NpHMepa TaKOro Noaxo-
Ja K mpo6ieMe MOKHO NPHBECTH cienyioulyio pabory [125]: B mram-
Me HEeHpOCNOpHl, HEeAOCTATOYHOM IO AafeHHHY H HHO3HTONYy, HH-
3MNOKCHOYTAH YEeTKO pasjauyal 3TH JOKyCbl: HHAYHHUPOBAaJ OYeHb
MaJo MyTauuli B HHO3HUTOJLHOM JIOKyCe H MHOrO B aJeHHHOBOM.
YabrpaduoseToBble JYyYH HHAYIMPOBAJH B HHO3HTOJLHOM JIOKyce
yyTh Gosbllie pEBEpPCHil, YeM B aLeHHHOBOM. ABTOpaM Ka3aJsoch, 4TO
TakoH MaJjocrneluHUYHEIH B XHMHUYECKOM OTHOLIEHUM MYTareH, Kak
AH3NOKCcHGYTaH, BpAnx Ju obsgagaer CcnelHGHUHOCTRIO Ha YPOBHE
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B3aumoneicreus ¢ JJHK. Bonee BepodaTHo, uto cnenuduunocts npo-
sBJIIeTCSl Ha Gosiee MO3JHEM YPOBHe. B uyacTHOCTH, BO3MOXHO, 4TO
AM3TIOKCHOYTaH CrOCOGCTBYET NPOTEKAHHIO Deakiuil, KOTOpPble mHpH-
BOAAT K Hauajy CHHTe3a afleHHHAa H MellaeT DeakUusM, NPHBOAS-
MM K HauyaJy CHHTe3a HHO3HToJa. Ha OcHOBaHUM 3TOH TUMOTE3HI
clefoBafo OXKHAATh, YTO IOHSNMOKCHOYTAH AOJKeH cHocofCTBOBAThb
NOABJEHHIO aJe€HHHOBBIX MYTalLHH He3aBHCHMO OT TOro, GBLIM JIH
OHH HHAYUHPOBAHH €ro co6CTBeHHBIM AeHCTBHEM HJAM KAKUM-THGO
apyruMm MyTareHoM. IlpoBepsis 5Ty rumoTesy, aBTOpHI H3y4YasH BO3-
HHKHOBEHHE MYyTaUHMH moj AeficTBHeM YJAbTPabHOJETOBBIX JyuYeil B
KJIeTKaX, KOTOpbie cpasy moc/ie O0JSYYeHHS HJAH HEemoCpPedCTBEHHO
nepex HUM MNOJBEpPrajuch AEHCTBHIO IH3MOKcHOGyTaHa. B knaeTkax,
06paboTaHHbIX IH3NOKCHOYTaHOM, mOCIenyollee o06yyeHHe yaAbTpa-
(UOJIeTOBBIMH JIydaMH BBI3BIBAJO TOpasfo OOJblle aAeHHHOBBIX
peBepCHi, YeM HHO3HMTOJIbHEIX. IIpH 3TOM B HHO3HTOJBHOM JOKyce
Habmoanack afJuTHBHOCTb NEACTBHS ABYX MYT4reHOB, B TO BpeMs
KaK B aJlecHHHOBOM JIOKyce KOMOHHHMpOBaHHass oGpaboTka naBaJaa
CyWIeCTBEHHO GoJibllle MYTalMil, YeM CyMMa MyTalui, MOJTYYeHHBIX
NpH AEHCTBHH 3THX MyTareHoB moposub (taba. 11). B nacrosuiee
BpeMsi He sCHO, KaK OODBACHHTb 3TH pe3ysabTratel. O6paloTka nm-
anokcubyTaHOM mocJe yabTpadHOJIeTOBOro OGJyueHHs He BhI3BaJa
oxHjpaeMoro 3Q@QexTa, YTo AeJaeT MaJOBEPOATHOH MepBOHAYAb-
HYIO THIIOTE3y aBTOPOB.

Ta6numa 4

ekt KOMOUHHPOBAHHOFO BO3JIIEHCTBHA ABYX MyTareHoB
Ha Hefipocnopy [125]

UHcao o6paTHRX MYyTaixi
Ha 10® cnop

Myraren
uH03~ — unost| ad— — ad+

Husnokeu6yran (03B) . . . . . . . ..
YavTpadroseroBble ayun (YP) . . . . . .
AB+¥YP ... o oo oL

™~ O
O -

OnuuM M3 OuyeHb BaXKHBIX NPHMEPOB HEaJIMTHBHOIO AeHCTBHA
IBYyX 00paboTOK fBJseTCs B3aHMOLEHCTBHE MyTareH — aHTHMYyTa-
reH. AHTHMyTareHbl — BellleCcTBa, MOHHIKAIOIIHE YaCTOTY MyTauwui,
HHAYUMPOBAHHBIX MJIH BO3HHKAIOIWIMX CIHOHTAHHO,— OBIIH OTKDBITHL
Hosukom n Cunnapiom B onnitax ¢ xuMoctaTtom {114} Cpenu aHTtH-
MYTareHoB, YMeHbIUAIOWHUX IIPOUEHT MYTaluMl, HHIYLHPOBAHHBIX
aHaJoraMM as3oTHCTBIX OCHOBaHHii, HauGoJblell aKTABHOCTbIO 06J1a-
Aaay pHOOHYKJIECO3HIBl: aJl€eHO3MH, ['YaHO3HH, HHO3MH. DTH aHTHMY-
TareHsl BJIHAJIH, OJJHAKO, He Ha Bce MyTareHwl, Hanpumep, mefictBue
TEeTPaMEeTHJIMOYeBOH KHCJIOTH H OeH3MMHIa30Jla He MNOAAaBJAAJIOCH
uMHd. He BaHAMH OHM M Ha HeHcTBHe YJIbTpadUOJETORBIX H y-lyyed.
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Kak H B cayyae HeagJHTHBHOCTH BOOOIIe, IIpeXie BCEro BO3-
HHKaeT BONPOC, Ha KaKOH CTaJuM MYTAalHOHHOFO Npollecca aHTHMY-
TareH fojaBJseT BO3HHKHOBeHHe MyTranui? [Ins aHTHMYyTareHos,
nainennbix Hosukom n CumiapioM, 3TOT BOIPOC OCTaeTCss IOKa
OTKPBITbIM, XOTsl 6oJiee BEpOSITHBIM KaMKeTcsl NPeANoJoKeHHe, YTO
JefcTBHE 3THX AHTHMYTareHoB MPOsBJASieTCs A0 TOTO, KaK MyTareH
BbI30BeT H3MeHeHus B JITHK. \

ITpouie Bcero o6CTOHT AEJNO, KOrAa aHTHMyTareH IPOCTO paspy-
nmraeT MyrtareH. Tak, no-BuAHMOMY, HeficTBYyeT KaTajasa, KoTopas
pasjaraer MyTareHHble NepeKHcH. DOJBUIMHCTBO H3BecTHLIX aHTH-
MyTareHoB nedcTByeT OoJsiee ca0KHO. THMHH, A0GaBJeHHBIi B H3-
ObITKe, CHHMaeT MyTareHHoOe JeHCTBHe TaKHX TaJoreHo3aMelleHHBIX
aHaJoroB THMHMHA, KaK 5-XJop-, 5-HoA- ¥ 5-6poMypanuia. Yem cuiab-
Hee 3TH aHajory pas6GaB/jeHbl THMHHOM, TEM MEHbllle X BKJAKIOYaer-
ca B JHK. BeposTHOocTh MyTanuu oT 3TOro cHuxaetcs. AHTHMyTa-
TeHHOe JeficCTBHE THMHHA NMPOTHB 5-(TOPAE30KCHYDHJAHHA BbI3BAHO,
Nno-BHANMOMY, TeM, 4TO OH 3aMeHseT co6oil TOT THMHH, KOTOPBIH
KJIeTKa OObIYHO CHHTE3HPYEeT caMa H KOTOPHH OHa He MOIKET CHH-
TEe3UPOBATb B IPHUCYTCTBHU (PTOPJAE30KCHYPHIAKHA.

CymecTBoBaHHe HEaAJUTUBHOrO JEHCTBHUS MYTareHOB OTKpHI-
BaeT NePCHeKTHUBHBIH NyTb K OCYLLECTBJEHHI0O HanpaBJeHHOIO MyTa-
reHesa. [ad 3Toro Heo6XOAHMO HaA#TH BellleCTBa — «Y3KHe Crelua-
JIUCTBI», KOTOpble crieludHUEeCKH BJUAIOT He Ha BeCb MYTALlHOHHBIH
IPOIECE, a TOJbKO Ha ero OoTAeNbHble 3Tanbl. Torga HYXHYIO MyTa-
LU0 MOMKHO MOJNYYHTb, HCMOJNb3ysl KOMOUHHUDOBAHHOEe TNpPHMeHeHHe
TaKHUX BeIIecTB.

Iloxa noucku 2¢¢eKTHBHbIX KOMOWHHMPOBAHHBIX BO3JeHCTBUH
BeAyTCs, KaK NpPaBHJO, Boaenyio. B psge ciaydaeB OHH yBeHYaJuCh
JacTHYHBIM ycnexoM. B KayecTBe npumepa MOXKHo npuBecTH pabo-
TV, B KOTOPOH NOJNyYa/HCL BBLICOKOI((EKTHBHbIE IUTAMMbl, MPOHU3-
BOASIINHE AaHTUOMOTHK 3putpoMuuud [126]. Peayabrate  3TOR

Ta6anma 12

OT60p BLICOKONPOLYKTHBHBIX IITAMMOB MPOAYUEHTOB aHTHGHOTHKA SPHTPOMHLMHA
npH KOMGMHHPOBAHHOM BO3NleACTBHH mMyTareHos [126]

QOrobpaso Konounft
TIpoBepeHo KOJIOHHH € M0- | o poppimennof
Myrares KOJIOHU I | BhIIIEHHOH TIPORYKTHB~
| TPOAYKTHB- HOCTBIO, %
HOCI'bEO
Yastpaduonerosbie ayud (YP) . . . . 200 1 0,5
DTUTEHUMHH  + + & ¢ v v v o o o o . 485 1 0,2
Y&, sareM STHIGHHMHH . . . . . . . 690 5 0,7
DruseHUMHH, 3aTeM YO . . . . . .. 526 9 1,7
PeHTreHOBH JyUYH, 3aT€M 3THIECHHUMHH 1235 2 0,16
STuneHUMHH, 3aTeM PeHTIeHOBH JY4H 793 6 0,7
PenrrenoBn ayun . . . . . . . . . . 290 3 1,0
EcTecTBerHH MyTallHOHHEHR mpouecc 200 0 0.0
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paGoThl NpHBeJeHH B Ta6a. 12. U3 Hee BHAHO, YTO KOMOUHHDOBAH-
HOe JeficTBHe STHJEHHMHHA H yJAbTPadHOETOBHIX JyueH yBeJHUH-
BaeT BEPOATHOCTDL BO3HHKHOBEHHS BbICOKOHpOlIyKTHBHbIX LITaMMOB,
B TO BpeMs Kak KOM6HHI/IPOBaHHOE lIEI/ICTBI/Ie PEHTIr€HOBbIX leqeu C
3THIEHHMHHOM yMEHbLIaeT 3Ty BepOSTHOCTb.

1. 3akaodenne

CyuiecTByeT MHEHHe, 3aKJioyaiouleecss B TOM, 4TO mpouece, Noa-
YHHAOIIHUICA CTATHCTHYECKHM 3aKOHaM (TaKHM ABJAseTCA TMpolece
MyTalliil), He ynpaBJsieM, a CJeJOBaTeJbHO, HE HAJE€XEH H MaJo-
NIPHTOAeH AJs1 NPAKTHYECKOro HCNONb30BaHHA. [leHcTBHTENbHO, Be-
POSITHCCTHBI | _Xapakrep mpouecca My'rauym He MOo3BOJISIeT Mpencka-
3aTh, B KaKoil MMEHHO KJeTKe npousofizer Myrauus. OnHako mjs
NPaKTHYECKOH LeJNu — BbIBeJleHHS] OPraHHU3MOB C HOBBIMH CBOHCTBa-
MH — He BaXHO, B KaKOi HMMEHHO OcOOH NpOH30HIET HYKHOE HaM
u3MeHenHe., BakHo, yToGbl 3TO COGBITHE NPOUCXOAMJIO YaCTO. Bol-
Lle Mbl NMO3HAKOMHJIHCH ¢ HEKOTOPBIMH (DakTaMH, CBUIETEJNbCTBYIO-
UIUMH O TOM, YTO COOTHOUIEHHE YaCTOT Pa3/JHUHbIX MyTalM# B 3Ha-
YHTESbHON MepDe MeHSeTCsi B 3aBUCHMOCTH OT NPUMEHEHHOTO MyTa-
reia. Oco6eHHO CHJIBHO 3TO NMPOSIBJSETCS NPH HHAYKUHH 0GPaTHHIX
MyTaluHi y MHKDOOPraHH3MOB.

Ecnu npefeqbHO YyIPOCTHTL M CXEMATH3HPOBATh 3a/auy Hampas-
JIEHHOTO MyTareHesa, TO ee MOXHO C(OpMYJHPOBATh CJEAyIOIUM
o6pa3zoM. UTo6bl ¢ BLICOKOH YacTOTOH BbI3BATb INOJIE3HOE HAM H3-
MeHeHHe HacJeCTBeHHbIX CBOHCTB, HeOOXOAUMO, BO-IEPBbIX, ¢ 60Jb-
LIOH BEPOSITHOCTbIO NMPOH3BECTH HU3MEHEHHe B OQHOM HJHM HECKOJIb-
KHX M30paHHBIX MecTax XpoMOCOMBL. Bo-BTODHIX, B 3THX H3OpaHHbBIX
MeCTax HYXXHO BbI3BaTb He J10060e, a JIHIIb HYKHOE HaM XHUMH-
yecKoe H3MeHeHHe. 3a MocjeaHee BpeMs ObIM JOCTHTHYTHl 3HAuH-
TeJIbHbIE YCNEXH B OCYLIecTBJeHHH BTOpoil (6osee Jierkoft) uacTu
3ajlayd NOJyYeHHs HanpaBjaeHHoro wMytareHe3a. JIHK MoxHo us-
MEeHHTb MHOTHMH crnoco0aMH, OJJHAKO yiKe cefiuac M3BECTHBl MyTa-
reHsl, uaMensole JHK aumb ogaum wian AByms crnocofamu. Has-
BECTHO JOBOJIbHO MHOIO O TOM, KaKHe 3TO U3MEHEeHHsd H MoueMy My-
TareH NpeANoOYTUTENbHO HHAYUHMPYET HMEHHO HX.

[opaspo MeHbllle HAaM M3BECTHO O TOM, MOYEMY Hexoropue Myra-
reHbl yallle NMPOH3BOAST H3MEHEHHS B ONpeleNeHHbIX MeCTaXx Xpo-
MOCOMBI. I/ MOHMMAaHHSI M UCIOJb30BAHHsI 3TOro siBJAeHUs ¢(yHIA-
MeHTaJbLHOe 3HaueHHe UMeeT TOT (akKr, UTO MyTallus — 3TO HE Mpo-
CTO akKT B3auMopekictBUs MyTtareHa ¢ HHK, a caoxubift npouecc,
TIPOTEKAIIHHA B HECKOJIbKO 3TanoB. CJO0XHOCTh Npollecca, KOHEYHO,
cosiaeT GoJbIIHEe TPYJAHOCTH B €r0 M3YUEHHH, HO HMEHHO CJOXKHOCTh
OTKpbIBaeT GOJbIINE BO3MOXKHOCTU PEryJsiliy 3TOrO Mpolecca, Mo-
CKOJIbKY Ha 4acCTOTYy MyTal'Mii MOXKHO BJIHATb He TOJBKO Ha yYDOBHE
B3aumoneitctBust ¢ JAHK, Ho u Ha [apyrux 3Tanax BO3HHKHOBEHHS
MyTauuii.
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Faasa 1V.
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I. Beenenue

Ycrmexu B pa3BHTHH FeHETHKH 3a nocjaenHue 20 eT B 3HAUYUTENb-
HOM CTEneHW CBA3aHDLI C HMCCJAELOBAHUAMH B 00JIaCTH FeHETHKH MHK-
pPOOPraHH3MOB, NOCTHIKEHUsI KOTOpOH crmocofcTBoBadd pa3paboTke
HOBOH TIJIaBbl YUeHMS] O HACJeJCTBEHHOCTH — MOJEKYJSPHOH reHeTH-
ku, Cneunduueckie MeTOAB!, DPHHIUHUIHAJNBHO OTTHYHLIE OT METOMAOB
KJTACCHYeCKOH reHEeTHKH, NO3BOJHUIH NYTEM NPSIMbIX 3KCIIEPHMEHTOB
noKa3aTb riaBeHCTByiowyio podb [IHK B HacnencrBenncery, mupo-
Ko paspaboratbh npobjeMbl GHOXHMHUECKOH TeHeTHKH, BCKPbITh TOH-
KYIO CTPYKTYpy reHa. Hapsy ¢ 3THM NMpPOHCXOAHJO pPa3BHTHe H CO-
BEpPLIEHCTBOBaHHE METOJOB KYJbTHBHPOBAHHS KJETOK BBICIUHX IMO3-
BOHOYHBIX. [IpHUMeHeHHe TNOJYCHHTETHYCCKHX INHTATENbHHIX cpel H
NOMBITKH 3aMeHbl HX HA NGJHOCTBIO CHHTETHUECKHE cpellbl CO3[aI0T
Bce GoJiee KOHTPOJIMpPYyeMble YCJOBHSA, IO3BOJISIIOLIHE HCCASAOBATh
pa3MHYHble CTOPOHBI KH3HeAesTeJbHOCTH KJETOK B TOYHbIX YCIOBHUSAX
skcrnepuMeHTa. OTKas OT BbipalllHBaHHsl BHE OPraHH3Ma KYCOUYKOB
TKaHelf W HCMOJb30BaHHe [JIsi [OCEBA CYCNeH3HH H30JHpOBAHHBIX
KJAeTOK JalT BO3MOXKHOCTb TOBOPHTb CKODee O KyJbType KJe-
TOK in vitro, a He 0 KyJbType TKaHell, B KOTOPOH A0 H3BECTHOH CTe-
NEHH COXPAHSIOTCS CJOXKHbBIE YCJIOBHS BHYTPUTKAHEBOIO B3aHUMO-
defictBua. Takue KJieTouHble KyJbTypbl B TeueHHe 6ojiee UJIU MeHee
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JUIITENIBHOTO CpoKa (a MHOra H HEOTPAaHHYEHHO [I0JIT0) COXPAaHAIT
CNOCOGHOCTb JKHTb U Pa3MHOXaThcsl BHe opranuama. Kaxnas kaer-
Ka o0JafiaeT B 3THX YCJIOBHSIX H3BECTHOH CTENeHbi0 ABTOHOMHOCTH,
O YeM CBHJIeTeJbCTBYET BO3MOXKHOCTb IOJIYUEeHHs KYJbTYPbl OT -Gf-
HOA KJeTKH. DTH OCOOEHHOCTH LAIOT OCHOBAHUA CPABHHUBATH KYJb-
TYPBl KJETOK MJIEKONUTAOIIHX ¥ YeJOBeKa ¢ KyJbTypaMH MHKPOOp-
raHH3MOB.

TlpuMeHeHHe NpH KYJAbTHBHPOBAHHH KJ€TOK MJEKOMHTAIOUHX:
METOJIOB, CXOJAHBIX C MeTOAAMH KYJbTHBHPOBAHHSI MHKPOOPraHH3-
MOB, N03BOJISIET PACCUNUTLIBATh HA TO, YTO H3YYEeHHE TEHEeTHKH CoMa-
THYECKHX KJIeTOK in vitro cMoXer SIBUThCSl HOBOH M BaXKHOH TJ1aBOIt
TeHETHKH MJIEKONHTAIOIIUX U YeJoBeKa. [IepCreKTHBHOCTb 3TOro Ha-
NpaBJIEHHS CTAHOBUTCA ellle 6oJiee OUEBUIHOM, €CJIH YYeCThb 3HayH-
TeJbHble TPYAHOCTH H OTPaHUYCHHS], HensbexHble NPH NMPHUMEHEHUW
METO/IOB KJIACCHYECKOH I€HETHKH B OTHOILUEHHH YeJIOBEKa H XKHBOT-
HBbIX, XapPAaKTEePU3YIOWIHXCS HEOOJbIINM YHCAOM NOTOMKOB H [JIH-
TeJbHbIM UHMKJIOM Pa3MHOXKEHHs.

Knerka in vitro npeacrapasier co6oii yno6Hylo Mojenb AJS H3Y-
YeHHS] KaK HEeKOTOPHIX TEOPETUYECKHX BOIPOCOB TEHETHKH, Tak W
BONPOCOB, HMEIIIUX 6oJblIOe 3HAYEHHEe [JIs1 3APAaBOOXPaHEeHHS.

KpaTKoBpeMeHHOCTb OLHOMH KJETOYHOH reH2palHH, GHICTpas cMe-
Ha TOKOJEHHH XU BO3MOXHOCTb IIOJYVUEHHs] OTPOMHOTO MaTepHana,
HACYUTBIBAIOLET0 MHJJIMOHBL M MHJJHApABl KJIETOK 3a KOPOTKHH
CPOK, NO3BOJSIIOT TOYHBIMH KOJIHUECTBEHHBIMH METO/IdMH H3yyaTh
3aKOHOMEPHOCTH MYTALlHOHHOTO MPOLlecca, eCTeCTBEHHOTO M MHAYLLH-
POBAHHOTO PA3JHYHBIMH (DH3HYECKHMH H XHMHUYECKUMH (aKTOpaMH.
BrisiBieHHe pasquyHbIX GHOXHMMHUYECKHX MapKepoB KJETKH, cO3[aHue
CEeNIEKTHBHBIX Cpel, MNO3BOJSIINNX OGHApyXKHBaThb JaXe KpafiHe
pellKue MYTAallHH, NalOT BO3MOXKHOCTb HCC/IeN0BaTh GHOXHMHYeCKHe
3Tanbl CTAHOBJIEHHS NpPH3HAKa, CBA3b MeXJAy FeHOM H (PepMeHTOM.

KyabTuBHpOBaHHE K/IETOK MJ/IEKONMHTAIOIHX U YeJOBeKa BHe Op-
raHu3Ma OTKpbiBaeT 60Jbllie BO3MOXKHOCTH ISl HCCAeLOBaHHUS D2-
HETHYECKOH ONMaCHOCTH PpajHallUH ¥ TeHeTHKH 3/10KauecTBEHHOTro
pocta. Kak 6yjer nokasaHo HHXe, 0COOEHHOCTH Pa3sMHOXeHHUs KJje-
TOK NMPH AJHTEJbHOM KYJbTHBHPOB2HMH H 4YacTOe BO3HHKHOBEHHE
B 3TUX YCJOBHSIX 3/I0KaUECTBEHHOCTH, NO3BOJAIOT H3YUHTh NPHPOLY
reHeTHYeCKHX H3MEHEeHHH, JMieXKallluX B OCHOBE TAaKOro NMpeBpalleHus,
a TakxXe ocobeHHOocTH 0OOMeHa 3/I0Kau=CTBEHHOH KJIETKH, ee peak-
KU Ha BO3JelCTBHe JIEKADPCTBEHHBIX BEILECTB M H3jyueHHH. BoJb-
HIoe 3HaueHHe npuoGpeTaeT D2HeTHKAa KJeTOK in vifro ansa BHpyco-
JIOTMH NPH H3yueHUH npolbseMbl B3aHMOJEHCTBHA BHPYca H KIETKH.

B 3ajgauy Hacrosilie#l rjiaBel BXOJHT H3JIOKEHHE OCHOBHBIX J0-
CTHXKEHHH D2HETHKH COMAaTHYECKHMX KJETOK, KYJbLTHBHPYEMhiX BHE
opranuama. B cBsi3u ¢ TeM, 4TO BO3MOXKHOCTb YCIIELIHOr0O H3y4eHH:A
KJeToK in vitro Morsa 6biTh OGecnevueHa JiHIIb TIPH yCJIOBHH paspa-
60TKH cClelMa’bHBIX MeTOHNOB KyJbTHBHDOBaHHS, NePBbIH pasiel
MOCBSALIlEH PAacCMOTPEHHI0 METOJOB, HMEIOWHX C 3TOH TOUYKH 3PEHHA
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NpHHUHIIKAJLHOE 3HaueHHe. Bo BTOpOM pasjesne OYyAYT H3JIOMEHLP
pe3yJbTaTh HCC/ENOBAHHS MYTallHOHHOTO MPOLECCa, €CTECTBEHHOTO:
H MHAYLHPOBAHHOrO Pa3/HUHBIMH MyTareHaMu. DTOT pasies BKJIO-
yaetT HauGoJbllee KOJHUECTBO HccaedoBaHHM, B Tperbem pasaene
6YLyT mpHBeleHbl AaHHble, OKa3biBaOlllHe BO3MOMKHOCTb Mep2/adm
regetHueckofi HHGOPMAIMY B KJEeTKaX YeJIOBEKa H MJIEKOMHTAIOIHX
in vitro. IlogoGuble paboThbl NPEACTABJASIOT OCOOLII HHTEpeC B CBS-
34 ¢ MepCHeKTHBOM NPOBENEHHS] I'€HETHYECKOro aHaJH3a.

2. Mertoam mHccaenosanns

K ocHOBHHIM MeTOHaM, 0GeCNEeUnBIINM NIPOBeJleHHe TeHEeTHUECKHX
HCC/IeJIOBaHHUM, clelyeT B IEepPBYIO Ouepelb OTHECTH MOJyYeHHe Te-
HETHUECKH OJHOPOIHBIX KJETOUHBIX JHHHH. TToCcKOMbKY KyJbTYpSE
KJIETOK NPEACTaBJAIOT co6oil Monyasiiuy, Belyllue Hauauao ot 60/b-
HIOrO UYHCJa KJETOK, MOXHO C YBEPEHHOCTbiO MPEANOJOXHTh, UTO
OHH SIBJISIIOTCS TeHEeTHUECKH TETEPOTeHHBIMH, 3ajaua 3akjluaercd,
CJIelOBATeNIbHO, B TOM, 4TOOBl HAYUHThCS NOJYYaThb JIHHHH, TPOHC-
XOAALIHE OT ONHON KJETKH, T. €. KJeTOouHble KJOHBI, KaK 3TO ycneul-
HO ocyulecTBiasercsi y 6aKTepui.

BTropas 3ajgaua COCTOMUT B OTHICKAHHH YCJAOBHI, cIoCOOCTBYIOUINUX
YMEHbIIEHHIO CTENeHH reHeTHUeCKOH H3MEHYHBOCTH B KJETKaX KYJb-
Typ (cM. «EcTecTBeHHBIf MYTAallHOHHBIH Mpollecc») NyTeM NOAAep-
JKaHUS OTHOCHUTEJbHON CTaGMJIBLHOCTH KapHOTHIIA M CO3JaHHsA NoJ-
HOCTBI0O CHHTETHYECKHX MHUTATeNbHBIX Cpell, NO3BOJSAIOILUX obecme-

YHTb MaKCHMaJIbHO KOHTPOJHPYEMBIE H BOCNPOH3BOJHMbIE YCJIOBHSE
SKCIEepHMeHTa.

1) IMoayueHHe KJNETOYHBIX KJIOHOB

Bo3MoXHOCTh JejeHHs OAHHOUHOf KJeTKH in vitro Owina oTMme-
yena eile B 20-x romax [l] B kyabrype capkoMn Poyca. [lozmnee
[2] MBI HaXOMHUM ONMHCAHHE JENEHHST OJMHOYHBLIX KJETOK B KYJbTYpe
JIEHKOLUHUTOB MOPCKO#l cBHHKH. KieTku, Jexallie H30JHPOBAHHO H&
JaJIeKOM PacCTOSHHH OT JAPYTHX KJETOK KYJIbTYPhi, HAUHHAJU Ie-
JHUThCH, OJHAKO, JIHIIb TOCAE JJHTEJBHOrO JIaTEHTHOTO mNepHoja
(nar-neprona). DTO NMO3BOJHIO NPEANONOKHTh, YTO JJISI BCTYTIEHHS
KJAeTKH B MHTO3 HeoOXOAMMO HaJHuHe B KYJbTYpPaJbHOH cpele Ka-
KMX-TO MeTaGOJIHTOB, KOTOphle KJIETKH BHIpabaThiBaloT B INpolecce
CBOEH KHM3HelesaTeJbHOCTH. B  MaccoBofl Ky/abType HaKofJeHHE
MPOAYKTOB 00MeHa NPOHUCXOAMT 3HAUHTENBHO CKOpee, YeM B KYJb-
Type OJHHOUYHBIX KiaeToK. OnMHHOUHAS KJeTKa MOXeT HauaTb AeseHHe
JJlIb TOCJNE TOro, Kak OHa caMa BhipafoTaer WJH A0 Hee NOHIYT
IPOAYKTH oOMeHa, BbipaboTaHHble ADYTHMH KJETKaMH, TIPHCYTCTBY-
IOILIHMH B KYyJbType.

Jluwis B kKouue 40-X rofioB crajH NOABAsATbCA PaboThl, B KOTO-
PBIX NOJMYYeHHEe KJIETOYHBIX KJIOHOB ABJSJIOCH He MOOGOUHBIM pe3yJib-
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TaTOM 3KCHEpPHMEHTa, a OCHOBHOM lenabio. Bece paboThl mo noayue-
HHIO KJETOYHBIX KJIOHOB MOXHO Pa30UTb Ha /Be KaTEropuH B 3aBH-
CHMOCTH OT TOrO NMPHHILHIA, KOTOPbIH GBI NMOJOMXKEH B UX OCHOBY —
Ha MeTOJ H30JSLHU U Pa3MHOXKEHHUS OJMHOUHBIX KJETOK H METOM MO-
cleJoBaTe/ibHBIX pa3BEJeHHH KJIeTOUHOH B3BECH A0 OUE€Hb HH3KHX
KOHUEHTpaUUH KJIETOK. ’

CyILHOCTb NePBOr0 METOAA 3aKJl0YaeTcs B H3CJSIHH OLHHOUYHOM
KJETKH C NOMOILBI0 MHUKPOKaNnWlisipa H Nocjenyiollefi ee MHKy6a-
uuu Bo (daaxoHax Kappens [3, 4]. B nepBmiX ucciaefoBaBHAX Yc-
Nellnble pe3yabTaThl OBLIM MOJYYEHBl TOJbKO NPH UCHOJb30BAHUH
Cpell, Ha KOTOPBIX NpeABapHTENbHO BHIDALIHBAJIOCH GOJbIIOE KOJH-
YEeCTBO KJIETOK, YTO IIOATBEPHKIAET FHNOTE3y O HEOOXOAHMOCTH NpH-
CYTCTBHSl ONpeieseHHbIX NPOAYKTOB KJETOUHOro ofMmeHna ajs ocy-
LlecTBJEHUA AejeHus KieTKH. OQHAKO H B 3THX YCJOBUSX NMPOLEHT
yCHEMHBIX ONBITOB O HeBeMHK. llpemsokeHHBle B JajbHeflleM
YIpPOUIEHHS TEXHHKH H30JSIHH KJETOK W YCOBEDLIEHCTBOBAHHe IH-
TaTeJbHBIX CpPell TNO3BOJHIH NMOBLICHTh 3 (MEKTHBHOCTb SKCIIEpUMEH-
TOB, UTO JaJ0 BO3MOXKHOCTb MOJYUYHThL 3HAUUTENbHOE UHCJIO KJIOHO-
BBHIX JIHHHI U3 Pa3JHUHBLIX KJAETOUHBIX KYJbTYP HOPMAaJbHOTG U 3J0-
KauyecTBEHHOTO MPOHCXOMKEHHUS,

Bropoii Meron [5—8] saknwouaercs B noceBe CHJIbHO pa3sBefell-
Ho#t B3BecH B uawkH Ilerpu, Bcero okoso 100 KAeToK Ha 4YallKYy.
C uenbio obecrneyeHnss HENPEPLIBHOIG MOCTYMJIEHHS B KYJIbTYPaJh-
HYI0 cpely NMPOJLYKTOB KJ€TOYHOro o6MeHa, KJIEeTOYHYIO B3BEChH BHI-
CeBaJIH Ha CBOETO POAa «IHTAIOUUH caofl», mpeAcTaBasouHl coboi
NJIaCT KJETOK, NMpeABApPUTENbHO TONBEPTHYTHIH BO3JEHCTBUIO PEHT-
reHoBHIX Jyuell B jao3ax 20005000 p. O6GayueHHe B TakHX N033X
nojaB/sieT KJAETOYHOe Pa3MHOMEHHE, B TO BpEMS Kak IpOIecCH
ob6MeHa B KJeTKaX MPOAOJKAIOT COBEPUIATLCSA B TE€UEHHE HEKOTOPOTO
nepHuona BpeMeHHU, JlereHepanusi HauHHAETCS TOJbKO Yepe3 HECKOJb-
Ko gHel. KierkH, nocesiHHble Ha TaKOH NMUTAWUIUH c/lol, nal0T HaAva-
JIO H30JHPOBAHHBIM KOJOHUAM, npHueM 5((HEKTHBHOCTb NOCEBA
Moxet pocturats 1009%.

B nannHefiuieM Gblsia MOKa3aHa BO3MOMKHOCTb MOJYUYeHHS KJIOHOB
6e3 NpHMEHEHHs] MIUTAIOLUIETO CJ0S B Pe3y/bTaTe YMEHbLUIEHHS Mexa-
HHYECKHX TIOBPEXJEeHHH MPHU TMoceBe, CO3JaHUA ONTHMAaJbHBIX YCJ0-
BHH KYJbTHBHPOBAHHA, YJAydlleHHS (DH3UOJOTHUYECKOTO COCTOAHHA
KJETOK M TOYHOIO OMNpeleleHHs cocTaBa cpej, obecneunBaloINX
NOTPeGHOCTH OAMHOUHBIX KJAETOK NpPH Pa3MHOXEHHH. DTH YCOBep-
LIEHCTBOBAHHSA IO3BOJHJH YCMELIHO NOJAYyYaTh KJAETOUHBbIE KJIOHH HE
TOJIBKO H3 IePEBUBAEMBIX JIHHUH 3/I0KAUCCTBCHHOTO MPOHCXOXK AL,
TaKHUX, Kak JuHud Hela (xapuuHoma IIEHKH MaTKH), HO H H3 HOD-
MaJbHBIX TKaHell yeqoBeKa (KOHBIOHKTHBA, NeueHb, NOUYKH), NMPHUEM
6BlIM TIONYUEHH KJOHBEI KaK SIMUTETHO-, TaK H ¢GHOGpo6aacTononos-
HBIX KJeTtok [9, 10]. Ha puc. 1 mpeacTtaBjieHH KOJOHHH, BHpOCLIHE
H3 ONMHOYHBIX 3MHTEJHONOAO0OHBIX KJAETOK JUHHH aMHHOHA 4YeJoBe-
ka (A-I).
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OJIMHOYHOH KJIeTKH OOGHapYKHBAIOT H3MEHYHBOCTb XPOMOCOMHOIO
Hadopa. C Apyrofi CTOpOHbI, IEPBHYHO SKCIJIAHTHPOBAHHBIE SYTJIOUA-
Hble KJeTKH 06/1a1al0T OrpaHUYeHHbIM CPOKOM XKH3HH H B OOBIYHBIX
YCAOBHSIX KYJbTHBHPOBAHHS B GOJIbIIMHCTBE CJAY4aeB JEreHEpUPYIOT
IIPH naccaxax uepe3 OTHOCHTENbHO KOPOTKOe BpeMs. Boicokas re-
HeTHYecKasi reTePOTreHHOCTb IePeBHBAEMbIX JIMHHU SABJSIETCA 06CTOA-
TeJbCTBOM, 3HAYUTEIbHO 3aTPYAHSIIOUIHM TeHeTHUECKHe HCCJe0Ba-
HUSl, B YACTHOCTH HCCJAeJOBAHHS HHAYUHPOBAHHOTO MYTauHOHHOTO
npolecca.

ITonbiTKa yMeHbIUEHHS CTENEHH reHETHYeCKoH H3MEHUHBOCTH, Ny-
TeM COXPaHeHHs HOPMaJbHOro AHIJIOMAHONO Habopa XpPOMOCOM B
noc/elOBaTeJbHbIX Naccaxax, OCHOBaHa Ha TOH NPeANoChlIKe, UTO
aHEYIVIOHJHUS, BO3HHKAWOUIAss B KYyJbTypaXx, sIBIfeTcH CJAeJCTBHEM
NPHCYTCTBUSL B CpeflaX KaKHX-TO HHTHGUTODOB, NPENSTCTBYIOLINX
HOpMAaJIbHOMY NPOTeKaHHI0 MHTO3a, B YaCTHOCTH PACXOXKIEHHIO XPO-
MocoMm [11]). 3amaua, cjemoBaTesibHO, CBOAUTCS K NOAGOPY cocTaBa
KYJbTYyPHOH Cpelbl, KOTOPbIH HCKJIOUAJ 6bl HJIH 3HAUYUTEJbHO YMEHb-
uaJj HaJHyHe Pas3JHYHBIX TOKCHUECKHUX BellleCTB H MHTHOHTOPOB.

OCHOBHBIM OTJIMUHEM TakoO# cpelbl OT OOBIUHBIX Cpej sIBJseTCH
3aMeHa B HeHl CHIBOPOTKH B3pOCJBIX XHBOTHBIX 3MODHOHAJbLHOM
KOpOBbeil cbhIBOpOTKOfl, GoraToit heTyuHOM (@-TI06YJIHUH).

[TpoBeneHHblE 3KCIEPHUMEHTHl I[I0Ka3ajHd, 4YTO MpPH H3MEHEHUH
VKa3aHHOH Ccpelbl H COOTBETCTBYIOUINX MeTOA0B OOpabOTKH TKaHeH
H KYJbTHBUPOBREUS yAaE€TCs MOJYUHUTb KJIETOUHble JUHHHK NpakKTHUe-
CKHM U3 J1060f TKaHU J060ro B3poCJoro uesnoBexka. Bee kieTku oxa-
3BIBAJUCh BBITAHYTbIMH, (HUOp0GIaCcTONONOGHBIMH, K COXPaHSJIH
HOpMAaJIbHBI!l AHIJOHUAHBIH Ha6op B TedeHHE MPOMOJKHUTENBHOIO
BpeMeHH ([0 roaa). InutenuononobHble Ke KJIETKH HEH3MEHHO
CT2HOBHJIHCH MOCTENEHHO AHEYIJIOWIHBIMH.

B03M0KHOCTb MPOU3BOJBHOIO MOJYYEHHS KYJbTYyD He TQJbKO Ii3
5MGpUOHANBbHBIX TKaHel HMeeT 60JblLIOe 3HAYEHHE, TaK KaK IO3BO-
JISET U3ydyaTb OCOGEHHOCTH KJIETOK, B3STbIX OT HHAHUBHAYYMOB C 3a-
B€IOMO H3BECTHBIMH TeHETHUECKUMH MapKepaMH.

[Npennioxennas B mocienHee speMs [12] Gosiee npocras TexHnKa
KYJbTUBHPOBAHUSL JHUIVIOUIHBIX KJIETOK J[aeT BO3MOXKHOCTbH ypes-
BbIYAHHO IIHPOKO HCIIOJb30BaTh 3TOT METON OJsi Pa3jHUHBbIX UeJeH.

Tax, MOMHMO 3ajay TeHETHYEeCKOTO HUcCJeN0BaHHs, HEOOXOrH-
MOCTb KYJIbTHBHDOBAHHS SYIVIOMAHLIX KJETOK HAaCTOATEJNbHO IHK-
TyeTca 3ajayaMd NPaKTHYECKOH BHDPYCOJOTHH, MOCKOJbKY TakHe
KJETKH MOTYT YCINElIHO HCIOJb30BATbCA [JIf BbIPALHBAHHS B HHX
BHPYCOB W NMPOH3BOACTBA BUPYCHbiX BaKUMH, 6€30macCHbIX /s 3710-
POBbSI 4eJIOBeKa.

B Merone, mOJNyYHBINEM B HacTOsliee ppeMs anpobanuio Beemup-
HOI OpraHM3alUH{ 3 paBOOXpaHeHHs], B KaueCTBe HCXOJHOrO MaTepHa-
Ja MCTOJb3YIOTCA 3MOGpHOHAbHEIE TKAHM K OPTaHbl 4YeJ0BEKa (KO-
»Ka, MbIIIUB], JEerKde, NOUYKH, cepalle, THMYC, LIMTOBHAHAA Kejesa).
IMpumensercs cpena Mraa B cosieBoM pactBope JpJas ¢ fo6aBjieHH-
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em 109% rTenstubell chiBOpOoTKH. Mopdonoruyeckuii aHajaH3 moKa-
3bIBAET, YTO KJEeTKH AMILIOHAHBIX KYJbTYp Bcerja XapaKTepH3YIoT-
csl yIJIMHEeHHOH BepeTeHOO0Opa3HOoH (POPMOH M HX YAaeTcss COXPAHATh
npu6ausutensio A0 50-ro maccaxa (5—8 MecsileB), NOCJe HYero
HauMHaeTcs (pasa JereHepauuu. B Teuenue 3Toro BpeMeHH XpOMo-
COMHBII HaBOp OCTaeTcss HOPMAaJbHBIM. [IpPOIEHT MOJHIJIOHIHBIX
" -KJIeTOK 6blBA€T HE3HAUHTEJNbHBIM (He MpeBHILIAET D), XPOMOCOMHBIX
nepecTpoek He HabJiopaercs.

DToT METOJ HauHHAaeT HCIOJB30BATbCH B HACTOsLee BPeMsi BO
MHOTHX 1a60paTOPHAX Pa3JHUHBLIX CTPaH MHpPA, B NepBYIO ouepenlb
IJ1s TPOM3BOACTBA BHPYCHBIX BAKIHH, TaK KdK BCECTODOHHHH aHanu3
JHIJIOUAHBIX KYJbTYD BBISIBHJ HeE TOJNBKO COXpPaHEHHe B HUX HOp-
MaJbHOrO KApHOTHIA, HO H OTCYTCTBHE 3JI0KaUeCTBEHHOTO NpeBpa-
wenns: (cM. «MaMeHeHHs1 KapuoTHNa»), yacTo Habaoaamoollerocs B
MepeBUBAEMBIX JIHHHSAX, YTO JAejJaeT HeBO3MOMHBIM HX HCIOJb30Ba-
HHie B BAaKIMHHOM NMPOHU3BOJACTBE.

3) CuHreTHyeckue cpejbl

3HaHHe XMMHUYECKOTO COCTaBa Cpell AJs KYJIbTHBHPOBAHHSA, UMe-
Iolllee, KaK yxKe OTMedasoch, 6OJbIIOE 3HAUEHHE NSl TOYHOTO BOC-
NPOHM3Be/leHHs] YCJIOBHIl ONHITA, ABJAsETCS HEOOXOAMMHIM YCJOBHEM
NpH H3ydYeHHH OGHOXWMHYECKOH TIeHETHKH (pPOCTOBBIX NOTpPeGHOCTEH
KJIeTOK, H3MeHeHHH (epMEHTaTHBHON aKTHBHOCTH).

3a mocseanne roabl €CTECTBEHHHE Cpeibl (Maa3Ma, CHIBOPOTKH,
TKaHEeBble 3KCTPaKTHI) BCe GOJbllIe 3aMEHSIOTCS CPeJlaMH onpeflesleH-
HOTo cOCTaBa, BKJIOYAIOLIHUMH HeOoGXOOMMBle aMHHOKHCJOTHI, BHTa-
MHHBI, TJIIOKO3y H cOajlaHCHPOBaHHBIH cojieBoit pactBop. OmHako,
KaK IIOKAa3blBAET ONBIT KYJbTHBHPOBAHHSA, B GOJBUIMHCTBE CIYyYaeB
HEOTPAHUYEHHOTO pPa3MHOMKEHHs KJeTOK in vifro MoxHO A0OHThCSA
TONBKO B TOM CJlydae, ecJiM K AaHHOH cpelle 106aBHTh KaKylo-HHOYIb
OKOJIOTHYECKYIO XKHAKOCTb, OOBIYHO CHIBODOTKY KPOBH HJM 3MGpH-
OHa/bHBIH 5KCTPAKT, T. €. BHOBb BHECTH B cpelly (pakTOpHl, XHMHUYe-
CKast IPHPOJA KOTOPBIX H3BeCTHA He MOJHOCTbLIO.

B nacrosiee BpeMsa HMeercs Becero okodqo 10 gaunui [13], koTo-
pbie yaaercss NOALEPKHBATH HA IIOJTHOCTbIO CHHTETHUECKOH cpefe.

BmecTe ¢ TeM GYHKIHS CHIBOPOTKH NOKA He BIOJHe sicHa. OCHOB-
Hasi Macca Ge/IKOB KJIETKH CHHTe3HpyeTcs, N0-BHAHMOMY, 3a CUET
NPHUCYTCTBYIOIHX B cpefle CBOGOAHBIX aMHUHOKHCIOT, 8 CHIBOPOTKA,
BePOATHO, IPUBHOCHT KaKHe-TO HeH3BeCTHBEIE DOCTOBblE (DAKTODHIL.

[Tepenecenne KneToOUHOM JIMHHK H3 CPeIbl, COAEpXKallell CHIBOPOT-
Ky, B 6e30eMKOBYIO cpelly CONMPOBOXAAETCS, KaK 3TO GHJIO NOKa3aHO
Ha KJIOHe MBIUUHBIX hubpobnacros [14], pe3kuM H3MeHEHHEM MOP-
GOJIOTHH ¥ YMeHbUIEHHEM CKOPOCTH pocTa. Heckolbko cyOJaHHH#A
Obl1H, OJHAKO, YCIIeNIHO aflalTHPOBAHB K TaKOH cpelle H B HHX IO-
CTENMeHHO BOCCTAHABJMBAaJach HOpMajibHass CKOPOCTb pOCTa.
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Pa3MHOXeHHe JIMHHH MBILIHHBIX KJAeTOK L Ha cHHTeTHuecKodl cpe-
Ae NCTC 107 ynanoch yCKODHTb NyTeM A0GaBJEeHHS] CHIBOPOTOUHOTG
rao6ynuna [15, 16].

Onpenenenne TOYHOIO XUMHYECKOTO CocTaBa cpenbl, ofecneui-
Balolllero HOpMaJbHBI POCT KJETOK, TpefyeT TUIATEAbHOIO H3yUeHus
X POCTOBHIX NOTpebHOCTell, DTU HCCAeLOBaHHs, BAaXKHblE C TOUKH
3peHHs1 pa3paboTKH HOBHIX METOLOB, HMEIOT GOJIbLIOE 3HAYEHHE AJS
BLISIBJI€HHA MYTAaHTHBIX $HOPM C U3MEHeHHBIMH NOTPeGHOCTAMH B NH-
TaTeJbHBIX BellecTBaXx.

Pa6oraMu paga aBTOpoB GbLIO MOKA3aHO, YTO pa3HbIE KJAETOYHbIE
JHUHHHE 06Ja1al0T cnelnHUYeCKUMH JJisl HUX HOTPEGHOCTSAMH B NHTa-
TeabHbIX BellectBax [17, 18]. Tak, ecnu noTpe6HOCTH B aMUHOKHCIO-
TaxX yesoOBeyecKHX KaeToK Hela u MBIIHHBIX KJeTOK L KauecTBeH-
HO OJMHAKOBEHI, TO ONTHMaJbHble KOHIEHTPAUHH 3THX aMHHOKHCJIOT
B cpelle Da3JHUHb! AJsa ABYX JHHHH.

BrisiBiIeHB pa3iHuHst POCTOBBIX MOTpeGHOCTEH MeXAY 3MUTEJNHO-
u dubpobaacTonog06HBIMH KJIETKaMH.

Ecnu BHpalluBaHWe MacCOBHIX KYJBTYD Ha IOJHOCTbIO CHHTETH-
YyecKOl cpelle BeCcbMa CJIOXHO, TO PAa3MHOXEHHE OJNUHOUHBLIX KJETOK
B 3THX YCJOBHUSIX NpefcTaBJaser coboil eule 6oJee TPYAHYIO 3ajmauy,
BBUJY UX Gosbuiell «rpeGoBaTenbHOCTH», Ecau, HanpHMep, AJs poc-
Ta MacCOBBIX KYJbTYp KJAeTOK MbllIHHOR Jumdpombl P-338 Heob-
XOLUMO IIPHCYTCTBHE B cpefe aubo nupysara, au6o [-cepuHa, To AJs
06pa3oBaHHsl KJIOHOB HeOGXOMUMO NPHCYTCTBHe 060X BeulecTs {19].

HsyueHne posu OTAENbHBIX KOMIIOHEHTOB CHIBOPOTKH IJs pas-
MHOXEHHS OZHHOYHBIX KJAeTOK (B OGOJbLIHHCTBe PabGOT HCCAENOBA-
Jacb KJoHoBas Juuusg S3 Hela) nokasano, 4YTO NPH AJIUTENBHOM
AHaIU3e MaKpOMOJieKyasipHas GhpaKius CHIBOPOTKH TepsieT CBOI0 ax-
TuBHOCTL [5,20—23]. AKTHBHOCTL MOKeT GBITH BOCCTAHOBJEHA IMpH
JN0GaB/NeHHN TaKHX BaXKHbIX JJis o6MeHa KJIETKH BellecTB, Kak XoJe-
CTepHH, acKOpOUHOBasA KHCJIOTa, RUPOChHONHPHAUHHYKICOTHN U ADY-
rue, npuyeM Haubosbliel 5¢PeKTHBHOCTbI0O 06JafaerT XOoJeCTepHH.
[To-puauMoMy, NpH AHANH3E MPOUCXOAUT HOTEPST KAKUX-TO BaXKHBIX
ManblX MOJeKyJl, HeOGXONUMBIX IJisl Pa3MHOXKEHUS KJETOK,

AHann3 1edCTBHS HEKOTOPBIX ChIBOPOTOUYHBIX O€JKOB JI0Kasal,
YTO LleJbHAd WJIHM THAJU3HPOBAHHAS CHIBOPOTKA MOXKeT ObITb HCKJIO-
yeHa W3 cpefbl, €c/d B3aMeH A00aBaAIOTCS ABAa OUYHUIEHHBIX CHIBO-
POTOUHLIX Geska — aJdbOYMHH W o-r106yauH (heTyHH), KOTOPLIMH
oco6eHHO GoraTa 3MOpHOHAaJIbHAsT KOPOBbsI CHIBOPOTKA.

B pesyabTaTe 3THX HCCAeNOBaHHE Gblla NpeNJoXKeHa cpefa, He
coJiepKalilasi CHIBODOTKY U o6ecreyHBamollas KOCTATOMYHO BLICOKYIO
o(peKTHBHOCTb NOCEBa He TOJBKO MACCOBBIX KyJbTYpP, HO Jlaxke OJIH-
HOUHBLIX KJeTOK S8 HelLa mnpu Heckoabko 6Gojiee NPOAOJKHTEIbHOM
BpeMeHH reHepauuu [21].

OnucanHble MeTOAH (KJOHHPOBaHHe, NOANEpKaHHE CTAOHABHOTO
KapHOTHNA, NpPHMEHEHHe CHHTETHYECKHX INIHTaTeJbHbIX cpeln) ofec-
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CocraB cuHTeTHUECKON MUTaTeNbHOM Cpeanl

AMHHOKHCAIOTH, B 2/2

l-Apryswn HCI ., . . . . 0,015 IBamun ¢4 .4 o s . .. 0,100
[Twerupgun HCI . . . . . . 0,015 {-Tayramusosas kucaora . . 0,030
IJmspn HC1 . . . . ... 0,032 l-Acnaparunopas xucqora , . 0,012
I-Tpuntodban . . . . . . . 0,008 IMpoaw & . . . . . .. . 0,010
B-denus-l-anaspH . . . ., 0,010 Tomumpn ., . . . .. ... 0,040
[-MeTHOHHH . , . . . . . . 0,010 Tayramus . . .. . .. .. 0,080
[-Tpeowvrs . . . . .. . . 0,015 I-Taposun . . . . . . « v « 0,016
-Jlefums . . . . . . ... 0,010 uwerss . .. ... . . 0,003
{-Hsonefums . . . . . . . 0,005

Funokcawtyn . . . . . . . . 0,010 XomwH . . . . . . . . . 0,0012
Twamuw HC1 . . ., .. .. 0,0020 INanrotesar Ca . . . . . 0,0012
Pubopnasuw . .. . .. .. .0,00020 Hpanvsamup . . . . . . 0,0012
IMupupoxkcus HCL . . . . . . 0,00020 HHosur . . .+ . . . . 0,0004
donnepas kucaora . . . . . .0,00004 Butampd Byg . . . 4 . . 0,0010
Bwotwn . .. ... ..... 0,00004

NaCl, . ......... 7,400 CaCl;-2H,O0 . . . . . .. 0,016
KCl .. ..., . 0,285 NaHCOy . ....... 1,200
NagHPO,-TH,O . . . . . . 0,290 Tmokosa . . . .. .. . . 1,100
KH,PO, ... ... ... 0,083 deyonoBbil KpacHufi . . . 0,0012
MgSO,-7TH,0 . . . . . 0,154

Beaxu, B /2

Hopmanbublii CLIBODOTOYHBIA aib6yMUH . . . . . . . . 2,0
DEeTYHH . . . . v v L L e e e s e e e e e e 2,0

[ieYHBalOT BO3MOXHOCTb IIOJNYY€HHS JOCTAaTOYHO OAHOPOJHBIX KJje-
TouHbIX nomyJsuuii. OgHako GHICTpOe pa3MHOXKeHHE KJIEeTOK B KYJb-
Type Aaxe NpH CPAaBHUTEJNbHO HHU3KOM YDOBHe MYTAllHOHHOIO Npo~
uecca B TeyeHHe OTHOCHTE/JbHO KODOTKOro BpeMeHH:6yleT HeH3bex-
HO NPHBOJHMTL K TeHeTHUYEeCKOH reteporeHHocTH. ITosToMy Heo6xommu-
MO pacnojiaraTb AONOJHHTEIbHHIMH MeTOAAaMH, KOTOPBie N03BOJIHJIH
Obl BbLISIBJATD MYTaHTHble (hOpMBl NPH HX BO3HHKHOBEHHH M INEDHO-
JHYECKH «OYHINATH» KJETOUHYIO JIMHHIO OT BO3HHKAIOWHUX 00pAaTHBIX
MyTauul HJAH JPYTHX HexesaTeJbHbIX H3MEeHeHHH.
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3. Mytanuonmmii mpomecc

H3syyenue 3akoHOMepHOCTeHl MYTAlMHOHHOTO Mpollecca B COMAaTH-
yecKUX KJeTkax in vilro tpe6yer onpesenenus caMoro NoHATHs KJe-
TOYHOH HACNEJICTBEHHOCTH B YCJOBHAX BEreTaTHBHO pa3MHOXKalo-
meica nonyasuHd Kjetok. Heo6xoquMo npH 3TOM Y4HMTHIBAaTb OT-
CYTCTBHE B HAacCTOsllllee BPOMS METOA0B, MO3BOJAIOLIAX IPOBOAHTH
reHeTHYeCKHH aHa/H3 B KJeTKax in vilro u cocrassiaTe KapTel Xpo-
MOCOM.

OcHoOBHBIM KpmepueM HaCJeACTBEHHOTO NPH3HAKA KJETKH J0JK-
Ha, TAaKHM 06pa3oM, CIyXHUTb JJHTEJNBHOCTb COXPAaHEHHS ero B IIO-
MyJISIIHA B XOJle Pa3MHOXeHHA. Ecau peub HIeT 0 MyTaHTHOM NpH-
3HaKe, BHISIBJIEHHOM B pe3y/jbTaTe BO3IAeHCTBHA KaKoro-au6Go BHell-
Hero areHra, HapHMep XHMHYeCKOT0 BelIeCTBa, TO Hac/eACTBEHHbIM
MOXKeT CYHTaTbCSl JIMLUIb TOT NPH3HAK, KOTOPHI He HCue3aeT INpu
yAaJeHHH Bbi3BaBuiero ero (pakropa, T. e. He TpelcTasasier coboi
TOJIKO (PH3HONIOTHUECKYH) DPEAaKIHI0 KJAETKH Ha BHeNIHHiH Bo36yaH-
Tesib. Heo6xoauMo noa4epKHyTh, YTO 3a eIMHHLY H3MepeHHs [JH-
TeJbHOCTH CJiefiyeT NIPHHHMAaTh He ab6COJIIOTHYIO NPOAOJKHUTENBIOCTh
BpEeMeHH, a BpeMsl, BblpaKeHHOe B YHCJie KJAETOYHBIX TNOKOJIeHHH, TOo-
CKOJIBKY TOJIBKO TpPOJOJIKHTENbHOCTh TEHEPAUUH MOMKET CHYXKHTh
MEpHJIOM CKODOCTH MYTAlHOHHOTO Mpolecca B MOMYJISITHH.

BroprlM KpHTepHeEM HACHELCTBEHHOTO H3MEHEHHS KJIETKH MOryT
OHTH pa3siHuHble H3MEHEHHS XPOMOCOMHOro Habopa (YyMCI0BHE H
CTPYKTYypHblE H3MEHEHHSI XpOMOCOM). DTO OTKPbLIBAET IO CPABHEHHIO
C MHKDOOPTaHH3MAMH JIOTIONHHTENbHbIE BO3MONKHOCTH H3YUEHUS MY-
TAlHOHHOTO Npolecca.

C Ipyroi cTOpoHbl, BcAKOe H3MeHeHHe (eHOTHIA KJETKH, OTBe-
yalolllee KPUTEPHAM KJIETOUYHOH HacaeJCTBEHHOCTH, MOXKeT CBHIE-
TeNbCTBOBATh O BO3HHUKIIEH MYTalHH, 06yCJA0BJEHHON He TOJBKO H3-
MeHeHHEeM YHCJla XPOMOCOM, HJIH XPOMOCOMHBIMH aGeppanuaMH, HO H
TOUKOBOH MyTalHel,

B cBfi3H ¢ 3THMH OCOGEHHOCTSIMH NMPH H3YUEHHH MYTaIlHOHHOTO
npouecca B KyJAbType TKaHeH NoJb3yHTCs ABYMS METOAaMH, a HMeH-
HO: METOJAOM yueTa pAa3JIHYHBIX H3MEHEeHHH KapHOTHna (MOoJH- H
reTepoIJIOnIHS, XPOMOCOMHbIe abeppalHd) H METOAOM yueTa H3Me-
HeHMH (eHOTHNA KJETKH, B OCHOBE KOTOPHIX NPEeIMNOJOKHTENbHO Jle-
)KaT TOYKOBble MYTaLHH.

B pesynbTaTe mpoBeleHHBIX C MOMOLIbLIO BTOPOro MeTOfa HCcje-
JOBaHHH 6bIIO BBISBJIEHO HECKOJBKO BHIOB MyTaumuii: 1) Mopdgoso-
rHYecK#e MyTaliH; 2) GHOXHMHYECKHe MYyTalHH (NOTpeGHOCTH B IIH-
TaTeJabHbIX BelECTBAX, H3MeHeHHs (epMEHTAaTHBHO# AaKTHBHOCTH);
3) MyTalMH pe3HCTEHTHOCTH (K XHMHUECKHM BelllecTBaM, ¢(pH3HuUE-
CKHM akTOpaM, BHpycaM).
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1) EcrecTBeHHBINt MyTalHOHHBIH Tpouecc

H3aMeHeHHsT KapHOTHNA
(Moau- M TeTeponJoOHJHsA, XPOMOCOMHble afeppaLHH)

ITpy M3ayueHHH 3aKOHOMEPHOCTEH BO3HMKHOBEHHA M Xapakrepa
H3MeHeHHH XPOMOCOMHBIX HabOpoB B KJeTKax in vitro Heo6XoAHMO
YVUHTHIBATb ABE€ KayeCTBEHHO Pa3JIHYHble KaTerOpHH KyJabTyp. B mep-
BHUYHO 3IKCIVIAHTHPOBAHHBIX TKaHAX B Ie€pBble 1—2 AHA mocne 3Kc-
NJIaHTallHd MHTO3H TOYTH He HabmomaloTcs. 3aTeM MHTOTHUECKHH
UHJAEKC HaynHaeT Bo3pacTtaTthb {24]. JIMHTeNbHOCTL HCXORHOTO Jiar-Te-
pHOZa 3aBHCHT OT psja yCJIOBHH: METOJa IPHTOTOBJEHHS KJIETOYHOMH
CYCMeH3Hd Ans lloceBa, cocTaBa cpeanl M T. A. Ilpn pandbrefurnx
nepeceBax MHTOTHUECKHH HHJEKC NOCTENEHHO CHHXKaercsl, H OGBIUHO
KyJAbTypa, Kak Obl HCTOLIHMB 3amac NMPHBHECEHHBIX KJAETKAMH H3 Op-
rauuamMa HeoO6XOAHMBEIX MeTabGOJIMTOB, JAereHepHpyerT.

OnHako B psixe ciaydaeB Hocje NepuOja 3aTyXaHUsi KYyJbTypa
BHOBb mpHOOpeTaer cnocoGHOCTb K Pa3MHoxeHHIO, HeMHorue BHI-
JKUBIIHE KJIETKH HAUUHAIOT AaKTHBHO HEAHTbCS, MUTOTHUECKHH HH-
JIEKC BO3pacTaeT, 3HAUHTEJNbHO INpeBblliasg HCXOXHLIH YDOBEHb Iep-
BHYHO KyabTYyphl. Takas KJeTouHas JIHHHs, UMeHyeMas «IlepeBu-
BaeMoii», OkasbiBaeTcs ClIocO6HOH K HEOr pAHHUEHHOMY pa3MHOXKeHHIO
B KVJbTYype IIpH HOCJenoBaTeNbHbBIX ee nepeceBax. Vamecten pan
JUHHHA, TPOHCXOASUIAX OT PasHBIX XUBOTHBIX H M3 pas3HbIX TKaHeii,
KOTODbIE B Te€UeHHe MHOTHX JieT KYJbTHBHUPYIOTCS B pPa3jHUHBEIX Ja-
60paTopHUsX MHDpa,

[Ipnobperenne cNocOGHOCTH K HeOTpaHHYEeHHOMY pa3MHOXKe-
HuIo in vitro Habjalogaldoch Kak B KJAETKax KYJbTYD, NPOUCXOASLIHX
H3 3JI0KaueCTBEHHLIX HOBOOOpPa30BaHWMH, Tak H B KJE€TKax HOpMaJb-
HBIX TKaHeH. [IpH 3TOM KJeTKH HODMAJbHBIX TKaHell nmpHobpeTanH
B OTJEJbHBIX CJAyuasgX CHOCOGHOCTL BLI3EIBATH Da3BUTHE OMyXoJel
NPH HMIJIAHTAIMH HX XHBOTHBIM, T. €. [IpeTepleBajH 3J0KayecTBeH-
Hoe mnpeBpamienue {25—31}. 1o mosTopeHHe in vitro mnpoiecca
MaJMTHH3alMH HOPMAaJbHBEIX KJETOK, POTEKAIoLEero in vivo, nocay-
KUJIO OIHOM HW3 BaxXKHeHIIUX NPHUYHH TOro OTPOMHOrO HHTepeca,
KOTOPLIH MPOSIBJASIIOT HCCAELOBATENH K KYJAbTYpPe TKaHeH KaK MOJAeNH
IJIs M3yueHHs (heHoMeHa MaJMrHusauuy, B cBere Bce Bozpacralolile-
ro BHHMaHHSl K H3YYEHHIO DOJIM TeHEeTHUECKHX (PAKTOPOB B 3THOJO-
THH W I[aTOreHese paka M yXe HMeWLHXCc OOMHDHLiX [NaHHBIX
MO0 H3MEHEeHHI0O XPOMOCOMHBbIX HAa6OpOB B OCHNYyXOJeBbIX KJETKaX
in vivo BrOJIHE MOHSITHO, YTO TPH H3YYEHHH MYTALUOHHOTO MNPO-
Hecca B COMAaTHUYECKHX KJeTKaX in Vitro OCHOBHOe BHHMaHHE
vieasiercss MCCJAENOBAHHIO pPAa3JHUHBIX H3MEHEHHH XPOMOCOMHHIX
HabopoB.

YcoBeplieHCTBOBaHHE METOZOB H3yueHHs1 XPOMOCOM MJIEKOIIHTA-
IOIIMX NyTeM IlpHMeHenHsa npendUKcauHOHHON 06paloOTKH KJETOK
TUITOTOHHYECKHMH pacTBOPaMH I[0O3BOJHJIO 3HAUHTENbHO VJYUIIHTb
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TI03BOJISIIOIIMX COXPAHHTh AHMIJIONAHOCTb, YXKe B IePBOM MaccaKe
Hapsly C NHIJIOWIHBIMH BCTPEYAIOTCS TAKXKE MOJH- H aHEYIJIOHIHbIE
KIeTkH (2n+4+1,2n422n—1 u T. 1.), IpHYEM yAeNbHBII Bec TaKHX
KJIETOK B Pa3HBIX KYJbTYPaX OKa3blBAE€TCH Pa3JHYHBIM,

OnucaHbl KapTHHB 3HAODPEAYNJHKALMH, NPHBOAsLIIHE K INOSBJie-
HHIO TIOJIMIJIOMIHBIX KJaeTox [37].

IToMHMO MOJIH- H I'eTEPONJIONAHH HA6JI04aeTCa 3HAYUTEIbHOE KO-
JIMYECTBO PAa3JHYHBIX CTPYKTYPHBIX aHOMAJIH{i XPOMOCOM, KOTOpbie
o6HapyXKHUBAIOTCs Kak NpH aHajau3e aHa- U Teqodas (MocTh, ¢par-
MeHTHI), Tak M NpH aHajiu3e Meradas (KOJNbIEBble XPOMOCOMBI, Me-
TalleHTPUKU NPH HAJHYUH B HOPMAJbHOM KapHOTHIE TOJILKO TeJO-
LIEHTPHKOB, U Ha060pPOT). DTO CBUJETENBbCTBYET O TOM, YTO B Iep-
BHYHBIX KYJbTypax HMEIOTCS BCe THIIHL XPOMOCOMHHIX abeppauuf,
H3BECTHBIE Y APYrHX JXKHBOTHBIX M pacTeHHi. XpOMOCOMbI, OTJIHUA-
ouHrecs no csoefi MOphOJOrUH U pa3MepaM OT XPOMOCOM HOPMaJib-
HOTO KOMIlJeKca JaHHOTO BUJA KHUBOTHBIX HJIH U€JIOBeKa, MOJYHHIH
Ha3BaHHe XPOMOCOM-MapKepoB.

Moxno 6blJ0 MPEeANnoJoKHTh, YTO 3HAYMTENbHAS H3MEHUHBOCTh
XPOMOCOMHBIX HabOpOB H CTPYKTYpHBIE MEpecTPOHKM XPOMOCOM B
MepBUYHBIX KYJAbTYpax OTPa’KalOT reHEeTHUYECKYI0 H3MEeHUYUBOCTh, CY-
LLECTBYOILYIO B KiaeTKaX in vivo, OpHako HMeloliHecss B HAacTosl-
lilee BpeMs JaHHbIe [I0KA3bIBAIOT, YTO B YCJIOBHSIX KYJbTHBHPOBAHHA
KJIeTOK BHe OpraHH3Ma YHCJ0 XPOMOCOMHBIX aHOMaJNHUil 3HaUHUTENbHO
BO3pacTaer Jaxe B 3YIJIOUAHBIX KJeTKaX [0 CPaBHEHHIO ¢ YCJOBHS-
MH in vivo.

ITpn u3yueHuu MoOpGhOJOTHH MHTO30B B NEPBHUHBIX KYJAbTYypax
YCTAHOBJIEHO, YTO B TKaHMX, 00paboTaHHBIX NMPH IKCNJAHTAUUH TPH-
NICUHOM, MPOUEHT aHOMAJbHBIX MHTO30B, CBHIETENbCTBYIOLLIHX O BO3-
HHUKHOBEHHH XPOMOCOMHBIX MepecTpoeK (MOCTBI, PparMeHTH U T. 1.),
3HAYMUTEJbHO BHIIIE, YEM B TKaHSAX, KOTOpble MOABeprajJHCchb MeXaHu-
YyecKOMYy H3MeabueHH0. TakuM o0pas3oM, yxe Ha NepBbIX 3Tanax
KyJ1bTHBHPOBAHHS, NPH NPHMeHEHHH OOBIYHBIX MeTo0B 06pabOTKH
TKaHell, B JleficTBHe BKJIOYaeTcsi MyTareHHui# dakrtop. Bnonne Bepo-
SITHO MpeANoJIOKeHHe O CYLLEeCTBOBAHMH H JPYIHX HEYYTEHHbIX My-
TareHHbIX $HaKTOpOB.

M3yuyeHne NUHAMHKH H3MeHeHHd KApHOTHNA B XOJe IOC/Ie10Ba-
TeJbHBIX Macca)Kei, a Takxe MopGhOJOTHH MHUTO30B IMOATBEpXKAALT
BBIBOJ O TOM, YTO B CAMHX YCJOBHSIX KYJBTHBHPOBAHHSA 3aJI0KEHL!
Kakne-TO (PakTopbi, CMOCOOGCTBYIOLIME MOBBILIEHHIO YPOBHS T'€HETH-
YeCKOH M3MEHUYHBOCTH. )

Kak 6bl10 ynoMsHyTo Bhoilie (cM. «MeToabl HccefoBaHUA»),
MOXKHO CUHUTATh, YTO B KYJbTYpPaJbHBIX CPelax COLepXKATCH BeLecT-
Ba, Hapyllaiollde HOPMAaJbHBIH X0 MHTO3a H NPENATCTBYIOLIHE pac-
X0XKJAEHUI0 XpoMocoM B aHatase. [lofo6Hble aHOMAaNHU MHTO3a H3-
pSAY C IIHPOKO pacrnpocTpPaHeHHBIMH MHOTOIOJIOCHBIMH MHTO3aMH
NPHBOSST K IOABJEHHIO KJETOK ¢ HecOajJaHCHPOBAHHBIMH TreTepo-
NJIOUAHBIMH YHCJAaMU XpomocoM. TakuMm o6pasoM, B KyJabType TKa-
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HY HENPEepLIBHO CO3/AI0TCS YCJIOBHS 1Jisi BO3SHHKHOBEHHS T'EHETHUe-
CKOll H3MEHYUHBOCTH, M TEPMHH <ECTECTBEHHBIE» MYTALHH MOXKHO
IIPUMEHSATL TOJNBKO YCJIOBHO.

VisMeHeHHe XpPOMOCOMHBIX HaGOpOB B XoJe KyJbTHBHPOBAHHs
3M6PHOHANBHON KOXH MBIIIH, N0 AaHHLIM JleBan u DBusene [26],
nokasano p tabua. 1

Ta6anua 1

JMnAOMAHS ¥ NOJHUIIOHIHSA B KYAbTYPaX TKAHH KOXH Mbitid [26]

KJeTKH ¢ pasnHuusiMH HaBopaMH
Fenepa- XpoMocoM, % Yhcao
Omsit s H3YYEHHbIX

~2n ~4n ~8n ~16n KJIETOK
80 1 65 [ 3 4 0 110
81 1 37 52 11 0 52
90 1 53 26 21 0 19
— 4 21 79 0 0 14
91 1 56 33 9 0 96
— 2 29 71 0 0 7
— 4 24 58 18 0 17
76 9 29 58 11 2 28
— 11 8 74 17 1 | 72
— 16 0 9 5 4 ! 43
— 17 0 8 | 13 | 0 23
— 18 o ! 19 ; 1 10 19
— 19 0 9) 7 3 i 29

Kak BuAHO M3 npHBefeHHOH TabJHUIbI, HECMOTPS Ha HaJuHuHe KO-
JieGaHUH B MPOLEHTEe AHIVIOHAHBIX KJETOK B Pa3HBbIX ONBITAX, B XOA€
NoC/AeN0BaTeNbHBIX Naccaxel HabJlogaeTcsi 3aKOHOMEPHOe CHHXe-
HHe YHARMIBHOrO Beca JHIVIOHAHLIX KJIETOK M BO3pacTaHHe NPOLEHTA
NOMAHINION0B, Pasinunbie naccaku 0TpaxaloT onpefeseHHble 3Tanbl
B XXH3HH H3yuaeMbIX KyabTyp. Tak, B onuite 76 16-9 reHepanus cos-
nafgaeT ¢ BO30GHOBJEHHEM HHTEHCHBHOrO Da3MHOMXKEHHA.

B stoT nmeproA nMNNIOUAHBIE KJAETKH OTCYTCTBYIOT, @ TOUHBLIH MOA-
CYeT XpPOMOCOM MOKa3biBaeT npeobJiafiaHde KJETOK C TeTepPONOHI-
HBIMH HabopaMu. Bpemsi BbITeCHEHHS MIHIJIOHAHBIX KJETOK COBIa-
JIaeT ¢ NepHojoM NpHOGpeTeHHs KJIeTKaMH crmocobOHOCTH K Heorpa-
HHUEHHOMY Da3MHOMKeHHId B KYJbType.

B mnacrosiniee BpeMss MMENTCST MHOTOYHC/EHHblE PaGOTHl, NOCBS-
LléHHble H3YYeHHIO KapHOTHNa TIepeBHBaeMblXx JauHuH. Hccneno-
BaJIuChb KJETOUHbIE JIMHHH H3 Da3HOOOpasHBIX TKaHeH KakK HOPMaJb-
HOTO, TAK M 3JOKaueCTBEHHOTO NPOHCXOXKAEHHSA, TKaHel, NpuHa-
JeXallux pa3HbIM BHJAaM MHBOTHBIX, B3ATHX OT pa3iHUHBIX BO3-
pacTHbix rpynn (38—44).
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NOBHIIAETCS BEPOATHOCTb MOSIBJEHHS TFeHOTHIIOB, 6oJiee LEHHBIX C
TOYKH 3DeHHs BO3MOXKHOCTH afaNTallui KJjeToK. IlocTeneHHoe Bbi-
T2CHEeHHe JUIJIOUJHBIX KJETOK H 3aMeHa HX TFeTepPOIIOUJHBIMH B Ile-
PEBUBAEMBIX JIHHUAX CBUIETE]bCTBYET, 10 MHEHHIO MHOTHX aBTODOB
[26, 52, 53], 0 GOJABIINX NPHCIOCOGHTEJbHBIX BO3MOMKHOCTSIX TIeTe-
POIJIOUAHBIX KJAeTOK. MOKHO NpPeAno/oKHTh, UTO CeTepolJoHIHbIe
KJ2TKH 00J1a1a10T Gosiee BEICOKOH «6ydepHOCTBIO» CHCTeMBl, Oaro-
jJapg 4eMy BO3HHKAalOUlUe BpedHble TeHeTHUEeCKUe H3MeHeHHS HMeloT
MeHbllle BO3MOXKHOCTeA Js NpOsABJEHHUS.

Caenyer, OfHaKO, OTMETHTb, YTO, XOTS TETEPONJIOMIHAS TPaHC-
tdopmanus Habmaonaercs B OOJbIIHHCTBE II€PEBUBAeMBIX JHUHHH,
UMelOTCsl TNPHMephbl IJUTEeNBbHOTO COXPaHEeHHs [JHUIJIOMAHOCTH 0Oe3
NPHMEHeHHS ClellHaJbHBIX MeTOJdOB KyJabTuBUpoBaHus {32, 54—56].
Tak, u3yueHue NUHAMHKH KapPHOJOTMYECKHX H3MEHEHHH B HECKOJb-
KHX KJIETOUHBIX JUHHUSIX KHTAaBCKOrO0 XOMSIUKa [0Ka3aJo, YTo B OM-
HON M3 JUHHHA depe3 292 nHS nocje 3KCIJIAHTAallHH HaG/104a/0Ch
86% nmunmiaounHbix Metadas. MccaegoBaHue mMexaHM3Ma BO3HHKHO-
BEeHHs NIePEBUBAEMOCTH B KYJbType TKaHe#l Nou2K 06e3bsHbl MaKaKH
pesyc mokasaJgo, 4To TpaHcdhopmauusi He 00A3aTeqbHO Oblaa CBS-
3aHa C BO3HUKHOBEHHEM TreTepoIJIOHAMH. B oanofi H3 JHHHE OHa
IIPOU30LLIA B TOT MOMEHT, KOTAa GOJBIIMHCTBO KJETOK HaXOIHJI0Ch
Ha AMIJIOHEHOM ypoBHe [57]. .

Takum o6pasoM, NpaBUJbHEe TOBOPHUTb, UTO BO3MOXHOCTbL ajai-
TallMd KJAeTOK in vitro onpenessiercs pas3jJHYHbBIMH BHUIAMH TE€HETU-
YeCKOH M3MeHUUBOCTH. BroJsiHe onpaBAaHHO NPENOJOXKeHHe, UTO
KJeTKH OpPraHu3ma, rnonajas B HeoGbluHHE, XOTA 1 GOJlee YIpPOLILEH-
Hble yCJOBHSI KYJbTHMBHPOBAHMS, OKa3BIBAIOTCS K HHUM HENpPHCIO-
cobyieHHbIMH. [Jaxe B TeTepOMJIOMAHBIX KJETKaX 3JI0Ka4eCTBEeHHBIX
TKaHe# NpPH 3KCIVIAaHTAUMHM in vitro IpouCXoAAT 3HAYHTEJNbHbIE CABH-
rd (H3MeHeHHe MOJajJbHOrO 4HUCJa XPOMOCOM,DaclpeeseHHe uucaa
XpOMOCOM Y T. H.), OTpaKawllie, MO-BHAUMOMY, NPHCIOCOOHTEND-
Hble mpouecch {58, 59]. PacnpocrpaHeHHe reTeponJouAHH 00bsic-
HAeTcs He TOJBKO ee aJalTHBHOH LEHHOCTbIO, HO M HaJH4YHEM B yC-
JOBHSIX KYJbTypsl (DAaKTOpPOB, HENpepbIBHO €€ MOpOXKAaloLHuX (aHo-
MaJIHH MHTO30B).

3aBHCUMOCTh IPOLIECCOB aJanTallMd KJIeTOK B KyJAbType -OT HX
reHeTHUeCKOH CTPYKTYpPhl OCOOEHHO $ICHO BLICTYII@eT B TeX Cayuasx,
KOrJla NOJ BJHSHHEeM pa3J/HuHbIX BHEIIHHX BO3JeHCTBHI MeHSIOTCS
YCJIOBHSI, B KOTOPBIX KJETKH pacTyT M pa3mHoxkaioTcsi. CTabuimsa-
IIMs KapHOJOTHYECKHX TMPHU3HAKOB JHHHH B XOJe KYJbTHBHPOBaHHS
c mpeobsafaHHeM MOJAAJbLHOTO YMC/Ia XPOMOCOM H 4acTo CreuHdH-
4ecKOi KapHOTpaMMBl, caMo mo cebe CBH/ETEJNbCTBYET, O4E€BHIHO.
0 mpoueccax or6opa, NPOTEeKAIOWHX B KJIETOUHOH MONMYJSIHH, KOTO-
pble 6JaronpHATCTBYIOT Pa3MHOXEHHIO ONpeleJeHHbIX KapHOTHIIOB.
[TokasaHo, YTO COOTHOLIEHHE B KYJbType Pa3JHYHBIX XPOMOCOMHBIX
HaGopOB MOPKET NpeTepleBaTh CABHTH MOJ BJHMsSIHHEM BHEIUHHX ycC-
JoBHi [60—66].
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Msyuenne BIMAHHA Pa3MHYHBIX CHIBOPOTOK Ye/IOBEKA HA pacrpe-
JleJIeHHe 4YHCesl XpOMOCOM B CYOJHMHHAX KJaeTok Hela nokasaJo.
YTo NP RoGaBJeHHH B CPely HHAKTHBHPOBAHHOM CHIBOPOTKH
Ha6JiofaeTcsl CABHI B CTOPOHY GOJbLIMX YHCET MO CPABHEHHIO C
pacnpefeseHHeM YHCeJ XPOMOCOM HPH KYJbTHBHDOBaHHH KJETOK
B cpejJie C aKTHBHOH CbiBOPOTKOH. CHIBODOTKH OT pa3HbIX HHIHBH-

AYYMOB TaKxKe OKa3blBaJIH BJHsSHUE Ha BapHALHIO YHCEJ XPOMOCOM.
‘ CTpyKTypa KJIETOYHOH MONY.ISLHH MOXeT U3MEHATbCH MPH H3-
MEHEeHHH JIJIMTeJIbHOCTH MHTePBaJIOB MeXJy nepecesaMH. Ilpolecch
0T60pa GbLIM HAIVISAHO NMPOMJJIIOCTPHPOBAHEL NIPH CMEIIEHHK B PaB-
HBIX KOJIHYeCTBAX KJETOK ABYX CyOJHHHA MbIIIMHLIX (Hub6po6aacTos,
OTJHYAIOMIHXCA APYT OT APYra Kak N0 MOJajJbHOMY YHCJAY XPOMO-
COM, TakK M mno ckopoctu pocrta. IlIpu atoMm Habaopasoch nocreneH-
HOe BhITECHEHHEe BBICOKOMOJHIJIOUAHBIX, MeNJEeHHO pacTyUUX KJje-
TOK, KOTOPO€, OHAKO, HUKOTrAa He 6biBaJgo nojaHeM. OTCIOfa MOXHO
clesqaTh 3aKJIUeHHe Y4TO, B KaKOH-TO MOMEHT XKH3HH KYJbTYyphl Ta-
KHe KJeTKH 00/]1afaloT Onpefe/eHHbIM CEeNeKTHBHBIM NpeHMy-
LIECTBOM.

ITpuBeneHHble naHuble NMOKa3biBAlOT, TaKUM 06pa3oM, uTo Kie-
TOYHEIe TNONYJAAUHH in vitro cocTosiT M3 reHeTHueCKH PasHOPOAHBIX
3/IeMeHTOB, KOTODble HaXxOASTCS B COCTOSIHHH IOJBHXXHOTO PAaBHO-
gecusi. ['eTeporeHHOCTL JIMHUH NMOATBEPXKIAETCH TaKXKe PasJHYHIMH
KapHOJIOTHYSCKHX H JIPYrHX OcoOeHHOcTell B KJOHAX, BhAeJeHHBIX
w3 oxgHo# aHHuH [67, 68]. IlpeoGmanaHue U AJAHTETbHOE COXPaHeHHe
reHOMOB, XapaKTepPH3YIOUIHUXCS OlNpeJeTeHHBM YHCJIOM XPOMOCOM H
B OTIeJbHBIX CJydasiX XPOMOCOMHBIMH MapKepaMH, CBHAETEJbCTBYET
0 KaKOM-TO HX CeJIeKTHBHOM NpenMylllecTBe. M3aMeHeHHe BHeIHHX
VCJIOBHI BBEI3LIBA€T CABHUIH B KJETOYUHOM MOMYJALMH, BRITeCHEHHE re-
HOMOB, KOTOpble MO TeM HJH HHBIM NPHUYHMHAM OKa3bIBAlOTCST HEenpu-
CnocoGJ/eHHBIMH K HOBBIM YCJIOBHSIM CYILECTBOBAHHSI H 3aMellleHHe
HX HOBBIMHM aJaNTHBHO 6oJiee LLeHHbBIMH TeHOMaMH.

H3mMeHeHHs c¢reHOTHNA KJACTKH

Mopdonoruueckue Mytanuu. Kietks xyabTyp no cBoeil Mopgo-
JIOTHH MOT'YT GbITh OTHECEeHbl K JBYM OCHOBHBIM THIaM — 3MHTeJHO-
1 ¢ubpobaacrononobubiv. Ha ocHOBaHMM H3yueHHs] mNoOBeJeHHUs
MopdoJioruyeckoro THNa NpH JMJIHTEJIbHOM KyJbTHRHPOBAHHH, HC-
CeloBaHusl NOTPeGHOCTEl TaKMX KJIETOK B ONpeeJeHHbBIX KOMIO-
HeHTaX MUTATeJbHOH CPelbl, YYBCTBUTENBHOCTH K AefICTBHIO TPUICH-
Ha U APYrUX ocoGeHHOCTei, MOXHO cejaTh BbIBOA O TOM, YTO pas-
JUYUsT B MOPGOJIOrHH OnpeleloTCA KaK reHeTHYeCKUMH haKTopaMH,
Tak M dakropaMu cpeibl, I1aBHBIM 06pPa30M KOMIOHEHTaMH KyJb-
TypanbHbx cped. Ecan ¢ubpobaacronogobHble KJIeTKH YCTOHYHMBO
COXPAHAKT CBOIO MOPGOJOrHI0O NpH pas3HbIX COCTaBax Opefbl, TO
3MATEJHON0/J06Hble KJEeTKH TNpH YBeJHYEHHH COJep)XKaHHUs yYesaoBe-
HeCKOM CBIBOPOTKHM WJIM B MPHUCYTCTBUH 3MODPHOHAJBHOIO KCTPaKTa
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HAYHHAIOT CHJbHO BBHITATHBATLCS H NPHOOPETAOT YAJHHEHHYI0 (op-
My, HanoMHHawWy©w GubpobaacTH. D1a 0coGEHHOCTL He SBJSETCH,
OJIHaKO, CTaOU/IbHOM: NMpPH BO3BPAllEeHHH B CPeLy ¢ OGbIYHBIM cofmep-
JKaHHeM CHIBOPDOTKH KJI€TKH BHOBb NPHOGPETAIOT THNHYHYIO SMHTe-
Jauonoxobuyo Mopdosaoruo. Mamenenuss mopdosoruueckoro THma
KJIeTOK, cTabu/IbHO COXPAHAIOUIHeCsT B NOMNYJSUHH [DH PasMHOXKe-
HHH, KOTODble, CJeJoBaTeNbHO, MOTYT PacCMaTPHBATbCA KaK MyTa-
UMOHHbIE H3MeHEHHS, ONHCAaHbl IS5 PasJHUHbLIX NepPeBHBAEMbIX KJe-
TOYHBIX KYJbTYD KaK HODMaJbHOTO, TaK H ONYXOJEBOTO MPOHC-
xoxjaenns [69—72]. Tak, Bo3HMKHOBeHHe (HOPOGIACTONOLOOHBIX
MYTaHTOB Ha0/I0fajoCh B IOMNYJISUHH SMHTEIHONOAOGHBIX KJEeTOK
aunud HaHr (nedenb desoBeka). MopdoJsioruuecky pasnHyHble
KJOHbl ObIIM BblIeJeHbl H3 YeJ0BeYECKHX JHHHA ONyXxo0/eB0ro
nipoucxoxaennst (HeLa n 588).

brnoxumuyeckne mMyrauuu. B oTsnmuHe OT MHKDOOpPraHH3MoB, B
KJIeTKaX MJIEKOIIHTAIOIHNX 1MOKa Ob10 OOHAPYKEHO OTHOCHTEJLHO
He0Oo/IbLIOE KOJHYECTBO MYTAaHTOB C H3MEHEHHBIMH pPOCTO-
BbIMH NOTpeOHOCTAMH. D10 00BICHIETCS, BePOSATHO, TOPasio
6oslee  «crelHAJH3HPOBAHHBIMH» TNOTPEOHOCTSAMU KJETOK, CIOCO6-
HbIX Pa3MHOXaTbcsl JHUIIb MPH OrPaHHYEHHBIX KoJeGaHHSX B cocTa-
Be cpeibl. Besikne 3HauHTebHBlE OTKJIOHEHHsI, HANPUMED yaaJeHHe
M3 cpelbl KaKoH-1u60 aMHHOKHCJIOTH HJIH BHTAMHHA, MOTYT BbI3BATh
CTO/Ib cepbe3Hble HapyllleHHs] 06MeHa, YTO OHH TNPHBEIYT K JIeTa b-
HOMY 3¢ddexTy. DTH 0C0GEHHOCTH OMNpenensiioT, OYEeBHAHO, TPYA-
HOCTH moa6opa MOJHOCTbIO CHHTETHYECKHX MHUTATEJNbHbBIX cpel M
KyJbTHBHPOBAHHSA KJETOK MJIEKOMHTAIOLINX, O KOTOPBIX OblLIO YIIO-
MSIHYTO BBIIIE,

B nByx k/1oHax JuHuu Hela Oninu mokasaHbl OTJIHYHA B POCTO-
BbiXx moTpebHocTAX KiaeTok [73]. O6a xJoHA XapaKTepH3OBAaJNHCb
100% -1o#t 3¢ eKTHBHOCTLI0 006pa3sOBaHHS KOJOHHA OIMHOUHBLIMH
KJEeTKaMHi B NMPHCYTCTBHH MHTAIOUIEr0 CJOS KaK NPH HHU3KHX, TaK H
NpH BHICOKHX KOHUeHTpauusx chiBopotku (5—309%). B orcyrcrBue
nuTapLero ¢aos kjaod Sl npopoaxan masatb 100%-ayio sddex-
THBHOCTb TI0CEBA NPH HH3KOH KOHUEHTPAUHH CHIBOPDOTKH, B TO BpeMs
KaK KJOH S 3 npakTuuecku He o06pa3oBmiBaj KoJgoHHH. OmnHcaHH
TakXe OTJIHYHS NOTPeGHOCTEH B THTATENbHBIX BELIECTBAX MeXIy
$ubpobaacTo- ¥ 3MUTENHONONOGHBIMH Kl1eTKaMH KyabTyp [9]. Omu-
Hounble (HUEpo6aacTOononoOHble KJeTKH OOpAa30BLIBAJNH KOJIOHHH
JUIIb B TOM cJaydae, eclH B Ccpely n06aBasiii  3MOpHOHAJbHLIA
SKCTPaKT, WIH KJeTKH BbIpalllMBaJ{ Ha IHTAlolleM cJjoe. :

DTH HcenenoBaHHUs, BHISBHBLIHE Pa3jHYHSl POCTOBHIX NOTpe6HO-
cTell KJETOK KyJbTyp, TeM He MeHee HS CMOIVIH TOYHO YCTaHOBHTH
HeoOXONHMMble HHIPEIHEHTHl CPelbl B BHJIe ONpele/leHHBIX XHMHYe-
CKHX coelHHeHHH. B nmepBoM ciyuae peub HJeT O NHTAWLlEM CJ0S,
T. €. 0 KJ2TKax, XOTd W He HeasiliUXcs, HO B KOTOPbIX IPOTEKAET
aKTHBHBII OOMeH M KOTODhlE BBLAEJSIIOT B OKPYXaIOIWLYylo cpeny
6oJiplII0€ KOJHYECTBO pa3Hoo6pa3HbiX BeLeCTB; BO BTOPOM caydae —
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HeOOXONHMBIM N06GaBJeHHEM K Cpels sBJasiercs >MO6PHOHAJIbHBL
3KCTPAaKT.

Bosee onpenenenHble pesyabTaTel GBLIH MOJMYYeHBl B YCTOHYH-
BOH K aMeTOnTepHHy cyOJHHHH KJIETOK sefikosa L 5178, kortopas
XapaKTepH30Basach YBEJHYEHHBIMH NOTPeGHOCTAMH B (OJHEBOH
kucaore {74}

CJaeflyeT OTMETHTb, UYTO MeTOJ H3YYEHHs KJOHOB, C L€Jbl0 BbISIB-
JIEHHSI MYTaHTHLIX POPM, HE ABJAAETCS AOCTATOUHO YYBCTBHTEJLHBIM,
NOCKOJIbKY YacTOTa MYTALUHA B MOMYJALHH MOXK2T OLITh OYeHb HH3-
Ka. 3HAUHTEJIbHO MEDPCIEKTHBHEE MeTO[ BhIpAllMBAHHA KJETOK B
MaccoBOH KyJbType Ha CEJIEKTHBHOH cpefie, KoTopasi o6ecneuHBaeT
pPOCT TOJIbKG MYTaHTHBIX KJETOK C H3MEHEHHBIMH POCTOBLIMH IIO-
Tp2OHOCTSMH. i

[Ipn H3yyeHHH reHETHKH MHKDOODPraHH3MOB CeJIEKTHBHLIE Cpeflbl
HalllJM 4pe3BhlYafiHO IIHPOKOE NIPHMeHeHHe [Js BhIsBJIEHHS o6paT-
HBIX MYTaLHil OT ayKcOTPOGHOCTH K NPOTOTPOGHOCTH, NPEACTABISIO-
el cobo HOPMAaJbHBINA «IHKHH THN». [IlyTem BhiceBaHUS nOMyJsi-
IHH ayKcoTpooB Ha MHHHMAJBHYIO CPely, O6SCIEeUYHBAIOULYIO POCT
TOJILKO NpOTOTPod OB, yHaercsi OOHapyXXHTb HX BO3HHKHOBeHHe
Jlaxe B cJydyae OueHb HH3KOH uUacCTOTBl MYTHPOBaHHUsI OT ayKco- K
npotoTpodHocTH. B OT/IHYUHEe OT MHKPOOPraHH3MOB, KJIETKH MJIEKO-
MHTAIOMWHX CcJelyeT, O4eBHAHO, PacCMaTpHBaTb KaK ayKcoTpodsl,
MOCKOJIBKY, KaK NPaBHJIO, OHH MOTYT PacTH TOJBKO Ha IOJHOLEHHOMH
cpeme, ofecneunBalollell NOCTyNJeHHe BceX HEOOXOAUMBIX HJs XKH3-
HENeATENbHOCTH KJETOK BELIeCTB, KOTOpHle He CHOCOOHBI caMH HX
CHHTEe3HPOBATb M3 0oJiee IIPOCTHIX 3JE€MEHTOB.

Takum o6pasoM, B ofouX caydasix MHHUMaJjbHasi cpefia Oyner
ABJATLCS] CEJEKTHBHOH ¢ TOH TOYKH 3PEHHS, UTO OHA II03BOJISET BbI-
SIBJSITb BC€ MYTaHTHBlE NPOTOTPO(HBIE THILI, aBTOMaTHYECKH OTMe-
Tasi Bce HEMYTHPOBaBIIHe AayKCOTPOQHBIE KAEeTKH; HO Y MHKpOOpra-
HH3MOB MYyTalid K NPOTOTpOPHOCTH OYyAYyT MNpeAcTaBJasiTh coboil
o6paTHbIE MyTalMu K JHKOMY THIY, @ B KJ€TKaxX MJEKONHTAIOUIHX
3To GYAYT NpsMble MYyTallHH, NOCKOJBKY JHKHM THIIOM SBJsieTCs
ayKcoTpo¢HOCTS.

Taxkoll cesleKTHBHOH MHHHMAJIBHOH cpPelOfl MOXET CYHTATLCHA, HA-
npuMep, cpella, TAe IJIOKO3a 3aMeHsJach Ha d(-)-Kcuiaosy, d-pH-
603y HJH JIAKTaT, B MPHCYTCTBHH KOTOPHIX KJETKH OOBIUHO JereHe-
pupyior [75, 76] . [1yTeM BHIpaluMBaHHS BLIKHBIIHX Ha Takoi cpele
eNMHUYHBIX KOJOHHMH yAanoch BbAeaHTb u3 JHHHH Hela w nuHHH
KJETOK KOHDBIOHKTHBBH 4esioBeKa MYTaHTHble CYOJHHHH, CIOCOGHbIe
HCIONb30BATh OJHO H3 3THX BEUIECTB BMECTO IVIIOKO3HI B KayecTBe
eJHHCTBEHHOTO HCTOYHHKA YIJIEBOJOB. o

JlBe MyTaHTHble CyGTMHHH KJIETOK KPbICHHON capkoMbl Mencena,
He TpeGyolllMe /s CBOEro pOCTa acnaparuHa, GbUIH BbIJEN€HBL TTy-
TeM BBIpalllMBaHHsl HA CeJIEKTHBHOH cpefe Ge3 acnaparvsa [77, 78}
Bola mosyueHa TakXKe CyOKyJabTypa JIHHHH KPOJHYBHX ¢u6po-
6/1aCTOB, KJeTKH KOTOPOH CIIOCOGHEI PAcTH B CEJEKTHBHOH cpele,
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KyAa B3aMeH OOBIYHO NPHCYTCTBYIOUIHX 5% KYpHHOTO 3MGpHOHAJIb-
Horo 3kcrpakTa U 109 JomajgHHOR ChIBOPOTKH, A06aBJASI0CH TOJb-
Ko 2% nuanH3UpOBAHHOM JIOIIAQHHOA CHIBOPOTKH [79].

HNsMeHnenus GepMeHTAaTHBHON aAKTHBHOCTH. B He-
MHOTI'OYHCJIEHHBIX HCCJELOBAaHMAX, NMOCBAIIEHHBIX H3Y4YEHHIO HacJel-
CTBEHHBIX pa3JHyHi (epMeHTAaTHBHOH AaKTHBHOCTH B KJeTKax in
vitro, MOXKHO HaMETHTb Ba OCHOBHBIX NHOAXOAA: 1) H3yyeHHe akTHB-
HOCTH Da3/IHYHBLIX (PEpMEHTOB B KJOHOBHIX JHHHAX C LEJIbIO BbIBJE-
HHA MYTAHTHOTO NO ({epMeHTATHUBHOH AaKTHBHOCTH (eHOTHma H
2) n3yveHHe GHOXHMHYECKOH OCHOBBI (EHOTUIIOB, MyTaHTHBIX 110 LpY-
rHM INIpH3HAKaM, B YaCTHOCTH IO NPHU3HAKAM DE3HCTEHTHOCTH K XH-
MHUYECKHM BellleCTBaM HJH DPOCTOBHIM noTtpeGHocTaM. KpoMe Ttoro,
HMeloTcsi pa6GoTh, B KOTOPBIX HCC/AeNyeTcsl aKTHBHOCTH (epMeHTOB
B KJE€TKaX KYJbTYD, B3fITBIX OT OOJBHBIX ¢ HacCJeNCTBEHHOH Hexo-
CTATOYHOCTBIO ONpeJeJeHHbX (epMeHTOB.

CrolikHe H3MeHeHHs AaKTHBHOCTH I1UeN0ouHOoB ¢ocdartasbl ObLIH
ONHCAHBl B KJOHAX, BbIJeJEHHBbIX W3 JuHUH Hela {80] u JauHuH
Yaur [81).

Pa3nnuus B ypoBHe aHa3pOBHOTO IMTHKO/IM3a OMHCAHBI B KJETOY-
HBIX JIUHUSIX NOAKOXHOH COeAHHHTeJbHOH TKand Mbimeli C3H, Bhi-
3biBaloOIUX obGpasoBanHe capkoM [82). Bce KyJAsTYpH ¢ BHICOKOM
capkoMoo6pasylouleli CnocOOHOCTBIO XapaKTEPH30BAJHCh BBLICOKHM
KO3(PGHIUEHTOM TJIHKOJNH3a, KYJBTYDH C HH3KOH 3JI0KayecTBEHHO-
CTBIO — HU3KHM Ko3(p¢HuuHeHTOM. BhisgBJeHB pasniHuHble YDPOBHHU
AKTHBHOCTH apruHasbl H PB-TJIOKYDOHHZA3bl B TpPex CyOKJIOHAX TOH
e JHHHH MBIIHHBIX KJAeToK [72, 83].

IlokasaHo, uTo B KJI€TKaXx in vitro, B3siTeix 0T GOJBHEIX ¢ HACJe-
CTBEHHOM akaTajsasuell [84] W HacJaeNCTBEHHOH HEJAOCTATOYHOCTHIO
aKTHBHOCTH TIJI0K030-6-hochaTaernaporesasst [85], Habaoganoch
CCOTBETCTBEHHO OTCYTCTBHE H CHJbHOE YyMeHbllleHHe aKTHBHOCTH
3THX (pepMeHTOB.

Myrauuu pesucredtTHocTH. Hapsany ¢ Kapuosorueit 3aKkoHOMepHO-
CTH BO3HHKHOBEHHsI HACJ/eJCTBEHHOH DE3HCTEHTHOCTH .(TJIaBHBIM 00-
pasoM K XMMHYECKHM BelllecTBaM) sBJASIOTCS HauboJsee pazpaboran-
HBIMH BONpPOCAMH TFeHETHKH KJAETOK in vitro. Jto obbAcHAeTCH, B2-
pPOSITHO, KaK HHTEPEecOM, KOTOPBIA NpencTaBjaser aHalHu3 AeHCTBHA
Ha KJeTKM HEeKOTOPbIX MNpenapaToB, HMEWLIHX TepaleBTHUECKoe
3HavyeHHe, OCOGEHHO MPHMEHSeMBIX IIDH JIeUeHHH 3J10KayecTBeHHBIX
OnmyXxoJei, TaK U OTHOCHTEJIbHOH MPOCTOTOH BHIAABJEHHA H Pa3MHOXe-
HHSl MYTaHTHBIX GOpM.

OCHOBHOH METOJ BbISIBJ€HHsI PE3UCTEHTHHIX KJIETOK H IIORYUEHHS
YCTOAYUBHIX K KaKOMY-1HOO ONpeaeNeHHOMY BeLeCTBY HJH BUPYCY
KJIETOYHBIX JHHHH CBOAHWJICS K 'BO3JEHCTBHIO JAHHOrO BellecTBa HJH
BHpyCa HA DacCTYyLLyIO KYJbTYPY B J03aX, BbI3HIBaIOUIHX THOenb OC-
HOBHOH Macchl KJETOK M JONYCKalOUIMX PasMHOXEHHe TOJBbKO Kie-
TOK, PE3UCTEHTHHIX K TAKOMY BO3IEHCTBHIO. JLlaHHBI# METOl, HECMOT-
pS Ha ero OTHOCHTEJIbHYIO HPOCTOTY M yA06CTBO, HMEET TOT cyille-
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CTBEHHBIH HEOCTATOK, YTO XHMHUECKHe BEleCTBA HJH BHPYCHl — Ce-
JIeKTHBHBIE (DAKTOPHl BBISIBJEHHS PE3HCTEHTHOCTH — MOTYT 06J1a]aTh
CaMOCTOSITeJbHBIM JeHCTBHEM Ha (H3HOJOI'HIO KJETKH H ee HacJjed-
CTBEHHOCTb; 3TO OYJeT CO31aBaTh [ONOJHHTENbHBII HCTOUHHK H3-
MEHYHBOCTH (civx. «MHAYUHPOBaHHBI MYTalLHOHHBIA npouecce»). Kpo-
Me TOro, TAKOH METOJ He Jaer OTBeTa Ha BONPOC, ABJsETCS JH Ha-
6aonaemMas yefoHYHBOCTb CJAEACTBHEM NpAMOR afanTallHH KJIETKH B
OTBET Ha BO3JEHCTBHE XHMHYECKOTO BelleCTBa WJM BHPyca, HJIH OHA
TOJILKO T03BOJISIET BHISIBUTDb NMPEACYLIECTBOBABUINE B KJETOYHOH IIO-
NyJAYUKHH MYT@HTHBIE Pe3HCTEHTHbIE (OPMbI, BOSHUKILHE HE3ABUCHMO
OT JaHHOTO BO3JeHcTBHA. B HacTosIllee BpeMs HMEIOTCS, OJJHAKO, KO-
CBEHHBIE JIaHHbIE, NOATBEPKAAIOLIHE IOCAEJHIOI0 PHIOTE3y. DTH AaH-
Hbleé OCHOBAHH Ha CPABHHUTEJbHOM H3YYEHHH PE3HCTEHTHOCTH K Omnpe-
A€JIEHHOMY afeHTy KJOHOB, NOJYYEHHBIX H3 OAHOH M TOH Ke POIH-
TeJbCKOH JIHHHH, KOTOphI€ KYJIbTHBHPOBAJHCh B OTCYTCTBHE AAHHOFO
arenra. Tak, u3 Juuuu AMK (mepeBuBaeMasi JHHHUSI 0OJe3bsiHbeii
NOYKH, KOTOpasi Oblla KOHTAMHHUPOBAHA MBIIIHHBIMH KJaeTKaMu L,
NOJIHOCTBIO 3aMECTHBUIMMH HCXOAHBlE KJETKH) BHIAEJEHH KJOHBH C
BBICOKON H HH3KOH YYBCTBHTEJNBHOCTBIO K @HTHOHOTHKY IYPOMHUHHY
[86]. KnoHbl ¢ pa3s/HYHBIMH YPOBHSIMH DE3HCTEHTHOCTH K 'BHpYycCy IO-
JIHOMHeJHTa ObLIH BbiAeseHbl U3 JUHHH Hela [87]. 3TH ocobeHHOCTH
COXPAHSINHCh B MOMYJSNHH [PH Da3MHOXEHHH, H, CJeLOBATEJbHO,
NpeaCTaBAsAIN cO60H HAcAeCTBeHHBe NpH3HaKH. [losiyueHHble faH-
Hble MOKAa3blBalOT, TAaKHM 006pa3oM, UTo BAPHAHTH C pasHoH cTe-
NeHbIO UYBCTBHTENBHOCTH BO3HHKAJH B MONYJsNHE 6e3 Bo3jelicTBUA
aHTHOMOTHKA HJH BHpYCa.

Myrtaunn pe3ucTeHTHOCTH K XHMHUYECKHM Bell e-
CTBaM, BblIM H3yUeHbl MyTallMH Pe3HCTEHTHOCTH K Pa3/JHYHBIM XH-
MHUECKHM BelleCTBAM: aHAJOraM NMYPUHOBBIX H NMHDHUMHAHHOBEIX OC-
HOBaHHH, aMeTONTEPHHY, aMHHONTEPHHY, pPa3JHYHBIM aHTHOUOTH-
KaM, caxapam.

Pe3uCTeHTHOCTh K MypPHHOBBIM aHasoraM HM3yyasnach Ha [epesH-
BaeMBIX JHHHSX Pa3JHYHOrO BHIOBOIO H TKAHEBOTO IPOHCXOXKISHHS
[88—94]. MccnenoBaHus rnoxasasu, yTO BO3HHKAIOLIAA YCTOHYHBOCTD
npeacTaBiaser cobof Hac/JeACTBeHHHA NPH3HaK; 3T0 OBLIO NpocJe-
JKEHO Ha NpPOTsKEHHH 6OJbLIOrO YHCJa NepeceBOB B OTCYTCTBHH ce-
JIEKTHBHOIO areHTa. .

B GoabluuHCTBe C1yyaeB H3MeHeHHe DEe3HCTEHTHOCTH BO3HHKAJIO
B pesyJbTaTe OAHOCTYNeHYaTofl MyrauuH. Tax, B nuaun AMK xmer-
KH, BEDKMBAIOLLME NpH KOHUEHTpauuu 1 mxe/ma 8-asaryaHuHa, He
NnoBpekAauch U no3oif B 100 pas ‘Goabmedl. Kierku ¢ npoMexy-
TOUHBIMH YPOBHSIMH YCTOAYHBOCTH He Obliu o6HapyeHH. Mckaioye-
HHEe COCTaB/IsIeT PE3UCTEHTHOCTh K 8-a3aryaHHHY B JIMHHH MBIIIHHOH
JAuMQOLHTAPHOH ONMyXoJH, KOoTOpas BO3HHKaja nyTeM Tpex 0oJb-
LIHX NOCJeN0BaTeIbHbIX CKaYKOB.

Bosuukalouiasa X ONpejeNeHHbIM aHaloraM YCTOHYHBOCTb OKa-
3anach cnenudrueckoll. Tak, CyOKy/JbTYphl K/JIETOK KOCTHOrO M0O3ra
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uenosexa Deiroit-98, pesucrenTusle Kk 8-a3aryaHuny, GbLld YyBCOTBU-
TesbHbl K 8-asaryanosuny. HccienoBanne cyGKyJabTyp nepeBHBae-
MOH JIHHWH KJ/1€TOK CBHHOM NMOYKH, YCTOHUUBHLIX K 2,6-n1MaMHHONYPHHY
MO 'OTHOLIEHHIO K €ro CTPYKTYDHBIM aHajsoraM (aleHHHY, T'YaHHHY,
KCaHTHHY, THIOKCAHTHHY, MeDKanTONypHHY), MOKa3a/jo, uTo AJs
‘6OJIBIIMHCTBA COEJIMHEHHH He Hab/I01a/10Ch MePEeKPECTHEIX peakIHi.
Xopolo BhIpaXKeHHasi YCTOHUMBOCTL OTMeuaJjach TOJbLKO B OTHOIIe-
HUM 6-MeTHANypuHa. TakuM 06pas3oM, pesHCTeHTHOCTb K 2,6-1uaMu-
HONYPHHY He PacNpOoCTPaHAETCs Ha APYrHe MypHHBL

H3syuenne nypHHOBOro 06MeHa B MYTAHTHBIX CYGKY.JIbTYpaxsJH-
nau AMK nyreM onpenesieRHst aKTHBHOCTH (pochopuiIas H 110 BKIIKO-
yeHHIo MeyeHblX C'4-ypHHOB MOKAa3aJ0, uTO KJAETKH, pe3HCTeHTHEIE K
2,6-AMaMUHCIYPHHY, He COJAEPXKAT 3aMEeTHbIX KOJHMYECTB aJeHO3HH-
5-pocarnupodocdopunasel u He crnocoGHBl BKAIOUATH aJE€HHH, HO
He OTJIHYAIOTCA OT POAMTEJIbCKHX KJETOK IO OTHOLIEHHIO K THIIOKCAH-
THHY. HanpoTHB, MyTaHThl, yCTONUHBLIE K 6-MepKANTOMypHHY, He CO-
JdepxaT HHO3HH-O'-docdaTnupodocdopuaasy W MOryT BKJIIOYATDH
(XaK HCTOYHHK NMYpPHHOB) ajeHHUH, HO He HIIOKCAHTHH. MyTaHTHble
aunuu Detroit-98 oTanuanuch 1Mo cBoefl CMOCOGHOCTH HCMOJNB30BAThH
Te MJIM HHble aHaJOTH B KauecTBe UCTOYHHKA MYPHHOB H [0 aKTHBHO-
CTH (epMEHTOB MypUHOBOro obMeHa. Tak, B OfNHOI U3 CyONUHHHA akK-
THBHOCTb nNHpodochopHIasbl HHO3HHOBOH KHUCJIOTHI [MOJHOCTBIO OT-
cyTcTBOBasia. OnpeseseHne 4acTOThl BO3HHKHOBEHHsI MyTalHil pesu-
‘CTEHTHOCTH K NyPHHOBHIM aHaJOraM B Pa3HbIX JIMHHAX 1O METOAY
Jlypua u Jean6piok {95] mokasano, uto oHa Kojie6J/eTcsi B LOBOJBbHO
IWHPOKUX npexenax or 5,0-10-* Ha K/IeTKY 3a OLHO KJeTOYHOe IOKO-
JieHHe B CJlyyae Pe3HCTEHTHOCTH K 8-azaryaHuHy B aunun Detroit-98
Jo 1,5:108 B ciyyae pesucTeHTHOCTH K 2,6-IHAMMHONYPHHY B JH-
unn AMK.

[Tpu BO3HMKHOBEHHH YCTOHUMBOCTH K AHTHOHOTHKY IyPOMHIHHY
Ha6I0NaaHCh HHblE 3aKoHOMepHOCTH. [Tocse mecTHKpaTHOro Bo3jei-
‘CTBHS HA PacTYILYIO KyJAbTypy nepeBuBaeMoii aunun AMK nmypomu-
IMHOM B KOHUEHTpauuu 8 mxe/ma Gblla noJyyeHa pe3HCTeHTHas JIH-
HUs, KJIE€TKH KOTODOH MOIJIM DAacTH B NMPHCYTCTBHH aHTHOHOTHKa B
KOHIeHTpalHH 12 MK2/mA, HO KOTOpbIE NOrHGaNH NpH KOHUEHTPaUHY
40 mre/ma.

Kanerku, ycroituuBble K 6osee BHICOKHM KOHLEHTPALHKSAM MypPOMH-
1uHHa, GBI OTOOpaHbl U3 TON JIMHHUH IIOCJE€ KYJbTHBHDOBAHHA B
cpene, conepxalueit 40 mxe/ma. ;

O6HapyXeHHe KJIETOK C YEThIpbMsA PA3JHYHbIMH YPOBHAMH UyB-
‘CTBUTEJBHOCTH IPUBOJHT K BBIBOJY, UTO B JAHHOM CJyyae BOSHHKHO-
BeHHe YCTOHUMBBIX KJIETOK BKJ/IOYAeT 'HECKOJBKO MOCJIef0BaTe/]bHBIX
MyTaLHil, a He OLHO eHeTHYecKoe H3MeHeHHe. [1pu sToM pe3ucTeHTt-
HOCTb K MyPOMHIIHHY BecbMa cTabHJbHA, ,

O1eHKa YaCTOThl MYTAalHHA YCTOHUHBOCTH K TyPOMHIMHY NTOKa3a-
A2, YTO H3MEHEHHs OT MeHblledl YyBCTBHTE/ILHOCTH B KJETKaX pOIH-
TeILCKON JHHHM K HH3KOMY YDOBHIO YCTOHUHBOCTH NPOHCXOAAT C
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yacToToi, paBHo# 3,6-10-% na KJeTKy 3a omHo mokoJenHe. UacTora
MyTaUHi OT HU3KOH K BRICOKOH PE3HCTEHTHOCTH paBHsaack 0,8-10-4,
Pe3ncTeHTHass K aKTHHOMHIIHHY cy6KyabTypa 6blja NOJYYEHa B JH-
HuH Hela [96] nyreM MHOTOKPAaTHOrO BO3NEACTBHS AHTHGHOTHKA.
Knetky 3108 Cy6KYAbTYPH BBKHBAJN TONBKO B Cpefe, cozepIKalueit
JaHHYIO KOHIEeHTPALHI0O aHTHOHOTHKA, H MOruGaJH npu 6oJiee BBHICO-
KHX KOHIEHTPalHusX. TOT (PaKT TaKkKe CBHAETE/LCTBYET B IMOJb3Y
MHOTOCTYMEHYAaTOr0 MeXaHM3Ma BO3HHKHOBEHHSI De3HCTEHTHOCTH K
AKTHHOMHIMHY. Pe3HCTeHTHBle K MHTOMHIMHY K/I€TKH ObLIH BblIe-
JeHbl U3 JUHHU L-mbimn [97].

N3 knonoBo#t nuuuu S3 Hela Gein Bbigenen BapHaHT, YCTOHYH-
BBl K BO3leficTBHIO 2-1e30KcH-D-raokossl [98]. B otamume ot pOnH-
TEebCKOM JIHHHH, POCT KOTOPO# GBI NMOMHOCTBIO 6I0KHPOBAH NPH K-
BHMOJIAAPHBIX KOHUEHTPAUHUSX 2-Ne30KCH-D-rJII0KO3Bl H IJIIOKO3bI, yC-
TOHYHBAsl JIMHHA POCTA MPH MOJSAPHOM OTHOLIEHWH 3THX BELIECTB
cooTBeTcTBEHHO 10: 1. PesucTenTHEIE KNETKH pOCIH B Cpefe, HE CO-
nepxaiuei 2-1e3okcu-D-riI0Ko3y, B IBa pasa MejJeHHee, yeM YYB-
CTBHTE/IbHBIE KJETKH. YBeJHYEHHe De3UCTEHTHOCTH IyTeM MeJKHX
CKayKOB OTME@UYEHO TaKKe N0 OTHOLIEHHIO K aMETONTEPHUHY B KJAeTOY-
HO/ JIMHUM MBIIHHOH JuMdbouuTapHoll omyxoau [94], B KJIOHOBBIX
JHHHSAX Jeiiko3a L 5178 [74], B MHHMHM K/IETOX MBILIMHOH CapKOMHI
in vitro [99].

HexoTtopble aBTOpBI HCC/EAOBANM CBSA3b MeXIy H3MeHEHHeM pe-
3HCTEHTHOCTH K HEKOTOPBIM BEUIECTBAM H H3MeHeHHSMH KapHOTHIA.
Hcnonb3ys ¢ 3Toil Lesblo cyGIHHHE KJIETOK CBHHON MOUKH, 06Ja/1al0-
He onpejeseHHBIMH XPOMOCOMHBIMH MapKepaMH, H3 HUX 3aTeM Bhl-
ANl yCTOHYHMBBIE K AMHHONTEPHHY H 2,6-1MaMHHONYPHHY BapUHaH-
TH [100]. B nonyueHHBIX pe3HCTEHTHBIX JHUHHUSAX HA6AI0NAJ]0Ch OTCYT-
CTBHE MO CPABHEHHIO C HCXONHBIMH  KJE€TKaMH HECKOJbKHX MEJKHX
xpomocoMm. Kak ycToHuHBOCTb, Tak M 0COGEHHOCTH KapHOTHIA CO-
XpaHsAJIKCh B MOCJEYIOUHX Nacca¥Xax. T0 MO3BOJHJIO NPeAnoJo-
XKHUTb, YTO YCTOHYHBOCTb K XHMHUECKHM BEIeCTBAM CBsi3aHa B AaH-
HOM cJjydae ¢ moTepeil GaKTOpOB 4YYyBCTBHUTENBHOCTH, JOKAaJH30BAH-
HBIX B YTEPSTHHBIX XpOMOcoMaX. B psiie Apyrux JHHHH Takxke oGHa-
PYKeH napaJjjenu3M MeXAy H3MeHEHUSMH YyBCTBHTENBHOCTH K XH-
MHUYECKHM BellecTBaM M H3MEHeHHSIMH KaphHoTHna. Takoe sBJeHHe
Ha6MI0Aan0Ch B Pa3/IHYHBIX MONYJSLHAX, YCTOHUHBEIX K aMHHOMNTE-
puny kaerok Hela mno cpaBHeHHI0 ¢ ucxomHol JuHuei [90]. CuaBur
MOJAJBHOTO YHCJA XPOMOCOM Oblj O6Hapy}KeH B DPe3UCTEHTHBIX K
Je30KCHKOPTHKOCTEPOHY M TeCTOCTepoHYy cy6auuusx Hela mo cpas-
HEHHIO C POAMTEJNBbCKOH UYBCTBHTENbHOM Junuedt [101, 102].

Takum o6pa3oM, npoBeieHHbIe 3KCIEPUMEHTH H HabJ/10leHHs NO-
3BOJISIIOT CHEJaTh BHIBOJ O TOM, YTO YCTOHYHBOCTD HJIH, COOTBETCTBEH-
HO, YYBCTBHTEJBHOCTb K PAa3/UYHBIM XHMHUECKHM BeLIECTBAM fBJS-
€TCA HaCJEACTBEHHO OOYCJOBJEHHBIM MPH3HAKOM KJETKH, KOTODBIR
COXpaHsAeTcs B NONYJAIUH B OTCYTCTBHE CEJIEKTHBHOrO areHra. B oT-
JIeIbHREIX CAyYadaX KJAETKH C H3MEHEHHOH pe3UCTeHTHOCTbIO oTjuua-
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JIICH OT MCXOJHOH KY/IbTYPhl IO CBOEMY KapHOTHIY, HO B GOJIbIIHH-
CTBE CJIyd4aeB B OCHOBe MOJOGHBIX H3MEHEHUH Je:KaJiM, M0-BHIHMO-
MYy, TO4YKOBble MyTauHH. BO3HHKHOBeHHe YCTOMYMBOCTH OCYILECT-
BJISI€TCS] KaK MYTeM OJHOCTYNEHYAThIX MYTallui, Pe3KO H3MEHSIOIHX
CTelleHb DE3UCTEHTHOCTH, TAK H TIyTeM MeJKHX CKayKoB. YCTOHYH-
BOCTb KJITKH K XHMHYECKHM BellecTBaM siBJsieTCs cleludHUIecKol
U 0GBIYHO He PACTIPOCTPaHSIETCH Ha JPYrHe BelllecTBa, Aaxe GAH3KHe
10 CBOEMY XHMHYECKOMY CTPOCHHIO. '

MyTaLI’PEH PE3HCTEHTHOCTH K BHpYycaM. PesyabraTsl
HCCJIeIOBAHHH TOKAa3aJH, YTO B K/IETOYHBIX JIHHUSIX KaK NepeBHBae-
MBIX, TaK H NEPBHYHBIX, CYLIECTBYIOT Pa3jH4HblE 110 CBOEH BOCIpPH-
HMUHBOCTH K BHpycaM (opMbl, 6osiee HJIH MeHee JJIMTEJbHOE BpeMs
COXpaHsiollfe NPHCYIUMHA UM ypOBeHb YYBCTBHTEJbHOCTH [87, 103—
107]. Tak, ycroitunsbie K Bupycy Gonmeann Hpiokactas CYOKYJIbTYPHI
KJIOHOBOH JHHHKM S3 HeLa coXpaHsiiu pPesHCTEHTHOCTb Ha MPOTSIXKe-
HHH JUTHTENbHOTO nepuoga HabaioeHus], IPoJ0aKaBlIerocs g Teye-
HHE COTEH KJETOYHBIX MOKOJEHHH. AHa/NorHuHble AaHHble OMHCAHBI
AJisl BblleJIeHHO!) 3 JuHuM Hela xnoHoBoH KyJabTypnl [108], pesn-
CTEHTHON K BHPYyCYy NOJHOMHENHTa. PacyeThl MOKa3aJju, 4TO 4acToTa
MyTalliii B ZaHHOM cayyae Gblia paBHa 810~5 Ha KJaeTKy 3a OJHO
KJIETOYHOE MOKOJeHHe.

Mopgonoruyeckoe ucciefoBaHue KJIETOK, YCTOHUHBLIX K BHPYC-
HOMY BO3JIEHCTBHIO, BHISIBHJIO HHTEPECHYIO 8aKoHOMepHOCcTh., OKa3a-
J0Ch, uTO HUOPO6IacTONOJOGHBIE KAETKH OGHAPYKHBAIOT GGAbLIYIO
YCTOHUHBOCTb K BO3JEHCTBHIO BHPYCA, YEM BIIHTEJIHONONOGHEIE KieT-
KH. 910 Hab/IOeHHe CNpaBeIJNHBO AJIs1 KJIETOK Pa3jJHYHOro MpPOHC-
xoxaeHusi (kaetku Hela, nepeBuBaeMble CHHOBHAJbHbIE KIETKH ye-
JIOBEKA, NEPBHYHO 3KCIVIAaHTHPOBAHHAS 3MODHOHAJBHAS TKaHb Mbl-
meid) no OTHOIIEHHIO K MEHCTBHIO PA3HBIX BUPYCOB (IOJHMOMHENHTA,
noJuoMel, 6os1e3un Hbiokactias), 3aKOHOMEPHOCTH, JeXalllHe B OC-
HOBe TAKOH CBSI3H, IOKAa HesicHbl. HeH3BecTHO, 06YCJOBJIHBAIOT JIH
mop¢osornyeckne oco6eHHocTH (HUOP06aaCTONONOGHEIX KAETOK 60-
Jiee TPyJHOe NPOHHKHOBEHHE BHPYyCa B KJETKY, HJIH 0COGEHHOCTH
BHYTPHKJIETOYHOrO 06MeHa NPensaTCTBYIOT pa3MHOXKEHHIO BHpYca.,

Hsyyenne KapuoTuiia JUHHH ¢ M3MEHEHHOH BOCIPHHUMYHBOCTBIO
K BHpYyCcaM BBISIBHJIO B psile CJAydaeB H3MeHEHHe MOLAJbLHOrO UMcCJa
XPOMOCOM IO CPaBHEHHIO ¢ HCXOMHOH JuHHWell. B Tpex HcciaenoBaH-
HBEIX KJGHOBHIX JIHHHUSX KJieToK f{ela (ofHOH 4UyBCTBHTENbLHOH H IBYX
PE3HCTEHTHBIX K BHPYCY MOJHOMMEJHTA) MOJaJbHBE uyHcaa OBLIH
COOTBETCTBEHHO paBHbl 78—80, 70—72 u 76, HMeloTcs panHble 06
yMeHbIeHHH MORAJbHOTO UHCJa XPOMOCOM B PE3UCTEHTHOA K BHPY-
CY MOJIMOMHENHTA CyGJIHHWH, MOJYUEHHOH M3 YYBCTBUTEJBHOM KYJib-
TypHl NMEpeBHBAeMbIX KJETOK MHHAAJHH Makake pesyc [109].

Taxum o6pa3om, npoBeleHHbIe HCCAEOBAHUS NOKA3aJ|, 4ToO Pas-
JHUHS B UYBCTBHTEJNbHOCTH K BO3[EHCTBHIO BHPYCOB OOYCJOBJ/EHDI
reHEeTHUYECKH, & KJETKH C pa3jiHyHOH UyBCTBHTENbHOCTBIO IIPENCTaB-
JSI0T co60i1 MyTaHTHble (hOPMEL.
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Vayuenue reHeTHYECKHX OCHOB BOCIPHHMUYMBOCTH KJETKH K BUPY-
Cy UMeeT MepBOCTENEeHHOe 3HaYeHHe /S NOHHMAHUS OJHOH M3 BaK-
HelHX npo6/eM COBPEeMEeHHOH BHPYCOJOTHH — NPOGJIeMbl B3aHMO-
HEHCTBHs BHPYCA M KJETKH H MPOTHBOBHPYCHOrO HMMyHHTeTa. Kpo-
Me TOro, paspaboTKa METONOB IOJYYEHHS M CEJEKIHH KJIETOK, HaH-
Go/iee NPHrOAHBIX A/ KYIbTHBHPOBAHHS B HHX BHDYCOB, HMeeT
3HayeHHe AJf NPAKTHYECKOH BHPYCOJOTHH.

PangnopesancrtenTHocTs Caenyer ynoManyts emie o6 0f-
HOM TE€HETHYECKOM MapKepe — PajJHOYYBCTBHTCJABHOCTH KJIETKH. XO-
TS YHCIO paboT B 3TOM HampaB/eHMM NOKa BECbMa OrpaHHYeHo,
H3y4eHHE 3aKOHOMEPHOCTEH BO3HHKHOBEHHS! H IPHPOXHI 3TOTO NpPHU3-
HaKa 4pe3BbIUAHHO BAXKHO NPEX/Je BCEro ¢ TOYKH 3PEHHS H3YYeHHs
BO3HHKHOBEHHs1 yCTOHUMBOCTH K OGJYYEHHIO KJETOK 3JIOKA4eCTBEH-
HEIX onyXoJiel,

Ha nnuuu L MbimH 66110 nokasaso [110—113), uto KieTkH, BHI-
XKHUBLIKE nocje ONHOKPATHOro peHTreHoobayuenus B nose 1000 p
H1n GPaKUMOHHPOBAHHOrO O6GMyYeHHs B 103e 5000 p, pacnpenenen-
HoM Ha 5 Mecaues (3 pasa no 1000 p u 3atem 2000 p), okasaauch
Gosee DPE3HUCTEHTHHLIMH TIPH MOCJEAYWIUEM OGJIYYeHHH, YeM pPOJIN-
TeNbCKHe JHHHMH. TlocTpapnannonnoe yMeHbUIEHHe YHC/Ia KJETOK H
yTHeTeHHe KJETOYHOTO pa3MHOMXeHHsi GbIM MeHee BBIPaXKeHBl, BOC-
CTaHOBJIEHHEe KyJbTyp Habaionansoch Ha Gojee paHHHX cpokaXx. IIpo-
BepKa paAHOpPE3HCTEHTHOCTH uepe3d 25—30 KJIETOWHBIX NOKOJIEHHH
NI0Ka3ajo ee COXpaHeHHe B KyJbType. B maHHOM ciayuyae, Kak H B
clydyae MyTallMll pe3HCTEHTHOCTH K XMMHUYECKHM BeIeCTBAM H BHPY-
caM, MOXHO JONYyCTHUTb, YTO PaJHOPE3UCTEHTHOCTL BO3HUKJA B pe-
3yJbTaTe CIIOHTAHHOH MYTAallMH.

H3yuenue pasiuuyHbX GU3HOJOTHUECKNX O0COBEHHOCTEH Pe3HUCTeH-
THBIX KJeTOK (aspOGHBIH TJIHKOJIN3, aKTHBHOCTb KaTaJjasbl, HHTCH-
CHBHOCTb [JbIXaHHS) HE BBHISIBHJIO OTJHYHH [0 CPaBHEHHIO C HOPMaJb-
HBIMH 4yBCTBHTEIbHBIMH KieTKaMH. OZHAaKO aHa/JIu3 XPpOMOCOMHOTO
HaGopa MOKasaj BO BCeX H3YUEHHBIX PE3HCTEHTHBIX JMHHAX HeGOJb-
uloe yMeHblleHHe MOJaJIbHOrO YMC/Ja XPOMOCOM, yTpaTy AJHHHOU
MeTaleHTPHUYECKOH H NMogBJAeHHe 6oJiee KOPDOTKOH MeTalleHTpHYeCKOH
xpoMocoMbl [114].

KneTku ogHON pE3UCTEHTHON K PEHTTeHOBLIM JydyaM JHHHU OKa-
3aJMch TakXe GoJiee Pe3UCTEeHTHHIMH K YP-ayuaM no cpaBHEHHIO C
YyYBCTBUTENbHON POAMTENLCKON JHHHEH.

* * ®

[lonBoxsi HexkoTOpHe HTOTH, MOXKHO KOHCTATHPOBATh, YTO 3a
OTHOCHTE/IbHO KOPOTKHH CPOK HAKOMJIEHO GOJbIIOe KOMHUECTRO AaH-
HBEIX 06 €CTECTBEHHOM MYyTalMOHHOM IPOLECCE B KJETKAX MJEKOIU-
TaloOWKX in vitro. 1o riaBHBIM 06Pa30M OTHOCHTCS K HCCJIENOBAHH-
SIM, MOCBALIEHHBIM H3MEHEHUAM XPOMOCOMHBIX Ha6opoB. OpHako
BBIIBJIEHHE JOCTATOYHOrO 4YMCJIA NPHU3HAKOB KJETOK, CJYMKaLIHX
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reHeTHYeCKHMH MapKepaMH, M HaJiHuHe MeToJN0B, ofecneyHBalolHXx
BO3MOPKHOCTb IIPOBEJIeHHsl TeHeTHUeCKHX paGoT, MO3BOJSIOT PaCCyH-
ThIBaTh Ha ycClellHoe NPOJOJUKEHHe H pacliMpeHHe HCCJeloBaHu#
€CTECTBEHHOT0 MYTAIlMOHHOIrO MpOI@cca B KYJbTYpe KJETOK.

2) HHayuupoBaHHBIA MYTALMOHHBIA nmpoLecc

BinsiHHe pa3/HYHBIX MYTareHHbIX (DAKTOPOB H3y4YaJoChb, TaK Xe
KaKk 4 B cJyyae eCTECTBEHHOTO MYTALMOHHOrO mpollecca, rJ1aBHbIM
o6pa3oM Ha TNpHMepe pAa3/IUYHBIX THIIOB AHOMAaJHP XPOMOCOMHBIX
HabopoB, KpoMe Toro, uccienoBanoch JeficTBHe MYTareHoB Ha XKHU3-
HecrmocoOHOCTb KaeTKU. Her coMHEHHA B TOM, YTO KH3HeCTOCOGHOCTh
npencrabiaser cNGoi BecbMa CJAO0XHBIH KOMIJIEKC ABJEHHH, H, Kak
O6yneT NOKa3aHO HHUKe, B KaueCcTBe KDHTEPHS >XH3HECNOCOGHOCTH
6bl1 u36paH, B H3BECTHOHl Mepe YCJOBHO, JHIIb HaHOO/aee JErko
NoBpeXJaeMbli npouecc, a HMeHHO KJeTOYHOoe JefeHHe. Dol cue-
JIaHBl TaK¥Xe MOTILITKH YCTAaHOBJIEHHS BO3MOJXKHOH CBSI3H MeXKLYy Je-
TaJbHBIM MNOBpeXJeHHeM KJEeTKHM H BO3HHKHOBeHUEeM H3MeHeHHH
KapuoTHNa.

Honuznpyloue H3nyyeHus

M3yuende BAMAHUS HOHU3UDYIOLIEH paJHallid HA HAcCJeACTBEH-
HOCTh YejOBeKa MpeacTaBJsier co60H OJHY U3 Ba)KHBIX 3ajau co-
BpeMeHHOH pajnoOHosoruH. IlepcmekTHBa Bce BO3pacraloulero Hc-
M0JIb30BAHHS YHEPTMH aTOMa B MHPHBIX L€/sIX U pacliHpeHHe KOC-
MHUYECKHUX IMOJEeTOB TPe6YIOT TOYHOro ONpeleneHHs CTeleHH onac-
HOCTH H3JYYeHHI JIJisi yeJoBeKa M Mep 3aIUTH NPOTHB HX BPEJHOro
elcTBHS.

Knerku, KyJbTHBHDYeMble BHE OPraHusMa, AaloT BO3MOXKHOCTb
NpsIMOTO HCCJAEJOBaHUA [JeHCTBUS pajHalldd Ha MYTAllHOHHBLIA NIpPO-
lecc B COMaTHYECKHX KJeTKaX MJIEKONMUTAIOWUX u deJoBeka. Xopo-
10 H3BECTHO, YTO €CJH BpeJHble MyTalMH, BO3HHKAIOILHE NOJ, BJH-
AHMEM paJHaUHH B MOJOBBIX KJeTKax, IpeACTaBJAIOT OMNACHOCTh
IJIsl TIOCJAEAYIOMUX NOKOJNEeHHH, To reHeTHYeCKHe NMOBpPeXIeHHs, BO3-
HHKAaWlHe B COMaTHYECKHX KJeTKaX, MOTyT BHI3BaTb TAXeJble 3a-
GoseBaHHA HENOCPEACTBEHHO Yy YeJOBeKa, KOTOpbIH MoaBeprcs 006-
JyUeHHIO,

Hamenenna kapuoruna. Kak Gbljio ynoMsHyTO, B O0JbIIUHCTBE
paGoT HceAedoBaNHCh HHAYLUMPOBAHHBIE AHOMAJHH XPOMOCOMHOIO
annaparta. Mcnonb3oBaHHe mNepeBHBaeMblX KJETOYHBIX JHHHH AJA
3TOil e 3aTPYAHEHO BBMAY HaJUuUsi B HHX OTPOMHOTr0 PasHooOb-
pa3us KAPHOTHIIOB H BBICOKOH YaCTOTHl €CTECTBEHHO BOBHHKAIOILHUX
aGeppauuii. [TepBHYHO 3KCITAHTHPOBAHHBIE KJETKM H AHIJIOHJAHBIE
LWITAMMBI NIPEJCTAB/IAIT B 3TOM OTHOLIEHHH 3HauuTeabHO OoJsee
yIOGHBIH U LeHHbIl 0GbeKT BCleICTBHE OTHOCHTEeNbHO GoJbluel cTa-
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6UJIBHOCTH XPOMOCOMHBEIX HAa60pOB M GJH30CTH 3THX KJIETOK K TKa-
EIM in vivo.

Tlpu H3yueHHH XPOMOCOMHBIX MYTalHi, BOSHHKAIOLIHX INOA BJHS-
_HHeM pafHanuy, NIPUMEeHAIOTCA JBa MeToja ydyeTa: aHaJH3 NOBpex-
JeHHIt B Meradasax H B aHa- H Tejodasax.

IlepBhiit MeTox GoJee TOUeH, Tak KaK MO3BOJSET YUHTHIBAThL He
TOJbKO KJIETKH, HecyllHe XPOMOCOMHble aHOMAaJHH, HO H YHCJIO, a
TaKKe JOKaJH3alUHIO BO3HHKalomux abeppaunit. OgHaxko ero Tpy-
JIOEMKOCTb OTPaHHYHBAeT BO3MOXKHOCTb MOJYYeHHs GOAbLIOrOC Ma-
TepHasna. Bropo#i MeTon GoJiee NpoCT H KaeT BO3MOXKHOCTb HCCJIEN0-
BaTb 3HAYHTEJNbHO GoJbllee UHCAO AeJNAIHXCA KIETOK, HO MeHee
TOYEH, TaK KakK OOBIUHO MO3BOJISIET PErHCTPHPOBATL JIHIIL YHCJO
aHOMAaJIbHBIX aHa- H Tesnodas, HO He UYHCJIO CaMHX XPOMOCOMHBIX
abeppanuii. 170 B HEKOTODOH CTelNeHH CHHKaeT NPOLEHT YYUTHIBA-
eMbIX aroMaJiuil.

Wzyuenne neHCTBHA H3AYUEHHH Ha KJETKH B KyJbType IOKasalo,
4TO B HHX BO3HHKAIOT BCE THIBI XPOMOCOMHBIX MYTalHi, H3BeCTHbIE
y APYTHX XHBOTHBIX H PACTHTE/NbHBIX 0OBEKTOB, 2 HMEHHO: MyTAllHH,
H3MEHSIOLHe YHCJIO XPOMOCOM (IOJH- H TeTepONJIOHAHA) U XPOMO-
coMHuHle aGeppauuH. Ha puc. 6 mnpeacrasieHbl pasyHYHBIE THIIbI
abeppauuii (paspuiBbl, 0OMeHbl) B KJeTKaX JHHHH V; KHTaficKoro
XoMAYKaA,

YruomMHHaHUs 06 H3MEHEeHHH YHCJIa XPOMOCOM NOJ BJIHSIHHEM HO-
HH3UDYIOIeH pafHaUUH HeMHorouucaeHHbl. OTMeueHo yBejHuEHHE
NpOLEHTA TOJNHIJIOWAHBIX KJIETOK B MEPBHUHO 3KCIIAHTHPOBAHHBIX
KyJbTypax JeHKOUHTOB uejoBeka [115] M H3MeHeHHe MOZAJBHOTO
yHCJIa XPOMOCOM B NepeBHBaeMo#l JIMHHH aMHHOHA yeJIoBeKa I[ociae
y-06/1yuensiss [116]. VismeHenHe uncia XpoMOCOM TOZ BJHSIHHEM
PEHTreHOBBIX Jiyuedl oOHapy:KeHO B 3YIVIOHIHBIX KJeTKax 4eJsoBe-
Ka [117].

HauGoasuiee uncjio paGoT NOCBALIEHO H3yYeHHIO 3aKOHOMEpHO-
cTeil BOSHHKHOBEHHS XpOMOCOMHBIX aleppauuii. B 3THX HccaenoBa-
HHSX OB yCcTaHOBJEeH (akT, HMEIOUHA NepBOCTeNeHHOE 3Haue-
HHe, — HeoOblualHO BBICOKAsl pPajgHOYYBCTBHTEJIBHOCTh XPOMOCOM
MJIEKONMHTAOWIHX, BO MHOTO pa3 NpeBblWalollasg DaAHOYyBCTBU-
TEJbHOCTb XPOMOCOM DpSiia ADYTHX OOBEKTOB, HalpHMep Haceko-
MBiX. B Tabs. 2 nmpeacrtaB/ieHbl AaHHBIE IO UYBCTBHTEJIbHOCTH XpO-
MOCOM uYeJIOBeKa K DEHTTeHOBBIM JydaM.

PesyabTaTel HCCJe[0BaHH{I H pacueToB, Aake NPH HAJHUHH H3-
BECTHBIX PaCXOXIEHHH MeXKLy JaHHBIMH PasJHUHBIX aBTOPOB, ybe-
IUTENbHO MOKa3bIBAIOT BBICOKYIO YaCTOTy MyTauH#i Ha KJAeTKy Ha
| p H COOTBETCTBEHHO HH3KYIO BeJTHUHHY yABaMBalolleil [03bi, T. €.
J03bl, BBI3BIBAIOL{EH yBelHUeHHE YaCTOThI €CTeCTBEHHO BO3HHKAIO-
IHX MyTauHi B ABa pasa. KoseGauus B nosyueHHol uactore abep-
pauuit Ha 1 p MOXKHO, BEPOSITHO, OTHECTH 3a CUeT YCJOBHH OmbITa H
MeTONOB yueTa (pa3Hble TKAHH, CPOKH HCCJeOBaHHsS TNocie 06Jy-
YeHHs, aHanu3 Metadas uan anadas). Tak, pacuer yaBausarolleil
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Ta6auuna 2

YyBCTBHTEbHOCTh XPOMOCOM HYeJoBeKa
(Mo MaHHHM Da3HLIX aABTOpPOB)

Bpemst Yacrota CrnoHTadHas T ——
RP— o6 | piapinon | sactora paspec, | LA,
qac, Halp B KOHTpOJIE Rosa, p
AnuTe/HoNoA06HEE JHIJIOHAHBIE KJeT-
Kd mouek [118] . . . . . . . .| 42—=72 | 0,003 0,01 3,3
®ubpo6aacTonoo6HHeE  JHNJIOHAHBIE i
KneTkd koxd [119] . . . . . . . 72 0,02 0,2 —
IlepBHUHO-3KCTIIAHTHPOBAKHLIE  JIEHKO- 54 0,0039 0,0023 0,87
meTel (120 . . . . ... { 72 0,0024 — —
JunsonAHble mTaMMBL  (NpeHMylie-
CTBEHHO  ¢HGpoGaacTonoao6Hbe { 18 0,02 0,1 —
KJIeTKH) ]141) 67 0,015 —_ —_
ITepBAYHO-3KCIVIAHTUPOBAHHBIE M-
SpuoHaJbHBlE TKaHH [122] . . . . 6—42 | 0,0019 0,015 8—10

JO3bl, OCHOBAHHBIH Ha perucTPalHH YHC/Ia aHOMAJBHBIX aHa- H Teso-
das {122, 123], naer MHHMUMAaJbHYI0 BEJHUHHY UYaCTOTH BO3HHKAIO-
wux abeppaliuii ¥, COOTBETCTBEHHO, §oJiee BHICOKOE 3HaUeHHE YABaH-
Baloulefi 1035l M0 CPaBHEHHIO C MeTOAOM yuera abeppalluii B MeTa-
¢dazax. Doaee BeIcOKas uvacrora abeppalinft HabJiofaercss B IH-
IJIOHAHBIX KJETKaX, MpPeTepneBlIHX ONpeNeseHHOe YUC/JIO0 naccaxef,
yeM B NEPBHYHO-3KCIJIAHTHPOBAHHBIX KYJbTypax, B KOTOPHIX 4acToO-
Ta €CTECTBEHHBIX MYyTalHH TakiKe HHXKe, YeM B JHUIVIOHAHBIX IITAM-
Max. )

[laHHBle OTHOCHUTEJNBHO Da3JHYHOH PaNHOYYBCTBUTENBHOCTH KJe-
TOK B 3aBHCHMOCTH OT HX NPCHCXOXKIEHHS H3 PA3HBIX TKaHeH U OT
pPa3HbIX HHIHBUILYYMOB IPOTHBOPEUUBEI U HeMHOrouHcaeHHs. HMccie-
HoBaHHe HeficTBHS y-Tydell or Hcrouduka Co® (nmoswl 136 pad)
Ha >MOpHOHAJbHBIE TKAHH 4YeJOBeKa [0KAa3aJo, YTO KJAETKH MO3ro-
BOH TKaHH 06/1afal0T HECKOJbKO GoJbliel paiioyyBCTBHTEAbHOCTDIO,
yeM KJeTKM JIerOYHOH TKaHH, a KJETKH MYXKCKHX 5MOPHOHOB Gosee
PajHOYyBCTBUTE/IbHE], YeM KJeTKH KEeHCKHX 3MOpHoHOB [124]. dtH
Pe3yJbTaThl, OAHAKO, He SBJSIOTCH BIIOJNHE NOCTOBEPHBIMH M HX MOXK-
HO CYHTAThb JIUIb OPHUEHTHPOBOYHBIMH, CBHAETeNbCTBYIOUIMMH 00
onpenenenHodl TenmeHuuH. [lo maHHBIM ApyrHx aBTopos [121], pas-
JIHYHA B PafHOYYBCTBHTEABHOCTH KJETOK OT PasHbIX HHIHBHIYYMOB
OOHAPYXHTh HEe YAAJ0Ch,

MayueHne 3aBHCHMOCTH YaCTOTH XPOMOCOMHBIX aleppalHii OT
JO3bl PEHTTeHOBBIX JIydyefi MOKas3aJso, 4To HJs NPOCTBIX DPa3phLIBOB
(onnoynapHele abeppanuu) xapakTepHoO JHHeHHOe BO3pacTaHHe ua-
CTOTHl ¢ YBeJHueHHEeM J03bl H OTCYTCTBHE NoporoBol nos3H {120, 121,
125, 126).
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HNo3oBas kpuBas AJs IBYXyILapHeiX abGeppauuii o6HapyXHBaer
9KCTMOHEHIIHAMBHYIO 3aBHCHMOCTD, H BO3pacTaHHe YacCTOTH lepecTpo-
€K MPOUCXOIUT MNPONOPUHOHANLHO KBaApaTy AO3bl (H30XpOMaTHA-
Hble abeppanHy, UHTEPCTHIHAJNbHbBIE JeenuH, OGMEHBI),

AHa/nu3 JaHHBIX, OJYYEHHBIX B Pa3/JHUHBIX HccaenoBanusx [121,
127, 128], mokasbiBaeT 3aKOHOMEpPHOE M3MeHeHHe THNOB abGeppauuit
B 3aBHCHMOCTH OT BpPEMEHH, MPOILIeAlIero ¢ MoMeHTa OOJyueHHd.
Kak BugHo W3 Ta6a. 3, Ha paHHHX CpoOKax HccaefoBaHus (uepes

Ta6auua 3

CpaBHuTesIbHaA YACTOTA XPOMAaTHAHBLIX H XPOMOCOMHBIX aleppaunfi B coMaTHYeCKMX
KJleTKax uesoBeKa Yepe3 pasJuyHBle NPOMEXYTKH BpeMeHH Toche
peHTreHoBcKoro obayyenus [121]

Bpewms Hay- Hﬁﬁ:ﬁ"f a%ﬁelg%z:gﬂo‘ Hsyueno Yucao HZ%L;};%?HH:;[ ¢
e | oSy | e | SGeppah | (c yacom vacrons
qeHHus, YEeHHBIX XpoMa- | XpoMo-

qgac. KJIeTOK :};;; :(;h;(- HTOT'O KaeTox | (xpoaTHAHAIX) | agg’;ﬁ:ﬁ?’%

6 5 9 0 9 — — 100,0

15 8 14 0 14 — — 100,0

18 112 112 0 112 45 4 100,0

25 307 368 | 16 | 384 156 10 95,8

30 114 51 51 102 42 5 4,4

42 199 39 | 64 | 103 132 17 16,8

67 14 12 | 60 72 45 5 0

6—18 yac.) na6aopgaercs nosiBjeHHe abGeppanuii TOMbKO XpOMaTHI-
Horo tumna, Yepes 25 uyac. nosBAslOTCS XpOMOCOMHble abGeppallii,
yepe3 30 yac. o6e KaTeropHu NPUCYTCTBYIOT MPHUOJH3HTENBHO B PaB-
HBIX KoJiHuecTBax, Uepes 67 yac. 6elin ofHApYKeHBl NpeHMyLILecT-
BEHHO XPOMOCOMHbIe abeppalHHu.

DT HaHHble MOKA3bIBAalOT, YTO, OYEeBHAHO, mnpeobJafaHHe Tex
WK HHBIX BHAOB abeppauuii 3aBUCHT OT (pa3bl MHTOTHUECKOTO IIHK-
Jla, Ha KOTOPOM KJeTKa Haxoxu/aacb B MoMeHT obayuenusi. Ilo npu-
HATOH B HacToslllee BpeMs KiaacCHDHKaAIlHH, Becb MHTOTHUECKHM
LIHKJ MOXHO MOIApasfieluTh Ha uetbipe ¢asbl: ¢dasa G, upeamect-
Byloinas curesy JHK, dasa cunresa — S, moctcaHTeTHUECKas ¢a-
3a G, u dasa BUAHMOH YacTH Murosza — M.

ITocse mepuona yrueTeHUst MUTOTHUECKOH aKTHBHOCTH NOJ BJIHS-
HHeM oO6JsiyyeHHsl TepBBIMH KJeTKaMH, BCTYNaloOllHMH B MHTO3, fB-
JASI0TCS Te KJeTKH, KOTOphle B MOMeHT OOJIyUeHHs HaXOAW/IHCh B
nocTcuHretTauecko#i ¢ase G, xorma JHK u xpoMocoMH OblIH
yaBoeHB. DTHM obObsicHsieTcss mpeobJafanue XpoMaTHAHBIX abeppa-
uuit B mepBhE yachl nocie o6ayuenuda. IlocTeneHHo B MHTO3 HauH-
HalOT BCTYMNaThb KJETKH, HAXONMBIUHecH Mpu OOJNyueHHH B CHHTe-
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THYecKO# (S) u npeacuHHreTHueckoit (G,) dasax, T. e. B CTaluH
pelynJHKaLlHH H CTajHH, NPeALIeCTBYIOILEH peNyMIHKAIHH XPOMO-
coM. OTHM oO6DbAcHAETCS YIOMSIHyTas Bhlllle CMeHa CO BpeMeHeM
XpoMaTHAHBIX abeppaliii Ha XpOMOCOMHBIe,

KpoMe #H3MeHeHHs THIOB BCTPEYAIOLIHXCS XPOMOCOMHBLIX IIO-
BpexXeHUii OTMeUaeTCs TaKxke MOCTENEeHHOe CHHXeHHe obLiell dac-
“rotei  a6eppaunii [120, 128, 129]. Ilomo6Hoe cHHKeHHe 4HacTOTHI
abeppanuil CBHJETENLCTBYET, MO-BHAHMOMY, O MaKCHMaJbHOR pa-
JAHOUYBCTBHUTEJIbHOCTH TNOCTCHHTeTHUecKoH (a3l (. OmHako B ero
OCHOBE MOTYT JieXaTb W HEKOTOphle Jpyrue MNpHUYHHH: 1) uyacThb
BO3HHKaOWHX abeppaluil He MoxeT ObLITh yuTeHa Ha MO3JAHHX CpO-
KaX, €CJH H3-3a JeTaJbHOCTH OHH BHI3BIBAIOT THOeJb KJAETKH YyXe
B IepBOM MNOCTpPafAHALHOHHOM MHTO3e; 2) BO3HHKAIOLIHe paspbiBH
MOTr'YT BOCCTaHaBJHBATbCA H He GYAYT YuTeHBl, B pe3y/bTaTe 4acTo-
ta abeppauHil Ha MO3AHHX CPOKax MNocje OOGJYUECHHA OKaxKercs
3aHHKEHHOH M0 CpaBHEHHIO ¢ (aKTHHECKOH.

[IpuBeneHHble JaHHBlE NMOKa3bIBAalOT, TakKUM oGpa3oM, 4TO pac-
XOXJeHHS] Pa3HbIX aBTOPOB B ONpelleJieHHH 4acToTh abeppauuii Ha
KJIeTKy Ha | p MOryT o6BbACHATbCH, B YAaCTHOCTH, Pas3jIMUHSAMH B
CpOKax HCCJAelOBaHHA,

OueHb BaXHO CpPaBHHTh TeHACTBHe pafHallud Ha TreHeTHUeCKHH
anmapaT K/JETOK YeJjloBeKa H MJeKOmuTawluux in vivo u in vitro.
HUMeeTcst nH AOCTAaTOUHBIH NapaJjienin3M MexAy OTBeToM Ha 006Jy-
yeHHe KJIETOK KyJAbTyp, HAXOAAUIHXCA B MPOCTHIX MO CpaBHEHHIO
C OpPraHM3MOM YCJIOBHSX, NPH OTHOCHTEJNBHOH HX AeluddepeHuna-
uud H AuddepeHIUPOBAHHLIMH KJIeTKaMH B CJOMKHBIX YCJOBHAX
B3aUMOMEHCTBHSA LEJNOCTHOTO OpraHH3Ma,

B cBsi3H ¢ 3THM mpelcTaB/seT HHTepeCc BHISICHEHHe BolIpoca
0 mapaJjiiesiiaMe MexAay obllleli pagHOUYBCTBHTE/NbHOCTbIO OPTraHHU3-
Ma OMNpe[eNeHHOro BUla XKHUBOTHBIX H PafHOYYBCTBHTSJIbHOCTBIO €10
TKaHell in vitro. Ilokasano {130], uTo k/neTku ue/loBeka, KpOJHKaA
H XOMfYKa B KYJbType pacojlaraioTcsi Mo CTeneHH pagHOYYBCTBH-
TeJLHOCTH XPOMOCOM B TaKOH K€ MOC/Ae10BaTeJbHOCTH, KaK H Op-
raHU3Mbl 3THX BHAOB Il0o O6LUeH pagHOUyBCTBHTENbHOCTH. Tak, LDsg
s denoBeka paBHa ~400p, kpoauka —800p H xoMmsuka —
900 p. CooTBeTCTBEHHO, B KJeTKax uejopeka in vitro (¢pubpobnac-
TH SMGPHOHAJIBHHX TKaHeH) cpeliHee YHCJO XPOMOCOMHEIX Hapylue-
HHA na 100 xaetok Ha lp paBHanoch 0,141, y Kposauka — 0,053, y
xoMmsiuka — 0,036. - o

- Ilpn HccnenoBaHHH KJETOK KOCTHOrO Mosra uyepe3d 2—-30 uac.
nocne TOTaJbHOro OOJIyueHHsI CaMLOB KHTAiCKOro XOMSIMKa pEHT-
reHOBLIMH JiyuaMH B jg03ax 25—100 p [131] 6bio HaligeHo, uTo
yepes 2 yaca yactora afeppaudéi Ha KjaeTKy Ha 1 p cocraBasna
0,005. 3To mocraToyHo 6aH3KO coBnagaeT c BenuuuHod 0,003, Haii-
neHHoit paHee [118] aas snutenvonono6GHBIX KJaeToK in  vitro.
OcranbHble 3aKOHOMEPHOCTH, XapaKTepHble ISl KJIETOK KYJbTyp, a
UMEHHO THTBl BO3HHKAWOLHX abeppallHil H CHHXEHHE HX YaCTOTH €O
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BpeMeHeM, OblIH 00HapyKeHbl H nocde obayuenus in vivo. Ha sTom
OCHOBAaHHH MOXHO CAeJaTb BHBOAX O TOM, YTO STNHUTEJHONOAOGHBIE
KJeTKH in vifro HMerT NPHOGJH3HTENBHO TAaKYIO XKe YYBCTBUTEJb-
HOCTb, KaK ObICTpoJeJsiliHecss TKaHHU in Vivo, B TO BpeMs Kak (pub-
po6aacTonofo6Hble KJeTKH 3HauYHTeNbHO Gojiee PaJUOYYBCTBH-
TeJbHBI.

Taxnum o6pasoM, HMelOlHecss NaHHble NOATBEPK/AAIOT NPaBOMOY-
HOCTb cpaBHeHHs 3ddekra HaayyeHHu# in vivo u iv vitro u Bosmox-
HOCTb HCIIO/Ib30BaHUSI KJETOK B KYJbType NJIsi H3YYEHHS] MHAYLHPO-
BaHHOro MYTAUHOHHOIO IpoLecCa H POJIM TFeHETHYeCKHX MOCJes-
CTBHi 06JyyeHHst B JieTaJbHOM 3(deKTe pafMallid U 3/M0KayeCcTBEH-
HOM IpeBpauIeHHH.

H3amenenne XKu3necnoco6HOCTH KaeTkH. M3yuenune neficTsus pa-
JHaUMH Ha KYJbTYPH TKaHeH BBISIBUJIO 4Ype3BblYalHO IIHPOKUK
A1anasoH PajHOUyBCTBHTE/BHOCTH Pa3/JHYHBIX GYHKLUHE H CTPYKTYp
kaetkH [132—136]. Kak 6bl10 yKasaHo Bblile, Haubojee ysI3BUMBIMH
OKa3aJUCh MpOlleCCHl KJIETOYHOTO Pa3MHOXEHHs W HaubGosee pa-
JHOPE3HCTEHTHHIMH — ofulag MeTabosHyecKass aKTHBHOCTh H POCT
kiaeTtkd. OnucaHHBII METOJ BhIpANHBAHHUS OJHHOYHHIX KJIETOK Ha
nuTaleM cjioe [7] ocHOBaH Ha CJeAyIOLIMX HaGJaoneHHsaX: o6ay-
4yeHHble GOJbIIOH [030 PEHTTEHOBBIX JyuYeH KJETKH IepecTaBaliH
JENUTbCA, HO B HHX IPOAOJKAJ NPOTEKaTb OOGMEH BeleCcTB, OHH
pOC/JIH M JOCTHTalW THTAHTCKHUX pasMepoB [116, 137—139]. [Toteps
KJETKOH penpoayKTHBHOH crnoco6HOCTH Obljla H30paHa B KauecTBe
KpHTepHs JIeTaJbHOCTH, TaK KaK C TOYKH 3pEHHsi KJISTOYHOH Imomy-

. JiSILHK B LEJOM OHa sIBJSIeTCS JieTaJbHBIM NopaKeHHeM. Meroj BbI-
pallMBaHHUA KJIOHOB OT OJHMHOYHBIX KJIETOK MO3BOJISIET BECTH TOYHBIH
KOJIHYECTBEHHbIl y4yeT «pelpOAYKTHBHOH CMEpTH» KJETOK Mo morepe
HMH CNOCOOHOCTH O6Gpa30BbIBATb KOJOHHH, 3aBHCHMOCTh BhIXKHBa-
HHSl KJETOK B KyJbType OT 03Bl DEHTIeHOBBIX JIyueld H3ydasach
Ha pas3JHYHBIX THIAX KJETOK, a HMEHHO: Ha 3NHTeJHONoA0GHOH
rereponyionAHOR JmuHMu Hela, 3NHTeNHONONOGHBIX IlepeBHBaeMbIX
JIMHHSIX KJIETOK YeJOBeKa HOPMAaJIbHOTO MPOHCXOXMAEHHsT (KOHb-
IOHKTHBA, NeYeHb, alleHAHKC), NepPBHYHO-3KCIVIAHTUPOBAHHBIX 3ITH-
Tequo- M GubpobaacTonofoOHBIX KJETKax yeJoBeKa HOPMaJIbHOrO
npoucxoxaeHus [7, 119, 140—145). HayueHue KpPHBBIX BBIXKHBa-
HHs1 [puc. 7] mokasamo, uTO AJisi BCEX aHEYIUIOHAHBIX KJETOK, BHE
32BHCHMOCTH OT HX IIPOHCXOKJEHHS] H3 HOPMaJbHBIX HJIH 3JI0KauecrT-
‘BEHHBIX TKaHel, XapakTepeH MHOTOYAapHBIA THII MeXaHH3Ma JieTaJb-
HOro JAeHCTBHSI C YHCJIOM HOHHM3aIMH, paBHbIM ~2. Dblja BhIUHCJIE-
Ha BeanuuHa Dy (LDs7), T. e. 103bl, HEOGXOAHUMOH [JIsI CHUKEHHUS
BBIXKHBAa€MOCTH KJETOK B JIMHeHHON uacTd KpuBo# no 37%, kotopad
oKa3anacb paBHo#t ~ 100 p.

Jns nepBHYHO SKCTIJIAHTHPOBAHHBIX 3MHTEJHONOJOOHBIX JIHIIO-
HAHBIX KJIETOK HeJOBeKa TaKXe XapaKTepHa «IABYyXyAapHasi» KpuBas
¢ Do paBHo# 166 p. B oTanyne OT 3nHTENHONOAOOHBIX KJETOK, [H-
njaouaHble GubpobiacTononobHble KaeTkH o6jalajH 3HAYHTENbHO
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GoJlee BBICOKON pajMOUYBCTBHTENbHOCTBIO H Do Oblia pasna 50-—
96 p.

B psjie mecnenoBaHuit ObLJIO TakikKe NMOKa3aHO, YTO PaaHOYYBCT-
BUTEJBHOCTDL KJETOK MOXKET BaPbHPOBATh B 3aBUCHMOCTH OT HX IIpO-
HCXOXIEHHS H3 PA3HBIX TKaHell H OT pasHLIX BH/OB.

Tak, GoJsee BHlcoKas panHopesucTentHocTb (Do=280 pad) B or1-
_HOLIEeHMH +y-Ayyeil Habawojanace B I€PEBHBA€MBIX FeTEPOIJIOHA-
HBIX KJeTKax JuHMH L-Mbloy,
yeM B MepeBHBAaEeMBIX JHHHAX
yesoBeueckux kKijetok (Hela, 10
.HEp2, Detroit n ap.), a Takxe 0.5
B KJeTKaX KOCTHOrO MO3ra MbI-
mn in vivo [146, 147). 02

Pasnas cTeneHb pajgHOuyB- o
CTBHTEJNBHOCTH Obla OTMEYEHa ;s
MUt AUIVIOWAHBIX KJETOK, Ipo-
HCXOASIWNX M3 3MOpHOHadpHbix 002
noyex W JErkHX uenoBeka H Kae- 1
TOK KOXH feTed jJo 9 Jsert, Ko- 2,005
TOphi€ KYJbTHBHDOBAJHChL B Te-
YeHHe  HEeCKOJBKHX  MecsueB 0002
[148]. Bennuyuna JeTanabHOH 10- ppr
3nl (D¢) xosnebanach B mpeme- -
gax ot 41 nmo 480 pad (1 pad=
=1,42 p) @A PasHEIX KYJBTYP. Puc. 7. KpuBasi 3aBUCHMOCTH BHIXKHBa-

HHA 3MUTEIHONOAOGHHIX  KieTok S3
KoneGauusi paiHOYYBCTBHTENb:  Helq or so3hl. OpannaTa — JOJA BEL-
HOCTH MOIJVIH OTpaXaThb KaK Pa3-  xuBIOHX  KJeETOK; a6cyucca — A03a
JUYUS B YYBCTBHTEJBHOCTH HC- pentrenossix ayue (8.p) [5]
XOJHBIX TKaHeH, Tak H H3MeHe-
HHe COOTHOLIEHHS ABYX MODQOJOruuecKUX THIOB KJIETOK (3TMHTeTHO-
1 ¢pubpobnacrononobHEIX) B XojAe KyJAbTHBHDOBaHHMS (HcC/IenoBa-
HHSI NPOBOJMJUCL B Da3Hble CPOKH KYJbTHBHPOBAHHUSA).

Kak nokasblBaloT CBOJAHBIE JaHHEBlE, IpHBeJeHHble B Taba. 4, pe-
3y/nbTaThl, IMOJYUYeHHbie Pa3HBIMH aBTOpAaMH, CBHUIETENLCTBYIOT 00
OYeHb BBICOKOM CTeNeHH pagHOYYBCTBUTEJBLHOCTH KJETOK MJEKOMH-
TAalOUWMX H YeJOBeKa K JeTaJbHOMY 1eHACTBHIO pajHalUH H CXOM-
CTBe pe3yabTaToB 06ayueHus in vivo u in vitro. Jleranbnas nosa
Konebyerca npubausuteapHo B mpefenax ot 50 mo 170 p. Fimero-
myecss pacxoxaeHUs OOBbSCHAIOTCA MO-BHAMMOMY, Pas3/HUHAMHU pa-
JMUOYYBCTBUTENbHOCTH TKaHed, a Tak:xe B psle ClAyyaeB YCJIOBHAMH
oneita. Tak, pasHasi palHOUyBCTBUTENbHOCTb B YETHIpEX NMepeBHBae-
MBIX DaKOBBIX JIHHHAX yeJOBeKa HabJiojanack B 3aBHCHMOCTH OT
ta3bl pocra nomyJsiuMH, Ha KOTOPO#l MpOHCXOAHI0 00/ayueHHe KYyJb-
Typul [150].

BoisBJaeHHbI B pe3yabTaTe NPOBeLEHHBIX HCCAEIOBAHHN 3HAuH-
TeJNbHbIF NMapajjelH3M MeXKJYy BBICOKOH CTeneHbl0 YYBCTBHTEJb-
HOCTH KJETOK in vitro Kk MyTareHHOMY H K JeTajJbHOMY AeHCTBHAM

1 1 1 L

L o
8 100 200 300 400 500 600 700
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Ta6auua 4

HeficTene monusupyioumell paguaumu Ha KJeTKH MJexonuTatomux [149]

3KcTpano-
OGBeKT Hecsle{0BAHUST Do JALHOHHOE AsTop
YHCJIO

In vivo:

KOCTHBII MO3I MRIIIH 115 pad 2 | Tuan u MakKemor, 1961

Jseiikos CBA 165 pad 2 | XstoBurr u Buabcon, 1959

Jefikos P388 160 pad 1—2 | Augpioc u Beppu, 1961
In vitre:

TKaHH 4eJloBeKa 50—166 p 1—2 | INak u gmp., 1957

Hela S3 138 pad 2 | Nak u Mapkyc, 1956; Mop-

KoBHH H Peabgman, 1959

Hela S3 100 p 6 | Bermoy, 1961

HelLa S341 150 p 2 | Deiicec, 1959

Hela S3-2 100—150 p| 4—10 | Beiicec, 1959
Ioyka 135 pad — Bapenacer u mp., 1960
IMeyelin 119 pad 2 | HOwion, 1960

180 p — Epukcon u lluGansckuii, 1961

@ubpobnacTsl L-MEIUH 240 pad 2 | Yurmop u pp., 1961
Kutaiickuil xomsuox: ’

Jlerkue, SHYHHK 100—150 p{ 5—10 | Eakuug u CerrtoH, 1960
Kypunze ¢ubpo6iactst 600 p — Py6us u Temun, 1959

paaualHNy MO3BOJSET BBICKA3aThb HEKOTOPHIE NMPEANOJOXKEHHSI OTHO-
CHTe/NbHO TNPHUYHH, BBHI3BIBAIOLINX PENPOAYKTHBHYIO CMEpPTb KJIETOK,
H O XapakKTepe NOpaXKeHHH, oéycnoanusalomux HX rubesnsn.

B ocHoBe penpoAyKTHBHOH CMepTH 'KJIETOK MOLYT JexXaTb TpH
T/aBHble NMPHYHHH: 1) HapyuleHue MHTOTHYECKOIO ammapara KJerT-
KH, He [03BOJfAIOILee KNeTKe Da3feNHTbCA; 2) HapylleHHe CHHTe3a
HAHK, Mewaromee peaynaukanuun JHK n xpoMocoM, B HopMe mpea-
IECTBYIOLEro AejieHUIo U 3) JeTaJbHble H3MEHEHHst IeHEeTHUYeCKOro
annapata (NMOTepH XpOMOCOM, XpOMOCOMHble afeppaitiH, TOYeyHble
MyTaluH). -

H3BecTHO, UTO JIETAJBHO IOpakeHHble KJAETKH MOryT MpoJeJaTh
HEeCKOJIbKO [ejleHHH; 3TOT ¢aKT yKasbiBaeT Ha TO, YTO. MUTOTHUECKHH

annapar KJAeTKH BO MHODHX CJydasix, 10-BHAHMOMY, He ABJseTcs OT-
BETCTBEHHBIM 3a JieTaJabHBIH 3 ¢eKT.

Pa6oThl, IPOBOJMBIIHECS HA DPA3JHYHBIX KJAETOYHBIX AHHMAX Ye-
JioBexa (HeLa Uyg, FL u np.), MBIIIH M KUTAaHcKOro XOMsiyka, Io-
kasanu, uyro cuHte3 JJHK taxxke sBasercs kpaliHe pagHODe3HCTEHT-
HbIM mpoueccoM. B HccnefoBaHusX NMPHMEHSIJIHCh METOAbl aBTOpa-
auorpaduu u mpsamoe omnpenenenue cogepxanus JHK.:

O6ayuetine knetok Uiy B mo3e 500 p BHI3LIBAET MOYTH NOJHYIO
OCTAHOBKY MHTO30B, KOTOpble, XOTS U BO30OHOBJISAIOTCH 4Yepes
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13—20 yac., sBasIOTCA AGOPTHBHEIMH H He NPHBOAAT K YBeJHUEHHIO
yucaa kiaerok [151, 152]. Onnako Takas m03a paguanHu He OKa3bi-
BaJla HeMeaJyieHHoro AeicTBusa Ha cuHTed JIHK, Kotopwlit cHMKaJcs
TO3Hee, HO HE TPHOCTAHABJIHMBAJICA NOJHOCTLIO. 1o JaHHBIM APYrHX
aBTOPOB, DEHTTEHOBBI NYYH B Ae3ax mo 4000 p, HeoGpaTHMo MOBpeX-
Jaolie MHUTO3, JHIIb BPEMEHHO yMeHbLIaJH HHTEHCUBHOCTbL CHHTE-
3a JIHK, KoTopblii moc/ie OnpeieseHHOro jar-mepHoga BO30GHOB-
asncsi. Jlosa 1000 p ne Bbi3biBana nosiBjenusi nar-nepHoga. Yepes
onpene/ieHHBIl NPOMEXYToK BpeMeHH cuHTes JIHK BuHOBB npekpa-
I{aJjicsi mocje JOCTHXKeHHs ABokiHoro ypoBHs JHK B kieTke, coort-
BETCTBYIOIIETO NPeIMHTOTHYECKOMY cOflep:KaHH0. TakuM o6pasoM,
BTODHYHAfl OCTAHOBKA CHHTE3a ONpejesiach He NPSIMBIM JeACTBHEM
pajuauny, a G6bi1a 06yC/0BIeHa HeClIOCOGHOCTBIO J1€TaJIbHO NOBpPeXK-
AEHHBIX KJIETOK BCTyNaTbh B MHMTO3 M NEPEXOJHTb 3aTeM KO BTOPOMY
LMKay cuHTesa [153].

[lpoBenennbie pacuersl [140, 143} nokasanu, uTo BeJHUHHA
Dy=96 p (mns kaerox S3 HeLa), cBuaere/bCcTBYIOIAS O HAJIHUHH
O4YeHb paJHOUYBCTBHUTENBLHONO amnmapaTa, 5KBHBAJIEHTHa TOTJOIe-
HHIO TONMBKO 10—12 kas na kaerky. Haxe npu 100%-uof sbdek-
THBHOCTH 3TO KOJIHYECTBO 3HEPTrMH MOXKET paspyIIHTb TOJbLKO
~2-107 atomunix cBssefl. ITockoabKy paspeiBEl OymyT pacnpefe-
JATbCSL CJAYYaHHO, OUEBH/HO, YTO YHCJO TAKHX PA30PBAHHBIX CBfI-
3edl B KaX/J0# OTJeNbHOA CTPYKType GyAeT upesBblualiHO MaJo, T. €.,
NO-BHAMMOMY, KaxKjas paspylleHHast CTPYKTYypa HIpaeT BajKHYIO
pOJib B XKH3HENeATeJbHOCTH KJETKH H B cjyyae ee paspyllieHHs HJH
MHAKTHBALHH OHA HEBO3MeCTHMA.

C npyroii croponsl, $opMa KPHBBHIX BBDKHBAHHSA, NMOKAa3HBAIO-
niasi, YTO YHCJO HOHH3aLKH, BBI3bIBAIOILUX JeTadbHbIH 3ddekT, He-
BeMHKO (4acTO BCTpeuaeTcsl JABYXynapHasi KpHBasi) CBHAeTeb-
CTBYeT O TOM, YTO }KH3HEHHO BaXKHble CTPYKTYDHI, SIBJSIOILHECH
MUIIEHBIO JIETAJbHOrO NEeHCTBHSI, MPHCYTCTBYIOT B KJeTKaX B He-
foJbIIOM uMcJde NOBTOpeHHHA — pensnuk. Bce 3TtH coobpakeHus,
a Takxke NaHHble 0 BbICOKOH paJHOPEe3HCTEHTHOCTH MeTalo/MuecKHX
NpPOLIECCOB B KJETKax KyJAbTYp TNOATBEPXKAAIOT MNpeACTaBJeHHe
0 HauboJblled ySA3BUMOCTH TeHETHYECKOTO amnnapara, nopaXeHue
KOTOPOro NMPUBOJHT K THOEJM KJETKH.

Pemaiomas poJib nopaKeHusi siApa B JeTaabHOM 3(Ppdekte pa-
IHallid TIOATBEpPXKTaelcsl TaKiXKe ONBITAMH BBIPAIHBAHHMS KJETOK
B cpene, copepxatueii H3-rumuann [154, 155]. Beio ycraHOBJIEHO,
YyTO BbIXKHBaHHe KJeToK S3 Hela sipasierca hyHKuUed m03BI paaxo-
M30TONAa M ero yAenbHoH axktuBHocTH. HE-TuMuiuH — cneuuduye-
ckuii npenmectBenduk JIHK — Bkaouaercs Toabko B saapo. OjHa-
KG, KaK NMOKa3bIBAIOT pajHoaBTorpadbl, CTeNeHb BKJIOUEHUsT GbIBAET
pa3JIMYHOH M 3aBUCHT OT BApHAOHJBLHOCTH LHKJA reHepallHH KJerT-
KH M BDeMEeHH HHKyGanuM KJIETOK B cpefle, coaepxauei H3-tumu-
nuH. [lpu aBTOpaauMorpaduuecKkoM H3yueHHH YCTAHOBJIEHO, YTO
CTeNeHb NOAABJEHHS 00pa3oBaHUsl KOJOHHH 3aBHUCUT OT CTeNeHH
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BRJIOUeHHs1 pamuonsoTona. OueBHAHO, JeTadbHBIH 3ddekT caeayer
OTHECTH 3a cueT JAeHCTBHA f-pPagHauHH Ha sApO.

Kakos e XxapakTep TeHeTHUeCKHX H3MeHeHHH, 06YyCJOBJHBAIO-
X rubenb KaeTKH? JletanabHblfl 3 eKT MOXKeT onpeneasiTbCcst Kak
TOUKOBO#l MyTalHed crnelH(}HUECKOrO reHa MU HECKOJbKHX TeHOB,
PETYJHPYIOIHX XKH3HEHHO BaXKHble TPOUECCH, TAaK H Pa3JHUHBIMH
aHOMAJHAMH KapHoTHNa (IOTepH XPOMOCOM, XPOMOCOMHbe afep-
pauun). JleranbHocTb 3a cueT TeHHON MyTauuu HauGoJee XapaKrep-
Ha [/ FamJOHAHBIX KJIETOK. B MUNJOHAHHX KJeTKax BO3HHKaloI(as
reHHass MyTalHusi MMeeT BO3MOMKHOCTb NPOSBHTbCA U0 €CJH OHa
OCOMHHaHTHA, Ju60 ec/qH B TOMOJIOTHYHOH XPOMOCOMe HMeeTcs pe-
LIECCUBHBIA aJJjeJbHBI TeH. UTo Kacaercsl nepeBHBaeMbiX KJETOY-
HbIX JHMHHH, B KOTOPHIX INpeo6sagaloT TeTepoOIJIOHAHBIE KJETKH
C YHCJaMH XPOMOCOM, TIPeBLIAIOMNIHMH AHMJIOHAHbIE, © B 60Jb-
IUMHCTBe CJy4YaeB Kaxjas XpoMocoMa TMpejcTaBieHa [IByMs H
6OJIbIIMM YHCJIOM pEeNJIHK, TNpOfiBJeHHe JeTaJbHOH MyTauHH II0-
Tpe6oBaso 6Ll OJHOBpEMEHHOTO MYyTHpPOBaHHA GoJiee ueM OJIHOTO
aJJIeJIbHOTO TeHa. TeopeTHuecKH He HCKJIOYEHO, OJHAKO, UTO U B Ta-
KOM KapHOTHIle Kakas-u60 XpoMOcoMa KOMIJIeKca MOXeT MpH-
CYTCTBOBATb B TallJIOWIHOM UHCJE.

Pacuer BeJHYHHBI YYBCTBHTeNbHOrO 06beMa, T. €. oObeMa TOTO
y4acTKa KJeTKH, NonajaHHe B KOTOPOH HOHH3UpYIOLeH uacTHIbI
BbI3bIBaeT OHosornueckdin sgdekr [140], zas xaetrok S3 Hela
(Do=96 p) mnokasbiBaeT, 4TO OH paBeH HNpuMepHo 1 mk3, uTo BO
MHOTO pa3 IIpeBbIlIaeT OGBIUHO MPHHHMaeMble 0GbeMbl reHa. KpoMe
TOro, ABYXyJdapHas (opMa KpUBOH BHIKHBAHHUA TaKkKe CBUIETENb-
CTBYeT NPOTHB CYLECTBEHHOH POJIM TeHHBIX MYTAalUUil B JeTaJdbHOM
JeHCTBHM pajHaliy U B [10Jb3y 3HaueHUs XPOMOCOMHEIX TMOBpEeX-
neHuit. Bece 3Ty naHHBle MOTYT, OIHAKO, paccMaTpPHBaThCA JHILB KaK
KOCBEeHHBIe; BONPOC O XapaKTepe U3MeHeHHH, JiexallHX B OCHOBe
ri6enu KJETKH, OCTAeTCs B 3HAUUTEJBLHOH CTElEeHH HEBHISICHEHHLIM.

Tlpu wu3ydeHHH JeTanbHOrO JEHCTBHA pajHallid Ha KJeTKY,
BaXKHOe 3HAueHHe HMMeeT AaHaJU3 TPOLECCOB BOCCTAHOBJIEHHS I10-
BpexJeHHH, KOTOPble MOTYT CHJIBHO MEHSTb YUHTBIBA€MBIEe pe3yib-
taThl. Kak ObLIO yKa3aHO BBILE, XPOMOCOMHBIe [IOBpeX/JeHUs CIIO-
coGHBl BOCCTAHABJHBATbCH, MPHYEM ITO BOCCTAHOBJEHHE MOXeT
NPOUCXOAUTD €llle [0 [1epBOro MOCTpPajHaUHOHHOTO AejeHHs. Pak-
THUECKH YJaBJIHBaeMOe UYHC/I0 TOBpeXAEHHH MNpeacTtapasier cobofi,
CJIeIOBATENbHO, TOJNBLKO YacTh BO3HHUKAalOIMX moBpexaenuyi [156—
158].

ITonyuyeHHele pe3yabTaThl MMEIOT CYILECTBEHHOe 3HAUeHHe M
yueTa BOCCTAHOBJIEHHSI CNOCOGHOCTH KJETOK ONYXOJIEBBIX TKaHel
K Da3MHOXEHHIO NPH pajHoTepanud paka.

TlpoBeneHHBle HCCJELOBAHHSA, OKA3aBllMe Ha OCHOBE NPSMBIX
3KCIEPHMEHTOB KpafHC BBICOKYIO pajHOYyBCTBHTEJILHOCTD XPOMO-
COM 4YeJIOBEKA M MJIEKONHTAMOLIHX, MO3BOJASIOT, TaKUM oOpasoMm,
J4Tb KOJHUYECTBEHHYIO OUEHKY AeHCTBHs pajualHdd HA HACJAEJICTBEH-
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HOCTb YeJOBeKa M ONpeJesHTh CTelleHb Bpefa, HaHOCHMOTO YyeJo-
BEUECTBY B pe3yJ/ibTaTe YBeJHUEHHS T€MIA MYTallHOHHOrO Hpoiecca
IICH BJHMSIHHEM MOBHIIICHHS (POHA HCKYCCTBEHHOH pajMaluH.

Y&-ayyn

B oraMuMe OT HeHCTBHSI HOHM3HPYIOHLIMX H3JAyueHHH, 3ddext
Y®-nyueit M3yueH CPaBHHTEJBHO Maso.

Boiio HccaenobaHo BaHsSHHe Yd-o6yueHHs Ha KHU3HecnocoO6-
HOCTb KJIeTOK KJoHOBoi JuHuuM S3 HeLa [159, 160] u apyrux nepe-
BHBaeMbIX JHHHH yesnoseka, B kauecTBe GHOJOrHUECKOTO JO3HMET-
pa HcrnoJan3oBagcs (at T2, mockosbky Ha 3ToM O0beKTe JETaJbHO
H3yueHa 3aBHCHMOCTbL HWHaKTHBalluH bara oT go3nl. Paroseie uac-
THUH J06aBJSIHCL B KJIETOUHYIO CyCHEeH3HI0, Kotopas obayuanach
Y¢-ayuamu, H BhiceBajlach Ha ra3oH KHIIedHOH naJjoukd. O6 ad-
(¢eKkTe CYAMJM [0 KOJHYECTBY CTepPMJbHLIX nsteH (6asiiiek) Ha
rasoHe.

PesyabraThl INpPOBeJEHHLIX SKCIEPUMEHTOB [I0KAa3hIBAIOT, UTO
XapaKTep KPHUBLIX BBIKHBAHHSl KJETOK, ONpeJe/sieMbX [0 CIocol-
HOCTH O6pa3oBLIBAaib KOJIOHHH, cXofeH ANA YO u peHTreHoBCKOro
otnyuenus: (Do=108 ape/mm?).

Ta6n. 5 naer cpaBHUTENbHYIO XapaKTEPHCTHKY KDHUBLIX BBIXKH-
BaHus kiaetok Hela u ¢ara T2. DTu paHHble MO3BOJSIOT CHAeNaTh
HEKOTOpHLIe BLIBOJLI OTIIOCHTEJNLHO NPHPOALI JeTajbHOro sddexra,
BLI3BAHHOrO 06GJyueHHMEM B KJeTKax mJekonutamoumx [160].

Ta6auuna 5

XapakTepHCTHKA KPHBHIX BHUKHBaHHA kJaeTok Hela S3 u dara T2
npH o6ayyeHdd Y® # penTreHOBHIMH JyyaMH

Hela S3 T2
Paguauus
dopma kpupo#H ‘ D, dopma kpupoit l Do
PenTreHoBE ayun MuoroyzapHas 100 p Opuoyrapras | 40 000 p
Y ®-myun » 108 spz/mm? > 25 gpe/mm?

Ta6auia H KpuBLie PHC. 8 MOKa3bIBAalOT, YTO €CJAH PE3HCTEHTHOCTD
thara T2 B OoTHOWeEHHUH peHTreHOBHIX Jayueil B 400 pas mpeBniIaer
Pe3HCTEHTHOCTb KJETOK S3, To B oTHOWIeHHH YD-ayuell kiaeTkH S3
OKa3hIBalOTCl B 4 pasa 6oJjiee pe3UCTEHTHLIMHU.

H3BecTHo, uT0o Y®-JyuH BHI3bIBAIOT NMPEHMYILIECTBEHHO TOYEUHBIE
MyTtauud., ¥ ramjaodpHoro (ara gobas ToueuHas MyTalMs, 3aTpa-
rHBAIOLas KHU3HECMOCOGHOCTh, HMeeT BO3MOXKHOCTb MPOSBHTHCS,
H 3THM oObscHseTcss Gojee BHICOKAasd YYyBCTBHTeNbHOCTb (para K
V®-06/y4eHHI0 110 CPABHEHHIO C FeTePONJIOHIHbLIMH KJeTkaMH S3,
rie, Kak yKasblBaJoCh BhLIlIE, OCHOBHYKO pPOJb B JIETAJbHOM TOpa-
MEHHH JOJIKHbl HIpaTh PasjMuHble NOBPEXKJEHHS XPOMOCOM. ITO
nocjaefHee oGCTOATENLCTBO ONpefiesieT BLICOKYIO YYBCTBHUTENBHOCTb
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reTepPOIVIOHAHBIX KJETOK K PEHTTEHOBEIM Jy4aM, 0GyC/I0BJINBAIOIIHM
nosiBleHHe GOJIbIIOTO KOJHMYECTBA XPOMOCOMHBIX Pa3priBoB. KpoMme
TOTO, 06beM HYYBCTBHTEJbHOTO y4acTKa (XPOMOCOMHBI MaTepuas)

100

T T

e

y ] 1 1

0 200 40 600 O ! 2 40 . 4

Puc. 8. CpaBuerwe peiictena Y®- W PeHTICHOBHIX
naydeft Ha knetkn S3 Hela u dar T2,

AGcunceca: cieBa — 103a YO syuelt (B sp2/mm?); cnpasa —
2032 PeHTTeHOBHX Jayuef (B xp). OpAaunaTta — BeIKHBae-
Mocts (B %) [160]

1

KJJeTOK MJIEKONUTAIOLINX 3HAYHTENbHO GoJsblie, yeM y dara T2, uto
onpefensieT 6oablylo 3GGEeKTHUBHOCTb NONAAAHHS SHEPTHH U, CJe-
IeBaTesNbHO, GoJlee BEICOKYIO PafZHOYYBCTBUTEJNLHOCTb KJjetku [160].

MouJgekyasipHbie OCHOBBI PafHOUYYBCTBHTENbHOCTH

JlanHsie 0 3HAYEHHH CTPYKTYPHBIX MNOBpPEXJIEHHH XPOMOCOM
B JIETAJILHOM NOpa’KeHHH KJETKH pafuauyeil fO3BOJSIOT NOCTaBHThb
BONPOC O 3HaueHHH MoJekyasapHo# crpykrypul JIHK B onpepene-
HHH PaZHOYYBCTBHiEJbHOCTH KJETKH.

Ilpu KyJbTHBHDOBAHHM PasNHUHEIX KJIeTOUHHX JuHHE (Defroit-
98 uesioBeKa, KJETKH KHTAHCKOTO XOMs4Ka) B cpefe, cojepkaiuel
5-xqiop-, 5-6poM- Hau 5-HOANE30KCHYDPHAMH B KOHLEHTPALHAX
10 3-10-% M, B ycJOBUSIX HeXBATKH THMHAHHA NPOHUCXOIHT 3aMe-
uenne TumMuda B JJHK Ha ranouacopepxkaiuuit anasnor 6e3 norepu
KH3HecnocoGHoCTH KJeTok [161—167].

Usyyenue nornoitends Y@-ayued npu 260 mMmK H IJIOTHOCTH
JHK npu kyn1pTHBKPOBaHMH B NIPUCYTCTBHH aHaJOra [OKasano, 4To
NOCJle MEPBOTO LHKJA [eAYNJHKAalHH NPOHUCXOXMT BKJIOUEHHE aHa-
qgora B onuy uene JIHK, B pesynbrarte uero o6pasyercs «rHOGpHA-
Hast» MoJjekyna. ITocie BTOporo UMKAa pelynIHKAUHH BO3HHKAJH
MOJIEKYJ/IBL, B KOTODHIX aHaJor Obll BKJIOueH B 00e LeMH.

Knerku, comepxkamue JHK, B Kotopol TuMua B 06eHX Lensax
saMelleH Ha TraJlOHACOLepIKalliil aHaJor, 0Ka3plBalOTCH 3HAYHTEJb-
HCe 60Jiee YyBCTBHUTEJBHBIMH K JIETAJbHOMY JefiCTBHIO DEHTTeHOBHIX
H Y®-ayuel. Bce Tpu anasora (xJ0p-, GpoM- H HOLKE30KCHYDHIHH)

212



MOBBIUAIOT PAaJHOYYBCTBUTENLHOCTL KJETOK, CAHAKO CTEeNeHb CEeH-
crbunusanuu pasnuyea. HauGosbwui sddexr nasanu fiom- u
GpOMIEe30KCHYPHANH. DBELIO - BHIUHMC/AHO, 4TO NpH BBHIPALMBAHHU
knetok (D98/AG) B TeueHHe ueThipex OHell B cpefe, cojepiKa-
e 2.10-8 M 5-xnop-, 5-6poM- uaAHM 5-HOANE30KCHYPHAMH, C HO-
caenyromuM obnyyenneM Do Gbita cOOTBETCTBEHHO PaBHA AJS PEHT-
- TeHoBbIX Jyyed 110, 100 u 75 p (B Kontpose 180 p) u ans Y®-ay-
ueit 175, 27 u 140 spe/mm? (B koHTpOse 280 ape/mm?).

[loMHMO TOBBIIEHHS PAJAMOUYBCTBUTENBHOCTH B OTHOLIEHHH
J1eTa/JbHOTO JNEHCTBHS paAvaliuM Oblia TakXe BhisiBJeHa [168] cen-
CHOUM3ALHs MBILKHBIX KJAETOK L M [ABYyX KJETOUHBIX JHHHH KH-
T2HCKOrO XOMsYKa B OTHOLIGHHM MYTareHHOro- AeiCTBUs H3Jyde-
HETL.

B 1a6n. 6 nokasana 3aBHCHMOCTb BO3PACTAHHS UACTOTH XPOMa-
THAHBIX Pa3PLIBOB OT J03bl PEHTIeHOOGMYUeHHs [JS HeCKOJbKHX
cy6aunuii Knaetox L.

Ta6auua 6

KoanyecTBo XpomMaTHAHBIX Pa3phiBoB uYepes 24 uaca nocJe peHTreHoOGAYUEHHS

B cyOaunusix L-M, o0paGoTaRHbIX 5-GDOMIE30KCHYDPHAHHOM
(5 Mue/Ma) B Tedenue 24 u 48 uac. [168]

CpcAHee YHCIO XPOMATHAHHIX Da3phiBOB HA KJIETKY

Bpemsa Bo3feii- pH fose 00ayweRus, pad

cTBHST 5-6pomzeso-
KCHYDHJIHHOM, ]

gac. 0 100 200 l 400 i 800

L-M—24 0,06(100) ' 0,47(100) | 0,41(100) | 0,70(50) | 0,86(50)
L-M—48 1 Q,14(50) | 0,46(50) 0,40(50) ‘

1,04(50)
* B ¢cKoOGKax yKasaHo YHCJIO HCCVIeOBAHHHIX MeTtadaa.

L-M—xonTposm 0,01(100)*[ 0,10(50) 0,27(100) ] 0,56(50) . 1,22(50)
|
|

1,94(50)

[TonyuenHble pe3yabTaTbl [OKa3biBAlOT, YTO B KOHTPOJBHHEIX
KJIETOYHBIX JIMHUSX KMTAHCKOIO XOMSIUKa, He IOJBEpPraBILHUXCS BO3-
AeHCTBUIO H-6DOMIE3OKCHYPHAHHA, YacTOTa XPCMATHAHBIX pPasphbl-
BOB BO3pacTaeT JIMHHEAHO C yBeJHUYEHHEM [03bl, yacToTa OOGMEHOB
IpomoplHoHaabHa KBaapaty ao3bl. [loc/e BO3meHicTBHS aHaJ0rOB
Habai01aeTcs NMHeHHAasi 3aBHCHMOCTDb OT 03B KaK OJAWHOYHBIX pa3-
PBHIBOB, TakK H OOMeHOB.

AHanus pacnpejieseHHsl paspbLIBOB B XpoMocome | BHISIBHJ, UTO
OHO NIPOHMCXOJHUT He caydaiiHo (puc. 9). Tak, 29,69% us 200 nabmio-
Jasliuxcsl pa3pbeiBOB OLLIO COCPEJOTOUEHO B YUYacTKe, PacloJOXKeH-
HOM BOJsM3u LeHTpoMepa. [lockonbKy BO3JeHCTBHE ODPOMIE30KCH-
YpUA¥HA B KOHLEHTpaHHsX, NPUMEHABLIUXCS B AaiHoH pa6oTre, He
BBI3bIBAJIO CaMO MO ce(€ HOBBLILIEHHS YacTOThH Pa3pbiBOB, TO Oue-
BHIHO, YTO H3GHpaTeabHOE pacHpejlejieHHe pa3PBHIBOB CBSA3aHO
¢ KOMOHMHHPOBAHHLIM JIeHCTBHEM pajJUalHd M XUMHUYECKOTO BeliecT-
Ba, O0YCJOBHBIIEro NPeHMMYIIECTBEHHYIO CEHCHOMJIH3ALUIO Ompefe-
JIEHHBIX Y44CTKOB XPOMOCOM. ‘
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Taxkum 06pa3oM, 3TH HCCJAeNOBaHHA I10KA3bIBAIOT, UTO H3MeHe-
HYe XHMHYecKOH cTpyKTyphl [IHK B pesynbTaTe 3aMellieHUss THMHHA
Ha TaJIoOMAcOolepIKalllie aHaJOTH BbI3bIBAeT H3MEHEHHe DPajHOUyB-
CTBUTEJBHOCTH H, CJI€I0BATEJLHO, HOJ.ITBep}KJ.Ia}OT HpEI.ICTaBJIeHHe
0 TOM, YTO Haub60Jee YSI3BUMBIM SIBJsIETCS . HACJEACTBEHHBIH anma-
paT, mopaxeHHe KCTOPOTO B pe3yJbTaTe OGJyUeHHUs ONpeAensieT
rubesb KJIETKH.

30

-

1
noanlaoD ﬂnﬂﬂ
234 5 6 7830 w1 g;

Puc. 9. Cxema xpomocoms! I kurTafickoro XOMSAuKa.
TTokazaHa OTHOCHTEJAbHAst 4aCTOTA MOBEPKACHHA B pasaHuy-
HbIX Y4YacTKaX XPOMOCOMBI HoOcCJe BO3AeHCTBHS HAa KJETKH
6poMe30KCHYpHONHOM (5 MKe/Ma B TeuenHe 12 gac.)
H DEHTTeHOBHIMH JyuaMH B n03e 250 pad [168]

Crnenyer OTMeTHTb, YTO NOMHMO TEOPETHUECKOro HHTepeca BO-
npoc o ponu noBpexpaenuss JJHK B seTanbHOM mopaxKeHHH KJETOK
paainauueil ¥ BO3MOXKHOCTH ceHcnOunusauuu JIHK nyrem npons-
BOJBHOTO HM3MeHeHHs ee XHUMHYECKOHl CTPYKTYpPBl MOXKeET HMeTb
6o/blIoe 3HaueHHe B paJHOTeDalHH pakKa, TaK Kak IO3BOJISIET TO-
Jyuuth Gosbliofl 3ddeKT Ipu MeHbUIHX Jo3aX O6JyuyeHHs.

Xumuueckue MyTareHn!

B kynbType TKaHell M3yuasoch MyTareHHoe pneficTBue 5-GpoM-
Ne30KCHUYpUIHHA, ruapokcunaMuna, JJHK u osona.

Ha xnerounblX JHHHSAX MBIIUK H KHTAafCKOTO XOMsyKa Oblio Io-
kKasaHo [169—171], uto non BaHsiHMeM B5-GpOMIE30KCHYPHAHHA H
rHAPOKCHJIAaMHHAa B XPOMOCOMAaxX BO3HHMKAlOT Da3/IMYHble aHOMAaJHH.
5-I'poMae30KCHYPHIUH BLI3LIBAET YAJHHEHHe Y4aCTKOB [leHTPOMEDOB
H BTODHUUHLIX MEPETSKEK, a TaKxKe XPOMaTHAHble pa3puIBbl. [HApO-
KCHJIaMHH OGYCJOBJHBAaeT [OsIBJAeHHE XDOMOCOMHBIX Da3pbIBOB.
B oTnuune oT peHTreHOBBLIX Jyuell, BHI3BIBAIOLIUX chayuyaliHoe pac-
npejeneHHe paspbiBOB MeXIY XPOMOCOMAaMH H 1O JJHHE XPOMOCOM,
JelicTBHE Ha3BaHHBIX XMMHUECKHX areHTOB OTJHuaercs H306HpaTesb-
Hoctbio. Tak, pa3phiBbl, BO3HHKAIOLIHe [OA BJMsHHeM 5-6poMie3o0-
KCHYPHJIHHA, COCPELOTOYMBAIOTCS B TeJoMepax, B TO BpeMs Kak
THAPOKCHJIAMHH NOpaKaeT YYacTKH, NpHJeramlllne K UEHTPOMepaM.
Ha puc. 10 npeacraBieHa cxeMa OJHOA H3 XPOMOCOM KHTaHCKOTO
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XOMfYKa H pacnpefeseHHe B Hell Pa3pbIBOB, BO3HHUKAIOLWHX MO/
BJMAHHEM 5-6POMIE30KCHYDHIANHA, T'HADPOKCHJIAMHHA W DPEHTIeHO-
BLIX Jlygelf. DTa CXeMa MOKa3bIBAET, YTO Da3/MYHble Y4aCTKH Xpo-
MOCOMbl 00HaPyXHBAIOT DAa3HYI YVBCTBHUTENBHOCTb [0 OTHOLIEHHIO
K XHMHYEeCKHM areHTaM.

Pacnpenenenue paspw- 83F i
-'BOB MO/l BJHUSIHHEM JABYX
H3yYeHHBIX MyTareHOB pas-
JHYHO, UYTO YKasbiBaeT Ha
CMelH(PUIHOCTL HX HeHCT-
BHsd. DBrio ycranoieno,
YTO NPU KYJbTUBAPOBAHHH
KJETOK B IPUCYTCTBHH b-
OpOMIe30KCHYPHHHA MNpPO-
HUCXOMHUT ero BKJIOUeHHE B
mosexyay JHK u mnocre-
NeHHOe 3aMeluleHHe THMH- 40F
Ha Ha b5-GpoMie30KCHypH- 4
auH [171]. HasBectHo Tak-

JKe, 4YTO THADOKCHJIAMHH

SIBJISIETCS MYT4TeHOM, OKa- 00l 1n H 0o
3HBAIOWIUM CHeLH(PHYEeCKOe

neficTBMe Ha UMTO3MH [172]. 5| Vi

HsbupartenbHocTs Jel-

CTBHSl 3THUX BeIUECTB Ha
XPOMOCOMBI, TIO-BHUMOMY, M%D Lﬂ—ﬂ__i,_,
o6bsACHsIeTCS HepaBHOMeEp- (234 5 67850 11 12 B @

HHIM pacnpesneneHHeM
Brosab Moaekyasl  JIHK Puc. 10. Cxema xpomocomrr I kurafickoro
nap OCHOBAaHHM: ONHH yua- XOMSUKa.

CTKU 6OJIe€‘ 6OI‘aTbI aﬂ,eHH- TMoka3sana OTHOCHTENbHAHd YacToTa noapexmeﬂﬂﬂ B
HOM i THMHHOM, ApyTHE — D YECTRn wouocoun nocae sosseheons
OUTO3HMHOM U TYAHHHOM. 24 wac.); 6 — rHApOKcHRaMHHOM (5 MK2/MA B Tede-
HeOlI‘PIHaKOBOE B34aUMO- HHe 48 wyac.); 8 — DeHTTeHOBHIMH aygaMu (250 pad)
IeHCTBHE XHMHYECKOTO Be- 170]

HIeCTBa C TeM HJH HHBIM

OCHOBaHMeM MOXKeT OOBSCHUTL H30HPATENBLHOCTh ero JeHCTBUA KakK
MyTareHHoro ¢axtopa. MyrareHHoe neficTBMe 030Ha OBIJIO NMOKa3a-
HO Ha NepeBUBaeMol JauHuu uesnoBeka KB. Ilocne nponyckanus ra-
30BOH CMecH, cocTosilliel U3 030HA M KUCJAOpPOAA, B TeueHue H—
10 MUH. uepe3 cocyn ¢ pacTyIlMMM KJETKaMH B HHX OTMeuaercs
yBeJIHUEHHE YHuCcJ/Ia XpOMOCOMHBIX aHoMasui [173]. Ha npumepe xpo-
MOCOMHBIX HeJIelHll MOKa3aHo, YTO YacTOTAa HX BO3HHKHOBEHHS B 3a-
BHCUMOCTH OT IJIUTEJNBHOCTH BO3AefICTBUSI BO3pacTaeT IKCHOHEHI(H-
anbHO. MOXKHO NpeiNOJNOXKHTb, YTO MOBHIIEHHE YacTOThl XpPOMO-
COMHBIX a6eppauuil nox BJAHSIHMEM 030HA 00bsACHAeTCS 06pa3oBaHHeM
IpH ero pacunajge B Bofe cBo6oxubix paiukanoB OH u HO,, xoto-
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pble, KaK H3BeCTHO, BO3HHKAIOT TaKXe nocjie OOJyueHHs] KJIETKH
HOHHU3HDYIOLUHMH H3JYYeHHSIMH H 06aajfaloT BBICOKOH GuoJioruue-
CKOH aKTHBHOCTBIO.

HMeloTcsi HeKOTOpble AaHHBIE OTHOCHTENbHO MYTAareHHOro nei-
ctBusi rereposornutoit JIHK Ha kaeTku maexonuratowux [174, 175].
[Ipn Ky/JbTHBHPOBaHHH KYPHHHIX (uOpobmacToB B cpefe, colepxKa-
el MBIWKHBIH 3MOPHOHAJbHBIA 3KCTPAKT, a KJACTOK 3MOpDHOHOB
MBIIIH — B NPHCYTCTBHH KYypDHHOrO 3MOpPHOHAJbHOTO 3KCTPaKTa,
Ha6JI0ganuch MOpGhoJOrHueckHe ¥ YHCJIOBble H3MeHEeHHsI XPOMOCOM.
OnbiTel 10 BO3AEHCTBHIO reTeposorHyHolt tensiubefi JJHK (Hemo-
CPeACTBEHHO IOCJe 3KCTparHpoBaHHUsi M MocJje Bo3neficTBus ¥Y3-BoJ-
HaMH) Ha pactyluiye Kypunble puOpobiacThl TakKKe MOKasajaud BO3-
HUKHOBEHHE Pa3H006pa3HbIX XPOMOCOMHBIX aHOMAaJHi (XPOMOCOM-
Hble NepecTpOfiKH, NMOJHCOMHS). DTH pe3yJbTaTH AAIOT OCHOBaHHS
IPEANONOXKHTb, UYTO B FeTEPOJIOTHUHbIX 3MOPHOHAJbLHHX 3KCTpPaKTax
AKTHBHBIM (XOTs, BO3MOXHO, H He eAHHCTBEHHbIM MYTareHHoM (¢ak-
TopoM) sieasierca JTHK.

MyrareHHoe AeiicTBHe BHPYCOB

Bonpoc o BJAHMSHHM BHPYCOB Ha XpPOMOCOMHBIH amnapar KJeT-
KH HavaJ H3yyaThbCsl JIHLIb B CaMoe NocJeiHee BpeMs. BMecte ¢ TeM
3Ta npobseMa HMeeT BaXKHOE 3HaueHHe C TOUKH 3pEHHS NOHHUMaHHS
NpPUPOALE B3aUMOJEHUCTBHSL BUpYCa U KJeTKH. XOpOIIO U3BECTHH pas-
JuuHble GopMbl 3TOro B3auMojelcTBHS. Tak, MHOTHe BHpPYCHI, pe-
NPOAYUHPYsICh B KJETKe, BBI3HIBAIOT ee TuGenb (LUTONATHYECKOE
Jefictie). Hapsiny ¢ 31HM H3BeCTHBI TaKKe NPHMephl AJHTeJbHOTQ
COCYLIeCTBOBAHHS BHpYCa H KJeTKH, Korja BHpYC pasMHOXaercs
B KJIeTKe X03siMHa, He Bbi3biBas ee AereHepaudu. Hakowneu, oco6oe
MeCTO 3aHHMaeT B3aHMOJefCTEHe OHKOTeHHBIX BHPYCOB C KJETKOH,
BLi3bIBalOlllee KJAETOYHYIO TpaHchopMalHio, KOTopasy CKasbIBaeTcs
KaK B H3MeHeHHH MODGOJOrHH, TaK U B MPUOOPETEHUH KJIETKOH Cno-
cOGHOCTH K HEOrpaHHYEHHOMY pa3MHOXEHHIOo, MpuBoAslllell K pas-
BHUTHIO 3JI0KQUeCTBEHHBIX HOBOOOpasoBaHui. Bee 310 menaer 3anauy
H3YUeHHsi MYTareHHOro HeficTBHs BHpyca KpafiHe HacCTOATEJbHOH,
KaK B cJyuae B3aUMOZEHCTBHsSI KJETKH C OHKOT€HHBIMH BHPYCaMH,
TakK M NPH BO3IefCTBHH IPYrHMMH BADycaMH, B YaCTHOCTH, B CBA3H
C BOMNpPOCOM 06 OTAa/JeHHBIX NocaeAcTBHsIXx HHGpexkuun. Heobxoau-
MOCTb MOZOOHBIX HCCAeNOBAHMH OHKTYETCS TaK¥Ke BCe pacCLIHpSiO-
IIHMCS] TIPHMEeHEHHEM TaK Ha3blBaeMBIX «KHBBIX» BaKLHH C NPOQH-
JAKTHUECKUMH I(€JNSIMH, KOrga NpH BaKUHHAIKU B OPraHH3M BBO-
JAHMTCA He HHAKTHBHDOBAHHBIM, a JHIIb OcJaGJeHHBI (aTTeHyHpo-
BaHHBIA) BHpYC.

Usncao paGoT, B KOTOPBIX H3Yy4aJochb AeHCTBHe BHPYCOB Ha Ka-
PHOTHIN KJIETKH, KpaliHe HeBeNHKO. Dbl nccaegoBanbl BUPYCHL rep-
neca, KOpH H ABa OHKOreHHBIX BHpyca — 00e3bSHHH BaKyOJH3HpYIO-
wuit BUpYyC SVy ¥ BHPYC NMOJHOMBI.
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BuausHue BHpyca repneca M3yuajH Ha THNEPAMIIOHIHBIX KJeT-
KaxX KHTaiickoro xoMsiuka [176], Bupyca KopH — Ha KJeTKax IepeBH-
BaeMoH JquHuH uenoBeka HEp-2 u in vivo Ha nefikonutTax GOJbHBIX
Kopolo [177, 178).

Bo Bcex cayuasx OblJIO OTMeUeHO 3HAUMTeNbHOe NOBbIIIEHHe Ya-
CTOTH XpoMocOMHBIX abGeppauufi. Tak, npu HccaefOBaHHH KPOBH
-60JIbHBIX KOpbIO IOKasaHo, yto oT 33 n0 729 kJjerok (y pasHbIX
GONbHBIX) HECJH Pas3pbiBHl XpOMOCOM (NpPEeHMYIeCTBEHHO H30XpoMa-
THHHbIE), B TO BpeMs KaK B KOHTPOJIe YacTOTa pPaspbiBOB COCTaBJsi-
aa 2—5,4%.

B kyabtype HEp-2 orMeueHO yBesauueHHe NpOLEHTa NOJHMJIOHA-
HBIX KJIETOK H XPOMOCOMHBIX abeppauuit uepe3 72 uaca mnocie 3a-
pa)kenuHe BHpycoM KopH. [Ipu 3TOM pa3priBHl pacnpefefdHch MO
OIJHHe XpOMOCOMbl caydaiino. [lox BJHAHHEM BHpyca repneca
B KyJbType KJeTOK KHTaHCKOro XOoMsiiKa TaKXke OTMeuasnoch yBesH-
yeHHe 4acTOThl XpOMOCOMHBIX abGeppauMii (IpeHMyILeCTBEHHO XpoO-
MaTHAHoro tHna). OgHako B 3TOM cJayuae HabJawjajach H3GHpa-
Te/bHasl KOHIEHTPAliusl Pa3pblBOB B palHOHE EHTPOMEPOB H BTOPHY-
HBIX NepeTsixKeK XpoMocoM | M 2, a Takxe B LIEHTPOMEpPHOM pafioHe
cy6TeOUeHTPHIECKHX XPOMOCOM.

HccnenoBanue NeficTBHS OHKOTEHHOrO BaKyOJH3HPYIOILEro BHPY-
ca o6e3bAH SV, Ha NepBHUHO 3KCIJAHTHPOBAaHHblE KAETKH CJAH3H-
cTofi 060JIOYKH pTa M KOXKH B3pocablx Jiofedl [179], Hapsay c Mop-
donoruueckoil TpaHcopManMell KJETOK M yBeJHYeHHEM CKOPOCTH
pocTa, MoKa3aJo BO3HHKHOBEHHe pasJIHuUHbIX XPOMOCOMHbIX abeppa-
MH: AHIEHTPUKOB, HEXBAaTOK B XpoMocoMax 21, 22 u Y-xpomocowme,
AUEHTPHKOB H T. . DTO NO3BOJSIET NPEANOJOXKHTb, YTO HabJioaalo-
muiics deHOMeH He sABJAsieTcs O6pPATHMBIM (PeHOTHMHUECKHM H3MEHe-
HHEM, IOCKOJBbKY OH CONpPOBOXK/JaeTcsl H3MEHeHHSMH XPOMOCOMHOTO
annapata. MaMeHenHble KaeTkH o6/aa4al0T, NO-BHAHUMOMY, CEJNEKTHB-
HBIM TPEUMYILEeCTBOM, NOCKOJNLKY OHH NOCTENEeHHO BBITECHSIOT HOp-
MaJIbHbIE KJIETKH.

Ananoruunnle JaHHble IONyYeHbl NMpH Bo3delcTBHH BHpyca SV
Ha JHMIJIOHWJHBEIE KYJAbTYpPHI NOUYEK YeJoBeueCKHX 3MGPHOHOB H HOBO-
poxienHblXx [180]. Cpexnn TpaHChOPMHDOBAHHBIX KJ/eTOK OTMEUEHO
HOsIBJIeHHE aHEYMJIOMJHH, TJaBHEIM 00pasoM 3a CueT MOHOCOMHH IO
TOi Xe rpynne xpomocoM (21, 22) u KBa3UAHIVIOUAHH, NIPH KOTOPOH
MOHOCOMHSI KOMIIEHCHPOBaJach TPHCOMHUEH MO APYTrHM XPOMOCOMaM.

H3MeHeHHs1 XpPOMOCOMHOTO amnaparta (NOJHIJNIOWAHS, XPOMaTHI-
Hble paspbiBbl) HaOMIOAaJHCh TaKXKe B KJeTKaX KHTaHCKOro XoMsu-
Ka NOJ BJAHsSIHHeM BHpyca mosuoMul [181, 182].

B xome KyJbTHBHPOBAaHHA KJETOK YHCJIO XPOMOCOMHBIX aHOMa-
JKHH CHHXXAJIOCh, OJIHAKO OHH BCE Xe BO3HHKaJH B TpaHcdopMmHupo-
BaHHBIX KJETKax JlaxKe NOCJ/e HCUe3HOBeHHs HH(eKIHOHHOro BHpYyCa.
HeBosmoxHnocTh BbisiBjeHHs BupycHoit JIHK He cBuaerenbcTBYyeT,
0 MHEHHI0 MHOTHX aBTOPOB, 00 ee OTCYTCTBHM B KJerKe. [Ipenmo-
Jaraercsi, YT0 OHa HAXOAUTCA He B CBOOOAHOM, a B MHTETrPHPOBAH-
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HOM C I€HOMOM KJeTKH BH/e M SIBJISIETCS TOCTOSHHO NPHCYTCTBYIO-
IIHM MYTareHoM.

Takum o6pasoM, npHBelleHHble JaHHBle fACHO NOKA3adW, 4TO
B Ilpouecce B3aHMONEHCTBHS C KJETKOH HEKOTOPble BHPYCHl MOTYT
H3MEHATb ee TeHeTHYEeCKHH annapar, BBI3bIBAas MOSIBJEHHe Pas/Hu-
HBIX aHOMaJHi KapuoTHna. MMeer /i 3To siBJeHHe MMpOKoe pac-
NpOCTPaHEHHE, UJIH OHO CBS3aHO TOJbKO C JefiCTBHEM HEMHOTMX BH-
PYyCOB, MOKaxXyT OyAyliHe HCCAefoBaHHs. Bo BcAKOM cayuae, Hellb-
37 HE YYMTHIBATb BO3MOXHOCTb NOXOGHOTO NEHCTBHS, TaK Kak
NOBbIINEHHE 4YaCTOTHl BO3HHKHOBEHHST MYTallHii B COMAaTHYECKHX
KJETKaX, NpuueM He 00A3aTeJbHO JIETAJbHBIX, MOXeT NPHBOAHTH K
HaKONJIEHHIO BPelHbIX H3MeHeHHH B OpranusMe.

4. Illepepata reHeTHueckoil HH(pOPManUH

[TomuMo yxxe pa3paGoTaHHBIX METONOB HCCJAENOBAaHHS, [03BO-
JIHBIIHX MOJYUYHTh HHTEPECHBle JaHHHe OTHOCHTEJIBHO 3aKOHOMEpHO-
CTeHl ecTeCTBEHHOro M HHAYIHPOBAHHOrO MYTAaUHOHHOTO mpolecca,
nepej TeHETHKOH COMATHYECKHX KJETOK OTKPBLIHChL Onl JajbHel-
IIHe IHMPOKHE MEPCIEeKTHBH, ec/H Obl OblIa MOKa3aHa BO3MOMXKHOCTh
NPOBEJeHHA B KJAETOUHBIX MOMyJAAuusax in vitro reHernyeckoro aHa-
Jii3a, MO3BOJIAIOILEr0 COCTaB/ATL reHeTHUECKHe KapThl H JIOKaJH30-
BaTh BO3HHKalOlIHe MYTaliMH.

C 3T10ofi TOUKH 3peHHsl JI0Oble NaHHble O BO3MOXHOCTH NepefauH
reHeTHYeCKON HH(pOPMAIHH OT KJeTKH K KkJjeTKe uepe3 JIHK,
HHTAKTHble XpOMOCOMB! HJH B De3yJbTaTe Npolecca CJAHSHHS KJe-
TOK, HMHUTHDYIOLLEro MoJioBoii mpouecc («rHOpHAH3auHA» KJETOK),
npeiCcTaBJAAOT NPHHIHIHAJIBHBI HHTEDEC.

1) IeHeTnueckas tpaHchopManus

SIBMeHHe reHeTHYecKOoHl TpaHchOpPMalHH, BillepBble OTKPBITOE
B 1928 r. y mHeBMOKOKKOB [183}, siBHsOCE NMpAMBIM A0KA3aTENbCTBOM
ponx JJHK B Hac/ieACTBEHHOCTH H 10 CAMBIX MOCJAEAHHX JeT GBLIO
H3BECTHO TOJMBKO y Gakrepuil. M3yueHHe pasjHUHBIX TeHETHYECKHX
MapkepoB B KJeTkax in vitro (B mepByio ouepeab GHOXHMHYECKHX
MYTaHTOB) M CO3JaHHe KJIETOUHBIX JHHHH, Pe3KO KOHTPaCTHDYIOLLHX
Mo oOmnpeleJeHHHIM MpH3HaKaM, MAaJH OCHOBaHMS MCKaThb MYTH
K H3YYEHHIO TeHeTHUeCKOHl TpaHCGOpMalmHH B KJeTKaX BBICIIHX
OpraHH3MOB.

OCHOBHBIM YCJIOBHEM MDOBeNEHHs NOJAOGHBIX HCCJeNOBAHHH 5B-
AsieTcsl HaJHuHe JOCTATOYHO YYBCTBHTE/JBHBIX MeTOLOB OGHapyxe-
HUsSl TpaHCQOPMAHTOB, H B NMePBYIO OYEPEe/b CEJNEKTHBHLIX MHUTATesb-
HBIX Cpejl, KOTOpble MO3BOJM/IH Gl 3JHMHHHDOBaTh HeTpaHCGOPMH-
pOBaHHble K/ETKH H yJaBJMBaTb NOsiBJeHHe TPaHCHOPMHPOBAHHBIX,
Jlaxke ecJId YacTOTa MX BO3HHKHOBEHHs KpalHe HH3Ka.
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Pafothl, B KOTOPHIX H3yualach BOSMOXHOCTb MOJSYYEHHs TPaHC-
¢dopMauuM B KJAeTKaX MJEKONHTAIOIHX in Vitro, MOXHO pa3GHTb
Ha JIB€ KaTeropHH B 3aBHCHMOCTH OT MeTOJa PEerHCTPalH{ TPaHc-
¢opManuy — o HU3MEHEHHIO CBONCTB MOMYJAALHH B LEJOM HJIU 1O
N3MEHeHHIO CBOHCTB OT/JEJbHBEIX KJIETOK.

Cpenn mepso#t rpynnbl paGoT CjaefyeT OTMETHTb HCCJeJOBaHHS
[184, 185], npoonuBIIvecs Ha MePBHYHBIX KYJAbTypaX KOCTHOrO MO3-
ra yejoBeKa, rileé B KayeCTBe FeHeTHYECKOro MapKepa HCIOJb30Ba-
JHCb pa3/IHYHblE THIIBI F€MOrJIOGHHOB: reMorJo6un S(HbS) u remo-
rno6un A(HbA).

KyabTypy KOCTHOro Mosra oT GOJBHOrO CEeplOBHIHOKJETOYHOM
aHeMueil (remorso6un S 4 8% deranbHoro remorno6una F) mog-
Beprasu Bosgerctuio JIHK, Meyennoit H3, us koctHoro mosra 310-
poBoro uenoseka (remorio6uH A). ABTOpagHorpaMMb!I MOKa3aJu
BKioyeHHe Meyedod JIHK B muromnasmy, siapo sputpoGaactoB H
HEKOTOPBIX JPYTHX KJeTOK. DJeKTPodOpeTHYeCKHH aHaJHM3 reMoJH-
3aTOB KJIETOK KyJbTyp, o6pabotanneix HK, u remonusatos nepu-
(pepuueckoit KpoBHu AoHOpa M peuunuenta JHK BusBua, yTo KiaeT-
KH, KOTOpbieé IeHEeTHUeCKH ObIIH CnocoOHBl CHHTE3HPOBATH TOJIBLKO
NOJIMNeNnTHAHBIe HenH af, BS M y, XapakrepHble nas HbS u HbF,
nocie BrAOYenHsa JIHK H3 K/eTok, CHHTE3HPYIOLHX MOJHMENTHIbI
a?, B4 u y, xapakrepuble aas HbA, HauMHaIM CHHTE3HPOBATh KakK
noJunenTuab of, 5 K y, Tak M NOMUNENTHAB B4, a BO3MOXKHO, H H3-
MEHEHHYIO q-TOJUNENTHIHYIO Ielb.

@®opMHpoBaHHe H3MeHeHHOTo reMorao6HHa HaGJ0OAad0Ch Tak-
Ke npu oO6paTHOH KOMOMHALUUH AOHOPA H DelUMMHEHTA.

Ins u3yyeHuss M3MEHEHMil BOCIPHUMYHBOCTH MBIIIMHBIX MaKpO-
(aroB H3 NMEPHTOHEAJNBHOIO 3KCyJAaTa K BHPYJEHTHOMY IUTaMMy BHU-
pyca remaTHTa HCIOJb30BAaJHCh KJIETOYHBIE 3KCTpaKThl {186, 187].
Maxkpodarun gueun mbumeli Ilpuncron (PRI) paspymarrca moa
BJHUSIHHEM 3TOrOo BHpYycCa, B TO Xe BpeMs Makpodaru suxun C3H
o6HapyKuBaloT ycrofiunBoctb. Maxpodarn PRI He Tepsinu uyBCTBH-
TeJbHOCTH NPH KYJbTHBHPOBAHHH C 3KCTPAaKTaMH H3 pe3HCTEHTHOH
aunun C3H, a ycrofiuusele Mmakpodarn C3H npuoGperann 4uyBCTBH-
TeJbHOCTb B MPHCYTCTBHH 3KCTPAKTOB M3 MakKpOgaroB 4yBCTBHTE/b-
Ho#t aunuu PRI. B Hux HaGalopanach 3HaudTesbHasl JereHepalus
U pa3MHOXeHHe BHPYCa, KOTOPHIH B OORIYHBIX YCJIOBHSIX He PasMHO-
)aercsi B Kiaetkax JguHuH C3H. UyBcTBHTeNbHOCTH OKasblBajach
Kak Obl JOMHHAHTHOH MO OTHOIIEHHIO K Pe3HCTEHTHOCTH, YTO COBMNa-
‘naetT ¢ jgaHubIMM [188] 0 HOMHHHPOBAHMH UYYBCTBHTEJbHOCTH K BH-
pycy rematita Haj Pe3HCTEHTHOCTbIO y MBbILIEd. )

TTockonbky JAHK-a3za He cHuMaJsia NMOJHOCTbIO AKTHBHOCTbL 3KCT-
pPaKTOB, HeNb3sl C YBEPEHHOCTbIO TOBOPHThL O TOM, YTO OTBETCTBEHHOMH
3a MU3MeHeHHe yyBcTBHTenbHOCTH aBasercs JJHK.

Hcnonb3oBanie B YNIOMSIHYTBIX pafoTax MEepBUYHO 3KCIJIAHTHUDO-
BaHHBIX KJETOUHBIX KYJBbTYpP, a TaKXe pa3pyllleHHe KJeTOk AJs
aJekTpodopeTHYeCcKoro aHa/aH3a B [ePBOM CJyyae H pa3spylleHHe
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KJETOK TNOJ BJHSHHEM BHpYyca — BO BTODOM He MO3BOJSIJIH IpOCie-
IHTb HaOjiomaBLIHeCss M3MeHeHHS B NOCAeNYIOIIHX KJIETOYHBIX I10-
KOJIEHHSIX M TeM CaMBIM ONpeleJHTb, HMEEM JIM MBI JeJ0 ¢ Hacael-
CTBEHHBIM H3MeHeHHeM NpH3HaKa.

Bo Bropoil rpynme pa6oT HCHOJAB30BaJUCh NepeBHBaeMble KJe-
TOYHBblE JIHHHH, KOTOpble JaBaJi BO3MOXKHOCTb Pa3MHOXATb H3Me-
HEHHble BADHAHTHI B cJydYyae HX BO3HHKHOBeHHs. Hannupe reHeruue-
CKHX MapKEpOB B TAKHX JIHHHSX H CO3[aHHEe CEeJEeKTHBHBIX YCJOBHH
ONBITA MO3BOJIMIM BECTH YUeT M3MeHEHHHl He MONMyJsALHH B LEJOM,
a OTAEJNbHBIX KJETOK.

B onHo#t 3 paGoT B KayecTBe IeHeTHUECKOTO MapKepa s H3y-
yeHuss ¢denoMeHa TpaHchopMauun Oblja H30paHa pe3UCTEHTHOCTH
K 8-asaryanuny [189]. Mcnonb3oBanHch KJaeTOYHasi JHHHA JelKo3a
mbllrell P388, BLICOKOUYBCTBHTENLHAS K 3TOMY NYpDHHOBOMY aHaJo-
Ty, ¥ NOJyYeHHble H3 Hee De3HCTeHTHble KJOHOBBle CYOJHHHH, CIO-
coGuble pacTH B cpefe, comep:xauefi B 4000 pa3 GoJiee BBICOKYIO
KOHIIEHTpanuio 8-a3aryaHHHa MO CPaBHEHHIO ¢ KOHIEHTpalHeH, TOK-
CUYHOH JAJI1 POJAMTENbCKOH JIMHHH.

B nepBoii cepHy OMBITOB YyBCTBHTe/NbHble KJeTKH P388 MHKy6H-
pOBaJHCh B TeyeHHe pas3JMYHBIX CpokoB (oT 3 uac. go 18 nHeit)
B cpene, codepxamieit JJHK u3 K/1eTok pesuCTeHTHbIX CYOJHMHHH,
nocje 4ero OHH BhICceBasuch B uamkk [leTpu Ha cpely, colepxKa-
lyio 8-asaryaHuH B TOKCHUHBIX ISl POAMUTEIbCKOI JHHHH KOHIIEHT-
pauusix. B KoHTpoJse, He moxaseprabiieMcsi Bosgaeficteuio JHK, pe-
3UCTEHTHble KOJOHHH JHGO BOBCE He MOABJAIHCh, JHOO UHCJIO HX
6blJ10 HeBeJHKO. B KysabTypax, o6paboranneix JHK, uncao xoso-
HHH, CIIOCOGHBIX pPaCTH B INPHCYTCTBHH BBICOKHX KOHUEHTpaLHH
8-asaryanuHa, ObLIO 3HAYHTEJIbHO Bbille. PasMHOXKeHHe BBIXKHBIIHX
KOJIOHHH B TeueHHe pPAfla KJAETOMHBIX mokosenuit (Ko 40 renepauuit)
B OTCYTCTBHMe 8-a3aryaHHHa H NocJenylolllee HCIBITadHe NOKas3aJH
CoXpaHeHHe pe3HCcTeHTHOCTH. CTeneHb Pe3HCTEHTHOCTH Oblja, OfHA-
KO, 3HAYMTEJIbHO HHXKe, YeM B YCTOHUMBOH CYGJIMHHH, H3 KOTOPO#
usBjaekatacs [JHK. 3T0 MOXHO OOBACHHTDL T€M, UTO PE3HCTEHTHOCTH
o6ycyoB/ieHa B JaHHOM cjyyae He OJHHM, a HECKOJIbKHMH TeHaMH.
Kak uspecTHo, npu TpaHcpopMauHH y MHKPOOPTaHH3MOB, B OCHOB-
HOM, TlepeJaeTcsi OJMH TeH, IIOTOMY MJs [OCTHXKEHHs BBICOKOTO
YpPOBHSI PE3HCTEHTHOCTH B JAaHHOM cjydae m0TpeGoBanoch Gbl
HeCKOJIbKO MOBTOPHBIX BO3AeHCTBHI H, COOTBETCTBEHHO, HECKOJBKO
aKTOB TpaHC(hOpPMalHH. :

Hureprnperauus 5TOro HCC/eLOBaHHS 3HAYHTENbHO 3aTPYRHAET-
cs, OJIHAKO, TEM, YTO BO BTOPOH CepHH 5KCNEPHMEHTOB IPH OJHOBpE-
MeHHOM (a He mocsaenoBatenbHoM) BosaeficTeun JAHK u 8-asarya-
HHHA GBLIH HOJYYeHbl TPOTHBOpEUYHBEIE Pe3YJbTaThl, IOCKOJAbKY yBe-
JHUeHHEe YMC/Ja BBIKHBUIHX KOJOHHHA HaOJIOAAJOCh He TOJBKO IOL
BausiiieM JHK, sKcTparupoBaHHOH M3 Pe3HCTEHTHOH JHHHH, HO H
nox Bausiuvem JHK u3 uysctBuTesbHON JuHHH. O6paboTka
JHK-asoli ne cuumaja Habmaiomnaemoro s¢dekra. Ha stom OCHO-
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BaHHH BBICKA3aHO NpPEANOJOXeHHe O TOM, YTO YBeJHUeHHe 4YHCJIa
BbDXHBMIMX KoJIOHME nocae Bosaeiicteus JIHK, BosmoxHo, onpene-
Jsetrca He nenoctHoit mogaekynaoét JJTHK, a ee koMmoHeHTamu. Bos-
JleficTBHe OTAe/bHBIMH OCHOBAHHAMM: afE€HMHOM, T'YaHMHOM, THMH-
HOM, IIMTO3UHOM H YDalWJOM TIlO0Ka3ano, 4To 3(¢eKT ajeHHHa
aHajoruueH 3¢pgexty uHTakTHo# JHK u BuI3BIBaer ysenuueHue
YyHcJsia KOJMIOHHH, BBXKHBAIOWIMX B NPUCYTCTBUM 8-azaryaHuHa. Mcnbl-
TaHHe PEe3HCTEHTHOCTH BBDXKHBIIMX KJETOK IIocje HHKYGalluu HX B
OTCYTCTBHE aHaJiora MoKa3aJo, YTO B OTJIHYHEe OT KJETOK, MOJYyYeH-
HEIX B IepBOH CepPUM ONBITOB, 3TH KJETKH INOJHOCTBbIO COXPaHAJH
CBOIO YYBCTBHTEJNBHOCTb, He NMpHoGpeTas Pe3UCTEHTHOCTH.

[To-BuauMomy, Mexanuam nedictBus JHK pasnuuen B pasHbixX
ycaoBusiX BosielictBug. B cayuae mnpelaBapuTesnbHOM UHKyGalMu
knerok ¢ JJHK u nmocnenyroumero no6asiienus 8-asaryaHuHa Habuio-
JlaeTcs sBJIeHHe, B 3HAUUTEJbHOH CTelleHH HamoMHuHamwllee ¢peHOMeH
renetHyeckoit TpaHchopMmauum y OakTepuil, 4TO NOATBEPXKAAeTCH
CcoXpaHeHHeM DE3HCTEHTHOCTU NPU Pa3MHOXeHHH KileToK. Bo BTo-
pOM caydae, OUeBHJHO, HMeeT MeCTO KaKoH-TO HecnenuguyecKHH
sauwutHeil ad¢exkt JHK, npenoxpansiomuit KJeTKy OT BPeLHOro
nefictBusa 8-asaryaHMHa, HO He H3MeHSIIOLIMA ee HacJaeJCTBEHHOCTb
B CTOPOHY NpHOGpPeTeHUS Pe3HCTeHTHOCTH.

HanGonee yGeautenpHble pe3yJbTaTbl OblJIM IIOJAYYEeHHl Ha MY-
TAHTHBIX KJIETKaX KOCTHOTO Mo03ra uesqoBeKa JuHHMH Detroit-98
(D 98) [190, 191). Cpenu psna mosyuyeHHBIX MYTAHTHBIX JIMHHH, pe-
3UCTEHTHBIX K Pa3/IMYHBIM aHaJoraM NYPHHOBBIX OCHOBaHHil, B Kaue-
ctBe penunuerta JHK 6rina BeiGpaHa KyJabTypa KJeTOK, yCTOHYH-
Bas K 8-azarunokcautuny. dtu kiaerku (D 98/AH) xapakrtepusyior-
Cfl TOJIHBIM OTCYTCTBHEM aKTHUBHOCTH INHpogocgopHaasbi HHO3HHO-
BOM KHCJIOTBI H CMIOCOGHOCTH MCMOJNb30BaTh TMIIOKCAHTHH B KauecTBe
ucrounuka nypuHos. Hlonopom JHK cayxuaum poautenabckas Kio-
HoBag aunusa D 98S u guuus D 98/AG, ycroiiunBas K 8-a3aryaHHHY,
aKTHBHO INpEeBpaliaiol(He THIIOKCAHTHH B COOTBETCTByHOLiee INypH-
HoBoe ocHoBaHue JJHK.

[lyreM cosnanusg cenextuBHoit cpeant (HAT), rme B kauectBe
€IHHCTBEHHOI'0 HCTOYHMKAa NYPHUHOB HCIOJb30BaJCs TUIOKCAHTHH,
6bl1U 06ecledeHbl YCJIOBHS, TPH KOTOPBIX MOTJIM 1eMHTbcA H 06paso-
BbIBaTb KOJIOHHH TOJIBKO KJeTKH, 06Janaioliie HOPMAaJbHOH aKTHB-
HOCTbIO nUpodochopuaasbl HHO3UHOBOH KHCJIOTH, U @BTOMaTHYeCKH
3JIMMHHHPOBAJIUCE KJIETKH, HeCOCOGHBIE HCIIONb30BaTh THIOKCAHTHH.

Ins usayuenns nponecca tpaHcopmanuu Kierku D 98/AH non-
Bepraaucs BosjelictBuio JIHK, nsBaevennoii us kyaetyp D 98S uan
D 98/AG, nocne yero oHu BhiceBaJuch B ualuku [letpu, comepxa-
uve cenektHBHY0 cpeny HAT. Knerku penunvedra He MOryiM pas-
MHOXAaThC B TakKo#d cpele, M KOJOHHH O0O6Da30OBLIBaJH TOJIBKO
KJEeTKH, B KOTOPBHIX JH60 NPOH30oWJIa peBepcHs K HOPMaJbHOM ak-
TUBHOCTH (epMeHTa myTeM o6paTHO# MyTaluH, aubo TpaHcopma-
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uus nox siusuueMm [HK, B pesynbrate uero kieTku mnpuoGpenu
CNOCOGHOCTb MCHOJBL30BaTh TMIIOKCAHTHH.

B ta6a. 7 npuBeaeHbl pe3yabTaThl onbiToB. Mayuasnack mepesaua
CMOCOGHOCTH HCIOJb30BaTh THIIOKCAHTHH OT JOHOPOB C HOPMaJbHOM
aKTMBHOCTbIO NHpodochopunasel HHO3MHOBoK Kucaotel ([THUK+)
K peUHMNHEeHTaM, y KOTOPbIX OTCYTCTBYET aKTHBHOCTb (PepMeHTa
(TTMK—) {190]. CxomcTBO MOJMyYEeHHBIX pPe3YyJbTAaTOB C SIBJEHHEM

Ta6auuna 7
I'eHeTHueckas TpaHchopmauusi B Kaetkax D98

AKTHB- Konuenrpanua AHK xke/ma

A | mw | oA o o[ w
JAOoHOpa YHCAO0 TpaHCHOPMAHTOB Ha | M4

D98 S -+ Bes o6paboTru 0 1 32 128

D 98/AG -+ To xe 0 2 19 62

D 98/AH — » » 0 — 0 0

D 98/AH-2 — » » 0 — 0 0

D 98/4G + PHK-asoii S I 65

D 98/AG -+ JHK-asoii - — — 0

TIpumeuanune. B 1 ma B3Becu coaepxanock 500 000 KJeTok.

reHeTHYeCKON TpaHcopMauHu NOATBepxkKAaeTcs caelyiolluMH dak-
tTamu: 1) cnenmduudoctbio neificrsus JTHK ponopa (tpancgopma-
1M BosHuKaeT ToabKo B oTBeT Ha JHK ITHK-nosoxuteabHbix, HO
He [IMK-orpunarensunix kmaerok); 2) JHK-asa TOJIHOCTBIO CHH-
MaeT TpaHcopMHpywoulywo aktuBHocTh JJHK, B To BpeMs Kak defi-
ctBHe PHK-asnl HeadpekTuBHO; 3) uucno TpaHchOpPMaHTOB BO3pa-
CcTaeT ¢ yBequuyeHHeM mo3bl JJHK.

H3yuenne TpaHcopMHpPOBAHHBIX JIMHHH MOKa3aJo BOCCTaHOBJe-
HHMe B HHX CNOCOGHOCTH MCIOJb30BaThb TENOKCAHTHH B KauyecTBe
WCTOYHHKA TNYPHHOB, UYBCTBUTEJBHOCTb K pPa3JUYHBIM NYPHHOBBHIM
4HaJIorTaM M HOPMaJibHYIO aKTHBHOCTL MHUPOGoCchOpHIashl HHO3HHO-
BOI KHCJIOTHI, XapaKTepHbIe A/ KJIETOK JAOHOpA.

Takum o6pa3oM, MPOBeJEHHBIE UCCAENOBAHHS BBISBHJHN NPHHIH-
[HAaNbHYI0O BO3MOXHOCTb IIOJy4YeHUs IeHeTHUeCKOH TpaHChOpMauuu
B KJeTKaX MJEKOMUTAIIINX IPH YCJIOBHH NoAGopa AOCTATOYHO YyB-
CTBHUTEJNbHBIX CEJEKTHBHBIX CHCTEM U T€M CaMbIM OTKDPBLIH MYTH AJS
H3yueHUs Nepenauyu HHGOpMAaIHMH HaA MOJIEKYJSDHOM YDOBHe.

2) «I'uGpuau3auMsa» KJIeTOK

B 1960 r. BnepBbie GLLIO OMUCAHO BO3HHKHOBEHHE «THODHAHBIX»
KJETOK B CMeLIaHHOM KyJbType ABYX MbIIHHBIX jauHuit {192]. Takue
THGPU/IHbIE KIETKH XapaKTePH30BaJHCh CyMMapHbIM YHCJIOM XPOMO-
COM H HaJIMYHEM XPOMOCOMHBIX MapKepoB OT OGOHX DOJMTEJbLCKHX
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aunui. B nocnenyiouux paborax [193—196] 6b10 mpoBeaeHo ne-
TaJbHOE HCCJef0BaHUe YCNOBHH BO3HHUKHOBEHHS <THGDPHIOB», HX
CYAbObl B CMeLIaHHOMN KJETOYHOH NMONYJSIMH H HX CBOHCTB.

McXonHBIMH DOAUTENbCKHMH KJETKAMH CJHYXHJIH KJIETKH IBYX
KJIOHOBBIX CYOJMHHi, POUCXOASALIMX M3 NepeBHBaeMOH JIHHUH TOX-
KOXKHOH XHDOBOH TKaHM MBIlIeH. ¥ KJIeTOK IepBOro KJOHa MOAAJb-
Hoe 4MCJIO cocTaBiaAno 55 xpomocoM. Bce XpoMocoMbl GbLIM TEJO-
LEHTPHYECKHMH, [IPHYEM B.KJETKax NPHCYTCTBOBAaJ OJHH THUIHUHBIH
Mapkep — OYeHb AJIMHHBIA TeJoUeHTPUK (puc. 11, a). [epBbifi KioH
o6safas BBICOKOH 3/10KaYeCTBEHHOCTHIO NPH NPUBUBKE MBIIIAM, YTO
BLIPAXaJIoCh B BLICOKOM NPOLEHTe NPHUBHBAEMOCTH H GOJIbILIOHA CKO-
POCTH pPOCTa ONYXOJH.

MonanbHoe uHC/JIO XpOMOCOM KJETOK KjaoHa Ne 2 6wljio pas-
HO 62; OHH XapaKTepH30BAaJHChb HaJHYHeMm OOJBIIOTO YHCJa MeTa-
IIEHTPHKOB ¢ MOJAJbHBIM YHcJIOM 13 H OTCYTCTBHEM JJIHHHOTO TeNo-
nentpuka (puc. 11, 6). Knon Ne 2 oTnuyasncs HH3KOH KaHIEpOreH-
HOCTBIO.

IIpn coBMeCTHOM KYJbTHBHPOBAHUH KJIETOK OGOMX KJIOHOB, KOTO-
pble OBLIH cMellaHbl NepBOHAYaJbHO B PAaBHBIX KOJHUeCTBaX, yepes
3—4 Mecsua (B pasHBIX OMbBITaX) MOMABJSJICS HOBBII THO KJETOK,
Ha3BaHHBIA THNMOM M. DTH KJeTKH XapaKTepH30BaJHCb MOJajJbHBIM
4HCAOM XpoMmocoM, paBHBIM 115—116, npucytcTBHeM [JIHHHOIO
TEJOUEHTPHKA M  MOJaJbHbBIM  YMCJIOM  MeTaleHTPHKOB — 13
(puc. 11, 8). Takue «rubpunHble» KJIeTKH o6GJiajanu SIBHBIM ceJek-
TUBHBIM NPEHMYILECTBOM MO CPaBHEHHI0 C DPOJUTEJbCKHMHU, T. €.
o6HapyXHBAJH CBOEro poJa TETEPO3UC, CTOJb PaclHpOoCTPaHEeHHBI
y rubpunoB. Ecan Bravase Kaerku M Obliy eqHHUYHBIMH, TO MO-
CTENMEHHO MX uucjao Bo3pacrano. Kietku KnoHa Ne 2 Takxe xapak-
TEpH30BAJHCh HU3BECTHBIM CEJEKTHBHEIM HpPEeHMYLIECTBOM IO CpaBHe-
HUIO C KJETKaMHU NepPBOTo KJOHa, yepe3 5—8 MecslleB COBMECTHOrO
KyJbTHBHPOBAHUSl KJETOYHAs TNMOMYJsSUHsS NMOYTH LEJHKOM COCTOsJa
U3 KJeTok M M K/1eToK BTOporo KjaoHa. MMnJjaHTalus B 3TOT IepHOJ,
KJETOK W3 JaHHOH KyJbTYypbl XHMBOTHBIM TOKa3aJja BBICOKYIO cTe-
neHb npuBHBaeMocTH (6 u3 7 XUBOTHHIX u 12 u3 12 coorBeTcTBEH-
HO B JIBYX OMNbITaX) M CKOPOCTb POCTa OMYXOJH, XapaKTepHHe [Jf
nepBOro KJOHA.

B 15 KJOHOBBHIX JMHHAX, MOJYYEHHBIX KaK U3 cMellaHHOH IOmYy-
asuuu in vitro, Tak ¥ M3 onyxoJeH nocje NPUBUBKH MHBIlIaM CMe-
[IaHHON KJIETOYHOH KYJbTYpPBI, KapHojiorHueckHe U GHOJOTHUeCKHe
XapaKTepPUCTHKY OBIIM CXOAHBIMH. Bo Bcex cayvasx kierkn M
o6J1afla/ii BHICOKOH KaHIIEPOTeHHOCTbIO KJIETOK NMEePBOro KJOHa, XOTs
HEKOTOpHEle MOp(oJoruyeckne W OHosaorHyeckHe ocoOeHHOCTH Harmo-
MMHaJH KJeTKH BToporo KijoHa. CpoficTBa kjaeTok M coxpaHs/HCh
Ha MPOTSKEHHU BCEro mepuoja HabuiojfeHus (OKOJO rojaa).

Bompoc 0 MexaHH3Me BO3HHKHOBEHHMS KJeTOK C BBICOKOH NJIOHI-
HOCTBIO TIOKa He BroJHe sceH. OfHaKo UX BO3HHKHOBeHHe HauboJiee
BEPOATHO MYTEM CJHSHHE KJETOK.
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Ta6auna 8

NlposiBnenne aHTHreHa TrHCTOCOBMECTHMOCTH Y MMGPHAHBIX KaeTOK
(no Kaxpoil KneTouno# JUHHM GbLI0 M3YyueHO NO 5 Mulueii)

[197]
Yucno
Kueroanas munus mbtelt G3H ¢ | mumeft SWR ruGpHAHLIX
OITYXONAMHU ¢ ONyXonaMH e ‘gr‘;‘y“;g}!:‘éu
L 4 0 1
MTI 0 5 3
Tu6punubie KAeTKH 0 0 5

TeJIbCKHX JIMHMH, YTO MOATBEPXIAeT HaJIH4He Y HUX AHTHIeHOB T'H-
CTOCOBMECTHMOCTH OT OGOUX POJHTeJel.

Taxum obpasom, B pesysbTaTe cBOeoGpasHOro npoiecca rH6pH-
Ouzanuy o6e pOLHTeNbCKHe (OpMBI IPUBHOCST B MMGPUIHYIO KJET-
Ky CBOIO IeHEeTHYECKYHIO HHbopMalluio, 6aropaps yeMy KJAeTOUHbIE
rH6puabl coueTaioT B cebGe CBOHCTBa POJAUTENbCKHX KJaeTok. Ilpu
3TOM HabJ/Io/aeTcsl CBOEro poja AOMHHHPOBaHHEe OJHUX TPH3HAKOB
HaJ JDPYyTUMH, Kak, HalnpHMep, BLICOKOH 3JI0Ka4eCTBEHHOCTH Haj
HHU3KOM.

[TpuBeleHHble B 0630pe MaHHble NOKa3BIBAlOT, YTO 3a CPaBHHU-
TeJbHO KODOTKHH CPOK B OGJACTH T€HETHKH COMATHUECKHX KJETOK
MJEKONHTAIOMX M YesaoBeKa in Vitro JOCTUTHYTH 3HAYHTEJbHbBIE
peayabrathl. He Bce paszennl sToll npobiembl paspaGoTaHbl B Ha-
cTosilllee BpeMs B ORMHaKoBOHA cTeneHu. Hauboabimee pasBuTHE
IIOJYYHJIN HCCJIELOBAHHUS, NOCBSILEHHEIE €CTEeCTBEHHOMY M HHAYIH-
POBaHHOMY MYTaUMOHHOMY mpoleccy, ocoGeHHO nefCTBHIO pajua-
MM Ha KJIeTKH. DTO IUKTyeTCsl B IIEePBYIO OYepelb 3ajauell HCcJe-
JNOBaHHs TeHETHUYECKHX (aKTOpOB, JexallUX B OCHOBe 3J0Kaye-
CTBEHHOT'O NpeBpallleHHs, U OLUEHKH IeHETHUECKUX MOCAeACTBHi 06-
JYYEHHS.

Hmelotcs, ofHaKo, BCe TIPEATIOCHIIKH, AJS TOTO YTOOBI paccun-
THIBaTh Ha YCNELIHOE pa3BHTHE HCCIELOBAHUN U B APYTHX pasjenax.
310 CcBA3aHO C TeM, YTO B HAacTOsilllee BPeMsi NOKa3aHa NpPHHUH-
nHajbHasi BO3MOXKHOCTb NPHUMeEHEHUS B OTHOLIEHHM KJIETOK MJIEKO-
MHTAOIKX U YeJ0BEKa, KYyJbTHBHDPYEMBIX BHE OpPTaHH3Ma METOJOB,
NaBUIHX CTOJb OJIeCTsSIIHe pe3yNbTaThl INIPH H3YYeHHH TeHeTHKH
MHKPOOpPTaHH3MOB.
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4) MUTOXOHIAPHH .
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7) OfonoyKa KJETKH .
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B @ . .

1. Bsegenue

273

292
295

TTOHSITHS «reH» U «MPU3HAK» 34 CBOK CTOJETHIOW HCTOPHIO mpe-
TEpPNeJH 3BOJIOLHUIO, 33KOHOMEPHYIO AJISi BCEX HAYYHBIX NOHATHH.
IlepBbM H BaxHefiium 0GoGLIeHHEM, KOTOPBIM MBI I[eJHKOM 06si3a-
BBl ['peropy Mennenio, GELIO caMO BBeleHHE 3THX MOHSITHH, HX AH(-
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(epeHnnanus, B pesy/braTe KOTOPOH NMpPH3HAK U (GaKTOpP, 0becrneyH-
BAIOUWHA €ero MosiBJeHHe Y IOTOMCTBA,— ['eH — CTAJH pPaccMarpH-
BaThCH, KaK HEYTO, CYLUIECTBYIOLIee pa3aesbHO ApYr OT Apyra. [anb-
Heflluass 3BOJIIOLMSA TeHETHKH B 3HAYHTEJIbHOH Mepe COCTOSlAa H
COCTOUT B YCTAHOBJIEHHH MaTepHasJbHOH MPHPOABM 3THUX IOHATHH H
MeXaHH3Ma HX CBSI3H B HACJEACTBEHHOCTH H Pa3BHTHH.

HoJroe BpeMsi NMOHSITHE «IPH3HAK» He BBI3HIBAJO 3aTPYAHEHHH,
H OCHOBHAfl 3aJadya COCTOsJ1a B YCTAaHOBJIEHHH NPHPOIB reHa. Jlo-
KaJIH3allHsl TeHOB B XPOMOCOMAaxX siipa M ONpeleseHHe HX [E30KCH-
PHOOHYKJIEHHOBOH NPHPOAB OBLIH OCHOBHEIMH 3TanaMy Ha IMYTH
pelleHHs1 3TOH 3ajzadu. MoJsekyasipHass CTPYKTYpa XpOMOCOM H
NpeicTaB/JeHHe O TrpaHHLAX TeHa H cefyac SIBJAAIOTCS He BIIOJIHE
sicHBIMH. BoJjiee Toro, aHann3 TOHKO# CTPYKTYpHI I'eHa, IPOH3BEIEH-
HBIH B NOC/eJHHe TOABl, IIPHBEJ K TOMY, 4TO CaM 3TOT TEPMHH OKa-
3aJICsT HeNOCTATOUHBIM H B psijle cjaydaeB 3aMeHseTcs 60Jee Hacrt-
HEIMH [OHATHSAMH — CTPYKTYDHBIMH: UHCTPOH, MYTOH, DeKOH HJH
(OYHKUHOHAJIBHBIMH: TeH-DPEeryJasiTop, TeH-0NepaTop, CTPYKTYpPHBIH
TeH.

Cefivac, oaHaKO, OYEBHHO, UTO H HCIOJNb30BAHHE TEPMHHA «IIPH-
3HaK» B TOM OOlUEeM BHIe, Kak OH paHbllle IOHHMAJICS, He SBJseTCH
KOHCTPYKTHBHBIM U TpefyeT onpefelleHHOH KOHKpeTH3anHH. Mexny
reHOM U TaKHMH CJOXKHBIMH HacjJelyeMbIMH <«IPH3HAKAMH», Kak,
HanpuMep, 4ePTHl JHLIA HJIH HHTeJVIeKTYaJbHas 04apeHHOCTb, CTOHT
uenasi Uenb NMPH3HAKOB, 3aHMMAIOHIMX, TaK cKasaTh, 60Jee HH3KOe
HepapXHyecKoe MOJOXKEHHE. '

3Ta Uenb B caMblX OGLIHX YepTaX MOXKET pacCMaTpPHBATbCA B Ta-
KOM BHJe: reH—»crneuncduueckuii 6eq0K —»MeTaG0JH3M BeLIECTB He-
6eJIKOBOH NPHPOIbl —KJIeTOYHbEIE OPraHesabl H KJIeTKH—TKaHH—O0p-
raHbl 4, HaKOHell, COBOKYIHOCTb MOP(OJOrH4ecKOf OPraHH3aliud H
{PYHKIHOHAJBHBIX CBOACTB, COCTABJSALIAS BECh OPTaHH3M C €I'0 0CO-
OEeHHOCTSIMH CTPOEHHS U NOBELeHHs.

MOXHO HCKYCCTBEHHO CY3HTb M YIPOCTHTb MpobJeMy, eCJaH pac-
CMaTpHBaTb B KayecTBe NPH3HAKa TOJbKO HayaJbHOe 3BEHO — CHH-
Te3 crneuHdHyeckHxX GeqKOB. ¥ NpocTeHAlINX OPraHH3MOB 3TOTO YaCTO
GrBaeT nocratouHo, Ho naxe 3Ty, HamwGoJee ycneluHo paspabaThl-
BaeMmyw cefiuac obaactb (AHK—-PHK —6esnoK) elle Henb3ss cuH-
TaTh HcuepnanHoft. HanbHeHmnii XKe myTh reHetrHuecko#l HHpOpMa-
UHH OT GeJKOB K KJeTKaM, opraHaM U OPTaHH3MY cJielyeT CYHTaTb
ONHOH H3 CaMBIX TPYIHBIX M BaXKHHIX NpobJeM B COBpeMeHHOH GHo-
JIOTHH. -

B naHHOM ryiaBe MBI TOJbKO KPAaTKO KOCHEMCsl TOH 4acTH npo6-
JIEMEl, KOTOpas paccMaTpHBAaeT reHeTHYeCKHH KOHTDOJb GEJKOBOTO
cHHTEe3d, NMOCKOJbKY OHA COCTAaBJSeT OCHOBHOe COJepiKaHHe COBpe-
MEHHOH MOJIEKYJSIpHOH OHOJOrHH H OyJeT MOJHO IpeacTaBjeHa
B ADPYTHX TOMaX HAacTOsllero H3gaHHsA. BoJblioe BHHMaHHe MBL CO-
CPEIOTOYHM HA MNOCJAEAYIIUHX 3TalaX pPeaNH3alHH TI'eHeTHYecKod
HHGOpMALHY B Pa3BHTHH.
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2. Bremnne nposiBiaeHHS CBA3H
IpH3HAKOB H IeHOB

1) HeannenbHesle B3aHMOAEHCTBHSA T'€HOB

XOopolo H3BECTHO, YTO T'eHbl BBIBJASIOTCA TOJbKO MpH OOHapy-
JKeHHH MYTaHTHBIX aJgneelf. 3TUM o6bscusercs TOT (axT, UTO
Jaxe y Haubojee H3y4yeHHBIX. OOBEKTOB 0OOHapymxKeHo He OGoJee
OJHOH fecATolf YaCTH BCeX IeHOB H NpOSIBJEHMEe KAXKAOro M3 HHX
HM3BECTHO [aJjeKo He MoJHOCTbI0. IToaToMy B GOJBIIHHCTBe HCCJE-
JNOBaHHH KaXxAbll reH CBA3hIBaeTCA C KaKHM-THOO OZHUM IIpPH3HA-
KOM, H ‘Hao60poT, Ans OOJBUIHHCTBA HacjJelyeMbIX NPH3HAKOB H3-
BECTHO [O OJHOMY KOHTpoaupyioulemy ux reny. Onpnako cefivac
COBEpPLIeHHO OYEBHIHO, UTO 3TO MOXKeT ObITh CHPAaBEJHBO TOJAbKO
IJIsT TIDH3HAKOB, ONpefessieMblX OAHHM BHAOM Oenka, TakHX, KakK
¢epmMeHTaTHBHAs AaKTHBHOCTb H aHTHreHHble cBOficTBa. B cBoe Bpe-
Ms 3TO HpHBeao DHAsa K KOHUEMUHH: «OMHUH FeH — OQHH SH3HM>»,
Besxkuii Gosee CI0XKHBII NPH3HAK, BO3HUKAWOLIHA KaK CJAeICTBHE
psAfa nocjaenoBaTeNbHBIX OHOXMMHYECKHX peakUHil, omnpenensercs
COOTBETCTBEHHO OGJBIIMM YHCIOM reHoB, B To#l cremeHH, B Kakoil
XHMHUYECKHEe peaKlUHH, NPOTeKalllle B KJETKe H B OpraHHuiMe, CBf-
3aHbBl APYr C APYroM H B3aHMOOOYCJOBJEHBI, TPOSIBJEHHE OLHOTO
réHa 3aBHCHT OT HPOSIBJEHHSI APYTHX.

B KoHeuHOM HTOre KaKAblfl CJ0XKHBIH NpPH3HAK Ompefessercs
3HAYHTEJbHBIM YHCJOM TFeHOB H IO Mepe Yray6JeHHs HCCJenOBaHHH
KOJIHYeCTBO CBsI3eH Mely NPH3HAKOM H Pa3JHYHBIMH leHaMH BCe yBe-
anuuBaercs. OTciona crnpaBelJHBO H 06paTHOE MOJOKEHHEe: KaXK Ablf
red B TOH UJIH HHOH CTeNeHH 3aTpardBaeT He OfHH, a 60JbllIoe YHCJO
Pas’MYHBIX OPH3HAKOB (MOXKeT ObITh, BCe MPH3HAKH).

IlpuBeneM HECKOJbKO KJACCHUECKHX NPHMEPOB TaKOro MHOXe-
CTBEHHOTO, HJH MAeHOTPONHOro, AeHCTBHS I€HOB Ha pa3Hble IpH3HA-
KH H NOJUMepPHOro (MOJHTeHHOrO) BJHSHHSI HECKOJbKHX TeHOB H4
OJMH IpPH3HAK.

Ilpn aHanu3e HaCAEACTBEHHHIX YPOACTB M JeTajied y Mbllleh
6bLI0 YCTAHOBJEHO, YTO OfHH H TOT K€ I'eH BBI3BIBAET LEJBIH DAl
HapyluleHH#l B CTPOEHHH pas3JHYHBIX OPraHoB H TKaHeHd. Bce atH
HapylleHusl 0Ka3aJUCh CBS3aHHBIMU € YrHeTeHHeM mpoliecca o6pa-
30BaHHA Xpslilla H3 Me3eHXHMHBIX KJjerok [l]. Myraunsi — «KoHre-
HUTaNbHas ruapounedanus» —y 12—13-q1HeBHBIX 3apoablmiedl BbIpa-
¥}aeTcss TOJBKO B TOM, 4TO B HEKOTODBIX YacTAX CKeJleTa CHHTe3
OCHOBHOI'O BelileCTB4 BOKPYr XpslIeBbIX KJeToK 3ameanserca. Ha
fosee TIO3LHHX CTAAUSX 3TO MNPHBOAUT K HADYIIEHHAM B CTPOEHHH
TMO3BOHOUHHKA, [PYAHHB, KoHeuHocTefl M uepema. Hapymenus B
PasBUTHM Yepera, B CBOI0 Ouepelb, BEAYT K YPOACTBY BCeX uacTed
IOJIOBBI, H B 9aCTHOCTH K BHYTDHMO3rOBEIM KDOBOH3JHAHHAM, CJel-
CTBHEM KOTOPHIX SIBJSETCST CMEPTh 3apOJbIILA.
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Hpyrofi BuA XpsleBbHIX HapyIIeHHH NPHBOAMT K YTOJIIEHHIO
pebep, uTo BeAeT K LEeNOMY PsIy OTK/JIOHEHHH OT HOPMBI, KOTOpHIE
UPOABJAIOTCA He TOJNBKO B 3aiepixke passutus. Haobopor, Haburo-
JaeMble TIpU 3TOM 3aTPYNHEHUS 'B AbIXaTeJbHBIX ABHKEHHSIX IPYI-
HOM KJeTKH (pHIHIHOCTb pefep) BBHI3BIBAIOT KOMIIEHCATOPHOE YBe-
JHYeHHEe KOJIMYECTBAa IPHTPOLHUTOB M PeMOrsnoOHHA B HHX, a TakkKe
TunepTpodHi0 NPaBOro Kesayxouka cepaua {2, 3]

Y cnagkoro ropollika, KOTOpBli uccaexoBai MeHpenb, XKeaTbll
NIUTMEHT 34aTParuBaeT He TOJBKO CaMH TOPOIUMHBI, HO TaKxXe H
OBeTKH, M uepellkn JaucTtbeB [4]. AHasoruyHpiM 06pasoM OAMH H
TOT XK€ TeH ONpelenseT TMUrMEHTAUHIO T1a3, a TAaKXKe BJIHSET Ha
OKPacCKy NMOKPOBOB H HEKOTOPHIX BHYTPEHHHX OPraHOB JIPO30QHJIHL
Bo Bcex 3TMX mpuMepax OAHO NMEPBHYHOE H3MeHeHHe (XapaKTep
006pa3oBaHUs Xpsillla, HaJHYHe MHIMeHTa) BTOPHYHO CKa3blBaercs
Ha psge OPTaHOB H INPHBOJUT K U3MEHEHHMIO HECKOJbKHX MDH3HA-
Kos {b, 6].

XopomwuM mpuMepoM OGPATHBIX OTHOWIEHHH (3aBHCHMOCTH Of-
HOIO NPH3HAKa OT MHOTHX IE€HOB, T. €. IOJUMEPHH) MOXKET CJAYKHTb
OKpacKa JemecTKoB Maka. Bblio ycTaHOBJEHO, YTO OKpPAacKa KaX-
JIOTO JIelecTKa KOHTPOJIUPYeTCsl IO MeHbllel Mepe AecsTbio HeaJ-
neabHbIMH renaMu [7]. ONHUH H3 HHX OTBETCTBEHHLI 34 CHHTE3 Tpex
MUCMEHTOB: NHAHHWHA, MeJaprOHHAMHA ‘H AHTOKCaHTHHA. [pyrue
OTIpeNesIIOT OKPACKY MSITHA Y OCHOBaHHs JienecTKa. T peTbH KOHTPO-
JAUPYIOT alleTHJIHPOBaHuE THTMEHTOB W NoHuakeHne pH knerounoro
COKa, YeTBepThie MHrHOGHPYIOT 06pa3oBaHie TMHTMeHTOB. Posb Heko-
TOPBIX H3 3THX JECSTH FeHOB OHOXUMHYeCKH ellle He YCTaHOBJIEHA.
Bargep ¥ MuTuesn Ha OCHOBaHHH 3THX JaHHHIX MOCTDOHJH OOLLYIO
CXeMy, B KOTOPOH B3aHMOJEHCTBHE T€HOB ONHCAHO KAaK KOHKYpPEeH-
uuss 3a obwuii cy6erpar {8). OueBHIHO, OZHAKO, YTO TPH TaKOM
KOJIHYECTBE KOMIIOHEHTOB CHCTEMBl MOKeT ObITb INpPeAJOXKeHOo He-
CKOJIbKO Pa3/IMYHBIX CXeM B3aUMOAEHCTBHS, KOTOpble MNO3BOJSAT Ha
OCHOBAHHM JAHHBIX O FEHOTHIE BLIBECTH (PEHOTHIN, COOTBETCTBYIO-
wui 3KCIEepHMEHTAJIbHBIM Pe3ysabTaTaM.

INopoGHble e OTHOUIEHHST OblIH ONHCAHBI W AJS NHIMEHTAlHH
LIepCTH MOPCKHX CBHHOK M Mblmeil. Okpacka XHBOTHBIX, ec/H pac-
CMaTPHBaTb €€ KaK OAHWH IIPH3HAK, 3aBHCHT H CKJaJblBaercs Hu3
pacnpejesneHust BOJOCKOB Da3HOTO IBeTa 10 MOBEPXHOCTH Teja H
OKPaCKH BLOJb KaX[O0ro BOJOCKA, CTENeHH OKPalleHHOCTH NMHIMEHT-
HBIX TPaHyJ, HX Pa3MepOB ‘H, HaKOHel, XUMHYECKHX CBOACTB CaMHX
NUrMeHTOB. Bce OHHM KOHTPOJHDYIOTCS Da3/JHYHBIMH TEHaMH, NpH-
yeM XHMHUECKHH cocTaB onpeneisercs psaoM (akTopoB, OTBeET-
CTBEHHBIX 3a TOCJef0BaTelbHble CTYMEHH CHHTe3a MenaHuHOB [9]

PaccMaTpuBasi Bce 3TH IpUMepH, Jerko y6enuThes, YTO MOHSITHSA
MJEHOTPONHH H MOJHMEPHH [AeHCTBHS T'€HOB YCJOBHBI, IOCKOJBKY
YCJIOBHO CaMO MOHsITHE «IpH3HaK». HeM GoJlee c10xHOe sBJeHHe Oy-
JeT OMHCaHO KaK OAMH NPH3HAK, TeM OOJbIIMM KOJHUECTBOM reHOB
OHO OyaeT onpenensiTbesl, U HaobOPOT, TeH, OTBETCTBEHHbIH 3a MeTa-
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fonuueckoe 3BeHo, ofbllee AJsT MHOTMX I[POIECCOB, €CTECTBeHHO,
OyneT KOHTpPOHPOBAaTb MHOTHE CJIOXKHHle Npu3HakH. IIpu mepexone
XK€ K HayaJJbHOMY 3BeHY — MOsiBJIeHHI0 crnelu(HUecKUX OGeqxoB
OTHOLIEHHSI MeXAY TeHOM H MNpH3HakoM OyAyT CBOAHTbCS K ¢op-
Mysne Duana: «omuH red — OAMH 3HSHM» WJAH | OpOBHLA: «OJHH
reH — OJIHO JeHCTBHEe».

Bosnukaer BOMpoc: ecJqi OTHOLIGHHSI MEXAY eHaMH TaK CJIOXK-
HBl H MHOroo6pasHH, TO KakK OOBACHHTb YCIIeXH TEeHETHKH HadaJa
3TOr0 Beka, Korfa 6e3 GHOXHMHUECKOro aHalu3a, 6e3 HHIHBHIYaJlH-
3anuu 6enkoB H (HepMeHTOB OBIIH YCTAHOBJIEHB OCHOBHBIE 3aKOHHI
HacJeJCTBEHHOCTH, OMHCAHBI THICSYU TEHOB, COCTABJEHBl FeHEeTHYe-
CKHe KapThl XpPOMOCOM Yy MHOTHX BHIOB MXHBOTHBIX H 'PAaCTEHHI?
Heno B ToM, 4TO, XOTS1 B KOHEYHOM HTOTE B peaJH3alUH KaXIOTO
TPH3HAKa yYaCTBYIOT MHOTHe TeHBl, POJb HX JaJeKO He OJHHAaKOBa
K OJHH HJHd HeOOJbIIOE YHCJIO XPOMOCOMHBIX JIOKYCOB CBSI3aHbBI
C T€M MJIH HHBIM NPH3HAaKOM ‘00.ree HEeNmOCpemCTBEHHO. DTO SBJEHHE
HMeeT ONpelesNIeHHVIO HCTOPHYECKYIO TIPENNOCHIIKY, H TeHIEeHIHs,
OPpaHHYHBaAIOMlast MIefOTPONHIO H MNOJHMEPHIO, AOJKHA MOAAEp-
XHBAThCS B 3BOJIIOIHH.

EcrectBenHbifi 0T60p, KakK NMpPaBHJIO, CBA3aH He C 3JIEMEHTapPHBI-
MH OHOXMMHYECKHMH mpolleccaMH, a ¢ 6oJiee CJO0KHBIMH TNpPH3HA-
KaMH, ONpeNe/sIONHMH B3aHMOOTHOIIEHHST OpPraHH3Ma CO CpeloH
(TONIBKO Y MHKPOOPraHH3MOB 3TO NMPAaKTHYECKH OIHO H TO XK€ H BH-
JKHBAaeMOCTb MOXKET ONpefeNsiTbcHd HajJHIueM OAHOro (pepMeHTHOro
Genka). Ecnu 6B Kaxjaas MyTalHs B DaBHOH CTeNeHH 3aTparkBaJa
pSL MPH3HAKOB, TO Ka)JAOe MOJe3HOe NPHCIOCOOeHHe BCerma Co-
MPOBOXK/AJI0Ch OBl MOsABJEHHEM JAPYrux 6ecrmose3HbIX U JaXe Bpe-
HBIX MPH3HAKOB. DBOJIONUS NIPU 5TOM AOJIKHA Obla CHJIBHO 3aMef-
JIUTbCS, €CJIH He BoBce OCTaHOBHTbess. C APYroif CTOPOHbBI, ITOJIH-
MepHsT IeHeTHYECKOro AeHCTBHs CHOCOOGCTBYET 3BOJIOLHH, TaK KakK
H3MeHeHHe KaxXKJ0ro NPHU3HAKA BO3MOXKHO He OJHHM, a HECKOJbKHMH
NYTAMH H BEPOSAATHOCTh MOJEe3HOH MYTalHH COOTBETCTBEHHO IOBbI-
maercs. YBeJHUeHHe ITOJHUMEDHH TpPH OTpPAHHYEHUH MJeHOTpPONHHU
JOJIKHO IPHBOLHTL K yBeJTHYEHHIO OOllero 4HCja TeHOB, YTO U
Hafmonaercs B JeHCTBHTENBbHOCTH. BsauMopelicTBHe reHoB, KOTO-
poe peaJjibHO CYIIeCTBYET, OTPaXaeT 3TH NIPOTHBODeYHBble TEHIEH-
HHH YU SABJAETCS 3BOJIONHOHHO 3aKpenJieHHBIM ONTHMaJbHBIM Ba-
PHAHTOM.

2) AanenbHbie B3aMMOAEHCTBHSA IeHOB

B srom pasiene Mbl KPAaTKO PacCMOTPHM SIBJEHHS, KOTOpBIE
CBsI3aHBl 'C B3aMMOOTHOLIEHHSIMH aJJeJbHbIX JOKYCOB B TOMOJO-
THYHBIX XpoMocoMmax. Posib Takoro poja OTHOLIEHHH B peaslH3alluy
¢deHoTHNA UPE3BBIYAHHO BeJHKAa, MOCKOJbKY YHCTBle TOMO3HTOTHHE
JHHHH B ({IPHPOAE NPAKTHUECKH He BCTPEUAIOTCSI ‘H T'eTepO3HIoT-
HOCTb MO PANY TIPH3HAKOB — HOpMaJbHOe siBjJeHHe. [IBa KpalHHX
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npuMepa 3THX OTHOMIEHHH — NMOJNHAss NOMHHAHTHOCTb H OTCYTCTBHE
LOMHHAHTHOCTH — OGBIYHO HJJIIOCTPHPYIOTCS, C OLHOH CTOPOHHI,
pesysnbTaTaMu onbiToB MeHaesas ¢ rOpoxoM, B KOTOPBIX BO BTOPOM
NIOKOJIEHHH NOJYYaloT KJaccHueckoe paculemyende 3:1, u, ¢ aApy-
rofl — CKpeulMBaHHeM JIHHHH JbLBHHONO 3eBa, HMEIOUIHX KpaCHEBIE
H GeJsible LBETKH, AalOLIHe B NEPBOM IOKOJEHHH PO30BYIO OKPAcCKY,
4. BO BTOPOM — pacllenJiente B oTHomenuy 1 :2: 1. Mexanuam aan-
HBIX OTHOLIEHHH OOBIYHO OMHECHIBaeTCS KaK OTHOLIEHHS FeHOB, 06pa-
3YIOLIHX pa3HOe KOJHYECTBO reHONPOAYKTOB. DTH B3r/ALb, HO-BHIH-
MoMY, Oy/eT TPYAHO COIMacoBaThb C COBPEMEHHBIMH NpecTaBJeHH-
MH MOJIEKYJ/sIpHOH OHonorud. Mbl BepHeMcs K NaHHOMY BONPOCY
HHMXe, Korja OyJleM paccMaTpHBaThb NepBHYHOE AeficTBHE I'eHOB, a B
5TOM pasfiene OyneM OllepHPOBATb TEMH TEPMHHAMH, KOTOPBIE HC-
[O/b30BaJNHCh B JIATEpAType AO CaMOro NOC/IeJHEro BpeMeHH.

Jlns HEKOTOPLIX NMPH3HAKOB OOGHAPYXKEHBl CEpPHH aJJleliell OfHO-
TO TeHa, OTJHYAlOUIMXCH KOJHIECTBEHHO APYr ot apyra. las mop-
(ONOrHYecKHX NPH3HAKOB 3TO BHIpaXKaeTcss B Pa3JUYHOH YaCTOTE
NOSIBJIEHHST TOH WM HHOA ocoGeHHocTH CTpoeHmsi. Tak, wacrora
HOPMAaJIbHOT'O KHJIKOBaHHSt KpblJa [APo30dHJBl NajfaeT Mo Mepe
TOrO, KaK JIOKyc ci (cubitus interruptus — nepepblB KyGHTasbHOM
JKHJIKH KPBlJad) NOCJEI0BAaTENbHO 3aMeHseTcs aJJeNsiMH: +°¢ +2
+3, ci® [10]. Eme Gonee oruetnuBO cepHs ajjeneir HabGaiogaercs
IPH H3YyYeHHH KOJHYECTBEHHbIX NPH3HAKOB, TaKHX, HalpHMep, Kak
KOJINYEeCTBO MeJaHHHA B IIEPCTH MOPCKHX cBHHOK [9]. Paanmynbie
ajsiefin reda C Moryt ObITb PACIO/OXKEHBH B Psijl, COOTBETCTBEHHO
TOMY KOJIHUECTBY MEJIaHHHA, KOTODOE ONMpeeJsieTcs HX TIPHCYTCT-
BHeM B resorune. CaMoe CyllecTBEHHOe COCTOHT B TOM, UTO aJlJIeNH
B TOMOJIOTHYHBIX XPOMOCOMax MNeHCTBYIOT HE3aBHCHMO JApYr OT
Apyra. B 3toM MOxHO yGemuThCA, e€C/H, OCHOBBLIBASCH ‘Ha NPeno-
JIOKEHHH O TaKOH HEe3aBHCHMOCTH, TMOACYKTATBH KOJHUYECTBO MeJjia-
HHHA, KOTOpPOe ONpejfenseTca KaXAbiM reHoMm. Bags ocoGelt, roMo-
3HTOTHBIX TIO TOH WM HHOH Myrauwu reHa C, MOXHO NpPHHATBb, UTO
KaXblH H3 ABYX aJJ/eNibHbIX '€HOB B AHIJIOMIHOM OpranHame obec-
NeynBaeT MOJOBHHY BCero KoJHuecTBa MeJaHHHa. Torga HETPYAHO
TEOPETHYECKH MOJCUMTATh, CKOJIBKO MejaHHHa AOJXKHO CONEPXKAaTb-
CSl B IIEPCTH XKUBOTHBIX MPH BCEX BO3MOMXKHBIX NETEPO3UTOTHBIX KOM-
6MHaLHAX MeXIy pPas3HEIMH MYTAaHTHbIMH assenssMu reHa C. Baus-
KOE€ COBMaJleHHe TEeOPEeTHUeCKHX BEJHYHH C SKCIepHMEHTaJbHBIMU
3HAUSHHAMH IMOKa3blBaeT, YTO Ha CaMOM JeJe KaXIbH aJJenb
JefCTByeT HE3aBHCHMO APYr OT Apyra. : :

OnucaHbl, OfHAKO, OMBITHI C, Ka3aJoch Obl, a//eJbHEIMH T'eHa-
MU, KOTOpble TPYAHO OODBSCHUTL HE3aBUCHUMBIM IIPOSBJEHHEM Jeil-
CTBHS aJlleIbHBIX TE€HOB B TOMOJIOTHYHBIX XPOMOCOMaXx. ITO
XOpOIIO HJJIIOCTPHPYETCs cepueH JeTalbHHX TeHoB T y Mblei
(tailless — otcyretBue xBocta) [11, 12} B aroit cepum celuac
HacuuThbiBaeTcss Gogee 12 annenbumx reuoB: T, 9, ¢, 3, #4, 9, (12
H Ap. B rereposurorHoM cocTrosiuuu goMuHaHTHEIA rew I (T/+)
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JaeT XKH3HecnocoBHOe, HO KOPOTKOXBOCTOe MOTOMCTBO. OcTa/bHble
TeHbl pelecCHBHBEI H B KOMOHMHAIMHM C HOpMAJbHBIM aJuteneM (194,
/4, 1 1. 1.) malOT HOpPMaJbHOE TMOTOMCTBO, HO B KOMGHHaunu ¢ T
(T/0, T/, T/ u 1. 0.) POKIAIOTCA MKHU3IHECIIOCOOHBIe MBIIIH, [10J-
HOCTBIO JIHIIEeHHble XBOCTa. B TO e BpeMs B rOMO3HTOTHOM COCTOSI-
HHH BCe OHHM JIeTaJIbHEI, XOTs THOesb 3apojbllie, HECYIIHX pa3Hble
aJlje/H, NPOUCXOAUT B pasuble aAuu: T/T — nga 11-f, £2/t° — na 9-i1,
t4/tt — na 8-i1, 19/ — ga 6-#, f1/f' —Ha 5-§ M, HaxoHem, #2/f12 —
Ha 4-% geHb 5MOGPHOHAJbHOrO PasBHUTHA (K 3TOH MOCJenHEelH, caMOH
HHTEpPEeCHON MyTallyu, namoluell Haunbojiee paHHIO THOeNp H3 BCeX
H3BECTHBIX, MBI elie BepHeMcsi). CYUIeCTBEHHO, UTO XOTSI TOMO3HIOT-
Hble BapHaHTHl JieTaJIbHbl, HX KOMOHHallMa daeT XKH3HecmocoGHOe
noToMcTBO. [las oObsicHeHHs] 3THX (AKTOB HEOOXOAHMMO HJH OTKa-
3aThCsl OT KOHUEMIMM HE3aBHCHMOrO MpPOSIBJEHHUS NeUCTBHA aJie-
Jel, HIH NpeAnOJOXKHTb, UTO He BCe TeHBl cepHi I SIBJAAOTCA aJ-
JeJbHBIMH. B mocjeaHue roabl NOJYYEeHbl JaHHBE, NOATBEPKAAI0-
IIHe 3TO TOCJCAHEe NPeNNoJNIOXKeHHe W [OKa3hBaloll[He, 4TO CepHs
T coctout M3 HeGOJBIIMX GJIH3KO JeEXAIIHX CPYNN ICeBAOaIened
[6, 12, 13]. TaxuM o6pa3oM, MOXKHO 3aK/JIOUHTb, YTO aJJeJbHble
reHbl B TOMOJIOTHUHBIX XPOMOCOMaX (YHKUHOHHDPYIOT HE3aBHCHMO
IpYyT OT Apyra.

3) BausiHHe BHeLUHelH cpelbl

B 3TOM pa3pmene Mbl HECKOJBKO HCKYCCTBEHHO BBIIEJHM TOJIBKO
Te, BHEIIHME K (DYHKLUHH I'€HOB BJIHUSHHUS, HCTOUHHKOM KOTOPBIX fB-
JaseTcd BHeWIHAs cpena. O BO3MeHCTBHAX BHYTpPEHHEH CpeIbl
KJIETOK H OPraHM3Ma MBl y>Ke T'OBODHJIH, KOrJa peub LA O B3aH-
MOAEHCTBHH T'EHOB, H 3TOT BOMpoC elle OyaerT noapofHee 0O0CYyXKIeH
nasnee. 4

Peanusanns HacnencTBeHHBIX CBOHCTB OPraHH3Ma He MOXKeT
OCYLIECTBJATHCS BHE ONpelNeJeHHBIX ycaoBHH cpenbl. OXHAKO TIpH
nepexone OT 3TOr0 OOLIEro TIOJNOXEeHHUST K KOHKDETHBIM IpHMepaM
cnel(pHYECKHX BJAHSHHI MBI YacCTO BCTpPeuaeMcsl C ONpele/eHHBIMH
TPYAHOCTSIMH, M KOJHMUECTBO TaKHX INIDHMEDOB OKasblBaeTcss He
oueHb BeJHKO. B mpouecce 3BOJIIOLHMH OPraHA3Mbl NPHCIOCOOHIHCH
K Ompefe/eHHOH BHEWHeHd cpeje, 'KOTopas CTaja HENPEeMEHHBIM
yCIOBHEM peaJu3alliy reHOTHNAa B pa3BHUTHH. B 1O 3Ke Bpems
OpTaHHU3Mbl IPHCIIOCOOHUJNCh H K €CTECTBEHHBIM (C/IYyYaHHBIM M 3aKO-
HOMEPHBIM) KOJefaHUAM 3THX YCJOBHi, npHdiem oTb6Op wIEaT HA TI,
yToObl 3TH KoJeOaHUS BO3MOMKHO MEHbIle 3aTParHBaju CTPYKTYpY
¥ QYHKUHIO pa3BHBAIOILErOCs OpraHusMa. DTO JAOCTHraeTCss HJIH My-
TeM CO3JaHMsl ONpeNeJeHHbIX CPeACTB 3allUThl (06OJOUKH, 3amachl
NHUTaTeAbHLX BellecTs, 3a60Ta O MOTOMCTBE M T. MI.), HJIH C MO-
MOUIBIO MPOLECCOB Dery/siLHH, MO3BOJASIOMIMX KOMIEHCHPOBATh Bce
OTKJIOHEHHS OT HOpMbL. [1o3TOMY O6BIYHO TOJLKO De3KHe, He BCTpe-
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YalolllHecss B TIPHpPoLe, (HU3HUECKHe HJH XUMHUECKHe BO3/EHCTBHS
CocoGHBl OKa3aTb 3aMeTHblil addekr Ha peannHsaluio Hacjep-

CTBEHHOCTH B DPa3BUTHH, T. €. Ha (QYHKUHUIO TEHETHYECKOro amma-
parta.

Temnepatypa

Cpenn $©aKTOpOB Cpeibl, KOTOPble OKa3hBAIOT 3aMETHHIH 3 ¢eKT
Ha pa3BHTHe, HeoOXONMMO NpexXJe 'BCEr0 OCTAHOBHTbCA Ha JeH-
CTBHH TeMNepaTypel. IIpH 3ToM cienyer oTaeJbHO paccMaTpHBaTh
BJAMsiHMe KoseGaHMiA TeMmepaTypel B INpelieslax HOPMBI, K KOTOpO#
npucnoco6/ied AaHHBIA BHA, U JeHCTBHe BBICOKHX CyOJeTasbHBIX
TCMIEPaTyD, BBISbIBAIOLIMX LIOKOBBIE 3(p@eKT u BBHICTYNAWILHX B
KadecTBe noBpexpamwilero ¢puauyeckoro ¢akropa. Kak u ciaeno-
BaJO OXHJAaTb, cybJeranbHas TeMIlepaTypa OKa3biBaeT [OBpexkK-
naouui 3ddexrt Ha Bcex ocobeli, HE3aBUCHMO OT HX TeHOTHIA,
B TO BpeMs KakK TEMIepaTypHbBIE pa3jW4HA B Mpefenax eCTeCTBSH-
HBIX KOJeOaHHH He BJHUAIOT Ha OPraHW3MBI C HOpPMaJbHBIM («IH-
KHM») T€HOTHIIOM, a CKa3HBalOTCS B NPOSIBJIEHHH OTHAEJbHBIX MaTO-
Jornyeckux Mytauuid. O6bIYHO NMOBHILIEHHE TEMIEpPaTyPhl HECKOJBKO
YCHJIHBaeT MOBpeXAAIIHA reHeTHyecKHil 3¢ @eKT 3THX MyTalHH.

Ilns He#pocnopsl H3BECTHO HECKOJbKO MYTAHTOB, CHOCOGHBIX
npu temneparypax muxe 25—30° pacTtu Ha cpele, JHIIEHHOH HeKO-
TOPbIX AMHHOKHCJOT (HampuMep, aprHHHHA), BHTaMHHOB (THaMH-
Ha), HYKJEOTHAOB, HO IIpH MOBbIIEHHH TemmepaTtypbl no 30—40°
yTpaunWBaercsi Crmoco6HOCTD K CHHTE3y 3THX MetaGonutos {14].
Y HOpMAaJIbHOTO LITaMMa KHLIEYHOH MaJOuYKH (epMeHT, HeoGXOmH-
MBI /151 CHHTE3a TaHTOTEHOBOH KHCJOTH K3 ajaHHHA H MaHTOAaTa,
JocTaTouHo tepMmocrabuier. OpHako HafijleH MyTaHT, y KOTOPOro
3TOT 3H3UM HHaKTHBHpyercs yxe mpu 25° {15]. Takas ke BbCO-
Kasl TepMOUYBCTBHUTE/NBLHOCTh OOHApyXKeHa y OJHOTO MyTaHTa Hefipo-
CHOpH. B OTHOLIEHHH THPO3uHa3wl {16].

Y ruManalickux KpPOJHKOB MeJaHHH IilepcTH OOGpasyercss NpH
TeMMepaType He Bblle 25°, MpHYeM 3aBHCHMOCTb 3TOro IHpouecca
OT TeMmepaTypbl HeOJHHAKOBa B 'pa3HBIX HacTax Teya. IlostoMmy
KPOJIHKH, pa3BuBaBliKecs npu 30°, coBepiueHHo Genble, a npH 25°—
HMEIOT YepHble YIIH, KOHYMKH Hoca M Jam. IIpu oxmakJAeHHH KOXKH
0 elile OoJiee HU3KHX TEMIepaTyp YepHYK IIEpPCTb MOXKHO HOJY-
YuTh Ha JI060M yuactke Tena {17]. Ecam npoaykTel assesabHBIX
reHOB OTVIMYAlOTC B OTHOIIEHHH TePMOCTOHKOCTH, TO H3MEHEHHE
TeMIepaTypbl MOXET MPH HEKOTOPBIX YCJOBHSIX H3MEHATb CTEleHb
JOMMHAHTHOCTH TeHOB. KJsaccnieckKMM mMpHUMepOM TaKoOil 3aBHCHMO-
CTH sIBJsieTCsl MyTauus vestigial (vg), BAHd0OLlasg Ha pasMmep H
¢opMy KphiibeB y Apo3oduabl. [loouianb KpblbeB Y TOMO3HIOTHBIX
MYTaHTOB UgP/ugP 3HauMTe]bHO Gosblie, uem y vg/vg. Ilpu temae-
paType 24° nuowans KpeuIbeB y rereposuror vgP/vg (0,40 mm?)
6anxe x vgfog (0,20 um?), uem K vg?/vg? (1,20 mm?), HO MIOLEAADL
KPBIIbEB Y TeTEPO3HTOTHBIX MYyX UgP[/vg, Pa3BHBAIOIHXCH NPH TEM-
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nepatype 30°, cunbHo Bo3pacraer (mo 0,80 mm2), a y vgP/ugP ue-
CKosibKO yMeHbluaercsi (1o 0,90 mm?) u B pesysbraTe OKasbiBaeTcs
NoYTH ofHHaKoBOH. IIpH To# ke TeMneparype 30° miowans KprlabeB
Y vg/vg ocraercs mpexnedi — 0,20 mm2. Takum 06pasom, ecau npu
24° ren vg NOMHHHpPOBaJ Haj reHom vg”, 1o npu 30° Habmwonaercs
o6paTHoe cooTHoleHue [18].

¥YXe yNoMHHABIUMACS BbILIE TeH ¢i B TeTEPO3UTOTHOM COCTOSTHHH
JlaeT HapylieHHe HOPMaJbHOIO XHJKOBAHHS KpPblabeB APO30(HIIb
npu 14° ropasno yaue, yem npu 26°. Hakoneu, paa neranbHBIX My-
TalHA COBEDIIEHHO He TPOSBJAETCH INPU HH3KHX TeMNepaTypax
(nmxe 16°), oun noayneranbebl mpu 21° u Begyr k ruGean Bcex
ocobeli npu 25° {19].

Bricoxne cy6neranbHble TeMIepaTypbl HapylIalOT Pa3BHTHE JH-
YHHOK APO30GHIb C HOPMaJbHBIM reHoTHnoMm. [lonyuaeMble npu
9TOM OTKJIOHEHHS] B Pa3BUTHH YacCTO HANlOMHMHAIOT TY HJM HHYIO
Mytaumio; Toapamimuar (1938), noapo6HO HcciaeLOBaBIIHE 3TO
siBjeHue, HasBan uX denokonusmu {20]. IIpu mefictBum cy6Jaerann-
HBIX Temnepatyp (35—37°) B TeueHHe 12—24 yac. Ha pasHHX CTa-
JMSX pa3BHTHS JHYHHOK (OT 4,5 1m0 7 CYTOK) ymaercss ¢ BLHICOKOH
4aCTOTOH moJsyyaTb BHelllHee nojoOue pa3nuYHBIX Mytaumi. Kax-
JIOH H3 HHUX COOTBETCTBYET OMNpEeNeNeHHBIi «KPHUTHUECKMH MNEPUOL.
ITonsiTHO, YTO MOTOMCTBY 3TH MOAHGbHKaLMM Pa3BUTHs He nepe-
ndatorcsl. [oapAIIMHAT CYHTaeT, MTO KPUTHUECKHe NEPHOXbl, yCTa-
HOBJICHHBle [JIf KaxkKJ0ro THna (eHOKomHi, coBmajgamT C BpeMe-
HeM peaJiH3allid COOTBeTCTBYMOILero rena. lllokoBas Temmepartypa
6JIOKHpYeT peaKlUHiO, KOHTPOJHPYEMYIO B HOPMAJbHOM <«IHKOM>
reHOTHINE I'eHOM, MyTalHsl KOTOPOro MPUBOAUT K TOMY iK€ BHENIHeMY
pe3yabtaty, 4t0 H ¢deHokonust. OaHAKO BPSA JM MOMKHO IyMaTh,
TG 3TOT METOA TIPAMO BBIIBHUT BpeMs MAEHCTBHS TeHa, Tak Kak
cybJyerasbHas TeMOepaTypa MOXKeET BJHATH He Ha NePBUYHOe IeEh-
CTBHE TeHa, a Ha TOT MJM HHOH dTan OCYIIECTBJEHHS ero BJHSHHSL.

XuMHYecKMe H JPYrdHe BHemIHHe ¢akTopbl

Ananoruunble ¢eHOKONHH YyAaJoCh TOJYyYuTh PamonopTty bBe-
JeHHeM cy06JjeTalbHBEIX 03 UMAHHAOB, cosell cepebpa W NMPOH3BOI-
HBIX XxHHOHa {21, 22]. ManoBepOATHO, YTO 3TH BEUIECTBA OKAa3bIBAIOT
npsamoe cnenuduyeckoe AedcTBHe Ha GYHKUHMIO TOTO WJH HHOTO
rena. Y4uTeiBasd HX obuiee neficTBMe Ha MeTaGOJHM3M, HampuMep,
yepe3 mojaBjieHHe JblXaHUS LHaHULAMH, MOKHO TpeACTaBHTb, 4YTO
OJlHH Tnpouecchl OYAYT 3aBUCHMBI OT YPOBHS ABIXaHHS HECKOJBKO
6oJbllie, yeM APYrue, H OpHu cybJeTajJbHON A03HPOBKE MOAABJAIOTCA
TOJILKO OHH, B TO BpeMs KaK BCe OCTajbHble TPeOYIOT 1Jif CBOEro
yTHETEHHS HECKOJBbKO GOJBIIHX 103 HHrubéuropa. ITomaBieHHe 3THX
60Jiee YYBCTBUTEJIBHBIX DeaKUMi M BeJeT K NOsABJIeHHI0 (PEHOKONHH,
NOXOXHX Ha MYTalHH TIeHOB, KOHTPOJHPYIOUIHX Te IKe CcaMble
peakIivu.
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3HauATeabHO GOJlee HOMOCPEJCTBEHHO M CMEUH(HYHO POJb TEX
HJIM HHBIX TEHOB OOHapyXHBAeTC HA MHKPOOPraHH3Max, y KOTOPBIX
HCCJJYIOTCS MYyTalHH, OTBETCTBeHHble 3a WX NHLIEBble NMOTPeGHO-
ctH. Tak, MyTauus rena, KOHTPOJHDYIOILErO H3HM, OTBETCTBEHHBIH
3a CHHTe3 onpelelNleHHOH aMHHOKHCJIOTHI, BeJeT ceBs KaK JeTalb-
Hasi, ecJld 3TOH aMHHOKHCJOTH B CpeJle HeT, i OCTAeTcHd He3aMeyeH-
HOM, eCIH aMHHOKHCJOTAa IPUCYTCTBYeT. Y XJOPEJIBl OTCYTCTBHE
xnopoduiia, 00yCJ0BJIECHHOE OJHOH M3 MyTalHi, Ha OObLIYHOHK cpe-
Ae JIeTaJbHO, TaK Kak (OTOCHHTE3, €CTeCTBEHHO, HE MPOHCXOLUT.
Onnako n06aBjleHHe TMIOKO3bI B Cpefy OGECNeuHBaeT POCT H Pas-
MHOXEHHE 3TOro GECMHTMEHTHOTO MYTaHTa.

Y TpaBOSIIHBIX JXHBOTHBIX HMEIOTCS 3H3WMBI, paspyllaloliue
TMUTMEHTH pacTeHHH. B opranHaMe KpOJIMKOB, TOMO3SHTOTHBEIX IO
MYyTallul TeHA, KOHTPOJHPYIOLLEr0 CHHTE3 TaKOro 3H3MMa, KCAHTO-
Guan He cmOCOGeH PaspylIaTbCs; OH OTKAAAbIBAETCS ‘B HX MKHPE,
KOTOpBIH MpuOGpeTaeT XeATblii- UBeT. Ecin He KODMHUTbL 3THX KpO-
JIHKOB 3&JIeHBIM KOPMOM, TO HX XHD Gyaer OOBIYHOTO GE€JIOTO L(BETa.

B Hoso#t 3enanaun oGHapyxeHa peLECCHBHAA MyTallHs OBell,
KOTOpas B I'OMO3HIOTE BbIPAXKAETCA B TOM, UTO y ATHAT, BbIMYLIEH-
HBIX Ha MacTOHINA, PA3BHBAIOTCA IK3eMa M BOCIAJEHHe KOXKH TOJO-
Bbl. BeeacTsHe 3TOro AIPHATA CJAGMHYT, HE MOTYT MHTATbCS M NOTH-
6aioT or rosopga. Ecam Ke HX BOCHHUTEIBATL B 3alIHLUIEHHOM OT
COJIHIIa MOMEUIeHHH, OHH pacTYT H pa3BHBawTcs HopMaJabHO. OfHa-
KO OHH MOryT 6e3 Bpega HaXOAUTbCS H Ha COJHLeE, €CJH HX MHILA
HE cogepXHUT Xxaopoduana [23]. Okasasoch, YTO y 3THX MYTaHTOB
HapylleHa (YHKUHA NMEYEHH H OHH He CHOCOGHBI 3KCKPEeTHPOBAThb
(UITOIPHTPHH — NPOAYKT pacnafa XxJopopuana. 1o (HOTOCEHCH-
Ou/H3HpYyIOLLee BELIeCTBO LUPKYJIHPYET ¥ HHX B KPOBH H HoJ JeH-
CTBHEM COJIHEYHOTO CBETAa BbI3BIBAET BOCIAJIHTENBHYI0O peaklLHIo
[24]. JleTanpHOCTD 3TOTO TeHa NPOABJSETCS MPH HAJMYHH TaKHX
OOBIYHBEIX JJIS1 OBell YCJAOBHH, KAK 3€JeHbl KOPM M COJHEeYHBIfi CBET.
BrisiBnenHe TeHETHYECKOH pOJIM BHEIIHHX YCJIOBHH TpeGyer 3Hayu-
TeJbHBIX YCHJHH SKCHEpHMEHTaTopa, TeM GoJiee YTO HCKJIIOYHTH
MHOr#e (GakTOpbl Cpelbl OKAa3blBAETCS INPAKTHYECKH HEBO3MOMKHO.

B 3ax/moMeHHe MOXHO IPHBECTH elle OIHH MpHMEp — Hac/el-
CTBeHHOe 3aboJeBaHHE 4Heq0BeKa — NMOPGOHUPHIO, KOrja B KayecTBe
MoaupHUHpYOLero (akTopa BHeIIHeH cpelbl BHICTYNAalOT OObIYHBIE
CHOTBOPHBIe. DTa MyTallMsi JOBOJBHO YaCTo BCTpeuaercs cpelu Oe-
goro Haceaenus FOxuo#t Adpuku. Ona 06blYHO BedeT K MOBHIIIeH-
HOMY KOJIHdecTBY MOp{HPHHOB B KPOBH H MOUY€, YTO HE YrpoxKaer
JKH3HH HOCHTeJA 3TOTO I'eHa MOKa OH He NMPHHHMaer 6apOHTYpaTOB,
KOTOpBle ABJSAIOTCS AJS 3THX JIOAEH BBICOKOTOKCHYHBIMH [25].

Mel paccMoTpesin 34€Ch TOJBKO HEKOTODble ACHeKTHl BHENIHero
COOTBETCTBHS MEXIY TeHOM H NPU3HaKoM. TakHe BaXKHble BOIIPOCHI,
KakK, HanpuMep, Bonpocel 06 3¢ derTe NOJOXKEHUS HJIH ICeBIOaNMe-
JH3Me, He MOIVM OBITh 31eCh 3aTPOHYTHl, XOTH OHH, HECOMHEHHO,
3acJAyKHUBAIOT CNEUHaJBHOIO M NOJPOOHOTO PaCCMOTPEHHS,
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IlepBHli 3Tanm pa3BUTHSI T'eHETHKH, E€CTECTBEHHO, IOJIKEH Obln
OrpaHMYHTBCA JABYMSl KDaHHHUMH NyHKTaMH npouecca — reHom H
NPUBHAKOM, 110YTH He Kacasch MeXaHH3Ma HX NEHCTBHTEJbHON CBs-
3H, KOTOpasi peajlH3yeTcss B mpollecce pasButHs. B HanHoe Bpems
OCHOBHbIe YCHJHS HCCleqOBaTesell NPOGJEeMBl «reH H NPH3HAK»
COCPEeIOTOYEHEl Ha 3TOM MEXaHH3Me pPeasiH3aluH.

3. Ilepsuunoe pneiicTBHE reHoB

B mnacrosilee BpeMsi NEPBHYHOe MAEHCTBHE TreHOB CBA3BIBAETCA
TOJNBKO C CHHTE30M creuugHueckux Oe/XOBBIX MOJIEKYJ H NPeANo-
Jaraercs, UTO BCS TeHeTHYecKas HHGMOpMAalUA peaJsH3yeTcsi depes
GesoK. DT0 TOCJeqHEee YTBEDPKAEHHe BCTpEYaeT HEKOTOphle Tpy.-
HoctH. OZHAKO MpENMOJOKEHHe O NpAMOH nepenaye HHGOpPMaLHH
¢ IHK na HeGenxoBble MOJMEKY/bl TIOKA COBeDUIEHHO THIOTETHYHO,
B To BpeMs kak 3aBucuMmocth JJHK—-~PHK-Gesoxk aBasiercs crpo-
ro J0Ka3aHHOH, XOTA He BCe JEeTa/H 3TOr0 Npollecca BBISCHEHB 10
kouua. B nepByto oyepenp 3ro otHocHTcs k ctpykrype JHK B xpo-
MOCOMax H peryasiiyd Ha HHX cuHTe3a PHK.

1) AHK — PHK

Maxkpomonexkynspuas crpykrypa JHK, npeanoxennasa Yorco,
HOM u KpukoM, cefiyac sBasercs OOIENPUHATON H LIHDPOKOH3BECT-
Hoi. M3Becten H cocTaB JPYTHX XHMHYECKHX KOMIIOHEHTOB XPOMO-
coM. OnHako oflass OpraHH3alusi XPOMOCOM, HX MHKDOCTPYKTYpa, .
J0 CHX HOp OCTAETCs COBEpIIEHHO HeSCHOH,  HM OJHA H3 Nperso-
KeHubIX Mopeneli [26—28] He MoxeT GbiThb OKOHYATENbHO NPUHATA.
OcHOBHOE M [0 CHX MOp Hepa3pelleHHOe HPOTHBOPEYHE COCTOUT
B TOM, 4YTO TIPH BCeX ONTHYECKHX METoJax HCC/AeNOBaHHsA XPOMOCO-
Ma NpeACTaB/sAeTCad B BHEE MYyYKa NapajlelbHO HAYLIHX HATel
(XxpoMoHeM), KOTOPble B KOHEYHOM HTOre COCTABJE€Hbl H3 ABOHHBIX
cnupaneit JJHK, coexnHenHbIx ¢ GenKOM (MM OKDYMKEHHBIX HM?),
B OCHOBHOM TIHCTOHOBOTO THHA. B TO Xe BpeMsi TreHEeTHUEOKHE H
pPagHOTEHETHYECKHE HCCJIENLOBAHHSA COBEPIIEHHO OJHO3HAYHO MNO3BO-
JIIOT NPEACTaBHTb XPOMOCOMY TOJIbKO KakK O A‘HY IBOHHYIO CIHpaJb
JHK, Broab kKoTOpOH moc/aenoBaTesbHO pacmoJjaralores renbl. Ho
[IOCKOJIBKY JHaMeTD XPOMOCOMBI B ThICSYM pa3 Goabile, yem JTHK,
TO €€ HHTb JOJI?KHA ObITb IMHOTOKPATHO CBepHYTa ( CIHpaJiH30BaHa?)
KaKHM-TO HEH3BECTHbIM 00pa3oM. 3ajnaua OCJOKHSETCS ellle U TEM,
yto KoauyectBo [IHK B kinerke (mo XHMHYECKHM ONpele/eHHSIM)
MO MeHbIlIeli Mepe BABOE MPEBOCXOJHT OOBEM TEeHETHUECKOro Mare-
pHasa, ollpeAeaseMOro U3 KOJH4YecTBa M pa3Mepos rexwos. IlpoGae-
ma «Herereruyeckoii JIHK» yacro o6xoautcsi B /nuTepatype, XOTs
COBepUIEHHO OYeBHIAHO, YTO 6e3 ee pElIEHHs TOJHOE TPEACTaBIeHHe
0 MexaHH3Me JeHCTBHs reHOB COCTaBHTb HEBO3MOXHO. «Hereweru-
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yeckyto JHK» MoxHO 0oGHapyXuTb mpH CpaBHEHMH 3yXpOMaTHue-
CKHX H TeTepOXpOMaTHUYECKHX Yy4YacTkoB XpoMmocoM {29, 30]. dtu
00/1aCTH HECKONBKO OTJHYAlOTCA XHMHYECKH (B TeTepOXpOMaTHHe,
no-suaumMomy, Goapmie [NHK) wu oueHb CHIBHO — TEHETHYECKH.
IMourn Bce m3BecTHBIE I€HBl KOHLEHTPHPYIOTCS B 3YXPOMATHYECKH)
paliOHax H HOUYTH MOJHOCTBIO OTCYTCTBYIOT B TETEPOXPOMATHUYECKHX,
B mnociennee BpeMsi TeTepOXPOMATHHY 4acTo NPHMNHUCHIBAETCA pery-
JSATOpHAsi POJb H IOJY4YeHbBl HEKOTOpPhbie (aKTHYECKHE JaHHble B
monb3y srtoro mpennosnoxenuss {31—33). Oxnako B TakoMm ciayyae
MyTal{HH H/JIH HEXBATKH B IeTePOXPOMATHHOBHIX 06/acTAX AOJXKHL
ObliH . OBl BECTH K Je30praHH3aliMH (PYHKIIHHA yXKe H3BECTHBIX HJIH
ellle HEH3BECTHHIX I'€HOB, T. € BbLIPAXaTbCs (DEHOTHMHYECKH, YEro,
conHako, He npoucxoaut [30].

ITepBpiM 3Tamom peasiH3alMH HAacCJAeICTBEHHOCTH fABJSICTCS CHH-
Te3 B sApe, Ha XpoMocoMax, cneuupuyeckux Mosaekya PHK, mepe-
HOCSHIIMX UH(OPMalHI0 OT OT/eNbHBHIX IMeHOB B LUTONJAasMy. B Ha-
crosiuiee BpeMsi H3Bectubl TpH Tuma PHK: 1) nadopmaunonuas,
uan Meccenmkep PHK (#-PHK), 2) pu6ocomuas PHK (p-PHK)
# 3) pacrBopuMas, uian tpancnoptHas PHK (c-PHK, nau r-PHK).
Kpome Toro, Moxer GuTb, K 0coGoMy THNy caexyer otHectH PHK
pacTHTENbHBIX BUPYCOB Kak emuncTBennblii THn PHK, cmocoGubii
K penynaunkauuu. CoGCTBeHHO TeHeTHYecKass HH(OPMAalMs OT I'eHOB
K NpH3HakaM Tiepenaercs Toabko 4epes M-PHK, B 10 Bpems kak
ocranbuble THNBl PHK cay»xat pnast ocyllecTB/e€HHsT 3TOrO Tpoliec-
ca, XOTSl BOSMOXXHO, YTO H OHH HECyT HEKOTOPYIO IeHETHUYECKYIO HH-
¢opMmanmo. IlosTomy, paccmaTpuBasi NMEepBHYHOE HAEHCTBHE TEHOB,
Mbl B OCHOBHOM 6yneM roBoputh mMenno o -PHK, xora xumu-
YecKH OHa H3yueHa Menbile apyrux tHmos PHK.

CrpyktypHblii Mexanuam cuHtesa s#-PHK usyuen negpocrartouno,
[To-BuauMoMy, Kak ¥ npu Aynankauuu, HutH JHK 8 Mecre cuure-
3a OTAENSIOTCS APYT OT Apyra M cospaercss rHOpHAHas MOJIeKyJa
OHK-PHK. UlnurenasMaHy ynanoch BblEenHTe KoMmiekce JIHK-
PHK w3 KJeTOK BBICHIHX OpPraHH3MOB, HCNOJAb3ysA TOT (AKT, YTO
npu cuutese PHK sta Mosekyawl oTaeasiorcs or Matpuus IHK
He cpasy {34]. Takue ruGpuaHble MOJIEKYJbl MOTYT OBITh MOJyY€Hb
in vitro npu MenJeHHOM oxJaxkaeHHH Harperoro pacrsopa JIHK u
PHK {35, 36]. I'uGpuabl BO3HHKAIOT TOABKO B Tex pacTBOpax,
re BepOsTHOCTb BCTPEUH MeXAY KOMIJIEMEHTADHHIMH MOJIEKYyJaMH
NOCTATOUHO BeJiHKa. DT10 Habjaoopaercs B onbltax ¢ ¢arosoii [THK
u PHK n3 6Gaxrepua/ibHHIX KJETCGK, 3aPa’KEHHHIX TeM Ke ¢arom.
KoauyecTBo reqos B (pare OTHOCHTENbHO HEBENHKO H COOTBETCTBEH-
HO HeBeauko yucao pasxoBuaHocteii PHK, o6pasoBannbix Ha 3THX
maTpuuax. Berpeua uncrposon JJTHK ¢ KOMIJieMEHTapDHEIMH K HHM
mosnekysamu PHK craHoBHTCA 1OCTAaTOYHO BEPOSATHON. Y BBICHIHX
OpraHMH3MOB KOJIHYECTBO FeHOB B ThICSYH pa3 GoJblie H M3 HHX
B KaXKAblil MOMEHT (GYHKUHOHHPYET JHIIb HeKoTopas 4yactb. ITpu
sToM cayuailaeiii koutakt ydactkoB NHK u PHK komnaemen-
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TapHOTO CTPOEHHS OKa3blBAETCSH CTATHCTHYECKH MaJIOBEDOATHBIM H
OCYUIeCTBJsIETCA TOABKO NPH OCOGBIX YCJAOBHAX.

Cunres PHK na marpune JHK 6bin1 noayuen in vitro u cocras
BHOBb O0GPa30BaHHBIX MOJIEKYJ COOTBETCTBOBAJ HYKJCOTHAHOMY CO-
craBy MaTpuubl. Kpome marpuusl, mas cuHtesa PHK neobxomum
cy6cTpaT CHHTe3a — YeThipe pHGoHyKJaeosuarpHpochara (AT,
[TO, YT®, UT®, rae A — anenun, I' — ryanun, ¥ — ypauun H
I — unrosun) u ¢depment PHK-nonumepasa B nponecce cuHTesa
Makposprudeckue ¢ocoaTHble CBA3M Pa3pbIBAIOTCS H HX IHEPTHSA
HcroJb3yeTcss Ha nocrpoeHue Mogekyan PHK [37, 38].

B npunnume mnpoumecc KoMmmiaeMeHTapHOoro cuaresa PHK Ha
maTtpuie JJHK ne mosxken Obly Obl OTJMHATbC OT AyMJAHKaLHHU
camoit ITHK. [eficTBuTeNbHO, MeXIy 3THMH IIpOLleCCaMH HMeeTcs
ompejeseHHOe CXoicTBO. B ofoux cayuasx cydcrparoM Cayxkat
TpudochaTHble NPOH3BOAHBIE HYKJIECO3HAOB, a MAaTPHLEH — MOJIEKY-
aa JHK, B xoropoli pasgenena xBoiiHas HHTb M BHOBb 006pasyno-
Iasics MoJieKyJa MNOACTpauBaeTcss K OXHON u3 . HUTeld. Oranuus
B aynaukaumu JJHK u cunrese PHK cocrosit e Tonbko B TOM, 4TO
IOHK crpoutcs u3 nesokcupuGoHykaeosuarpudocdparos, a PHK
13 purGoHyKIeo3naTpudochaToB, HO M B TOM, YTO THMHHOBOE OC-
HoBanue JIHK 3ameneno B PHK ypauunom. IlpuHIMnuanbHOE
OTJIMUHe 3aKJjlouaercs eme B toM, uto JIHK gynauuupyercs ue-
JAMKOM BO Bcelt xpomocoMe {28] (xors u He ogHoMomeHTHO), a PHK
CHHTE3MpYeTCsi JIHIUb y OTAeNbHBIX JOKYCOB XPOMOCOMBI, NpPHYEM
B KaX[Abli MOMEHT B KJeTKe GYHKUMOHHDYeT JHIIL HeboJbluas
4acTb BCEX JOKYCOB.

MexaHu3M u30upaTesNbHON AKTHBHOCTH OTAEJbHBIX T€HOB II0Ka
ellle H3BECTEH OYeHb MaJo; cefiuac MOXKHO FOBOPHTb TOJBKO O ABYX
¢aKTopax, HEMOCPEACTBEHHO IOZABJAOIIUX (DPEeMpPECCHDPYIOIIHX)
MEepBHYHYIO (YHKIHIO TeHOB. ['éHeTHYECKHii MEXaHH3M pelpecCHH
6bl1 oTKphiT JKako6oM u Mono y GakTepuii H COCTOHUT B TOM, YTO
GYHKILMA ORHHX TEeHOB HEMOCPEACTBEHHO KOHTDPOJHPYETCA APY-
rumu [39, 40]. ITo atoit xopowo 060CHOBAHHOHA 1Js OaKTEePHH CXeMe,
MpEeANoJaraercs, YT0o TeHOM-Pery/siTopoM BBIEJIsIeTCs BELIeCTBO-
penpeccop, No-BHAMMOMY PHOOHYKJIEHHOBOH NPHPOIbl, KOTOpPOE Hei-
CTByeT Ha reH-OMepaTop, OOBIYHO DPACMOJIOKEHHBIH B HEMOCPexcT-
BEHHOM KOHTAaKTe C caMHM OOGBEKTOM peryJslMH — CTPYKTYDHBIM
reroM. Kak Mbl yBuAMM HHIKe, 3Ta CXeMma, CO3JaHHAs AJs1 HHAYLH-
POBAaHHOrO CHHTe3a (PEPMEHTOB, He ABJAsETCS OOUledl W /s BBICIIHX
OpraHM3MOB [O/MKHA ObiThb ‘Go/ee HJIM MeHee MOXH(HUHpOBaHA.
BTopbiM (haKTOpOM, penpeccHpyrmuM (YHKUHIO TEHOB, fBJIAeTCH
csstap JJHK ¢ 6eanxamu rucronoBoit npuponbl. Creuunduueckas
JIOKaJH3allusd THCTOHOB B XPOMOCOMAaxX M TECH&S XMUMMYecKas CBs3b
¢ JHK mnosBoasor npexmosnarath HX yuacTHe B DEryJ/silHH NepBHY-
Hofi remernueckoil ¢yHxuuu. B nocnexnue ToAbI OBIMK [OJNYYEHB
SKCMepUMEHTaJ/bHbIe MOATBEPXKACHHS 3TOH KOHUenuuH. Bbito noka-
3aHO, 4TO AoGaBjeHHe THCTOHOB Oaokupyer cuures PHK u Genxa
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B snpax muMyca [41]. HaoGopor, uactnynoe ocsoGoxaenne JHK
OT THCTOHOB MyTeM HX MSADNKOTO TiepeBapHBAHHSA TPHICHHOM BbI3bl-
Bano ycuienue cuutesa PHK. Tlpu stom cocraB BHOBb CHHTE3HpO-
BaHHoi H36biToydoit PHK oTnuyanca mo Hyk/1eoTHIHOMY COCTaBy
or PHK, xotopast 0G6bIYHO CHHTE3HpyeTCsl B AipaX THMYyca. ABTOpbI
NpeanmoJaraioT, YTo HecnelurdHyecKoe yaaJieHHe THCTOHOB NpPHBEIO
'K akruBallii Takux JokycoB JHK, koropbie o6bluHO sBJasAOTCA
3apenpeccHpoBaHHbIMH.

[To-BuaHMOMY, ABa YKa3aHHbIX cnocoba 6/OKHDOBAHHS TEeHETH-
yeckoi ¢yHkuuH JHK He wuckawodaior npyr Apyra, a sBJASIOTCH
BbIpa’KeHHEM OJHOro Mexanuama. Hekomopble aBTOpBI NpeAnoJsa-
ralT, UTO MeXaHHW3M AeHCTBHUsS TreHa-OlepaTopa COCTOHT B CHHTE3e
THCTOHOB, KOTOpble 3aKpbiBalOT COOTBeTCTBYIOIHH yuyactoxk JHK.
[MpencraBneHuss 3TH OCTAlOTCA KpaiHe TMIOTETHYHBIMH.

[Tepenocunku reHeTHYeCKOo MH(POPMALHH — MOJIEKYJHI
#m-PHK — uMeror MosekyaspHblil Bec nopsinka 5- 105 u KoHcTaHTy
CelMMEHTAlHH C THKOM Ookojao 14S. [auHble BeqHUHHBl ABJASIOTCH
cpelHell BeJHYMHOH Cc JOBOJBHO IIHPOKHM pa3MaxOM BapHauH# oT
MOJIEKYJIsIpHOTO Beca, paBHono 1105 no 2-10° [42]. BroT mwupokuit
JHana3oH BapHaOHJBbHOCTH BIOJIHE MOHSITEH, TaK Kak OH COOTBET-
CTBYeT BapHallMd pa3MepOB GENKOBBIX MOJEKYJ, KOTOpble Npea-
onpegpeaser #-PHK. Koanuecrso #-PHK B kseTke He npesbilmiaer
1—29% or Bceit PHK. Xumuueckoe ee BbliesneHHe mpeJcTaBiser
3HauyHTeJbHBIE TPYAHOCTH, HO B NOCJELHEe BPCMSI HaMeTHJ/OCh He-
CKOJIBKO METOMOB, OCHOBAaHHHIX Ha CHOCOOHOCTH €e CBfI3bIBaTbCS
¢ THK.

Oco6ble TPYAHOCTH MO CHX MOp cocTaBasger BhisBaeHHe u-PHK
B IHTONJIa3Me BhICHIMX opraHuamMos [43]. B sapax sra ¢pakuus
PHK oTHOCHTENbHO JIETKO MOXeT ObiTh OOHapy:KeHa B oOmblTax
C MeueHBHIMH MpeJllecTBEHHHKAMH, KOTAA HYKJEHHOBble KHCJIOTHI
pasfensiioT Ha (pakuUHH MO aXCOPOLHH HAa KOJOHKE HJIH MO KOH-
cranTe ceiuMentauuu. OfHAaKO 3HayMTesbHAsd YaCTb MEUYEHHX CcO-
eAMHCHHI pacliajaeTcs, He TOKMIas fAApa, H B LHTOMJIa3Me TOJIbKO
HEMHOTHM HMCCJIe0BaTe]sIM Y/JaJ0Cch HAaUTH HEKOTODOe KOJHYECTBO
#-PHK, cBsizsanHoe ¢ puGocomaMu {44]. Takum oGpasom, Takoe
BaXKHOE 3BEHO MepeHOca FeHEeTHUecKOH HH(MOPMAIHH, KaK ee BBIXOJ
H3 siipa B UHTOMJIa3My, A0 CHX TOp ABJIAETCS MaJOH3YUYEHHBM
paszpenom npo6Jemnl [45].

2) PHK — 6exok

[Tepsuiit war nepenoca uudopmauun — ¢ JHK #a PHK — Tteo-
PETHYECKH ‘HE SIBJSETCA CJOXHBIM, TIOCKOJIbKY NEpPEKOAupOBaHHe
COCTOMT TOJIBKO B TOM, YTO THMHH 3aMellaeTcs YpalHJoM, a pH-
603a — Ae30kcHpHG6030ii. Hacrosmee u sHauHTeNbHO Gosiee CJO0XK-
HOe MepeKkoJHpOBaHHE NMPOHCXOAUT Ha CJEJYIOINEM 3Tame NepeHoca
undpopmauuu or PHK k nocaenosarenbHOCTH aMHHOKHC/IOT B MOJIK-

245



nentuaHON uenouke [46]. M ecan mepBbifi 3Tanm Tpebyer JMHIIbL CyG-
crpatoB cuHresa PHK wu oanoro ¢epmenra, To Ha cieaywolleM
jTane yvyacTBYeT MHOXKECTBO BBICOKO- H HH3KOMOJEKYJSDHBIX KOM-
noseHToB. B uncro uHQOpMalUHOHHOM IJIaHE AJS HAc CylLIeCTBEHHaA
Julllb mpo6JeMa Koia, corjacHo Kotopomy B mM-PHK komupyercs
AMHHOKHCJOTHAsA MOCJe10BaTeJbHOCTb. OXHAKO H MEXaHH3M peaJu-
3allMd 3TOr0 KOZa, KaK cefyac yCTAHOBJEHO, TaKXKe TpeNCTaBJseT
coboit BaxHyI0 HHpOpMalLHOHHYI0 npobiemy. B nocnennde TpH —
nATb JeT B 00eHX 3THX HaNpaBJEHHAX, KOTOPble JO CHX IIOp HAXO-
IATCS B LIEHTPE BHHMaHHUs OGHOXHMHKOB, GBIIH JOCTHMHYTH 3HAYH-
TeNbHbIE YCHEXH.

ITocne paGor Kpuka [47, 48] crano oueBHAHO, YTO KaXKias aMu-
HOKHCJIOT2 KOAHMPYeTcsl TpeMsl COCeJHHMH HYKJEeOTHIaMH, NpHUEeM
KOJ fBJSIETCA HeMepPeKPBIBAIOLUIUMCS, T. €. KaXKI0i aMHHOKHCAOTE
B MOJHIENTHAHOH LeNy COOTBETCTBYET OTHAe/bHAsl TPOHKa HyKJeo-
™unoB. Ilocne psaga MaloycomeuiHelX HONBITOK MOAOHTHA K TpobJeme
KOjla ‘KOCBEHHBIMH nyTAMH, HupenGeprom Obin mpepsioxen npsiMoil
MeTOJ aHaJu3a, OCHOBAHHBIH Ha CHHTE3€ MOJHNENTHAHOH UENOYKH
in vitro na Marpuule cunreruueckoli PHK ¢ u3BecTHBIM cooTHOLIe-
HHEM CJaydYaiHO pAacloJIOXKeHHBIX HYKJIeoTHN0B. COBMeCTHBIMH YCH-
JHSIMH pa3HYHbIX J1a60paTOPHH B KOPOTKOE BpeMs GbLIH MOJY4YeHb
3HaunTeNbHBle pesyabtathl [49, 50]. K HacrosmieMy Bpemens u3
64 BO3MOXKHBIX MOC/JENOBATEJbHOCTEH TpeX HYKJIEOTHAOB I
60 npenJoxkeHO KojoBoe 3HaueHHe. I1pu 3TOM BBISICHHIOCH, UTO KO
AIBJSIETCS BHIPOMK/IEHHBIM, T. €. OJHa aMHHOKHC/iOTA MOXKeT OBITh
3aKOJHPOBaHa HECKOJbKHMH 'PA3/IMUYHBIMH TPOHKaMH HYKJEOTHIOB.
CyllecTByeT MHOTO OCHOBaHUN AJS TPERAMOJONKEHUs, UTO KOA AB-
JisieTcsl YHHBEpCaJIbHBIM Yy ‘BCeX JKHBBIX OPraHH3MOB, HO NPAMBIX
3KCIEpUMEHTAbHBIX JTaHHBIX 1I0Ka HeJOCTATOYHO, 4YTOOBl CUHUTATD
3TO JAOKa3aHHBIM.

CepbesHoe MNOATBEPXKAEHHE MLOCTOBEPHOCTH HAWAEHHOTO KOJa
6bLIO MOJNYYEHO NMpPH aHaau3e MyTalUMH, AJAs KOTOPBIX TOYHO H3BECT-
HO, KakKue H3MEHEeHHS MpH 3TOM [peTepneBaioT GeJKOBble MoJe-
kyabl. Okasanoch, 4TO B psje cjAydyaeB ‘MyTallHOHHAsA 3aMeHa OXHOMU
aMHHOKHCJOTH Ha JPYryio CONPOBOXKIAeTcs 3aMeHOH B HYKJeo-
THAHOM TpPHILIETE TOALKO OJHOTO HYKJeOTHAa H3 Tpex. Tak, AJas
BHpyca TabauyHOH MO3aHKH H3BECTEH TI0C/]EeNO0BaTENbHBIA DAX MyTa-
LMi, TAE B OJHOM H TOM e ydaCTKe MOJIeKYJbl Oenka TPeoHHH
3aMeHsieTCAd Ha CepHH, CepHH Ha (eHunalaHuH, QeHHIaNaHuH Ha
tupo3uH. COrJlacHO TPUIIETHOMY KOAY, 3TO COOTBETCTBYET 3aMeHe:
UYA-LLYY—-YYY-YAY, 1. e kakiasd MyTalus sBAAeTCs pe-
3yJILTATOM H3MEHEHUs TOJbKO OAHOro Hykaeoruma {51]. Amanormu-
HbIM o0Gpa3oM nJd TeMOrJoOHHAa H3BECTHB MYTaHTBHl, B KOTODHIX
IJJOTAMHHOBAsl KHCJAOTAa 3aMeHeHa BaJHHOM, TJIOTAMHHOM HJH
AH3HHOM. DTO cooTBeTcTByer 3amede Tpumiaera AYD ua YYI, AT
unn AYA (onsath B KaxXAOM CJyyae 3aMeHAETCA TOJBKO OAHH
HykJ1eoTHn Tpumiera) [52].
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Boapmme yenexu GbIH NOCTHTHYTBI TaKkKe M B H3YYEHHH MeXa-
HH3Ma MepeKoNMPOBaHUs, T. €. CHHTe3a MOJUMNENTHAHON UeNH COOT-
BerctBenHo MaTpuue PHK. CTpoeHne aMHHOKHMCIOT ¥ HYKJIEOTHA-
HbIX TPHIJIETOB He SIBJSETCS KOMIIEMEHTapHBIM, KaK y ABYX LEIo-
yex JHK uan naxe JHK u PHK, u mpsmoe nepekogupoBaHHe
OKasbiBaercss HeBO3MOXKHBIM. Kpuk B [958 r. BBIIBHHYS HAEW
«aJanTopos» — MOJICKYJ1-lelHppaTopoB Kak Obl ¢ ABYMS MOBEpX-
HOCTSIMHM: OIHOH, HMelolled CPOJCTBO K OMpeleseHHOH aMHHOKHC-
JioTe, a APYroH — K COOTBETCTBYIOLIEMY TPHIJIETy B IMOJHHYKJEO-
TuaHo# nenn PHK [53].

TaxuMm 06pa3om, LONIKHO CYLIECTBOBATH ellle JBa KOjAa: OT aMH-
HOKHCJIOT K ajzantopy d ot apantopa x #-PHK. B pesynabrate pa-
6ot XorneHaa u psifia APYTHX aBTOPOB 3TOTO MEeXaHH3M CTaJl BO MHO-
roM mnoHATeH [cM. 45]. AxanTopoM SIBJASIOTCS MOJEKYJbl PacTBOPH-
MOH oTHOCHTenbHO HH3KoMoJgekyaspHo# PHK (c-PHK). [lepsruiit
3Tan cHHTe3a Oeaka — aKTHBaUUst aMHHOKHcAOT AT® u npucoenu-
HeHHe aKTHUBHPOBAHHOH aMHHOKHCJOTBI K COOTBETCTBYIOLUEH MoJe-
Kyne c¢-PHK. 3rtor npouecc xartanusupyercs crnelHdpHUeCKHMH
tpepMentamu — aMunoauun-PHK-cuurerazamu. Kaxknbifi ¢depMeHt
celHHUer I ONHOH AMHHOKHCJOTBHI, T. €. BHIOB , aMHHOAIHUJ-
PHK-cunTeras uMeeTcsi He MeHblIe, YeM BHIOB aMHHOKHCJAOT. Mo-
Jaekyabl c-PHK Ttakxke cnenmopHuHbl; cefiuac ellle He BhIIeNeHBl clle-
muduueckue ¢-PHK nns Bcex aMHHOKHCJOT, HO AJ1s1 HEKOTOPHIX 3TO
yxe cienano. Moaekyasl ¢-PHK cxonubl mMexny coboil B OoPHOIUe-
HUH MoJieKyJasipHoro Beca (25000) u CTpPOeHHS KOHLEBBIX TDYII
¢I'p — PHK — ¢pLidpLipA. Onnako mocaenoBaTeJbHOCTh HYKJEOTH-
JIOB, HAYUIMX AOCJE aJeHO3HH-IHTO3HHOBOTO OKOHUAHHS, Y DAasHbIX
tunos c-PHK pasnnuna: stTuM pocturaercs ux crneunduusocts. Cre-
muguunocts c-PHK Brille, 4yeM 370 He06X0AMMO IS IPUCOeIHHEHUSA
JaHHOH aMHHOKHCJIOTHI, T. €. OJHH BHJ aMHHOKHCJOTBl MOXET IpH-
coequnatbes K c-PHK nByx-tpex tumoB. MIHBIMH c/ioBaMH, KOL aMH-
nokucyaora — ¢-PHK ToXe oxa3piBaeTcssi BHIPOXKICHHBIM, H THIIOB
¢-PHK 6oablile, yeM THIOB aMHHOKHCJIOT.

CreuuHyHOCTh TPHUCOCTHHEHHS AMHHOKHCJIOTBI K ONpEeNeNeH-
gHiy THnaMm c¢-PHK onpegensieTcss He KOMIIEMEHTAPHOCTBIO HX
crpoeHusi (KOHIEBasl TPYyINNa, K KOTOPOH ITPHCOENHHSIETCS] aMHHO-
KHcJ0Ta, y Bcex ¢-PHK onunakoBa), a peficTBHeM CIeHH(pHYECKOTO
JepMeHrTa. _

Takum o6pasoM, mexay resom (JHK) u nponyxroMm ero akTus-
HOCTH HMEIOTCS IO MeHbllefl Mepe ueThipe 3Tana KOJHPOBAHHA:
mexny tpumierom [THK u tpunaerom PHK, Mexny aMHHOKHCJIOTOH
u ¢pepmentoM (amunoauua-PHK-cunrerasa), Mexnay ¢pepMeHTOM H
modexynoii ¢-PHK u, nakonen, Mexny amuHo-auua1-PHK-xommiek-
com u TpumiaeroM m-PHK.

Mouxnekynas ¢-PHK Moryr yuyacTBoBaTh B llepeHOCE aMHHOKHC-
JIOT HEOJHOKDPATHO, HO CHHTE3 MX MPOHCXOAHT JMOBOJBHO HHTEHCHB-
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Ho. [Toka3saHo, uto cuntes ¢c-PHK, xak u sceét PHK, ocywecrsaser-
ca nHa JHK u Takxe OJOKHpYyeTcsl HHruOUTOpaMH CHHTe3a
JHK-PHK [54].

Tpetbum BugoM PHK sBnsiercs pubocomnasst PHK. Ha pu6oco-
max npoucxoaur Berpeua M-PHK ¢ ¢-PHK u coGerBeHHO cHHTe3
6enka. PuGocoMn o06pa3oBaHbl M3 JABYX PHOOHYK/IEONPOTEHAHBIX
KOMIOHEHTOB C KOHCTaHTaMHu cefuMentauuu — 30S u 50S. Mexa-
HU3M JeficTBusi pHGOCOM OCTaeTcsl CoBeplueHHO HesicHbIM. Ilpeano-
naraercd, uto Monaekyna M-PHK, kKoropas numb HemMHOro MeHblie
pubocom (8S — 30S), pacnonaraerca Mexay o6GeMMH HepaBHBIMH
yacTaMu pHGocoMbl. ¥ GakTepHil ¢ HHAYLUHDOBAHHBIM CHHTE30M
¢depMmeHToB ogHa Mosekyna x#-PHK npHHHMaeT yuacThHe TO/AbBKO B
CHHTE3e HEMHOPHX MoJeKya Genka, paspyimiaercs H el Ha cMeHy
PUXOAHUT Apyras Moaekyna m-PHK. ¥ BBICIIHX XKMBOTHBIX 3TO OTipe:
neqeHHo He Tak. Ha pasnduHbix 00bexTax NMOKa3aHO CYLIECTBOBA-
HHe goaroxuByuiel #-PHK, naurenbHoe BpeMst QyHKUHMOHHDPYIOLIEH
6e3 yuactus saep. CuHte3 remorjo6uHa B 6e3bALepHBIX PETHKYJO-
IUTaX, cUHTe3 6ejKa B PaHHUX 3apojblllax, JHLICHHBIX sfjlep, CHH-
Tes Oenka B KleTKax, o0paloTaHHbIX AKTHHOMHIMHOM,— BCe 3TO
MOKa3BIBAET, YTO B KJETKax BbIcHIHX opraHusMoB x#-PHK mMoxer
ObITh AJHTENbHOE BPeMsi CBA3aHHOH ¢ PHOOCOMaMH H YyuacTBOBaTh
B CHHTe3e He 0JHOH GenkoBoi Moaekyabl. OnHako BpeMs KHU3HH
#m-PHK Bce e orpanuueHo — B OJHHUX Clyuyasix ObICTpee, B APYIHX
MeJJieHiHee, HO UHTEHCHBHOCTb OEJKOBOrO CHHTe3a B Ge3bAfepHbIX
KJeTKax HJH B KJeTkax ¢ 3abnokdpoBaHHo# JHK mocTenenno
YMeHbIIaeTCsl M, HaKoHell, coBceM Npekpamiaercs [55].

BaxXHelM BOMpOCOM, KOTODBIH AOJATOe BpeMs CTOsA] Ha MOBe-
CTKe OHsA, OblL1 BOmpoc O cmeliupuuHOocTH puGOCOM, HaAH, B Goaee
obueir dopMe,— o0 poau pUBOCOMBI B OlpelieNeHHH 6GenKoBOi
cTpykTyphl. Llennifi psaj ONBITOB, TaKHX, KakK cHHTe3 in vitro npu
KoMOuHauuun pubocom u M-PHK pasnHudoro mnponcxoxieHHs
(MJeKomnHTawIiue, 6GakTepHH, BHPYCH), NOKasaJj, 4TO emnelH¢HY-
HocTh Oenka menuxkoM onpelensercs #-PHK HezaBucumo ot mpo-
HCXOXAeHUs pubocoM. ENHHCTBEHHBIM AOBOJOM MPOTHB 3THX 3KCIe-
PHMEHTOB SIBJAfeTCH TOT (PaKT, YTO BO BCEX 3THX ONEITAX AKTHBHO
ce6s BeleT TOILKO HEKOTOpas uacTh pubocoM, yacto He GoJee 10%.
310 MOXeT ObITh BEI3BAHO TeM, UYTO OCTajJbHble PHOOCOMH yXe
6vlnu cBs3aHH ¢ #-PHK Bo BpeMs ux BblJeleHHS U 4TO pasjuy-
Hble pHGOCOMBI cBA3aHbl ¢ pa3HrMH Tunamu #-PHK u takum obpa-
20M MOTYT ONpeNeNATh eClU He crnellHPHYHOCTh, TO XOTS Obl HHTEH-
CHBHOCTbL OelIKOBOTO CHHTE3a.

B kaerke pn6ocoMbl yacTo 06pAasylOT KOMIJIEKCH H3 HECKOJb-
kux (6—10) pubocom — moaucoMbl {48], coenuHeHHble OAHOH MOJe-
kyaoit #-PHK. Ecre npemnosoxeHHe 0 TOM, UTO pasiHUHBIE KOM-
MOHEHTHl NOJIMCOM YYacTBYIOT B CHHTe3e pasHbIX uacreil GesKoBOR
MOJIeKyJibl (Y42CTKOB MOJNUNENTHAHON LeNH MJAH Das3HBIX LEenoueK)
Uiy ¢yHKuHMoHAABHO AUddepeHIIHpOBaHE HHBIM 00pa3oM. Bo3moxk-
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HO, Tak¥e, YTO [OJIHCOMBI KaK-TO YyUaCTBYIOT B CO3JAaHHH TPETHU-
HOH CTPYKTYpHl 6eslKoBOM MoJeKy/abl. Jlo Tex mop moka CTPyKTyp-
HBIfL MeXxaHH3M CHHTe3a Oesqka Ha puGocoMax He CTaHeT fICHBIM, Bce
3TH-BONPOCHl He GyAyT OKOHYATENbHO pelleHHl.

3) Kondopmauus G6eakos

Hykneotuaras nocaenoBarenasHocTs B JJHK oagnosnauno ompe-
HeJsieT TOJbKO IOCJAef0BaTeNbHOCTh AMHHOKHCIOT — MePBHYHYIO
cTpyKTYpY Geska. OfHAaKO CTpoeHHe ¥ CBOHCTBA GeNKOBOH MOJEKy-
JIBl He MOTYT OBITh ONMHCAHBl TOJbLKO NepBHYHOH cTpykTypoii. IToau-
NenTHAHAsA Lienoyka OGLIYHO 3aKpyueHa BOKDYr ee HJHHHOH ocH
(a-cnupanb), obpasysi BTOPHUHYIO CTPYKTYpPYy MoJekyabol. Kpome
TOrO, TOJHIENTHAHAS CNHpalb CKIaAblBAETCS ONpeleNeHHBIM O06-
pa3’oM B TPETUUHYIO CTPYKTypy. HakoHel, MHorue cioXxHbole Genko-
Bble MOJIEKYJIBl COCTABJSAIOTCS U3 HECKOJbKHX IMOJHIENTHAHBIX Lie-
nef, YTo MoxXeT ObITb Ha3BAHO YETBEPTUUHOH CTPYKTypoH OeskKa.
Bce a3t cTpyKTYyphl (KOH(GOPMAIHs MOJEKYJbl) ONpefensiioT GyHK-
IHOHa/IbHble CcBoHcTBa 6esika; CaeJOBAaTeJbHO, HX HacJelCTBEeHHas
06yCJI0BJIEHHOCTb SIBJISIETCS CYLIECTBEHHBIM 3BEHOM Npo6JieMbl «reH
H NIpH3HAK>.

BropuuHasi CTPyKTypa TOJHNENTHAHON IeNH, [O-BHIUMOMY,.
OJHO3HAYHO OINpEeAE/sieTCs aMHHOKHCJIOTHOH MOCIeI0BaTelbHOCTHIO,.
TaK Kak fiBisieTcs (QyHKUMeH CTEXHOMETPHUYECKUX OTHOLIEHUN MexkK-
Iy COCeHMMH aMHHOKHcAoTaMu [56]. TpeTHuHas KOHGHUTypaUHs®
TaKKe 3aBUCHT OT aMHHOKHCJOTHOH NOC/Ieq0BaTeJbHOCTH, HO OTpe-
NensieTcsi €0 He OJHO3HAYHO. DTO JyYllle BCErO HAMOCTPHPYETCS
CpaBHEHHMEM HATHBHOTO H JEHATYPHPOBaHHOIO Oe/KOB, HMEIIUX
OJHHAKOBYIO NePBHUHYIO CTPYKTYpY, HO COBepLIEHHO pa3HBie KOH-
durypallid H, Kak CJeJCTBHE 3TOro, pasHble (YHKIHUOHAJNbHBIE
cBofictBa. TperuyHasi CTpyKTypa CYUIECTBYeT 3a CUET HAJHUUS BO-
JOPOAHBEIX M S—S-cBfA3eft MeXJay 4acTAMH MoJsekyanl. Ilpu Hapy-
UIEHHH 3THX CBsA3eH (IOBBILIEHHE TeMIIepaTyphHl, AeHATYpPHPYIOUIHE:
BelllecTBa) yNOpsiJoueHHAss KOHGHIYpalHss MOJEKYJbl Hapyliaercs
H, KaK TIPaBHJO, BOCCTAHOBUTLCA yKe He MOXKeT. DTO ONpeleseHHO:
NoKasblBaeT, YTO CO3JaHHe TPETHYHOfl CTPYKTYphl Tpefyer ompeje-
JIeHHO! HH(pODMalHH, CBepx TOHf, KOTOpash CONEPXKHTCA B aMHHO-
KHCJIOTHOH mocneqoBaTeJbHOCTH. Hukakux QaHHBEIX 006 HCTOUHMKE
srofi undopManuu noxa Her. OueHb BEPOATHO, UTO 0COBOro HCTOU-
HHKa Takof uHbopmaunuy, cnenudpHyHOro A5 KaxKAOTo Buaa Oeska,
H He CYLIecTByeT, a Te KOHKDETHBbIe YCJOBHsl, KOTOpDHE CO3AAI0TCSt
Ha mofofi puGocoMe, onpelensiOT OJHY TPETHUHVIO KOH(HIYpAIHIO:
U3 BO3MOKHBIX NPH JaHHOH aMHHOKHCJOTHOH NOCJAEN0BaTeIbHOCTH,.
KoHTposupyemor m-PHK. MoxHO TakXe npeanosoxurb, uTo:
CYWeCTBYeT HeCKOJbKO THIIOB PHOOCOM, KaXKIblfl M3 KOTOPHIX Hecer
OTBETCTBEHHOCTb 34 ONpeAesIeHHBIH THI KOHGHIYDPalUUi TPETHUHON
CcTPYKTYpH. Ho B TakoM ciyuae J0JI2KeH CYIIECTBOBATb MeXaHU3M,,
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ofecneuuBaIUi coefHHeHHe OnpeneaeHHon rpynmsl #-PHK Tosb-
KO ¢ ogHuM THnoM pubGocom. Hakonell, Kak KpaHHHH BapHaHT MOX-
HO ObLJIO0 Obl NPEANONOXKHTD, UTO NOC/AEJOBaTeJbHOCT AMHHOKHUCIOT
H TpeTHUHas CTPYKTypa OenKa KOAHMpYIOTCA He3aBUCHMO H M-PHK
Hecer o6a Buia uudopmauuu. Ilns 3THX THIOTE3 HUKAKUX (QaKTH-
YeCKHX JaHHBIX IIOKA HET M HEH3BEeCTHO HH ONHOH MyTalldH, KOTO-
past u3MeHana Obl cBoiicTBa Oeska, He 3aTparuBasl ero aMHHOKHC-
JIOTHOH mocnefoBatenbHocTH. HaoGopot, B psge cayuaeB, H3MeHe-
HHSl B OJHOH AMHHOKHCJOTE IPHBOAMJH K HapylIEHHAM HMEHHO
‘TPeTHYHOH cTpyKrypHl. [IpuMepoM TaKoro poja MmyTailuil sIBAsieTcCA
-CEPNIOBHAHOKNETOUHAs aHeMHs [52], KoTopas BbI3BIBaeTcs 3aMeHOH
.ajeHHHa Ha TuUMHH B ojHoM yuactke JJHK. dto npusomut x ToMY,
Y10 npu o6pasoBannu M-PHK Bmecro tpumiera YAT B nauHoM
‘yyacTke MOJIeKyJabl BO3HHKaeT TpHImaeT Y¥I'; mpu cHHTe3e reMo-
rio6HHa 3TO BbIpa)kaeTcsl B 3aMeHe IVIIOTAMHHOBOM KHCJOTHI Ha Ba-
auH. Takass 3aMeHa He BJMAET Ha CNOCOGHOCTb reMorniobHHa CBS-
3bIBATh KHCAOPOJA, HO TPHBOAMT K TOMY, YTO B BOCCTAHOBJEHHOM
COCTOAHUH (B BEHO3HOH KDOBH) KOH(GHUIypallUs MOJEKY/N H3MEHseT-
cA Tak, uTO Hapymaercs (opMa 3PHUTPOLUTOB (CTAHOBHTCH CEPIO-
BHIHOM), 3TO 4acTO MPUBOAMT K uX paspymenuio. OTcioga caenyer
.AHEeMHd U jaJiee LieJbli KOMIJIEKC HapyHieHH#A cepaedyHO-COCYAHCTOR
MU IPYTHX CHCTEM. IDTOT NpUMep ABASETCA OJHMM H3 HEMHOTHX,
'KOrJa Becb IIyThb OT I'eHa JO NPH3HaKa NPOCJIEXeH C MaKCHMaJjbHO
‘BO3MOXKHO# neTanbHOCTbiO. [l npobjaeMbl reHEeTHUECKOr0 KOHTPO-
211 HaJd KoHdopManuueii OeJKOB Ba)XeH TOT ¢haKT, YTO OAHHM H3
3BEeHbEB 3TOTO MyTH OBIJIO HapyllleHHe TPETHYHOMA CTPYKTYpHI Oeinka,
‘BBI3BAHHOE M3MEHEHHEM AMUHOKHCJOTHOM [IOCJef0BAaTebHOCTH.

IIpo6GneMa ueTBEPTHYHOK CTPYKTYpPH siBAderca eme GoJgee
CJI0XKHOH, NOCKOJNbKY pasHble TOJHIENTHIHBbIE IeNH, BXOAAIHE B
OJHy MOJIEKYyJy, UMelOT Pa3JIHYHOe TFeHeTHYeCKOE NPOHCXOXKJIEHHE.
UerBepTHuHasi CTPyKTypa OOHapyKeHa y TAaKHX XKH3HEHHO BarKHBIX
-6eNKOB, KaK MHCYJHH, 'eMOTJIOOUH, JAaKTHKO- H MaJHKO-AErHapore-
Haza u jAp. CTpoeHHss pa3HHIX MOJHNENTHAHHIX LeNel, BXOAAUIKX
B OJHY MOJIeKyJay, 4acTo MaJ/Jio OTJIHYalTCA APYr OT Apyra, 4To
SBHO yKa3blBaeT Ha ux oO0lllee 3BOJNIOLHOHHOe mpoucxoxaeHue. Tak,
HanpuMep, MoJjieKyJa reMorao6HHa COCTOUT B HODMe H3 ABYX a- H
JBYX PB-Leneit [62]. Ounu mpuGAU3UTENBHO DaBHOTO pa3Mepa:
141 aMHUHOKHCIOTHBIH OCTaTOK B a-Uend H 146 —B B-uenu.
B 61 3BeHe aMHHOKHCAOTHI 00eux Lemnefl cOBNagamT, a, KpOMe TOro,
aMHHOKHCJOTE, He COBNAajalolide B TOMOJOTMYHBIX YuacTKaXx, B
60/IbIIOM TMPOLEHTE CAyYaeB ONpeAeadIOTCd TPHIJIETaMH, OTJIHYAO-
INMMHCA Ha ONUH HYKJEOTHJ, T. €. 3TH OTJIHYUA MOTYT OLITH pe3yJb-
TaTOM OJHOH MYTallHHu. )

Y 3aponbliell MIEKOMUTAIOMUX H3BECTeH reMornobud — F, y Ko-
“TOpOro BMecTo f-ueneii pacnojaraioTcs y-uend. y-llemb, Kak u
p-uenb, comepkur 146 aMHHOKHCAOTHBIX OCTaTKOB, npuuem B 104
3BeHbSX TH OCTATKU B 060oHX nonunentugax obmue. Bece Tpu Tuma
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ueneft onpefeasioTcs TpeMs GJH3KO PACNONOXKEHHBIMH FeHaMH: a,
p u v. 'en o PyHKUHOHHPYET B TeueHHe IOUYTH BCeH 2KH3HH Opra-
HH3Ma, HauHHas C TOABJeHHs cOOCTBEHHOro KpoBerBopeHHs. [eH y
GYHKIHOHUpYET TOJBKO B 3MODHOHANBHOM »KH3HH, 2 FeH P— BO
B3pOCJOH KH3HH opraHudMa. CMeHa uX ¢YHKUHH OPOHCXOAHT TIO-
CTeNMeHHO, HauHHas C KOHIA CedbMOFr0 Mecsina 35MOGDPHOHAJBHOFQ
Pa3BHUTHA U 3aBepulasick B HOpMe K IATOMY-LIECTOMY MECALY NOCJE
poxkaenus pebeHka. [Ipm HeKOTOpHIX Hac/JeACTBeHHHIX 3aboJjeBa-
HHAX, CBA3AaHHBIX C MYTalMeH reHa P, CUHTE3 3THX NOJHUNENTHIOB
TOJaBJAETCA H TOTAa KOMIIEHCATODHO YCHJIHMBAETCH CHHTE3 y-LEeMH.
3To BbIpaxaeTcs B 6OJbllleM HJIH MeEHbIIEM KOJHYECTBE 3MOGpHO-
HaJIbPHOTO IreMOIJIOOHHA y B3DOCJOrO YeJOBeKa.

Has pemenus npobieMbl O YeTBEPTHUHON CTPYKTYpe OejKOB He-
©00X0AMMO BBIACHHTb, KaK BCTpPeyaloTcss M Kak cneluduueckH coe-
JHMHAIOTCA APYr ¢ APYroM [OJHIENTHAHblE [N, COCTaBJSIOLIHE
OfIHy MOJeKyJay. [laHHbIe O NepBOM 3Talle 3TOrO npouecca GbLIU NOo-
JIyueHHl TIPH HCCJAEJOBAHUM HEZAaBHO BO3HHKIIEH Npo6GJjeMbl H303H-
mos [57].

Hexoroprle ¢epMeHTH, B YaCTHOCTH JIAKTHKOAErHApOreHady H
MaJHKOAErHAPOTEeHAa3y, flaXKe BbifeJIeHHble B YMCTOM BHJE, yAaeTcs
TIpH 37eKTpopope3de Ha KPaxXMaJjbHON KOJOHKe pa3feiuTh Ha ¢pak-
uHH, obn1afamouide cXoqHOH GepMeHTaTHBHOA aKTHBHOCTBIO, HO pas-
JIHYAIOIHECS 110 HEKOTOPHIM (H3HKO-XHMHUYECKHM CBOHCTBAM H ONTH-
MyMy AeficTBus. Dtux ¢pakuuii obHapyKeHO TAThH, HO B PasHBIX
OpraHax M Ha pa3sHbIX CTAAUAX Pa3BHTHSA OTHOCHTE/JbHAS MHOJA
KaxJoH <parlUMH OKas3biBaeTcd pasjnyHoil. B0 ycranoBJeHO,
YTO MOJIEKYJIbI 3THX (PEPMEHTOB COCTOAT H3 YEThIPeX NOJUNENTHAOB
JBYX THHOB: A u B, KoTopble reHeTHYeCKH KOHTPOJNHPYIOTCA ABYMS
pasJHYHBIMH JOKycaMH. Monekyna ¢epmenta Moxer OHTH Npef-
cTaBjleHa CJAeAYIOIMHMH KOMOMHAUUAMH H3 JBYX THIOB IIOJIHIEN-
THAOB 10 ueThipe B MoJekyne: AAAA, AAAB, AABB, ABBB u
BBBB. B 3aBHCUMOCTH OT aKTHBHOCTH JIOKYCOB, ONpeeJSIOIHX
CTPYKTYpy 060MX MOJHNENTHOOB, o6pa3syercs pasjHyHOe KOJIHUe-
€TBO A u B-KOMIOHEHTOB WM NpPONOPUHOHAJBHO 3THM KOJHYECTBAM
ofpasyercs pas/HyHOe COOTHOUIEHHE NSATH BO3MOXKHBIX KOMGHHa-
IlHH, COCTABJAIOUIHX MOJEKyay. DTH HaHHble TO3BOJAIOT CHAENATh
Ype3BHYAHHO BaXKHO€ YTBEpKJeHHE: COeJHHEeHHEe NOJHIENTHAOB B
ONHY MOJIEKYJYy NOAYHHSAETCS NPOCTHIM CTATHCTHYECKHM 3aKOHOMED-
HOCTAIM, T. €. IPOHCXOAUT caAy4ya#iHO. DTO, B CBOIO OUepenb, YKa3hl-
BaeT Ha TO, YTO KaXAbifl NIOJHNENTHA oOpasyeTcss He3aBHCHMO JAPYT
OT ApYyra, a X COeAUHEeHHe NPOHCXOAHT yXKe Mocje WX CHHTE3a U
BHe Mecta CHHTe3a. Henbssa, ofHAaKO, MCK/IIOUHTH H BO3MOXKHOCTH
He3aBHCHMOro ob6pa3oBaHus MoaeKya #-PHK, coorBeTcTByIOMINX
OJHOH ¥ APYroifl LenmH, KOTOphie 3aTeM NPHKPENJASIOTCS K COCEIHHM
pubocoMaM H CHHTe3 BCEX KOMIOHEHTOB OyAyliefl MOJIEKYJBl Ipo-
HMCXOAUT B OTPaHHYEHHOM NpOocTpaHcTBe. Takoe MpeinoJoKeHHe Ka-
KeTcs, ONHAKO, MAJOBEPOSITHBIM, MOCKOJBKY OHO omnsiTh Tpebyer

251



cneunnuueckoro cpoimersa Mogekyn #-PHK kx onpenenesnoiM pu-
60coMaM (HeNOCTATKH 3TOH THIOTEe3bl YxKe OOCYXIaJHCh).

IMoaunentuasl A 1 B B cayuae paccmatpuBaeMbX (pepMeHTOB,
TaK YKe KaK MOJHNeNTHAHBE LENOoYKH B u y AJs reMorjobHHa, ode-
BHAHO, OYeHb MOXOXKH IPYr HA ApPYra, NOCKOJbKY OHH MOTYT 3aMe-
HATH JPYT Apyra, MOYTH He BJHAA Ha GYHKUHOHAJbHHIE CBOHCTBA
MOJEKyJaH. JTo Xe onpefensieT cBoboinyio saMeHy A u B nmpyr
IpyroM npuH 0o6pa30BaHHHU CJOXKHOH UeTHIPEXKOMIIOHEHTHOH MoJe-
KyJabl. Ilpy 66ablieM pasjuuuH NOJHNENTHAOB, KaK B caIyyae a- H
B-uene#t, Tako#t cBOGOABI yXe He CYLIECTBYET H MOJeKyJa TeMOIJo-
6iHa Bcerfa COJEPIKHT MABa NOJHNENTHAA & H JBa APYrHX — B
HI¥ y. DTH JNaHHble HHTepecHb AJfA NOHHMAHHA BTOPOro 3Tana
06pa30BaHUA UYETBEPTHYHOH CTPYKTYPHl — Me€XaHH3Ma COeNUHEHHS
y2Ke BCTPETHBHIHXCA HOJHNENTHAOB B OAHY MOJIeKyJay. 3Aech TakK-
JKe BO3MOXHBI JBe KpaflHHe TOUKH 3DeHHs: NOJHas 3aBHCHMOCTb
3TOro TIpolecca OT CTPYKTYPBHI CaMHX MNOJHIENTHAOB (B KOHEUHOM
CyeTe OT aMHHOKHCJOTHOH NOCAENOBAaTENbHOCTH) M MOJHaf 3aBH-
CUMOCTb OT BHEILUHEero HCTOYHUKa HHQopMmalnuu (cnenuanbHOd MaT-
puubl ¥ T. A.). B Hacrosimee BpeMs nepBoe NMpeACTaBJIEHHE HMeeT
6oJiblllee YHCJIO CTOPOHHHKOB, yeM BTopoe. CoefuHeHHEe TJIOOHHO-
BBIX MOJIEKYJ C TeMOM, HX CBf3b ADYT C APYrOM, NO-BHAHMOMY,
SBJISIOTCA €IUHCTBEHHO BO3MOXHBIMHM BHAAMH CBfi3el U He TPebyloT
ClenHaNbHbIX MAaTPHIL HJIH HHBIX MEeXaHHW3MOB, ONpefeJsIOUIHX OAaH-
HOe, a He HHOe COeflMHeHHe.

Tlogsonst UTOr BCceMy 3TOMY pasfeny, MBl JOJKHBl 3aKJIOUHTH,
4TO, XOTA CTPYKTypa OeJKOBO# MOJeKyJabl (BKJiOUag BCe €€ BHIHI,
KpOMe NepBHYHOH) HUTPaeT HCKJIIOYHTENBbHO BAXKHYIO POJb B OCyIie-
cTBJeHHH (yHKUHH GeikoB, npobjeMa ee BO3HUKHOBEHHUS B 3HAUH-
TeJbHOH CTeNneHH CBOAUTCS K CO3NAHHIO NMEPBHYHOH CTPYKTYDHI, T. €.
crelpHUECcKO TIOCIeN0BATEJBHOCTH aMHHOKHCIOT. [lo Mepe Ha-
KOTIJIEHHSI HOBBIX (PAKTOB y Hac OCTaeTcsl BCe MeHbiue OCHOBAHHM
CYHTATh, YTO CYLIECTBYIOT clelHaJbHble NpHCHOcOOJeHHs s
<O3/1aH¥sl BTOPHYHOH, TPETHUHOA HJHM 4YeTBEPTHYHOH CTPYKTYpHE
M econ xondurypanus 6esKa W He OZHO3HAYHO BHITEKAET H3 Tep-
BHYHOH CTPYKTYpbl MOJHIENTHAHOH LeNH, TO B KOHKPETHHIX CIIelH-
(HHUYECKUX VYCJIOBHSIX, B KOTOPBbIX TIDOHUCXORUT OeJKOBHIA CHHTE3
B KJeTKe, CO37a€TCs TOJAbKO OJHA H3 BO3MOXHBIX KOHOHUTrypauui
6eska, cnoco6Hasi BHINOJHATL (PU3HOJOIHYECKYIO DOJb, AJS1 KOTOPO#
OHa Oblja CO37aHa B BOJIOIHH.

4) Peryasuus 6eJJKOBOro CHHTE3a

Cefiyac, Korjja KayecTBEHHO HaMeYeHbl OCHOBHblE 3Tambl peaH-
3all¥y HacJeRCcTBEHHOH HH(opMauHu B KJeTKe, pelleHHe mpobJeMbr
perysasiiun 6eJIKOBOTO CHHTe3a HAajO0 paccMaTpHBaThb KaK ORHY H3
nepBoouepeldHblX oO0wwebHosOoTHUECKHX 3agay. Hecmorps Ha pax
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ycnexoB B 3Tol oOsactd, nmpobiema ellle JaJjeka OT paspellleHHst
¥ Ha CeroJHSIIIHHUH JeHb HAM He H3BECTHHI, MO-BHIUMOMY, OCHOBHbIE
MeXaHH3Mbl 3Toro mpouecca. Haubosbuine pesyabTaTel B HOc/e-
HHe rofpl ObIH JOCTUTHYTBL Ha MHKDOOpPraHHW3MaXx, rie HHAYIHPO-
BaHHbI cHHTe3 (pepMeHTOB OKasaJcs €aMbIM JOCTYIHbIM OOBEKTOM
IJIS HCCJeJOBaHHA MeXaHu3Ma peryasnud. B saurepatype [58] us-
.JIoXXeHue NpoGaeMbl Deryfsiiud CHHTe3a OegKa OOGBIYHO CBOAMTCH
K TEOpPHH HHIYLUHPOBaHHOrO cHHTe3a )Kako6a m Mono. OnHako MBI
ellle He HMeeM JaHHbIX, YTOOK pellHThb, B KAKOH CTEmeHH 3TO CBOMH-
CTBO MHKDOOPTaHH3MOB OTpaxaer oOfliine MeXaHH3Mbl peryJsallHH
reHeTHYeCKHX OQYHKIHH, a B KaKoil — cnelndpuieckie 0co0eHHOCTH
3TOH rpynnbl OpPraHH3MOB.

Y 6akTepHii CHHTe3 HEKOTOPBIX MeTaGoJIHUecKH BaXHHIX (ep-
MEHTOB TIPOMCXOJMT TOJBKO B TOM clyyae, eciH B cpele MpPHCYT-
cTByer cybcTpar ux AeficTBusa. IIpUMUTHBHBIE NpeAcCTaBJeHHS O
TOM, UTO CTHMYJOM K YBeJIHUEHHI0 3H3MMATHYECKOH aKTHBHOCTH
ABJE€TCS caM mpollecc B3auMofeiicTBus (epMmeHTa H CcybCTpaTa,
OblJIH OCTaBJIeHbl MOCJE TOrO, KakK GblJIH HaHJeHB aHaJord cybcrpa-
TOB, HHAYIHUpYyOIHe CHHTe3 ¢epMeHTa, HO HecnocoOHble BCTyNaTh
€ HHM BO B3aHMOJeHCTBHE, H aHAJOTH, HA060pCT, CIOCOOHLIE BCTY-
0aTh B PeakUulo, KaTaJusupyeMyio depMeHTOM, HO He HHAYUHPYIO-
inue ero cuHTe3. KnacchueckuM mpHMepOM TAKOTrO poja OTHOUIEHHH
MOXeT cJyKHTh 0Opa3oBaHue Yy KHIIeYHOH NaJOYKH ¢epMeHTa,
FHIPOJTH3KPYIOLIEro JaKTo3y,— B-rasakrosnaasbl. Ero cuures mo-
XKeT GbITb HHAYIHPOBAH He TOJBLKO CaMoOlf JIaKTO30H, HO U ee OTJa-
JIeHHBIMH aHaJ0raMH — H30NPOMUATHOTAJAKTO3HAOM HJIH METHJ-
THOTAJIAKTO3HOM, HeclOCOOHBIMH paclleNaaThcs 3THM (epMeHTOM.
3ato mpyrofi aHajaor — (eHUIraJaKTO3HJ XOpOLIO THAPOJH3YeTCH
TaJlaKTO3HAa30f, HO He HHAyUHpyeT ee cuHTe3a. OueBHJAHO, YTO
WHIYKLHS CHHTe3a ¢epMeHTa H ero (yHKIHS — COBEPUIEHHO pas-
JIUYHBIE TIPOIECCH!, KOTOPble OKa3aJHCh B 3BOJIOLUHH CBS3aHHBIMH
IpyT ¢ APYrOoM B pe3ysibTaTe NPHCIOCOOJEHUs K MOSIBIAEHHIO H HC-
4e3HOBEHHUIO H3 CPeJbl ONpele/eHHOTro BellecTBa — JIaKTO3bl. BHO-
XUMHUYECKHI1 U reHeTHYeCKUH aHaJH3 Npolecca HHAYKIHH, H0oApob-
HO pa3bupaeMblii BO MHOTHX pyKoBoicTBax [58] u o6sopax [40],
NpHBEJ K OTKPBHITHIO TPEX THIIOB reHeTHYECKHX eJMHHIl, 0 KOTOPHIX
yXe TOBODHJOCH BHIIIE: CTPYKTYPHOTO TeHa, reHa-peryastopa H
reHa-onepatopa. HMHdbopmanus o camom depMeHTe CONEpKHTCA
TOJIBKO B CTPYKTYPHOM ILHCTPOHe, Kotophlit y E. coli pacmoJioxeH
pPAAOM ¢ APYTUMH IHCTPOHaMu, o6ecneYHBAIONHMH YCBOEHHE JaK-
TO3bl. B 4acTHOCTH, OHH ONPeessIOT CHHTe3 TlepMeashl, OTBETCTBEH-
HOM 3a TIPOHHKHOBeHHe JIaKTO3bl B KJETKY. DTa rpynmna LHCTPOHOB
obpasyeT «0nepoH», KOTOPHIH BKJAIOYAETCs U BHIKIIOYAETCH OJHOBpE-
MeHHo, Gjarofaps AelcTBHIO reHa-oneparopa, o6bIYHO PacCHOJOXEH-
HOTO B TOM e JoKyce. MexaHusm JHelicTBUs reHa-omepaTtopa Heus-
BECTeH, HO IIPeJnoJaraercs, YTo OH CBfI3aH ¢ THCTOHAMHU. Bkiawouenue
reHa-onepaTopa OCYLIeCTBJAsSETCS IOCPENCTBOM TIeHa-peryasropa,
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pacroJaraipouierocss B APYroM yuyactke xpomocoMmbl. IIpoaykr pmes-
TEJbHOCTH TreHa-peryasrtopa crnenudunyecku OJOKHpyeT TreH-omepa-
TOp H BeChb CBsSI3aHHBIH ¢ HHM onepoH. Jlakro3a crnellu¢pHYECKH CBsi-
3BIBAETCA C MPOJYKTOM IeHa-peryjasitopa — BelllecTBOM-PeIpeccopoM
H TeM caMblM JIepelpeccHpyeT TeH-OmepaTop H BKJOYaeT npolecc
o6pasoBanus #-PHK, ofecneunBaromeil cuHTe3 B-raJlakTO3HIa3bl
H nepMmeasnl. Ilocse cMeHBl cpefbl HJH YCBOEHHS BCeH JAaKTO3H
penpeccop IepecTaeT CBSI3BIBATbCH H (PYHKUHS OHNEPOHAa CHOBA
BBIKJIIOYAETCS.

DTa cxeMa, HeCMOTpPsS Ha ee CJOOXKHOCTb, Oblja YpPE3BBIYAHHO
xopollo O06GOCHOBaHAa aBTOpPaM#i H YXKe B TeUeHHE HECKOJbKHX JeT
He BeTpeuaeT CepbesHblXx Bospaskewuil. HemaBHO mokasaHo, HampHu-
Mep, UTO HHIYKIHS CHHTE3a rajlaKTO3H/a3bl NPHBOJAHT K yBeJHue-
Huio KosuuectBa M-PHK, usbupaTesbHO KOMIJIEMEHTADHOH K TeHy
lac [59]. OnHaKO MOMBITKH HCNOJbL30BATb CXEMY IO OTHOLHEHHIO K
BBICIIMM OpPraHU3MaM IOKasaJi, UTO Iesblil psl ee 060CHOBaHHI,
CIpaBelJUBbIX RJas OakTepuif, He no:maepxmaerca Ha MHOTOKJe-
TOYHBIX OpraHU3MaXx.

Hpe)KILe BCETro 3TO Kacaercd caMmoro ¢akra uHAyKnuH. HHAy-
LUPOBAHHbIA CHHTe3 (PEPMEHTOB Yy MJEKONHTAIOMIMX, Obln obHApy-
JKeH JIHIIb B EAMHWYHBIX CJAy4asX, XOTA M IpPeANpPHUHHMAJIHCH
MHOroYHceHHble NONBITKY ero ofHapyxeHus. Tak, B OTBET Ha BBe-
JeHue TpUNTOpaHa B TIEUEHH KPHIC BO3PACTAET AKTHBHOCTb TPHIITO-
(daH-okcuAaspl. Eule HECKONBLKO NMPHUMepOB ObLIO Haf/€HO Ha KYpH-
Hblx aM06pHoHax [60]. MHorooGemaloue npo3Byyasno coobiieHHe o6
HHAYUHPOBAHHOM CHHTe3e psjga <¢epMEeHTOB B M30JIHPOBAHHBIX
KjJeTkax 3apoxbimieli amubuit [61], ogHako 3TH pe3yJabTaTH He
yaafnoch moATBepauTh [62]. Crnenyer oTMeTHTb, 4TO M y OaKTepuit
CHHTE3 JdaJeKo He BceX ()epMEHTOB HBJSETCH HHAYLHPOBAHHBIM H
YTO y OTpeneNeHHbIX mTaMMoB E. coli maxe ramaktosnpasa CHH-
Te3NpYyeTCsi BHe CBSA3H ¢ CyGCTPATOM, T. €. HABJAETCS KOHCTHTYTHB-
HbIM ¢epMeHTOM.

Bropoit BaxkHOH ocobeHHOCTbIO GaxTepHil sBJIsieTCH HecTabHJb-
pocte ux #-PHK, kKoTopas yuacTByeT, Kak NpaBHJO, B CHHTE3e
TOJIBKO 0JHOH OesnKOBOil MOJeKy/abl. DTa ocobeHHocTh TpebyeT mo-
CTOSHHOH aKTHBHOH reHeTHueckoi GyHKuuU AJas obecneueHus 6e-
KOBOTO CHHTE3a, HO, C APYro#i CTOPOHBI, faeT BO3MOXKHOCTh GBICTPO
pearupoBaTbh Ha U3MeHEHHs B cpelle H3MeHEHHSAMH Habopa CHHTe3H-
pyeMbix GepMeHTOB.

Y BHICIIMX OpPraHU3MOB 3HauuTeabHas udactb M-PHK siBasercs
OTHOCHTEJIBHO JOJITOXKHUBYILEH M TPOLOJKHUTENbHOCTh ee (YHKHUO-
HUPOBaHUA CHJIBHO Pa3jiMuaeTcsi KaK MeXJy TKaHsAMH, TaK H B TIpe-
Jgenax OJHOH KJeTKd. DTO WJLTIOCTPHpYeTcs onbiTaMu [laBuAcCOHa,
Ondpu u Mupckoro [65]. Jo6aBienue akTHHOMHUHHA. D K KyJabTy-
pe tkaHej cpasy Gaokupyer cuures PHK, Ho He Benerk npexpaiue-
HuI0 6eIKOBOrO CHHTe3a. B TO e BpeMsi UHTEHCHBHOCTH CHHTE3Z
MHOTrHX 0eJKOB HauWHAaeT YMeHbIIaThesd cpasy mocne GJOKHPOBAHUS
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cuHre3a PHK, urto ykaseiBaerT Ha HenocpeNCTBEHHBI NOCTOSIHHBIH
reHeTHYECKH}i KOHTPOJb HaJ CHHTE30M 3THX OeJKOB: YeM CKopee
mafaerT CKOPOCTb CHHTE3a, TeEM KOpPOUYe TPOJOJIKHTEJbHOCTb KH3HHK
moJiekys #-PHK. 3Ttot npouecc, 0AHaKo, NpOAOJKaeTCA MHOIO ya-
20B, B TO BpeMs Kak Ao0aBJeHHe NMypPOMHLHHA, HeMOCPeJCTBEHHO
JeficTByrollero Ha (pyHKUHIO pubocom, GoKHpyeT cuHTe3 Benxa He-
MenneHHo. CHHTe3 TOJIMCaXapHAOB TaKXKe HAaYHHAeT yMeHbLIATbCS
nocje JeHCTBHst AKTHHOMHIHHA, HO H mocnae A06aBjeHUS IYPOMH-
IIMHa OH MpeKpallaeTcsl He cpasy, TaK KaK siBasieTcs (PyHKUHel He
" co6cTBeHHO GeJKOBOTO CHHTE3a, a KOHLUEHTPAILMH COOTBETCTBYIOIIHX
¢epmenToB. OfHako AMst CAHTe3a GEJKOB B MHTOXOHIADHSIX IOJY-
UeHbl COBCeM /[pyrHe pesy/bTarel. Jlo6aB/ieHHe aKTHHOMHIHHA
NPAaKTHYECKH He CKa3bIBAeTCA Ha AKTHUBHOCTH CYKUUHOJETHIAPOTre-
Ha3bl B TeueHHe CYTOK.

Taxum o6pasoM, cTeneHb 3aBHCHMOCTH GEJKOBOIO CHHTE3a OKa-
3ajach pas/HYHOHR 1Js pasHbIX GenKoB KJeTkH. B 3toli pabore,
npaBja, He YYHTBIBaJach NPOJAOJKHTENbHOCTh KH3HH caMux Oed-
KOB; BO3MOXHO, 4YTO G€JKU MHUTOXOHIPH BOOGILe OOMeHHBAIOTCSH
MeJJleHHee, ueM GeJIKH THaJol1a3MBbl,

3aBHCHUMOCTb CHHTE3a DPa3JHYHBIX OENKOB OT sAnep B 3MOpHO-
HaJMBHOM pa3BuTHM OblJIa NOKa3aHa B Haleft pabGore Ha 3apojbl-
max pel6. PyHKUHA gAep BBIK/IIOUANACH AEHCTBHEM BBICOKHX 103
padHaluH Ha MYXKCKHe H JKEHCKHE TIOJIOBBIE KJETKH INepefl OTJIO-
JorBopeHueM. Ilocjse HCKYCCTBEHHOIO OIVIOAOTBOPEHHS OOJyUeH-
HbIX H HeoO/Jy4YeHHbIX SIHL OGJYYeHHBIMH | HeoOJYyYeHHBIMH crep-
MHfIMH TNOJyYaJuch YETBIpE BapHaHTa 3apOJAbIIEeH: HOpMaJbHbIE
JUNJOMALE, Tranjaouabl ¢ obaydeHHOR LHTONJMa3Moi (obayueHHe
siilla), ranJouasl ¢ HeobuayueHHo# uurtomiaasmoil (oGayueHue crep-
MHSI) © paHHHe 3apOALIIIH ¢ TOJHOCTbIO HHAKTHBHPOBAHHBIMH
agpaMu (obayueHne oGeux raMer). [amjouaHele 3apOABILIH TEp-
Byl0 TIOJIOBHHY 3MODHOHAJbLHOTO PAa3BHTHSA TPOXOAST HOPMaJbHO,
a Ge3bAgepHble 3aPOABIIH OCTAHABJIMBAIOT CBOE DAa3BUTHE Ha CTa-
Iuu B6aacTyJIb.

CpaBHeHHe H3MeHeHHMl AaKTHBHOCTH DasJHYHBIX GeJKOB B pas-
BUTHH 3THX BapUAHTOB IIO3BOJISIET BHISICHHTb pOJIb SiIEp B 5TOM
npouecce. OKasaJoch, UTO TaKasi CJOKHAasi ¥ 3aBUCHMAasi OT JECST-
KOB ‘bepMeHTOR (DYHKLHA, KaK AbIXaHHEe, TECHO CBf3aHA C SAPOM H
KOHTPOJHpYyeTCA UM B TIePHOABI €r0 aKTHBHOCTH [OYTH HEmocpea-
cTBeHHO {63]. B To e BpeMs aKTHBHOCTb OJHOTO H3 AbIXaTeJbHBIX
bepMEeHTOB — LUTOXPOMOKCHA3bl CBsi3aHA C SIKPOM B 3HAUHTE]b-
HO MeHbulell crenedd [64]. Poct akTHBHOCTH 3TOro ¢pepMeHTa omnpe-
jJensercs sApPaMH TOJbKO B CaMbli HauaJbHBIE MOMEHT Da3BUTHA,
a jJaJjiee IPOHCXOJAUT IOUYTH HE3aBUCHMO OT saepHON dyHxkuuu. Ha-
KOHell, aKTHBHOCTb TpeTbero (pepMeHTa — KaTellcHHA B PaHHEM pas-
BHTHH COBCEM He 3aBHCHT OT HENOCPelACTBeHHOH «hyHKuuH sigep [65].
OueBupHo, cuntes #-PHK mnpoucxonutr B siiie eie B mpolecce
ooreHesa M fajee G€JKOBBIH CHHTE3 MOMET OCYIUECTBJAATHLCH Hesa-
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BHCHMO JIO/ITO€ BPeMs, 10 TeX MOp MoKa fANepHblli KOHTPOJIb He CTa-
HeT HeOOXOMUMBIM.

Knaccuueckum mnpHMepoM cHHTe3a Genka 06e3 HenocpeacTBeH-
HOrQ TEHETHYECKOro KOHTPOJA B KJeTKax B3pOCJOro OpraHusma
sIBJISIETCA CHHTe3 reMmorjoOuHa B 6e3bAfePHBIX DETHKYJOUHTAaX
{45, 66]. OnHako Ge3bAmEPHBI CHHTE3 B DETHKYJOLHTAX SBJISETCH
3aK/II0YHTEIbHBIM 3TAaNOM AJHTeNbHOrO npouecca AuddepeHIHPOB-
KM, KOTODbIH 3aTparuBaeT CKOpee He KJETKH TIO OTAEJbHOCTH, a
OpraHy3M B lleqoM. MBI yXXe OTMeuaJii, YTO B paHHeM 3MOpPHOHAJb-
HOM pa3BHTHH CHHTE3HPyeTcsl TeMOro6uH F, COCTOSIL{ME M3 TIOMH-
nenTHAa o ¥ nojaunentiaa y. K KoHly sMOpHOHAJIBLHOTO pasBHUTHSA
3TOT reMOIVIOGHH BEITeCHAETCA reMOrJioGHHOM A, KOTOPBIE COCTOHT
M3 JBYX NoJHIenTHAOB o 4 P. ['eHeTHUECKH 3TO BBIpaXkaeTcs B TOM,
YTO JIOKYC o (YHKUHOHHPYET Bce BpeMs, a GYHKUHSA JOKyca y cMe-
HseTca JOoKycoM fB. XoTd reHol § W y pachnoJararpTrcss B DasHHIX
JIOKyCaX, UX aKTHBHOCTH MPOSIBJASIOTCS HE COBCEM He3aBHCHMO JpYT
OT Apyra. DTo BHIHO yXKe H3 TOrO, YTO AKTHBHOCTb OJHOTIO H3 HHX
yMeHbllaeTcsi NOCTeNeHHO, TI0 Mepe YBEJWYEHHs AKTHBHOCTH ApY-
roro, a MpPH HEKOTOPHIX HACJEACTBEHHBIX 3a60jeBaHHAX, KOIa TeH
p He ¢dyHKUHOHHMDYeT, reMOrMOOGHH U y B3POCALIX JIoJell o6pasyeTcs
€ yyacTHeM TOJIHTIENTHAA Yy, T. €. HEeMLOCTaTOK B MOJUIENTHIAE B
akTuBHpyeT TeH y [52]. CylliecTBeHHO, YTO BCE 3TH IMPOLECCH MPO-
HCXOJIAT He B Xx0fe AH(M(epeHLHPOBKH KJeTKH, a B XOjJe Pa3BHTHA
OpraHH3Ma: Ha paHHHX CTaJHsAX Pa3BUTHH Bce KPOBAHBIE KJIETKH
KpPaCHOTO psAfa CHHTE3UPYIOT IIOJHUIENTH] Yy, 4 Y B3pOCJOro opra-
HH3Ma B 3pHTpobJacTax ¢ caMoro Havajaa ux Au(depeHLHPOBKH
¢dyHkuHoHupyer ren PB. CuenoBatenbHo, $bakrop, onpenensomiui
GYHKIHIO TOTO HJIH APYroro reHa, Hafo HCKaTbhb He BHYTDH KJETKH,
a BO BHYTpEeHHEeH cpejie OpraHu3Ma.

Takum o6pa3oM, Mbl NepexOoAHM OT OOCYXAeHHS MeXaHH3MOB
peryasanuu OeNKOBOro CHHTE3a Ha KJETOYHOM yDOBHe K MeXaHH3-
MaM peryjasuud Ha ypoBHe opraHusMma. PaktopaMu TakOH peryJs-
IIMH SIBJSAIOTCS TOPMOHBI H BJIHSIHUA, OCYILECTBJSieMble uepe3 HepB-
Hy10 cHcTeMy. B xauecTBe mpuMepa ropMoHa/JbHOH HHAYKUHH GeJ-
KOBOIO CHHTE3a MOXHO MNPHBECTH CHHTE3 Kas3eHHa B MOJIOYHON
J)Kenese MJEKOMMHTAIOWMX MM 0BOAJLOYMUHA B SfilleBOJe MTHI[ NOJ
BJIUSIHHEM JIAKTOT€HHOTO HJH FOHAJO0TPONHOr0o ropMoHoB. IlpuMepom
HepDBHOH DeryJsllid MOXeT CJIYXHTb CUHTe3 OeslKa B TaKOM KJac-
CHUECKOM JJIs HCCJAefoBaTeNefl BhICIUEH HEPBHOH [esATEJbHOCTH
06beKTe, KaKk CMOHHas Kene3a. OJHAKO BHYTPHKJIETOUHBE MeXa-
HH3MBl 3THX TIPOII€OCOB HM3BECTHHl OUeHb MaJjo. B mocsaennue roabi
noJiyyeHsl JaHHble O TOM, YTO AKTHHOMHIMH OJIOKHPYET neHcTBHE
rOpMOHOB; 3TO pacCMaTPHBAeTCsi KaK J0Ka3aTeJbCTBO TIPSAMOLO
BJAMSAHHS TOPMOHOB Ha nepBHYHOe 3BeHO — cHHTe3 #-PHK. Opnako
BpSAA JH 3TH JAAaHHBlE MOryT JeHCTBUTENbHO J[AOKa3aTb INpPSAMOe
B3aHMOJEHCTBHE TODMOHOB C XPOMOCOMAaMH, TaK Kak OUYEBHAHO, UTO
6/10KHpOBaHHEe GeJKOBOIO CHHTE3a Ha Ji060M ypoBHe (JeHcTBue
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Ha CHHTe3 aMHHOKUCJIOT, HCTOYHMKH 3JHEpPruHH, pUBOCOMH H T. I.)
npuBeso OBl K TeM e De3yJabTaTaM.

Dosee npsimMble A0Ka3aTelbCTBA HEHCTBHS TOPMOHOB HAa XPOMO-
COMHOM YypOBHE H TMOAXOA K BBHISICHEHHIO MeXaHH3Ma TaKoro
JeficTBHa coaepxartcd B pabore Kiesepa mno BJAMSIHMIO TOpMOHa
OKYKJHBAHHSI HAaCEKOMBIX — 3KJH30Ha Ha 00pasoBaHHe mydoB B TI'H-
FaHTCKHX XPOMOCOMaXx CJIOHHBIX Kese3 Aposoduiibl [67]. Ilycdn —
XapaKTepHble B3AYTHSI Ha THTFaHTCKHX XPOMOCOMax — ABJAIOTCA
MOpP(OSOrHIECKHM NPOSABJIEHHEM aKTHBHOCTH OTIAEJbHBIX T'€HOB,T. €.
KaXIbli M3 HUX COOTBETCTBYeT YCHJIEHHOMY CHHTe3y IO KpaiHeil
mepe oaHoro Genxa. PacmnosnoxXenue nydop cneundbudHo i xax-
HOH CTaguH JHYMHOYHOIO DAa3BHUTHA M 3aKOHOMEDHO MeHsleTCH NpPH
nepexofie OT CTaJMH K CTaJuH. BBeleHHe 3KAM30HA 3HAYHTENLHO
yCKOpsieT OKYyKJ/J¥BaHUEe, KOTOPOe HauMHaeTcs Jaxe Yy JUUHHOK paH-
Hux Bo3pacToB. COOTBETCTBYIOIINE H3MEHEHHS] NPOUCXOAAT H B AM-
pax- KJieTOK CJIOHHBIX XKeJje3. Yxke yepe3 |5 MHH. mocse BBeleHHA
ropMOHa MOSIBAAETCS HOBBI Ny, XapakTepHbl} AN Hauajga OKYK-
JIUBAHHUA, a ellle uepe3 2 yaca — uenaas cepus HOBBIX mydor. Mox-
HO IpeANoJarath, YTO epBuil Nyd ToABASETCS B pe3yJabTaTe NpH-
MOTO JeHCTBUSL 3KOH30HA Ha 3TOT JOKYC XDOMOCOMBI, KOTODBIH
SIBJISIeTCS TeHOM-DEryJsiTOpOM AJSl OCTaJdbHbIX JOKYcCOB, ofecneun-
BalOlUX Tipouecc pasButha. OfHAKO Yy Hac HeT APYrUX [NOBOZOB B
N0Jb3y 3TOr0 NPEANOJOKEHHsS, KpOMe KPATKOCTH BPeMeHH, KOTO-
poe HeoOXONMMO NJs NpPOABJEHHs 3TOH peaKluuu. Bo3MoxKHO, uTO
FODMOH B AefCTBHTEJBLHOCTH BBI3BIBAET HJIH, HaoG0pOT, GJIOKHpYeT
CHHTE3 JPYroro BellleCTBa, KOTOPOe HMeeT crenuduyeckoe CPOACTBO
C LaHHBIM XPOMOCOMHBIM JIOKyCOM HJIM 4TO o6pasoBaHHe OpYrux
ny¢oB NMpPOCTO TPOUCXOAUT MelJieHHee, HO BHe CBSI3H C NOSABJEHHEM
nepBoro myga.

OnHako He3aBHCHMO OT TOTO, CTOAT JIH MeXJY 3KIU30HOM H JO-
KyCaMH XpOMOCOM, AKTHBHDYIOIIMMHCS [PH OKYKJIHUBAHUHU, ApYyrue
-BeIeCTBA-TIOCPEIHHKH, UJH OH AeHCTBYeT HENOCPEACTBEHHO, CTpOe-
HHe 3TOr0 NOPMOHa CONepXHUT HHGPOpPMalHIo He TOJbKO IJ5 aKTHBa-
MK XPOMOCOMHBIX JIOKYCOB, HO H AJS cleluHyecKoro Bo3aeHCTBHA
HMEHHO Ha 3TH, a He Ha KaKue [[pyrue U3 MHOTHX TbICAY TeHOB.

Ycuaenve uam ocjaabneHue GeKOBOTO CHHTe3a, MO-BHIHMOMY,
BO3MOXHO Ha PAa3/JUYHBIX YPOBHAX, B TOM YHCJE M Ha TakHX Hecle-
umpHUECKUX, KaK CHa(XXeHHe aMHMHOKHCAOTAMH HJAH HCTOYHHKaMH
sHeprud. Ilpu obmemM uAM aMHHOKMCJAOTHOM TOJOJaHHH CHHTe3
fesika, eCTeCTBeHHO, 3aMefaseTcsd. Bo3aMoxHo, 4To peryaduus 6en-
KOBOTO CHHTE3a OCylIecTBJsieTcs W Ha ypoBHe pubocoM. Mogenbio
TaKOH peryjasuus MoxeT ObITh OeficTBHe MaJbIX KOHLEHTpaluit
aKTHHOMMI[HHA, KOTOphle, Kak mokasamu [eoprueB u Jlepman, no- -
NABJAAIOT B NepByio ouepean cuHTed pubGocomuoit PHK [68]. Oue-
BUJHO, UTO HexBaTKa B o06pa3oBaHHH puGOCOM JOJIKHA CKasaTbcsd
Ha cuHTe3e OesIKa; HO TIPOM3OiAET 3TO, KOHEYHO, He cpasy, U y Hac
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HeT HHMKaKHX JAOKa3aTeJbCTB, UTO 3TOT MeXaHH3M HIpaeT B He-
NOBpEXJEeHHBIX KIeTKaX KaKyio-116o DOJb.

OcHoBHOe 3HaueHHe, 0cOGeHHO [/ pelueHHsl npobieMbl Tepe-
Jayd HHGOpMaLMH OT reHOB K IIpH3HAKaM, HMeeT peryasanusa Gen-
KOBOTO CHHTe3a Ha HauyaJbHOM, XDOMOCOMHOM YypOBHE, KOTJa BO3-
MOXHa H30upaTeJbHass aKTHBAalUs OTHEJbHBLIX TeHOB, a CJeA0Ba-
TEJIBHO M CTHMYJALUS CHHTe3a OTIeNbHbIX O€JKOB H H3MeHeHHe
OnpeJeJIeHHEIX 3BeHbeB MeTaboJsu3Ma. YayueHue UMeHHO 3TOro Me-
)éaHPBMa U eCTb OCHOBHAs 3afaya — KJIOY JJis pelleHHs BceH Tpo-

JIeMBI.

4. MetaGoaH3M HeOEJKOBHIX COeAHHEHHH

Ecnu paccMartpuBaTe GenKH Kak eQMHCTBEHHOE 3BeHO, uepes
KOTOpOe peaJiu3yercsi HacJeicTBeHHas HHGOpMauus, TO BCe MHO-
roo6pasne NpPH3HAKOB OOJIXKHO GbITh CBEJEHO K DeaKUHAM, Kara-
JH3HPYyeMbIM OenKaMu-GepMeHTaMH, HJH QYHKIHAM, KOTODHIE OCY-
IIECTBJASIOTCA CTPYKTYDHHIMH OenkKaMH. Bce gaHHBle, HMeloLHecs
B HacToslliee BPeMs, NPHBOAST HMEHHO K TaKOMYy 3aKJIOYeHHIO.
Onnako mpexfie YeM nepediTH K PacCMOTDEHHIO HEKOTODBIX NpuUMe-
POB, XapaKTepH3yWOWHUX CAelyIOUYIo CTyIeHb peasu3allid HacJjef-
CTBEeHHOH HHGoOpMaluH — OeJKOBHII KOHTPOJNb Hal He6eJaKOBBIM
MeTab0oJH3MOM, MBI AOJXKHEI YNOMSHYTb O JBYX TIHNOTETHYECKHX
BO3MOXXHOCTSIX HacJeJCTBEHHOH Tepejauyd NpU3HAKOB ©e3 cnelu-
¢ryeckoro GenkoBoro cHHTe3a. [lepBas M3 HUX — mepenaya Hacaen-
cTBeHHbIX cBoicTB ¢ JIHK npsmo Ha BbICOKOMOJIeKyJasipHble Hebes-
KOBble (COeJHHEHHS THIa MNOJMCAXapUIOB W JIHIHJAOB H BTOpas —
nepenaiya HacaencrseHHod MHopmauuu, mMunys HK, npsamo co
CTPYKTYPH Ha CTPYKTYpy. BTopyio BO3MOXKHOCTB, KOTOpasi CKopee
OTHOCHTCA K TEHETHUECKOMY KOHTDOJIIO HajJ BHYTPHKJETOUHHIMH
CTPYKTYypPaMH — rpaHy/JaMH H 000J0YKaMH, Mbl PacCCMOTPHM B CJe-
AylouleM pasfene, ClelyaJbHO NOCBSIEHHOM 3TOi mnpob6reMe. Uro
J)Ke KacaeTcs TIepBOii BO3MOXKHOCTH, TO €IMHCTBEHHBIM apryMeHTOM
B NIOJIb3Y ee 00CYXKIEeHHsl #BJHIOTCH Te TPYIHOCTH, MOXeET OhITh
MHHMBIE, KOTOpble cefiyac BO3HHKAIOT IPH HNONBITKE OGBACHUTH
CHHTE3 CJIOXKHbIX He0enKOBbIX MOJIeKyJ 4YHCTO (epMEeHTAaTHBHLIM
IyTeM.

ITonucaxapuapl npencraBasiioT CO6OH CJOXHBIE, 4aCTO pasBerT-
BJIEHHble LIeNOYKH, KaXKJoe 3BeHO KOTOPHIX TPEACTABJEHO OJHHM H3
MHOTHX BHAOB caxapoB {69, 70]. ['oBopsi 0 CJIOXKHOCTH HX CTDOEHHS,
MBI B MeHblIeHl CTeneHH HMeeM B BHJY TaKue COeNUHeHHS, KakK
KpaxMaJ ¥ IVIMKOTeH, MOJIeKYJbl KOTODBbIX XOTl ¥ [AOCTHTAIOT IH-
FaHTCKHX Da3MepoB (HMelOT MoJeKy/aspHu Bec ao 2-108), no mo-
CTPOEHBI OTHOCHTEJIbHO IIPOCTO, MOCKOJBKY TIpefCTaBJeHsl, KaK Tpa-
BHJIO, 'OJHHM BUAOM caxapoB. CHHTe3 HX B IpHHLHIE BO3MOXeH
TIDH Y4aCTHH BCero NBYX BHAOB depMeHTOB: D-3H3HMa, obecleyH-
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BaIOLIEro JHHel{HOe MPUCOeNHHEHHEe caxapoB, H Q-3H3MMa, CO3[alo-
ILer0 BeTBJIEeHHe MOJHCAaXxapHAHOH lemnoukH. CTpoeHHE 3THX IIOJIH-
caxapuaoB, HO-BHIAMOMY, Majo CNeUH(uYHO, TaK KaK BETBJIEHHE
H JJHHA OTPE3KOB leNOoYeK B H3BECTHOM CTENEHH ONpefessioTes
cnyuaiigo. Hns «pyHKUMH 3THX TNOJHCaxapulOB B KauecTBe 3anac-
HbIX BellleCTB JOCTATOYHO HX BBICOKOH IOJHMepPHOCTH, ofeclevyuBa-
lllefl Maayl PacTBOPHMOCTb H TIOTHOCTh ynakoBkH. OLHAKO PoJib
APYrHX caxapoB CJHOXHee, H 3TO JOJIKHO HaKJaAbBaTh ojee XKe-
cTkrue TpeGoBaHHA K crmeunduke ux crpoeHHs. OcoOeHHO CJIOXKHBR
Takie KOMOWUHHMDOBaHHbIe COENHHEHHS, KaK MYKOMNOJHCaXapuIbl,
THKONMeNTHIbl M TJHKOJHNHAB (HEKOTOpble H3 HHX cOjepXKaT K
TOMY 2Ke aMHHOKHCJOTHI). BOo MHOrHX raHKONeNnTHAaXx OJHOBpPEMeH-
HO TPHCYTCTBYIOT Da3juyuHble caxapa (K HacTOslleMy BpeMeHH H3-
BECTHO Oosee cTa pas3jMYHBIX oJurocaxapos). Tak, B oXHOM H3
IMIMKOMNENTHAOB € MOJIEKYJaapHbIM BecoM 108 mocae pmeiierBus Tpum-
CHHa OCTAlOTC OCTATKH lIeNH ¢ MOoJeKyadapHbiM BecoM 104, comep-
JKallHe raJakTo3y, MaHHO3Y, (pyKTo3y, IVIOKO3aMHH H CHaJOBYIO
Kucaory. Ilpu sTOM mOKasaHo, UTO COeJHHEHHe IOJHCaxapHIHOM
U TIOJMHIENTHIHOH uacTell ocCyllecTBJseTCHd KOHell B KOHeI, T. e.
obpasyer uepeayoumyiocs lenouky. M3 rtybepxy/Je3Hblx Tajouex
BhIZEJEH CJIOXKHBIH TJIMKONHIIKI, HJAH, BeDHee, TJIMKOJHUIONENHJ C
MOJIeKyasipHBIM BecoM 5400, comep:xamuit caxapa (apa®uHO3y, ra-
JaKTO3y, MaHHO3y M aMHHOCaxapa), aMHHOKHCJIOTH (aJaHHH, IJIO-
TAMHH H JHAMHHOMMMEJHHOBYIO KHCJIOTY) H XKHUDHBIE KHCJIOTHL € Ie-
MouKaMH, cogepxalumMe 16—20 yrieponHelx 3BeHbeB [71].

Uncro JUMHAHBlE COEIHHEHHS He SBJSIOTCS MOJHMEDHBIMH, HO
CJIOXKHOCTb MX CTPOEHHS MOXKET YBeIMUYHBATbCH 32 CYeT Pas3JHUYHON
JUIMHBL QI€TH KUPHBIX KHCJOT, CTENEeHH HX HEHACHIUIeHHOCTH H TIO-
JIOXKEeHUs [BONHBIX CBfi3edl. ¥ XHBOTHHEIX OCHOBHAsli Macca XHpOB
CHHTE3HPYETCA W3 HEMHOTHX XKHPHBIX KHCJIOT (CTeapHHOBOH, Taltib-
MHTHHOBOM, JJUHOJNEeBOH), HO y 6aKTepUil U PACTEHHH XKUPHbIe KHCJIO-
Thl Gosiee pa3Hoo6pasHbl. Ecjax yuecTh, UTO CBOHCTBA TPHIVIHLEDH-
JIOB' 3aBHUCSAT OT TOr'0, B - WJH B B-TONOXKEHHH HAaXONHUTCA Ta HJIH
HHAs XKHUPHad KHCJIOTa, TO KOJHYECTBO BO3MOXKHBIX TPHUIVIHIEPUIOB
Jlaxe M3 ueThipex XKUPHBIX KHcaoT Oyper okoso 30. [eiicTBHTENb-
HOe 2Ke pasHooOpasue JHIHAOB HaAMHOro 60Jblile, TPHUYEM He TOMb-
KO 3a cyeT pa3Hoo6pasus KUPHBIX KHCJIOT, HO U 3a cueT ofpaso-
BaHUs noaurynunepodocdaros, UMeIUIHX TOJHMEDHOE CTDOEHHE, H
COeIMHEHUH TJIMUEepPUAOB € MOJHIENTHAHBIMH H MOJHCAXaDUIHBIMH
uensiMu. Tak, HampumMep, U3 MO3ra OBUH OBLIH BBIJENEHbl JHIIONO-
JUCaXapHABL, CoAepiKalllue IVIMIEDHH, XXHDHble KHCJIOTHI H XKHDHblE
CTIHPTH], XOJIHH, 3THJIAMUH, IVIIOKO3y, a TakXe pAL HeHAeHTHOHIH-
pPOBaHHBIX COeJHHEHHH.

O MexaHH3Me CHHTE3a TaKHX CJIOXHBIX COeJHHEHHI M3BECTHO
oyeHb HeMHoOro [72]. XapaxkTepHO, UTO NepPBBLIM 5TAaNOM 3TOTO IIPO-
necca, KaKk H B ciaydae GeJKOBOTO CHHTe3a, fBasiercs (ocopuiu-
poBanue nocpeacreoMm AT® unu uame IIT®. MsBecren pan sH3u-
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MOB, KaTaJH3UPYIOIIUX crelHdHUeCKOe CoelHHEHHE ONpeleJeHHBIX
caxapoB: d-MaHHO3bl U @-TanaKTO3bl, MeIUGHO3bl H TJIOKO3aMHHA
4 Ap.

OnHako BMeCTe € TeM H3BeCTHHl ¥ 3H3UMBI, TOJHMEDU3YIOlHe
caxapa He crneUH(HUHO. B HCKYyCCTBEHHBIX YCJOBUSAX MOXHO CHH-
Te3UpOBaTh NOJHCaXapHAHble LlenH, comepkaiiue 6onee 1000 use-
HOB, KOTOpDble, OJHAKO, pacHoJarapTcs cayyafiHo. DTH TIpEMepnl
e MOTyT CJYXHTb JOKa3aTeJbCTBOM Hecnenu(puueckoro cuHresa
(0JHCAXaDUAOB B KJeTKe, TAK KaK NOJMMEpHI cO cayyalHbIM pac-
OJIOXEHUEM YJEHOB 'MOTYT GHITb CO3JaHbl TaKXKe M3 aMHHORHCJOT
HJIM HYKJEOTHJAOB, XOTSl OYEBHJHO, YTO 3TOT HPOLECC He HMeeT HH-
Yero OGILErO CO CTPOrO CTIeUH(UUYHBIM MEXaHH3MOM CHHTE3a OeNKOB
UNH HYKJEHHOBBIX KHCJOT B KJETKe.

OcCHOBHOIf BONPOC, KOTOPHIH AOJMXKeH O6bITh DellleH,— 3T0 BONPOC
O CTENeHH cneluudHYHOCTH TOJMCAXapKaoB U JumuaoB. Ecan Gymer
TI0Ka3aHO, YTO 3Ta cnelmpHUYHOCTb He OuYeHb BeJUKa, TO 8To Oyner
03HauyaTh, UTO, KAK B CJydyae IVIMKOTe€Ha H KpaxmaJsa, X CHHTe3 He
rpebyer ‘GOJMBIIOrO KOJMHYeCTBa clelHHUHbIX SH3HMOB. Ecnu cTpoe-
HHe XOTsl Obl HEKOTOPHIX COEIWHEHHH HneTepMHHHUPOBAHO TaK Xe
CTPOro, KaK NOCJe[0BaTENbHOCTh AMHHOKHCAOT B OeNKaX, TO KOJH-
4eCcTBO (HDEPMEHTOB €O CTPOTO# CTeUH(UUHOCTBIO AEHCTBHA AOJIKHO
OBITh TAaK BEJHKO, UTO BO3HHKHET BOTIPOC O HEJTOCTATOYHOM KOJHYe-
CTBe TeHOB y HHU3LIMX OpPraHM3MoB. JefCTBUTENBHO, HCXOAS U3 pas-
mepoB TpaHchopMupyoomux exusny JJHK u ee konuyectBa B 6ak-
TepUsX, YHCJAO T€HOB Yy HHUX He JOJIKHO INpeBhIIATh 2—3 ThICAUH
[58, 73, 74]. Tlpu ycnoBHH, UTO BCe OHH OOECTIEYHBAIOT CHHTE3 CIie-
umpuyeckux «PpepMeHTOB (UTO 3aBENOMO HeBEpHO, TaK KaK 4WacTh -
IOHK nonxHua 6biTh OTBETCTBEHHA 3a CHHTE3 CTPYKTYDHBIX 6eslKOB
# YacTb 3a DEryJasUI0 reHeTHUecKOH (YHKIHUH), 3TOTO KOJHYECTBA
LDOJIKHO ObITh [JOCTATOUHO IJs obecrneueHHs BCceX 3TANOB CHHTe3a
HeGeJKOBBIX COeAHHeHUH. TpydHO INpeACTaBHTL 3IH3MMATHUECKHH
CHHTE3 CTPOTO AETEeDMUHHPOBAHHOH NOCJEN0BATENbHOCTH UJEHOB
B NOJHCcaxapujax H JUNuAax ¢ yyacrueM MeHee yem 20—100 pep-
MeHTOB. ITOCKOJNBKY KOJHYECTBO 3THX COEIHHEHHWH SIBHO He MeHee
100, mpobsiema HemocTaTKa I'eHOB KaxXeTcsl BIIOJHe peaJsbHOH. Bee
TH TPYAHOCTH HCUE3HYT, €CJAU MPENTNOJOXKHTb, YTO HH(POPMAIHUA O
CTPOEHHH MOJHCAaXapHAOB M JHIHJOB 3amdcaHa He B Buie Habopa
3H3UMOB, a B OTHEJbHBIX TFeHaX H HMX CHHTe3 OCYLIeCTBJSETCS Ha
MaTpHIlaX 10 TeM Ke [IPHHIIHIAM, YTO ¥ cHHTe3 Oeska. EcrectBeH-
HO, YyTO Tako# cnocof 3anucu uHbpoOpMallH, KOTAa CTPYKTypa OLHOH
MOJIEKYJB KOJAHPYeTcs OJHHM TeHOM, ropas3flo KOMIIAKTHee, 4eM
KOTa 3Ta XXe MoJieKysaa Tpebyer AJAsl CBOEr0 CHHTe3a CO3JMaHHA
OEeCATKOB HJIH COTeH 9H3HUMOB, T. €. JecsiTKOB M COTeH reHoB. Heko-
TOpbIM apryMeHTOM B N0Jb3y pPACCMATPHBAEMOH THMOTE3Bl SIBJSET-
¢Sl ¥ TOT (bakT, YTO JHUMNUABl CHHTE3HPYIOTCH BCETAAa B YaCTHIAX —
MHUTOXOHJPHAX U MHKPOCOMAX, TpPUYeM yAeJbHas aKTHBHOCTb MHK-
pOCOM Bhillle, ueM MHTOXOHADHI. CJel0BaTENBEHO, KAaK H CHHTE3
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feJKa, CHHTE3 JHIHAOB CBA3aH CO CTDYKTypaMH, COAep¥KallH-
mu PHK.

BhIcKa3piBa0Ch MPEANIOJIOKEHHE O TOM, UTO MATPHUEH AJA CHH-
T€3a, B YACTHOCTH, TIOJHCAXapHAOB, MOTYT CJYXKHTb OHH CaMH.
HeficTBHTEIBHO, TOKa3aHO, UTO CHHTe3 TIJIMKOreHa in vitro tpeGyet
NPHCYTCTBEA <«lnpaiMepa» — 3aTPaBKH M3 riHKorena. OfHaKo yxke
YKa3bplBAJIOCh, UTO CHHTE3 IJIMKOr€Ha H KpaxMa/ja He MOXKeT cay-
KHUTb MOJE/]bIO AN COeIHHEHHH GoJiee c0XKHOro crpoenus. IlpH-
3HaHHEe TAaKOI'0 MeXaHH3Ma 03Hauajo 6Bl, UTO CTPOeHHE JHIHAOB H
NOJIHCAXaPUAOB He KOHTDOJHUDYETCs TeHeTHYECKHM annaparoMm
KJIeTKH M TepefaeTcs OT TIOKOJEeHHA K NOKOJIEHHIO uepe3 CcaMH 3TH
COeIHHEHHs, T. €. Yepe3 LUTONNa3My. DTO IJIOXO COrJacyercss C
TeM, YTO, HANpUMep, MoJUcaxXapHabl 060/0ueK GaKkTepHii ABJIAIOTCH
OOBIYHBIM TeHEeTHYECKMM TIDH3HAKOM U IepefaloTcsl OT MUITaMMa
K mrammy mnpd nomowu TpaHabhopmupyromein NHK. Hexomnas
KYJbTypa ITHEBMOKOKKOB MOXeT ObITb BOOOlle JHIIeHa NOJHCaXa-
PHIAHOH KancyJbl W TIDHOODETaeT ee B pe3yJbTaTe BKJIOUEHHS
tTpaHchopmupyromesi JITHK., Matpuusl 3tTHX coefyHeHHEt [0 TpaHc-
tdopMauuy, €CTECTBEHHO, HE MOIJIO GbITh, TaKOH MaTpHlledl fABAAET-
ca Toabko JIHK. Bosee toro, mpu TpaHchopMamuu OOBIYHO Nepe-
Jaercsi TOJNbKO OJHH INPH3HAK, Nepefada ABYX — KpailHe perKoe
cobuiTHe. Ecau BKAOYeHHe B TeHOTHT OaKTepPUH OLHOTO JONOJHH-
TeJbHOTO TeHa CTNOcoGHO O6ecneuHTh TOSIBJEHHe MOJAHCcaXapUAHOH
KaIcyJbl, TO 3TO MOXeT GhITh OOBACHEHO JHIIb ABYMS Cnoco6aMH.
IlepBrifi OcHOBaH Ha TOM, YTO ofa mTaMMa GakTepHH OTAMUAJIHCH
n0 TpaHcdhopMalHH KpaiiHe He3Hau#{TelbHO H, BO BCHKOM CJyuae,
cofepXaau BCe Heob6xomuMble depMeHTH I/l NMOCTPOEHHS! CIIEIH-
¢duueckoro mosucaxapuga ‘GakrepHaJbHO KalCysabl. ¥ IITaMMa,
JHIIEHHOT'O ‘KaIlCYJbl, BUIHMO, OTCYTCTBOBAJ JHIIL OJHH GeJOK 1
TIpUBHeCeHHe TeHa, KOTOPbIH 3TOT 6eJIoK OIpemess, OKasaloch
JIOCTATOYHBIM /151 TIOCTPOEHHS KANCYJB. DTO NpPeANooXKeHHe TPYA-
HO OOOCHOBATb, €CJAH DeYb HJeT O pPAa3/IHYHBIX CYLIECTBYIOUIHX B
NpHpofe WTaMMax OakTepull, TAK KaK TPYAHO TPEACTABHTH, YTO
ONHH H3 HHX XDaHHJ Leabli Ha60p HedYHKUHOHHDPYIOLIMX TEHOB,
HeOOXOIMMBIX [AJIS INOCTPOEHHS HECBOACTBEHHON 3TOMY MITAMMY
Kancysbl. Bropoe oGmbsicHedHe COCTOMT B TOM, YTO BCH OCHOBHAs
HuhopMalHa O MmoaHcaXapUAHOH KarncyJse COmepKHUTCs B TpaHcdop-
MHDOBAaHHOM TeHe W OJHOro crneuuduyeckoro bepmenra mast mo-
CTDOEHHA KAICYJbl ABHO HEIOCTATOYHO; OCTaeTcd IIPHU3HATH, YTO B
JOHK copepxurca undopMalus o CTPOeHHH INOJHCAXapsAga, KOTO-
pasi_peasusyercs He yepe3 CHHTe3 Geska.

Tem He MeHee NpeAno/noXeHHe O NpsMOH nepenaue HHGOpMa-
uud ¢ JIHK, Munvs craguio GeJKOB, Ha CJOXKHEIE HeGeJKOBLle COe-
JMHEHHS, OCTAaeTCsl [I0Ka COBEPIUEHHO THNOTeTHUHBIM. [lanbHefinine
HCCJIE/IOBAHUSA CTENEHH J1eTepMHHHPOBaHHOCTY 3THX CJIOMKHBIX BHICO-
KOMOJIEKYJIIPHBIX He6e/KOBHIX COeIWHeHHH M myTefi HX CHHTe33
TO3BOJIAAT DELIUTb IOCTABJEHHYIO 3/ech NpobLJaeMy.
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HccnenoBaHHs reHeTHYECKOTO KOHTPOJsi MeTaboJiH3Ma NpOHCXOo-
JHJIH He NapaJuiesbHO HCCAeNOBaHHSM caMoro MeraboJinama, Io-
3TOMY OJHH MeTabo/JHUYeCKHe LHKJIBl HCCAeA0BaHBl B reHeTHUECKOM
OTHOIUEHHH JOCTaTOYHO NOApOOHO, ApyrHe, yacrto Oosiee BaXKHHIE,
TEHETHYECKM COBCEM He H3yueHH. 10 o0bsicHsieTcss TpeGOBaHHSIMH,
KOTODbIe NpenbsiBAdeT K 00beKTy OHOXHMHUecKas reHeTHkKa. [Toutu
BCe OCHOBHble HCCJEIOBAaHHSl OLLIM CHeJaHbl Ha MHKPOOpPraHH3Max,
B npexjae Bcero Ha Hefipocmope. ToJBKO OTAenbHBlE TPH3HAKH,
TaKHe, KaK OKpacKa ILBETKOB, COLepKaHHe BHTAMHHOB B KYKYDY3e,
MeJlaHHHA B IIEPCTH MOPCKHX CBHHOK, 'eMOIJIOOHHBL YEJOBeKa SIBH-
JINCh HCKJIIOUEHHEM H3 3TOro IpaBHJA.

Ho u y MuKpoOpraHusMoB Jlla/jieKo He Bce 3BeHbsl OGMeHa oKa3sa-
JUUCh PaBHO JIOCTYNHBIMH. Bosbllee BHMMaHue OBLIO yIesneHO NpH-
3HAKaM, NO3BOJISIIOIHM BECTH OTHOD: NMOTPeOHOCTH B ONpELE]EHHBIX
NpeAIIeCTBEHHHKAX U CIOCOGHOCTH K YCBOEHHI0 Da3JHUYHLBIX Be-
mectB. Emte 6osiee .yAOOHBIM TIeHeTHUECKHM IIPH3HAKOM SIBJSETCS
HeYYBCTBHTENbHOCTb K Pa3JHUHBIM dfaM (amtubuotukam). OpHako
nveTabosHuecKoe 3HaUYeHHe 5THX IIOCJENHHX CBOHCTB OOLIYHO HeBe-
JIHKO H CBOIHTCA K cuHTe3y (epMeHTOB, paspylialomux sipx (me-
HULMAMa3a, HanpuMep). IlosToMy reHeTrHuecKu Jyullle BCETO OKa-
2aJIHCh HCCJEOBAHH NPOIECCH CHHTE3a aMHHOKHC/IOT, NYDPHHOB
H NHPHMHJHHOB, M 3HAUHTEJbHO MeHbllle 3Hepreruueckufi obmen,
¥ors B OObluHOH OHOXHMHH eMY ynensdercs 6oJiblilee BHUMAaHHe.

Cefluac H3BeCTHO Ype3BHIYAHO MHOTO TeHOB, OJOKHPYIOLIHX OT-
JlejibHble 3BeHbs Merabosnama (8], OxHako He Bcersa oGHapYIKEHHE
MYT4HTa, Y KOTOPOro Lenb Merafo/H3mMa ob6opBaHa B TOM HJIH HHOM
3BeHe, O3HAYaeT, UTO MYTHPOBAJ CeH, OTBETCTBEHHHIH 3a (hepMeHT,
KaTaJu3HPYIOUHA NaHHYI0 peaknuio. JleHCTBHTe/NbHbIE OTHOUIEHHSA
MOTYT OKas3aThCsl CJAOXKHEe: NpollecCc Moxer ObITh IABYX- H Oosee
CTYNEHYAaTHM H €ro KOHTDOJHPYET COOTBETCTBYIOIee UHC/IO 3IH3H-
MOB M reHoB. MyTallHH MOTYT 3aTpParuBaTh cy6cTpaThl HCCAERYEMOH
[€aKIMH, BJIHSIA Ha MX TPOHUIAEMOCTb, BKJIIOUEHHE B KOHKYDPEHT-
Eble peakuuu M T. A. Moryr o6Gpa3oBbiBaThCcsl BelllecTBa, HHIHOH-
pyolllie DeaklHiO, H, HaKOHell, OJOKHDOBaHHE (QepMeHTa MOKeT
6bITL CBSI3aHO ¢ H3MEHEHHEM He CTPYKTYPHOIO LHCTPOHA, a T'CHOB,
peryJupyIolHX ero akTHBHOCTb. Tak, HanpuMep, Tpunrodan y Heft-
POCIIOpDHI CHHTE3HpYyeTcsl NyTeM KOHIEeHCAllHH HHIoJIa H CepHHa
HoJ KOHTpoJeM TpunrobaHcHHTerasbl. [losroMy 6O/BIIHHCTBO JIH-
HUH Heflpocnophl, Y KOTOPHIX OOHapyXeH 3TOT (QEepMEHT, He HYXK-
jaortess B tpuntodaHe., ONHAKO eCcTb HECKOJbKO JHHHH, Tpebylo-
IUX JJS CBOEro pocra TpunrodaH; 3TO AaeT OCHOBAHHE NOJATATh,
YTO y HUX MYTHpPOBaJ/s HIMEHHO reH, o6pasyiolliu#i TPUNTOPaHCHHTe-
rtasy. OnHako JefiCTBHTE/]bHble OTHOLIEHHS OKa3aJHCh CJOXKHee
[75, 76]. MyranThl, o6o3nadennsle C83 u ¥1952, Hyxpaorcs B TPHII-
TodaHe, H X IKCTPAKTHI He CHOCOOHBI CHHTE3HPOBAThL €r0 M3 HHJIO-
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/12 U CepHHa, T. e. JUIIeHsl Tpunrohancunrerassl. OgHako cyuiect-
Byer reH — cynpeccop su-¥1952, KoTopwifi nomaBJseT aKTHBHOCTh
reda ¥1952, no me C83. Ilpn Ha/IMYHM €rO B TEHOTHIE MYTaHTHI
Y1952 cnoco6ubl pacti 6es TpuntodaHa, a MyTaHTH C83 — Her.
O6DbsicHeHUe 3THX [aHHBIX MOXeT OBITh CBSI3aHO C HaJHYMEM He
ONIHOH, a JABYX IGC/EJOBATeNbHBIX DeaklHil, BeAYI(HX K KOHJEH-
-CallH} MHJ0Jla U CepHHa, npuueM myTtauud Y1952 u su-¥1952 mo-
TYT ObiTh CBfiI3aHbl C H3MEHEHHSIMM He CTPYKTYPHOTO TreHa, a reHa-
peryasitopa. B To e BpeMs mokasaHo, 4TO aKTMBHOCTb TPUNTO(QAH-
CHHTETa3bl MOXET CH/JbHO MEHSIThbCH MOM BJIAHSHHEM JPYLHX TEeHOB
(HanpuMep, MyTalull, ONpeNesAOMHX NOTPeGHOCTh B THCTHAMHE),
OT CTajJuM poCTa KyJAbTypH u Ap. [77].

B nacrosilllee BpeMsi H3BeCTHB NMyTH CHHTE3a GOJBIIMHCTBA HH3-
KOMOJIEKYJ/ISIPHBIX KOMIIOHEHTOB MeTa(oJii3Ma, HO He BCe OpraHus-
MBI CNOCOOHBI K 3THM CcHHTe3aM. [HeKoToprle MHKDOOPraHH3MBL
CMoco6GHBI pacTH Ha Ype3BbHIYAaHHO INPOCTOH cpefle, CoAepKalueh
TOJIbKO HeOOXOJHMble 3JIeMeHThl H BelllecTBa C BBICOKHM 3HEpPreTH-
YecKuM INoTeHnuasoMm. [IpyrHe opraHHuaMbl HYXKAAIOTCS B TeX HJH
EHBIX aMHHOKHCJOTAX, BUTAMHHAX H JPYrHX coennHeHusx. Hako-
Hell, ¥ B OTHOIIEHHH MCTOYHHKOB 3HEPTHH, HCIOJb3yeMBIX OpraHus-
MOM, cyulecTByeT OGoJsbmioe pasHooOpasue. Kaxpoe 3BeHO Mera-
6onuaMa omnpejessieTcsi JIeSiTENbHOCTBIO OMNpedeleHHbIX (epMEeHTOB
H, CJIE[IOBATENbHO, YeM MeHblle TpeGOBAaHHH OPraHH3M NPEebSBJISET
K XHMHUYECKOMY COCTaBy cpefbl, TeM Ooabmiuii Habop ¢epMeHTOB
OH JIOJDKEH CoJepXKaThb caM. 3JHAuHTeJbHas 4acTb (HepMeHTOB CBS-
3aHa ¢ OMNpeJe/eHHbIMH CTPYKTYpaMH — MHTOXOHAPHSIMH, 3pracro-
NJa3MOH, KJETOUHBIMH O0OOJIOYKAMH, SIIPOM, M HX JAeSATEJbHOCTb
TpebyeT CO3JaHHS ONpede/eHHbIX YCJIOBHA H COIVIaCOBAaHHS C Jes-
TeJIbHOCTBIO JAPyrux ¢epmenroB. Bce 310 03Hauaer, YTO pas3HoOb-
pasHe nyTefl H BO3MOXKHOCTeH MeTaGo/M3Ma BMeCTe C MPEHMYILEeCT-
BaMH, KOTOPble 3TO JaeT, HakKJaJblBaeT H ONpeJesieHHble OTpaHH-
YeHHsl, BEPOSTHO BhIpaxKalolllHecss TpeXJe BCEroB HHTEHCHBHOCTH
KaXJ0# M3 BO3MOXKHBHIX (YHKUHH. B 3BOJIOLMH 3TH NPOTHBOpEUH-
Bble TEHJEHUMH NPHBOJAAT K TOMY, YTO B TeHOTHNAaX COXpaHseTcC
uHpopMauHsa TONbKO O Oenkax, obecneyHBalolluX Te Merabosmye-
CKHe Ipouecchl, KOTOphle AeACTBHTENbHO HeOOXOAMMBI H HE MOTYT
OBITb KOMIIGHCHPOBAHBI MNOCTYIIEHHEM 3THX BeLleCTB H3 Cpelbl
Y MHOTOKJ/IETOUHBIX XKHBOTHBIX, CIOCOOHBIX K aKTHBHOMY TIHTaHHIO,
3Ta 3BOJIIOIMOHHAST 3KOHOMHSI BbipaXaeTcsi B TOM, UYTO OpraHH3M
cnoco6eH K CHHTE3y TOJbKO aMHHOKHCJOT, KOTODble B HOpMaJb-
HBIX YCJOBHSIX JIOCTYNMAlOT H3 BHelIHeH cpelbl B HEIOCTaTOYHOM
KoJiiuecTBe, BbIGOp TeX aMHHOKHCJOT, KOTOphleé OpPraHH3M CIOCO-
€en co3maBaTb caM, AHKTYeTcsl He TOJbKO MX COJAepXXaHHEM B IIH-
Hie, HO H CJOXHOCThbI0O HX cHHTe3a. OTpaxkeHHeM 3TOro sBJsETCH
TOT (aKT, YTO KOJHUeCTBO (HepMeHTOB, HEOOXOAHUMbBIX AJISI CHHTE3a
«He3aMeHHMbIX» aMHHOKHCJIOT, HaMHOTO Bblllle KoJHyecTBa (ep-
MEHTOB, KOTOpble HeoOXOAHUMBl IJIsi CHHTE€3a OCTaJIbHbIX aMHHOKHC-
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JIOT. DTO, OYEBHIHO, OTHOCHTCH MU K APYIHMM COEIMHEHHSM, TaKUM,
KaK BHTaMHHBI, KOTOpble CHHTE3HDYIOTCS B OpraHU3Me pacCTeHHH
H MHOPHX MHKDOOPTaHH3MOB, HO y MJIEKOMHTAIOMIMX AOJKHBHI IO-
crynath u3BHe. OUEBHAHO, «PHCK», CBSI3aHHBII C BO3MOMKHOCTBIO
aBUTAMUHO30B, MEHbIIe TeX «pacXod0B», KOTOphbie NMOTPe6GOBaJO Ghi
CO3/laHHe COOTBETCTBYIOIEr0 COGCTBEHHOI'O CHHTETHUECKOro ammna-
parta.

Y MHOrOK/JeTOUHBIX 3KOHOMHSI MeTaGoJHYecKHX NyTed IOCTH-
raeTcsd emie ‘U 3a Cyer CHellHaju3alldd TKaHeHd u KaeTok. Tak, ecau
CPraHH3M MJEKOIHTAMOLIUX HYXAAeTCs BCero JMuumb B 12 aMHHO-
KHCJIOTaX, TO ero OTAeJbHHE KJIeTKH B KVJbType HYXKAalOTCs TMOUTH
30 Bcex 20. CHHTe3 aMHHOKHCJOT, CJIeLOBATENbHO, MPOHUCXONHT He
B Ka)XJOH KJeTKe, a TOJNBbKO B ONpeleseHHBX TKAaHsX, Clelluaan3u-
POBAHHBIX AJs1 3TOH (YHKIMH, a HMEHHO B NeyeHH. B reHeruyeckom
OTHOUIEHHH TaKas ClNeLHaJHu3aldsi BhHpa)XaeTcsl B TOM, U4TO 60Jb-
IHHCTBO TE€HOB B KaxKJAOH OTHEeJbHOH KJeTKe SIBJASIOTCA 3a0J0KH-
POBAHHBIMH M (PYHKIHOHHDYIOT TOJBKO Te, KOTOphle HeoOGXOIHMHI
HMEHHO /i1 JaHHOH TKaHH. ¥ MHKPOODraHH3MOB 3apenpeccHpOBaH-
HEIMH OCTalOTCsl TOJIbKO TeHHl, Onpefedsiolliie CHHTe3 HHAyuUHpYye-
MBIX (epMeHTOB, CyGCTpAaTHl KOTOPHIX OTCYTCTBYIOT. Jlossi TakuX
He HCHONb3YeMBIX B KaKAblH NaHHBIH MOMEHT TIeHOB, OUeBHJHO,
MeHblle, yeMm JOJs1 I'eHOB, He MCIO/Nb3yeMbIX B KaxKJOM THIIE Che-
LUHAa/JIU3UPOBAHHBIX KJETOK Y BBICIIHX OPTraHH3MOB.

Onnako cymMMa BceX BHAOB MeTaGOJMHYECKHX MPOLECCOB Y MHK-
[LOOpPraHu3MOB, TO-BHAHMOMY, He HAMHOTO MeHblle, YeM Yy MHOTO-
KJIETOYHBIX, B TO BpeMsl Kak coZepxaHue IIHK Ha K1eTKy y Hux
3HauuTeJbHO HHXKe. Hamo mosaraTth, 4To 3TO yBesdHYeHHe TeHETH-
YeCKOTO annapaTa B 3BOJIOLHH CBSI3aHO C NpoleccaMu nuddepen-
IMPOBKH.

HeynusutenbHo, ecau OKaXKeTcsl, YTO Y BHICHIHX OPraHU3MOB Ha
KaXXJblfl CTPYKTYDHBI reH, ofecneddBalOIHil OJHO 3BeHO MeTaGo-
J'U3Ma, UMeeTCs HeCKOJILKO TI'eHOB, PEryJHDYIOLIHX ero (YHKUHUIO B
npoueccax pa3BUTHSI U AudvpepeHIHPOBKU.

'eHeTHyecKHH KOHTPOJbL Haj MeTabOJHM3MOM OCYLLUECTBJSIETCS He
TOJIbKO MOCPENCTBOM CHHTe3a creuudHueckux 6elKOB — HepMeHTOB,
HO M TMOCPENCTBOM pETYJSIHH 3TOr0 CHHTe3a, NOCKOJbKY BbIGOD
nyTefi o6MeHa 3aBUCHT OT TOTO, KAKOBAa AKTHBHOCTb T€X HJH HHHIX
reHoB. IIpHMepoM TakoH peryasiiuy fIBASIOTCA B3aHMOOTHOIIEHHS
THMa HHIYIMHPOBAHHOTO CHHTEe3a, KOrJa BKJIOUEHHe MJH BHIKJAKOUE-
HHe reHa peryJHpyeTCss NPUCYTCTBHEM HJIH OTCYTCTBHEM CYy6CTPaTOB.
OnHako 3TOT U JpyrHe reHeTHueCcKHe MeXaHH3MblL He MOryt obec-
neydTh HeoGXONHMON CTeneHH perynduuu obMeHa, U psa Merabo-
JIHYeCKHX IIpOLIECCOB, BepOSATHO OOJBLUIHHCTBO HX, DEryJuHpyercs,
TIOMHMO TI'€HeTHYeCcKOT'o anmapaTa, H B LHUTONMNa3Me KJjeTku. Ilpu-
MEpPOM CJOXKHOH CHCTeMbl BHYTDHKJETOYHOH, HO BHeslepHOH pery-
JALNH, SABAAIOTCS B3aHMOOTHOWIEHHSI MEXJY TJIHKOJH30M, AbIXaHH-
€M H OKHCIHTeNbHHIM (ocopuanpOBaHHEM B MHTOXOHADPHAX
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H THasonnasMe. CKOPOCTH ITHX MpPOIECCOB 3aBHCAT OT KOHLEHTpa-
unn ATD u ALID, koTophie B TO Ke BpeMs SIBJAAIOTCS IPOIYKTOM
4 cy6cTpaToM psifia peakuui, CBSI3aHHBIX ¢ (OCHOPHIHPOBAHHEM
[78]. D10 OGecneunBaer HeOGXONHMYIO A/ KaXKIOTO peryJaupoBa-
RHsi oOpaTHylo cBa3b. Tak, HanpuMep, yBenMueHHe KOHIEHTPaLHH
Al®d ycuauBaer MHTEHCHBHOCTb NLIXAHHA H COTPSIXKEHHOTr0 C HHM
‘pocdopuauposatus. B pesyabrate docopunuposanns AP npe-
spamaerca B AT®, xoHueHTpauuss AJIP nagaeT W HHTEHCHBHOCTb
IbIXaHHsS YMEHbINAeTcsi, HHbIMH caoBamH, Mexay AP u abixanu-
€M CyulecTByer CBs3b: Gosbiie AJID — Goable AbIXaHus (npsaMas
CBSI3b), Gonblle JbIXaHHsi — MeHbwe AJI® (o6paTHast CBs3b).
OpHako peryJsuusi SHEPreTHYeCKHX IpPOLECCOB MOMKET OCYILECTB-
JATbCA H SIAPOM 3a CueT H3MeHeHHs KoauuectBa [IITH (HA),
CHHTE3UPYEMOTro B sipe,

BTopbiM nmpHMepOM caMOperyJHpoBaHHs MeTaboJH3Ma CJIYKHT
fIBJIEHHE  aJIJIOCTEPHYECKOrO0 HHTHOHPOBaHMS, KOTOpPOe COCTOHT
B TOM, YTO KOHEYHBIA MDOAYKT LENH DeakuHi#l TOPMO3HUT OelCTBHE
depMenTa, crosmiero B Hauaje 3Todl uenu {79, 80]. Uem Goable
KOHEUHOro NPOAYKTa, TeM MelJieHHee paboTaeT BCA IeNb €ro CHH-
1€3a, U KOHIEHTPALHs KOHEYHOrOo NpPOJYKTa TeM CaMbiM BhIpaB-
HuBaercsl. MexaHu3M 3TOro npomnecca OCHOBaH Ha TOM, 4TO (epMeHT,
CTOSIMA B HayaJe MeraGo/IHUecKOH IeNH, MMEET He OJHH, a JBa
aKTHBHBIX LEHTPa-— OAHH, o6ecrneyHBaIOUIHA €ro OCHOBHYIO peak-
LHIO, H BTOPOH, crenv(HYecKH CBSA3BIBAIOIIHKHCA ¢ KOHEYHBIM MpO-
ayktoM. CTeneHb CPOACTBa K 3THM [IBYM BeIECTBAM H ONpENEHT
CKOpOCTh CHHTE3a BO BCell IemnH.

ITocaennu#t Bompoc, KOTOpHIfI clenoBa0 ‘Gbl PaCCMOTPETh B 3TOM
pasjene,— 3To BOIPOC O <KOJHYeCTBe TreHHoro JAedfictBusi». Eiue
HeIaBHO B JIMTEPAType YacTO FOBOPHJOCh O GoJiblliefi HAH MeHbIel
.@KTHBHOCTH TeHOB; STHMH TeDMHHaMH 4acTo OGbACHSETCH JOMHHH-
poBaHHe, a HHOTAA NPAMO YKa3blBaeTCs, UTO peyb HAer 00 HHTEH-
CHBHOCTH 006pa30BaHHS TeHONPOAYKTOB [8].

B HekoTOpBIX cayuasix AeHCTBHTENBHO KOJHUYECTBEHHble DasJiH-
uHsa B 3ddeKTe ABYX TeHOTHNOB OOBACHSIOTCA KOJHYECTBOM TEHOB.
TakoBH Bce NMpPHMEpPH],, B KOTOPHIX KOJHYECTBO HJH YacTOTa MOSIB-
JIEHHSl TpU3HaKa 3aBHCAT OT TOTO, HAaXOXMUTCH JH JaHHBI TeH
B 00eHX TOMOJIOTHUHBLIX XPOMOcOMax (rOMO3HTOTHOCTb) WJIH TOJBKO
B ONHOH. ¥ pacTeHHH 3HIOCIEepM ceMsiH o6pa3yercsl noJ KOHTpoJieM
Tpex Ha6opOB XPOMOCOM H MO3TOMY BO3MOXHO NPHUCYTCTBHE OJTHOTO,
JBYX WJH BCEX TPeX OJMHAKOBHIX FeHOB. Tak, B 3HIOCEPME KYKY-
py3bl KOJIHYECTBO BHTAMHMHA A 3aBHCHT OT T€HOB Y; ecjiu NpH reHo-
THOE Yyy KOJUUECTBO BHTaMHHa BhIpaxkaercss uHciaom 0,05, To
resorunsl yyY, yYY u YYY naor coorBercTBeHHO 3HayeHHs: 2,25;
5,00; 7,50; T. e. KOJIHYECTBO BUTAMHHaA OTpa)kaeT NOYTH TOYHO He-
3aBHCHMYI0O akKTHBHOCTb Kaxzgoro rena [81]. ITomo6HbiM ke o6pa- .
R0M B 33aBHCHMOCTH OT KOJIHYECTBA COOTBETCTBYIOIUHX TIEHOB Me-
HsleTCs1 KOJIMYeCTBO CaXapoB, KpaxmaJsa, APYrHx BHTaMHHOB {82].
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AHaJIOTHYHbBIE KOJIHYECTBEHHblE OTHOWIEHMS OGHApPYXUBAKTCS
T 1711 MHOTHX aJ/lJie/IbHbIX TEHOB, KOTJa CTENeHb BLIpasKEeHHs] KaKo-
ro-1M60 mpH3HAKa (YacTO KOJNMYECTBO BELIECTBA) MOXKET MEHATb-
<. MBl yxXe NPUBONHIH PAA TAKHX TeHOB AJIs JOKYca ¢i (MKUJKO-
EaHHe KPBLIbeB JPO30GhHIbI); HU3BECTEH TaK¥Ke PAA reHoB bobbed,
onpejesnsloWuX y Apo3o¢puasl AauHy wetuHox [83]. Caeayer Ha-
TIOMHHUTb TaKXe Npo Ppafx reHoB C, OTBETCTBEHHLHIX 32 KOJHYECTBO
MeJaHHHa B LIePCTH MOPCKuUX CBHHOK [9, 84]. Kpome rena C, maio-
1lero HOpMaJbHOe KOJMHYecTBO MesaHuHa (100%), Hu3BecTHH ero
MYTaHTBl %, ¢4, ¢" U €&, KOTOpbIe B AMIIOWJHOM COCTOSIHHH obecIe-
YMBAIOT COOTBeTCTBEHHO (B Y% oT koHTpoussi) 88, 31, 12 u 0 Mmena-
HHHA. 3Has 3TH UMGPHl, MOXKHO TEOPETHYECKH NPENCKa3aTh COAEp-
JKaHUe MeJaHHHA B LIEPCTH JXKWBOTHHIX NPH BCeX BO3MOXKHEIX TeTe-
PO3UTOTHBIX KOMOWHAaUMAX 3THX reHoB. [lpenckasanume xoporro
€OrJIaCyeTcsi ¢ 3KCIePHMEHTOM H KpPOMEe BLIBOJa O He3aBHCHMOM
AeACTBHM aJUIE/IbHBIX TEHOB TMO3BOJISIET CleJaTh BHIBOA O pa3HOM
aKTHBHOCTH reHoB cepuu C. BosHuKaer Bompoc, oTauyaeTcs JU OJHH
a/lJeJib OoT [JPYroro TOJNBKO KOMHYECTBOM CHHTE3HPYEMOTO TeHO-
npoAyKTa (OAHH2KOBOTO [J151 BCeX aJsJenell) wIH peub JOJKHA
HITH O Pa3IHYHOM KayecTBe TI'eHONPOJYKTOB, CHHTE3HPYEMBHIX pas-
HbIME ajgensMu. 1o Tex Mop moxka NOHATHE reHONPOJAYKT He GHLIO
pacuudpoBaHO (reHONMPOAYKTOM MOXKHO OBIJIO 6B CUHTATh caM
MeJaHMH), TaKas NOCTAHOBKAa BONpOCa He MMesja cMeIcaia, HO ceii-
4ac, KOrla TeHONPOAYKTOM Mbl [OJXKHBI HasbiBaThb #-PHK wau
B KpailiHeM cayyae ¢depMeHT, Mbl BINpaBe €ro MOCTABHTE.

Pasauuns B kosnnuectBe M-PHK, o6pasyeMoro cooTBeTCTBYIO-
{1¥M TreHOM, BbI3BaHHble MYTAllHOHHBIM TYyTE€M, B IPHHIHIE BO3-
MOxHEI. MyTauus MokeT 3aTPOHYTb TIeHbl, OTBETCTBEHHbe 3a pe-
ryaaunuo ¢yHKuuu reHa C. Ecaum xe paccMaTpuBaioTCsl JAefCTBH-
TeJbHble MYTaluH CTPYKTYDHOTO TeHa, TO OHH MOTYT KacaThbCs
10/1IbKO U3MeHeHHI HYKJAeOoTHAHOH nochenoBateabHoctH JIHK, T. e.
NPHBOJUTL K H3MEHEHHSIM I1€DBHYHON CTPYKTYpPhl MOJIHIENTHAA,
a He CKOPOCTH ero o6pasoBanusi. MiaMeHedHHe NepBUYHON CTPYKTYpHI
(AMHHOKHCJIOTHO¥ IOCJE/0OBATENBHOCTH) MOXKET BBIPA3UTLCA B H3-
MeHeHHH CKOPOCTH peaknui, KOTOpeie 3THM (epMEHTOM KaTaJH3H-
pyorca. Mbl Xopomo 3HaeM, UTO 3aMeHa OT/eJbHBIX aMHHOKHCJIOT
nepeJKo BOOOIle He CKasbiBaeTcsl Ha IH3HMATHYECKOH AaKTHBHOCTH
W, OUEBMJHO, MOXET H3MEHATb €e TOJbKO uYacTHuHO. Hakoxer,
CKOPOCTb pEaKLUHH MOXET 3aBHCETb OT U3MeHeHHH (epMeHTa, KOTO-
pHle He YMeHbIIAT HENOCPEACTBEHHO CKOPOCTH OCHOBHOH peaKUHH,
HO yBeJHYaT aJjlocTepHYecKoe CPOACTBO K KOHEUHOMY MPOAYKTY.
Toraa yxe MaJienbKas KOHHEHTpalUsd 3TOrO NPOAYKTa (Hampumep,
MeJaHHHA) MOXET IIPHBECTH K CHJbHOMY 3aMelJIEHHI0O aKTHBHOCTH
tepmenTta. TakuM 06pa3oM, pasiHyHs MeXJy aJJleJbHBIMH reHaMH
OJHOTO KOJHYECTBEHHO OTJHMYaloulerocss psila, Kak Hpasujo, 6y-
JAYT COCTOAITb He B KOJHYECTBE TeHONMPOJYKTOB, a B Pa3HBIX CKOpO-
CTAX peakuui, 0 Kotophix mucas eite Foasmmumuar [20, 30].
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5. T'emerndecknii KOHTpOB
Haj BHYTPHKJETOYHBIMH CTPYKTYpaM
H KJETOYHOH NOBEPXHOCTDIO

ITepBbiM HaAMOJEKYJSIPHBIM ypOBHeM OpPTaHM3AalHMH B KJeTKe
SIBJAIOTCS BHYTPHKJIETOUHBIE CTPYKTYpPHI, KOTOpble HI'PAIOT Onpeje-
‘HI0ILYI0 POJIb B CO3NaHuMH o6liero niaaHa MerabonH3Ma M Hampas-
JIeHHH ero nyTtedl. B npepmaymux paspenax Mbl NbITaJdCh Oped-
CTaBHTb BCIO COBOKYIHOCTb HacJielyeMbIX NPH3HAKOB KaK OTpaxe-
HHe Habopa ¢epMeHTOB, creuu¢pHyYECKHe CBOHCTBA KOTOPHIX OIHO-
3HaUHO onpefensioTcss QYHKIHOHUpYIOWIUMH renaMd. OpHako
8 J1eHCTBUTENLHOCTH CBONCTBA KJETOK B TaKOH e CTeNeHH 3aBHCAT
OT ee HaJAMOJEKYJsIPHOH OpPraHH3allUH, KaK H OT CBOHCTB caMuxX
MOJIeKys. MoxeT moKasaTbcsi, YTO TaKOe pasjleNeHHe HCKyCCTBEHHO
It CTPYKTypHas OpraHusanusi MoxeT OBITb CBelleHa K CBOMHCTBaM
MOJIEKYJ, U3 KOTOPLIX OHa IOCTPOEHa, a 3HAUUT I'eHbl, OJHO3HAUHO
OllpejleNidiolMe CTPOEHHe MOJEKYJ B KJeTKe, TaKXe OJHO3HAYHO
ONpeNesIoT U HaAMOJEeKyJapHble CTPYKTYPL. 3To OBIO OB Tak,
ecau Obl YAaJoCh BO BceX cJydasfXx JOKas3aTh, YTO BHYTPHKJIETOU-
Hble CTPYKTYDBI MOTYT CO31aBaTbCsi 3aHOBO caMH coboft mpHu coue-
TaHUH BCeX XMMHYeCKHX KOMIOHEHTOB KJETKH.

Onnako uHdOpMalHsl O B3AHMHOM PaCHOJOXKEHHH STHX MOJEKY.JI,
NO-BHANMOMY, He BCerja COAePKHUTCS B CBOHCTBaX CaMHX MOJIEKYJ U
JIoJI2KHa NpeACcYIecTBOBATh MM OHTb NpUBHECeHHOH H3BHe. Kak Gy-
JeT NOKa3aHO B 3TOM pa3sjese, BHYTPHKJIETOUHBIM CTPYKTypaM Jnel-
CTBUTE/JbHO CBOHCTBEHHA HEKOTOPasl OTHOCHTeJbHAas &BTOHOMHOCTD,
H BOMNpPOC O POJIH I'eHOTHNA B X 00Pa30BaHHH H QYHKUHUH SBJASAETCS
OJHHM U3 aKTYyaJbHbIX, HO MaJo pa3paboTaHHEIX BOIPOCOB.

Bce MHOroo6pasue BHYTPHKJETOUHLIX CTPYKTYD, KpOMe XPOMO-
COM, MoOXeT OBITb CBeJeHO K JBYM TOIOJIOTHUeCKHM OGpas3oBaHH-
SIM —rpany/jamM # Mem6panaM. IIpu aToMm okasbiBaeTcs, UTO Kpyl-
Hble rpaHyJbl, Tak{le KaK MHTOXOHAPHH H XJODPOIJIAacTh, CaMH
cocToAT U3 MeMOpaH M, MO-BUAMMOMY, HCTHHHBIMH IpaHyJdaMH fB-
JAIOTCS TOJMbKO DPHOOCOMEI, CTOSI{HE Ha TpPaHH MOJEKYJAPHOH H
HaJMOJIEKYJIsIpHOR CTpYKTYp [85, 86].

MemGpanbl, Kak H3BECTHO, COCTOSIT M3 TpeX CJOEB-— JABOHHOTO
CJIOSI ODMEHTHPOBAHHBIX JIHIHAHBIX MOJIEKYJ, 3aKIIOUeHHOro MexX-
Ly IBYX cJaoeB 6eJKOBbBIX MoJeKyJa. Bo MHorux cayuyasax, HanpHMep
R MUTOXOHIpHAX, Ha MeMOpaHax ajncopbupoBaHbl TJOOYJsIpHBIE
MOJIEKYJbl GeKa, MHTOXOHJpHadbhsole QepMeHTH, GYHKLUHH KOTO-
PBIX PeryJHpylTCs H CONpAralwTcs ApPYyr ¢ APYroM HX (QHKCHPO-
BaHHLIM NOJMOXeHHeM Ha MeMOpaHe. M3 MeMm6paH CKJIaAblBAIOTCA
BCe OCHOBHblE CTPYKTYpHl KJIETKH: O60JOYKAa siApa M TJaasMaTHye-
CKasi MeMm6paHa Bcel KJETKHM, 3pracTolljiasMaTHUeCKHe ITOJOCTH
# KaHaJbl, MUTOXOHADHH, XJODPOILIACTbl H APYTHE IJIACTHABI pacTe-
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HHH, CTPYKTYpHl [O/NBAXKH, BaKyo/d OJHOKJETOYHBIX U T. J. MHO-
rHe u3 HUX (MUTOXOHJDHH, MJIACTHABI, 3PracTOMa3Mbl) COAEpPXKAT
TakXe FpaHy/spHble 37eMeHThl — pubocoMbl. I1a0x0 H3yyeHO CTpo-
eHHe TaKHX BaXXHEIX M CBOEOOGDPA3HBIX CTPYKTYP OAHOKJETOUHBIX,
Kak 0asasibHble Te/lblla PECHHYEK — KHHETOGJACTHl M XKIYTHKOB —
Caepaponnacrbl, a Tak:Ke 06pa3oBaHHs, CTOsLIHe HAa TPAHHU KJje-
TOYHBIX OpraHe/NJl M 3HAOMJa3MaTHYeCKHX [1apasHTOB — Kallna-ya-
cruupl. Baedaponnacter ¥ kanma-yactuusl comepxar JIHK, koro-
pylo B Noc/efHHe TOAbl HAXOAAT TaKXe B XJ0pomJjacTaX U B MHTO-
XOHADHSAX.

1) Sppuiuko

I'eHeTHyeCKHH KOHTPOJb B HauGoJjiee 4eTKOH H HpsiMoll dopMe
LOKa3aH A/ sApbIlKa, 06pa3oBaHie KOTOPOro MHAYUHpPYETCS Cle-
LiMaJIbHBIMHM Y4acTKaMH XpomocoM [87]. Jlokanusauusi 3THX ydacT-
KOB MOXeT ObiTb TOYHO OmpejesieHa H Ha psifie 06'bEKTOB (XHPOHO-
Myc, aposoduna, amdpubuu) nonyuenbl rubpuabl (pasyMeercs, Je-
TaJIbHBEIE), JHIIEHHblE fAxpbimek [88, 8§9].

2) SlmepHas memGpaHa

Ilpoucxoxaenne sigepHo#l OGOJMOUKH pa3HBIMM ABTOPAMH OIH-
CbIBaeTCs Pas/NHYHO. B cnepMaTHIaX HAceKOMHIX, a TaKXe B KJeT-
Kax pacTeHHil (KOHCKHe 606BI) XpOMOCOMbI B Tes0(ha3e OKPYKeHH
MeM6paHaMH, KOTophle MpH 06pa3oBaHUH HHTep(}a3HOTO siApa CJH-
BalOTCA B OAHY AnepHylo o6oaouky {90, 91]. B To xe BpeMs B KJeT-
Kax capkoMbl o6oJouka sapa‘ o6pasyercss B no3gHedl Ttesaocdase
K3 UUTONJa3MaTHyecKHux MeMmObpaH [92].

PaccMarpuBasi BONpoC O NPOHCXOXJAEHHH sIepHOH MeMOpaHH,
c/JelyeT CKa3aTb HECKOJbKO CJOB O €€ CBOHCTBaxX, KOTOphble He-
NOCPEJCTBEHHO CBSI3aHBI CO B3aHMOOTHOLIEHHSIMH siApa H IHTONJIAa3-
MBI, T. €. 0 ee mpoHullaemocTH [93]. Jlauuble 06 3THX CBOHMCTBAaX
AnepHON MeMOpaHBI NPOTHBOPEUHBEl W, OUEBHUHO, OTPAXKAIOT CJIOXK-
HYI0O H BHICOKOCTEUH(HUYECKYI0O H30HpaTeNbHYI0 MPOHHIIAEMOCTD
3TOH CTPYKTYpHl. Ha 3/eKTpOHHBIX CHHMKax B fiiepHoil MeMGpaHe
MOXHO 3aMETUTh MHOXECTBO «OTBEPCTHE», KOTOPHIe OOBIUHO BERYT
B KaHaJbl H UHCTEPHBl 3pracTolljlasMbl, a HHOTJAa HAaxe Kak Onl
HenocpeACTBEHHO Coo6LaloTCa ¢ BHeliHeH cpenoll. B To ke Bpems
BpallleHHe sJpa B KJeTKe, KOTOpOe JIeTKO BUJAeTb NpH LefiTtpadep-
HOH KHHOCBHEMKE, CBHJETEIbCTBYET O HEINPOYHOM XapaKTpe 3THX
cBs3el [94]. Pasnnuusi HOHHOTO COCTaBa sipa M IMTOMJA3Mbl yKa-
3BIBAIOT Ha CHOCOGHOCTh H3GHpATENbHO MPOMYCKATh RaXKe OTAelNb-
Hble 3apsiXKeHHble aTOMBbl. BMecTe ¢ TeM MHOTHe BBLICOKOMOJIEKYJAP-
Hble BeLIeCTBA OTHOCHMTEJBHO JIETKO NpPOHHKAlOT B AApa. B mepmyio
oyepelb 3TO OTHOCHTCS K 6ejKaM, NpHueM HabJjiogaeTcs BBICOKAs
NPOHHIIAEMOCTh Jisi OEJKOB AePHOr0 MPOUCXOXK/JIEHHS M HENPOHH-
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112eMOCTb /11 LMTOIIa3MaTHYeckux GeakoB. Tak, mpu mepecaike
K aMebe JOMOJIHHTENbHOrO fipa M3 Apyroit amelbl, BhIpociuell Ha
cpelle ¢ MeueHBIMH aMHHOKHCJIOTAMH, MOXKHO BHAETb, YTO 3HayH-
TeJlbHAs 4YaCTb MeEUYeHHX fAAePHbIX O6esKOB OLICTPO MEpPeXoaHUT H3
ORHOrO siipa B Apyroe. B siapo ObICTPO MPOHMKAaIOT AAlEpHbie GeJ-
KH — NpOoTaMUHHBl H THCTOHH [95]. B TO Xe Bpems Takue GekH, Kak
rno6ynHHBl M aJbOYMHHBI, B s1p0 He mnpoxoidar {96]. Beio orme-
eHO, 4TO Yepe3 SJePHYI0 MeMOpaHy JIerko NPOXOASAT TakHe Kpy-
Hble 4acTHUB, Kak Makpomosekyaol PHK wu, mo-supuMomy, uennie
PHOOCOMBI.

3) 3pracronaasma

dpracroniasMaTHyecKue CTPYKTYpPHl CBSI3aHBl ¢ SAAIPOM HE TOJb-
Ko Mopgosoruueckd. Mx ocHOBHOH KOMNOHEHT—pPHOGOCOMBI—HMEIOT,
HeCOMHeHHo, sjepHoe Mpoucxoxjenue. [lpouecc ob6pasoBaHus
3pracTonyia3MaTHdeckKHx MemOpaH, MOO-BUIAHMOMY, TeCHO CBs3aH
¢ sinpoM. Bo BcsikoM cayyae, MOpGOJIOrHYeCKH HOBble CTPYKTYphI
B aud¢epeHIUPYIOMIUXCS KJAeTKax BO3HHKAIOT B HeENOCpeNCTBEH-
HOM KOHTakKTe ¢ sipoM. Takoro poia ciayyau TILATEJIbHO OMHCAHHI
YomLnUHITOHOM Ha mnpHMepe AHG(PEPEeHIHUPOBKH KJETOK XOpPIbl U
3pHTeJbHBIX KJeTOK Y Apo3oduinl [97]. Bo MEornx Manonuddepen-
LUPOBAHHHIX KJ€TKaX MOXHO OGHAPYXHUTb B 3HAUUTENbHOM KOJMH-
yecTBe PHGOCOMBI, He CBSI3aHHble C BHIMMBIMH CTpyKTypamu [98].
U toabko B mpouecce AudrpepeHUHPOBKH BO3HHKAIOT YNOPSAMOYEH-
Hble 3PracTolia3MaTHUeCKUe CTPYKTYPhl, K CTeHKaM KOTOPBIX MpPH-
KpemJsiiorcst pwbocoMbl. [lono6HOe yBeduueHHe IPTacTONJNa3MEl Ha-
6J101aeTcsl U NMPH MHOTHX Apyrux AudpepeHIHPOBKAX — HePBHBIX
KJIETOK Y KYpPHHBIX 3apopbitieii [99], npeBpalueHnn HHTEPCTHLHAJb-
HOM KJeTKH THApPbl B KHupoGaact [100], npu ¢opMupoBaHHH Ke-
Je3 u T. I.

dpracronyasMa Jierk0 HCHbITBIBaeT OOpaTHOe pa3BHTHE IIpH
auddepeHLHPOBKE H Jaxe BO BpeMs MHTOTHYecKoro meneHus {101],
XOTSl B MOCJeJHEeM CJyuae 3HauuTeJbHass 4acTb CTPYKTYD B TOM
HJIH HHOM BHJEe BCe e COXpaHseTcs B LHUTONJAa3Me JesIiuXCA
knetok {102]. Bce 3T0 yKasbiBaeT Ha TO, UTO IPracTomiasMa MoOXeT
BO3HHKATb 3aHOBO, MO-BHAMMOMY, MOA KOHTpOJeM f1pa, a BO3-
MOXHO, H NPH ero HENnocpeACTBEHHOM YYAaCTHH.

4) MUTOXOHAPHUH

O cBsI3M MHUTOXOHJADHII U sApa ellle B HeJaBHee BpeMs cylle-
CTBOBAJI0O MHOTQ THIIOTe3, B KOTOPHIX BbICKAa3bIBAIHCH NPEANOJIOXKe-
HUSl O TIPOUCXOXK/JEHHU MUTOXOHAPHH NPAMO U3 AApa HJIH IO Kpa#-
Hell Mepe Hu3 siJepHOii MeMG6Gpaunl. B nmnocaennee BpeMs ObliH
nioJIyyeHHl, OJHAKO, HOBble GaKTbl, NMOATBepXKJalJllHe CTapbie Ha-
GJII0leHHs O TOM, YTO MHTOXOHJPHUM He Bo3HUKaloT de novo, a 06-
pasyioTcsl NPSMBIM JeJleHHeM H, B 3TOM CMbIc/Je, He 3aBUCAT OT
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fapa. B vactHoctH, B paGore Jlaka MHTOXOHJAPHH IPOYHO METHAUCE *
PAHOAKTUBHBIM XOMMHOM. [lanbHefimee Hab/iofieHHe Hag pacty-
IUHMH KJIeTKaMH HeHPOCIIOpBI N0KasaJjo, YTO NPH YBEJIHUEHHH YHCAa
MHTOXOHIDHH MeTKa PaBHOMEPHO paclipelelisieTcs MeX1y BCeMH
mutoxouapusaMa [103]. Tlpouecc ymenuuenns umcaa MHTOXOHADPHH
3aKJI04aeTCsl, C/Ie10BaTeIbHO, B HX POCTe W JedeHHH. [leneHHe MH-
TOXOHAPHH YyNaBaJOCh TaKkKe HabJIOLATb HA JKUBBIX KJIETKAX npu
MHKDOKHHOCBEMKE.

BaxHbIM TakXe SIB/IsieTCS BONPOC O NPOHCXOMKAEHUH MHTOXOHJI-
pHaJIbHBIX GeJKOB: 06pasyloTcsl JM OHH, KaK H BCe npoune GeJskH,
npu cuHTese B puBocomax Ha Mmatpuue PHK, umeroef slepHoe
TMPOMCXOXKIEHHE, MMM GeJKH MHTOXOHADHH CHHTE3HUPYIOTCS B HHX
CaMHX Ha COOCTBeHHON MaTpHIle H OTHOCHTENbHO HE3aBHCHMBI OT
A1pa. B no/b3y moc/seanero npeanosoxenus CBUAETENbCTBYIOT MHO-
TOUHCJIEHHBle ONBITH 110 BKJIOUEHHIO MEYEHBIX aAMHHOKUCJOT B MH-
TOXOHApHAbHble Genkd. Hamu 6blio moxasawo, uto B H30IHpO-
BAHHBIX MHTOXOHIDHAX YBEJHUHBAETCH AKTHBHOCTb IHTOXPOMOKCH-
Zasel H 3TOT NpOLECC NOAABISETCA NYyPOMHIHMHOM, T. €. SIBJASETCS
GenkoBbiM cuHTe30M {104]. /laHHBle ONBITHI He NO3BOJSIOT pewnTs
BOMpOC O TNpPOMCXOXKJEHHM MATPHIB, Ha KOTOPOH CHHTe3HPYIOTCH
9TH GeJKH, TIOCKOJbKY HESiCHO, O6DasyIoTCs JH OHM KaKAbIH pas
5 sipe M J0Jroe BpeMsl COXPAHSIOTCH BHYTPH MUTOXOHADHH, HJH
KaKHM-TO 06pa3oM CIOCOGHBI K peiymIMKalMH B CAMHX MHTOXOHZ-
pUAX npu ux peneHud. OfHaKO HenaBHO GBUIM NMOJYYeHbl JaHHbIE
O YaCTHYHOM IOJAABJEHHH BKIIOUEHHUS aAMHHOKHCJOT B MHTOXOHJADUH
AKTHHOMHIMHOM [, 4TO mpexanosaraeT B HHX He TOJBKO CHHTe3
eska, Ho M cuntes M-PHK [105]. dror dakT 6bl1 noaTBepxieH
1 HaMH.

B yxe uutuposanno#i pa6ore Mupckoro u cotp. {55] nmokasano,
YTO JEeHCTBHe AKTHHOMHIMHA Jl NMPOJMO/KHTEJIbHOE BpeMs He Mpo-
aBasieTca Ha (epmenrtax mutoxouapuit. Hamo, ogHako, yuects, yto
5TH ONBITHl CTABMJHCH Ha Hele/slUHUXCs KJeTKax, rae OBHOBJIeHHe
MHTOXOHADPHAJNBHOIO COCTaBd HJAET OTHOCHTE/JbHO MeNJEeHHO (B KieT-
Kax I[e4eHH, HANPHMep, CPeAHHH CDPOK KH3HH MHTOXOHIPHIH —
JO cyTok). ABTOHOMHOCTb MUTOXOHMAPHI GblJa YCTAHOBJEHA TaKXe
3 paBoTtax D¢pyccH Ha IPOXKKAX, Y KOTOPHIX GbIJI MOJyYeH IITAMM
C HEJOCTATKOM /JbIXaTeTbHBIX (DEePMEHTOB, IPHUEM 3TO CBOHCTBO He
5aBHCEJIO OT TeHEeTHYEeCKOr0 ammapata KJeTKH, a IepelaBajoch
BMecTe ¢ nuTonsnasmoit [106]. MUTOXOHAPHH SIBASIOTCS FeHeTHUECKH
HenpepbIBHBIMH CTPYKTYDAaMH M Y MHOTOKJIETOUHBIX XHBOTHBIX. [Ipu
PEAYKIHOHHOM JeJEeHHH BO BpDEMs CIepMaToreHe3a MHTOXOHJDHH
JEeJSATCS U PABHOMEDHO PACHPENENSIOTCH MEXAY CIepMAaTOTOHHSIMH
[107]. «XKeHckue» MUTOXOHAPHHM TOCTYMNAIOT B 3apOJbIII BMeCTe
C IMTOIJIA3MOH $HIa, a «MYXKCKHe» BHOCATCSI B SIHI0 BMecCTe CO
cnepMueM. Oxnako cynbba 3THX MHTOXOHADHUH, IMONABIIHX B LHTO-
nJIasMy sifia co CHepMHEeM, TOUHO He M3BecTHA, CJIef0BaTe/bHO, HE
W3BecTHa H poJsb 3Toro nponecca [108]. Hamu 6wio ycraHosJeHO,
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YTO POJIb MYXCKOE H >XeHCKOH IOJIOBEIX KJETOK B POCTe aKTHBHOCTH
creuHpHIecKOr0o MHTOXOH/APHAJBHOTO 3H3MMa — ILMTOXPOMOKCHIA-
3Bl OLHHAKOBAa # YTO pajMallAOHHAS HHAKTHBaLUHsA slep mocje
OIJIONOTBOPEHUS] He CNOCOOHA OCTAHOBUTb YBeJHYeHHe aKTHBHOCTH
atoro ¢epmenTa [104].

Bce ot (axTH CBHAETENBCTBYIOT O OOJBUIOH aBTOHOMHOCTH
*MHTOXOHJDHH H, MOXeT ObiTb, 0 HX CaMOCTOSITENbHOM I€HeTHye-
CKOM 3HaueHHH. BmecTe ¢ TeM BhIlle yXKe TFOBOPHJIOCH, UTO TaKHe
BaXkHble Jas QYHKUHHA METOXOHAPHE KodepmenThl, kKak HAL (JITTH),
OTpefeleHHO CHHTe3HpyioTcs B, siape [109].

I'apsell uentpudyruposana afio MOPCKOro exa Tak, 4TO OCHOB-
Hasg Macca MHUTOXOHJDHH KOHLUEHTPHDOBaJach Ha OJZHOM IIOJIOCE,
KOTODHIH 3aTeM OTpbIBaJcs OT sfina. TeM He MeHee B ocTaBlieics
«6€3MHUTOXOH/IPHANbHOR» dYacTH sHlAa HAYMHAJIOCh HOpPMaJbHOE
pasBUTHe M nosBasauch mutoxouapuu [110]. IIpasna, B mocaennee
BpeMs 3Ta paboTa Oblna KpHUTHUYECKH paccMOTpeHa M GbLIC Hail-
A€HO, YTO JaHHBIM ME€TOJ0M He YAaJdoCh JAOCTHTHYTh MOJHOro yja-
JIeHHs1 MHTOXOHApHi [111].

B npouecce kaeToyHofi AH(GEpEHUHPOBKH MHTOXOHADHH IIpe-
TepneBalT 3HAYHTEeNIbHble H3MeHeHuss ¢OpMBl H, MNO-BUAHMOMY,
¢ynkuun. Mx KosMuecTBO, pasMephl, OTHOWIEHHS AJHHBL K IIHDHHE,
BHYTDEHHsIs1 CTPYKTYPHPOBAaHHOCTb, AKTHBHOCTB CLEMNJEHHBIX C HH-
MH (€DMEHTOB Da3lHYHBI B pa3HbIX TKaHAX, H B 3MOpHOreHese
MOXHO HabawonaTth, Kak AnddepeHIHPOBKa BCeX KJETOYHBIX
CBOHMCTB CONMPOBOXKAAETCA COOTBETCTBYIOUHMMH H3MEHEHHSIMH B MH-
ToXOHAPHAX. TlocKoNbKy reHeTHuecKHH KOHTPOJb nuddepeHUHpPOB-
KH He BBI3bIBAae€T COMHEHHMH, TO HaJ0 Nojarath, YTO H H3MEHEHHS
MHTOXOHJAPHH B X0Je Pa3BHTUA KOHTPOJHDPYIOTCA fAApoM. MexaHH3M
3TOro NMPOLECCa IMOKa HEH3BECTEH.

[lomBoasi UTOr CKa3aHHOMY, MOXKHO 3aKJIOUHTb, YTO MHTOXOH]-
PHH SIBASIIOTCA OTHOCHTEJIBHO ABTOHOMHBIMH CTpYKTypamu. OHH
cnocoOHBl K CHHTe3y O6enKa, DOCTY M Da3MHOXKEHHIO JleJeHHeM.
OnxHako He U3BECTHO, Bce JH GeJKH, BXOAslHEe B COCTaB MHTO-
XOHADHH, CHHTE3HPYIOTCS B HHX CaMHX H fABJseTcS JH JeJleHHe
MHTOXOHIPHI BO BCeX cJydasX U y BCeX OOBbEKTOB €JHHCTBEHHHIM
CIOCO60OM YBeJHUEHHS HX KOJHUeCTBa. ['eHeTHUecKHfi ammapaT KaeT-
KH, BO BCSKOM CJyuyae B HEKOTODHIX OTHOLIEHHSAX, OCYLHECTBJSAET
KOHTPOJb Hajl (PYHKIHEH MHTOXOHAPHH U HX HU3MEHEHHUSIMH B pas-
BHTHH. BO3MOXHO H OuU€Hb BEPOSATHO, YTO XOTS GEJKOBBIA CHHTE3
M [POMCXOJHMT B MHTOXOHADHAX, Ho uHPOpMauusi 06 3THXx OenKax
JOCTaBJAAETCS B MUTOXOHJpuH H3 snpa, uepes m-PHK. Opnaxko
3T0 JOJXHa ObIThb oyeHb crabuuabHas M-PHK, Bcaencrsue uero
MHTOXOHADHH CHOCOOHBl IauTelhHne BpeMs (QYHKUHOHHpOBaTh 06e3
saepHoro KoHtpods. [IpuMepoM sIBASIOTCS MHUTOXOHIDHAJbHONOA00-
Hble CTPYKTYPBl B G€3bsilepHBIX peTHKymouutax [112].
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5) Inacruawl pacrennii

Xnoponnacthl 10 CBOEMY CTPOEHMIO, (DYHKIMH H OTHOLIECHHIO
K T€HEeTHYECKOMY KOHTPOJIIO OYeHb HAIIOMMHAIOT MHTOXOHJPHH, XOTS,
€CTECTBEHHO, UMET MHOro cnenuguueckux ocobeHHoctedi, Psx
BaXHBIX TIOJIOXKEHHH, KOTOPhHle [Jsi MHUTOXOHADHH ellle SBJSIOTCH
CIODHBIMH, IJIS1 XJOPOMJAacTOB [0Ka3aHel ¢ OOJbIUOH YOeIuTelb-
HOCTbIO. XJ/IODOMJACThl, MO-BHAMMOMY, He CHOCOGHBI BO3HHKATh
de novo: KJETKH OJHOKJETOYHBIX BOJAOPOCJ]eH, HCKYCCTBEHHO JH-
IIeHHble XJIOPOMJIACTOB, OCTAlOTCS GeCHBETHHIMH BO BCeX TIOcCJe-
nylomux nokosnerusax {113, 114]. ITpouecc gelenus XJ0pomiacToB
Xopoiro u3yyeH {115]: OH COCTOHUT B pocTe COCTaBJSIOLIMX HX MEM-
Opan  (MOJeKyNsDHLII MeXaHH3M DOCTAa He H3BECTeH), KOTOpbIe
3aTeM IMepeTAruBalTCA MOcepeAHHe, 06pa3ys [ABa HOBHIX XJOPO-
nnacta. BMecre ¢ TemM H3BecTeH psj MyTallfi, BJAHAIOIIHX Ha
CTPOeHHe H CBOMCTBa XJopomaactos [116, 117]. Beegenne akTHHO-
MHIMHA GJIOKHpYeT CHHTe3 XJopoduaaa. DTo 03HAYaeT, YTO CHHTE3
JaHHOTO COeMHEHHs] KOHTPOJHpyeTcsl GelKaMH, 06pa3oBaHHe KOTO-
pHIX OmpefensieTcsi XpOMOCOMaMH sazapa. MHeIMu clloBaMH, IpH Beel
OBTOHOMHOCTH XJIOPOMJIAacCTOB HX G€NKH IOJHOCTbIO MJH YacCTHUHO
KOHTDOJINPYIOTCSE OCBIYHLEIM TIeHEeTHYeCKUM mnyTeM. Bo3MoxHO, yTO
¢JIMHCTBEHHBIM TMOJIHOCTbIO ABTOHOMHBIM 3JIeMEHTOM MUTOXOHIpPHH
H XJOPOMJIACTOB OKaXKeTcfd HX CTPYKTypHas OpraHusanus, T. e.
B3aHMHOe ClelHbHYeCcKOe pacmosoxeHne MeMOpaH, KOTopoe CIO-
cOGHO COXPaHATbCA NPH MX POCTE U JeJeHHH, HO He MOXKeT co3ja-
RaThCfl 3aHOBO H3 COCTABJISIOUIMX HX COeIHHEHWH.

6) CTpykrypbl OAHOKJ/ETOYHBIX

Oco6oe MecTo B npobieMe aBTOHOMHOCTH KJETOUYHBIX CTPYKTYP
COCTABJASIOT TpaHyJbl OJHOKJIETOYHHIX: KuUHeTobGsacThl, OJaedapo-
MJacThl H Kalmna-1acTHLEl. DTol OOJbILOH H CaMOCTOATENBHOH Mpo-
6neMbl MBI KOCHeMCsl TOJNBKO KpaTko [118, 119]. Bce 3TH yactuun
crnocoOHBl K Pa3sMHOXEHHIO JeJleHHeM, UTO OMpefieJleHHO JO0Ka3aHo
maa JIHK-comepxkamux GaedaponnactoB M Kamma-yactdll. B o7-
LOIIEHHH KHHeTOOJacTa 3TOT BOIPOC ellle He DellleH OKOHYaTeJbHO,
TaK KaK BO3MOXHO, YTO HOBble I'DaHYJbl BO3HHKAalOT He NyTeM Je-
SEHHSl CTaphlX, a cosfaBasich psiioM ¢ HuUMH. OJHaKo BHe CBA3H
C MpeACYUIeCTBYIOUIMMY YACTHUIAMH HOBHle HHKOTZa He BO3HHKAIOT.

Kuneto6aacThl Jal0T Hauallo peCHHYKaM, H, XOTA caMH KHHETO-
GJacThl OTHOCHTEJILHO aBTOHOMHBI, aHTHI'eHHble CBOHCTBa DECHHYEK
onpeaenasloTcs AAPoM. Y NapaMelHil H3BeCTHH BOCEMb HeaJlJlelb-
HHIX T'eHOB, KOTOpble MOryT ONpeje/sTh aHTHTeHHble CBOHCTBA pec-
HUYeK, HO JJs KaXKAOro KJIOHAa XapaKTeDeH TONbKO OJHH aHTHIeH-
HBIfl THN, KOHTPOJHpYVEMBIH OJHMM M3 BocbMu reHoB [120], B TO
BpeMsl Kak OCTaJ/ibHble CéMb T€HOB Y [NaHHOrO KJOHAa HEaKTHBHHI,
PecHnuku Kak 6bl AnddepeHUnpYIOTCA N0 CBoeMy OeJKOBOMY COC-
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7TaBy B OJHOM H3 BOCbMH BO3MOXHBIX Hamnpab/JeHHil. ITo cocTos-
HHe <«auddepeHIHPOBKH» NepejaeTcsi U3 IOKOJEHHA B MOKOJEHHE,
HO He SBJSAETCS] CTPOro JerepmunupoBaHHbiM., [lom BosgeficTBHeM
CMEHbl BHELIHHX YCJOBHHA — TeMNepaTypbol ¥ APYrux ¢aKTopoB —
AHTHPEHHBIA THI MOXKET H3MeHHThCH, T. €. IONacTh NOJ KOHTPO/b
JApyroro reHa H3 BOCbMH BO3MOxXHHIX. HoBoe cocrosHue audde-
-PEHUHPOBKH TaKKe COXPaHsAeTC BO MHOTHX IOKOJIEHHSAX, A0 Tex
J0p NOKa HOBOE BHelllHee BO3JeHCTBHE He H3MEHHT ero.

Kanna-uacruust {121] vacto paccMmaTpuBaioTcss Kak sHAaonapa-
3UTBl NapaMeUHii: OHH pasMHOXKalOTCs JeneHueM, cogepxat JHK
H, €CTeCTBEHHO, He CNOCOOHbl BO3HHKAaTb 3aHOBO. Kamna-uyacTHiib!
BBIAE/IAIOT 0c000e BellecTBO — llapaMellud, KOTopoe y6uBaeT mapa-
MELHHA JPYTHX KJOHOB H TeM CaMbiM OGecneyHBaeT HX HOCHTeNbHH-
lie Hac/e[CTBeHHBLIA NpH3HAK «KHJIep» (y6uiina). Ilpu HekoTophIX
KCKYCCTBEHHbIX YCJIOBHSIX TeMIl JeJleHHsl NapaMeluii MOXeT Ipe-
GhIATh TeMIl JejleHHH Kanna-yacTHI, TOTJa YePe3 HecKOJbKO Je-
JIeHHH KOJIMUeCTBO KamNa B napaMeldsX YMeHbIaeTcss H, HaKOHeL,
NOABJAIOTCS OCOOH, AullleHHble MX BoBce, IIpH 3TOM OHM TepsiiOT
CNOCOOHOCTb ObITh «KHJJIED» H JalOT Hayaado HOBOMY KJOHY, JH-
mwerHoMy Kanna. OfHaKo Np# KOHBIOTAUMH C KalnacoAepXalluMH
0cOOSIMH NIPH YacTHYHOM OOMeHe WHTONJIAa3MOH JOCTATOUHO XOTH
Obl OJHOA KaNnma NPOHHKHYTb B MapaMeluio, 4To6bl cHOBa o6pa-
30BaJjicsl KJIOH «KuJep». Ho Takoe BRJIIOYeHHe Kamma-yacTHI, BO3-
MOXHO He B JII0OYI0 NMapaMelyio, a TOJbKO B Teé U3 HHX, KOTOpHE
HMetoT ren K, B TO BpeMsl Kak ero aJanenoMopd 2 He Moxker obec-
NMeyuTh pa3MHOXeHHe Kalla-4yacTHH B uutonsaasme., CiemoBaTelb-
HO, H JJIs 3THX BbICOKOABTOHOMHBIX HaCTHI HeOGXOJHM HEeKOTOPBIH
reHeTHYECKHH KOHTPOJb CO CTOPOHBL siApa.

7) OG6Gos04Ka KAETKH

ITocnennsis BaxkHeHIW ass CTPYKTYPa, KOTOPYIO Mbl JOJMKHBI pac-
CMOTpETb — 3TO KJETOYHasi 06O0JI0YKAa, MJH INJa3MaTHYECKass MeM-
6pana. IIpaAMBIX HOKa3aTejqbCTB TeHETHUYECKOTO KOHTPOJA Haj ee
obpasoBaHuem MaJo. M3BecTHo, 04HAaKO, YTO MHOTHEe aHTHTEHHbIE
CBOHCTBa JIOKaJ130BaHbBl B 06Gojsoukax. PepMeHTH, KOHTPOJHPYIO-
e NPOHUIAEMOCTb,— NEPMeasbl, JIOKAJH30BaHb B 060JOYKAX
H ompejlleleHHO KOHTPOJHPYIOTCA TeHEeTHYECKHM alnapaToM KJEeTKH
{40, 122]. Brime y:ke roBOpHJIOCH O MeHETHYECKOM KOHTpOJe obpa-
30BaHHA KallCyJ Yy MHKDOOPraHH3MOB. BeJKoOBbIl u moJucaxapu-
HbIH COCTaB KJETOYHOH 0GOJOYKH, TAKUM 06pa3oM, KOHTPOJHPYeTcH
AApoM. B HeKOTOPHIX pacTHTENBHBIX KJETKax MOXKHO HabJio1aTh
Kak Obl IIpIMO€ yuacTHe sJpa B NOCTpoeHHH o6osioyku. Ob6pasopa-
HHe HOBOH KJeTOYHOH CTEHKH INocje AeJIeHHS CONpOBOXKIAeTcs MHU-
rpauuel sapa K 3TOH CTeHKe.

Crenedb aBTOHOMHOCTH KJETOYHOA OOOJOUKH Kax CTPYKTYPHI,
Mo-BHAHMOMY, HeBeJliKa, MOCKOJbKY Ha MecTe pa3pylLIeHHO# o060-
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JOuKH OBICTpO BO3HHMKaeT HoBas [123]. BnpoueM, oHa MoxeT
CTPOHTBCSI OT MecT 00pbiBa cTapoil 06on0ukd. ¥ HHGDY30PHH, Y KOTO-
PHIX K1eTouHas ofoJioyka mpefcTaBjasieT co60f Ype3BbHIYAHHO CJIO0XK-
HOe CTPYKTYpHoe ofpasoBanue [119], peresepauns oco6u BO3MOKHa
W3 HUYTOXKHOM 4acTH KI€TKH ('/10—!/200), HO MO TexX mnop, moka cox-
paHeHo sApo U ofs3aTenbHO XOTd OBl MaJjeHbKas 4acTb 060J/0Y-
xu. ITonHoe ynanenue noclenHed HeusGexHO BejeT K rubenad opra-
HU3Ma,

Ilnasmartuyeckass MeM6paHa OOBIYHBIX KJETOK Y MHOTIOKJIETOY-
HBIX YCTpOEHa INpoHle: OHa, MO-BUIUMOMY, B 3HAUHTEJbHOHN CTeNeHH,
€CTH He LeJUKOM, OIpe/lesisieTcsl CBOACTBAMU COCTABJSIIOUIUX €€ MO-
JIeKyJ1 U He TpebyeT AJSA CBOero NOCTPOEHHs MONOJHHUTENBHOH HH-
$opManuu UM NpeNLIeCTBYIOUHUX CTPYKTYP.

IIpoHunaeMoCTh U ee peryJsiius, HeCOMHEHHO, fIBJISIOTCA OJHUM
H3 BaXKHeHUIHX (QYHKUHOHAJbHHIX CBOHCTB IJ1a3MaTHYECKHX MeEM-
6paH, HMEeHHO 3TH CBOMCTBa B Dsijle clyyaeB ONpeJe/sioT Bedyllue
¢yHKIHYM cllelua H3MpOBAaHHBIX KJETOK (HanmpHMep, (QHJABTPALHSA
B NMOYKaX, NpoBeleHHe BO30YKIeHHS B HepBHOM BoJokHe). OjHa-
KO, MOXKeT 6biTh, elle 6oJiee BaXKHBIM SIBJSIOTCS CBOHCTBA KJeETOY-
Hoit o6oJsiouky, onpefedsiioliie GopMy KJIETKH, ee OTHOIeHHe K CO-
CelHHM KJeTKaM U cpefie H B KOHEUHOM MTOre CBOHCTBa TKaHeH
# OCHOBHHle mpouecchl Mopdorenesa [124-—127]. Mmenno stu no-
BEPXHOCTHEIE CBONCTBA KJIETOK OMNpefessiioT CTPOro IeTepMHHHDO-
EAHHYIO TeOMETDHIO 3DHTPOLMTOB H CJOXKHYIO (opMy HEpBHOM
kaetkd. CTpoeHHe KJeTOK UM Bcefl TKaHH, B KOTOPYIO OHH BXOAST
il KOTOPYIO COCTaBJSAIOT, MOKHO ONHCATh, €C/IM OrPaHHYHUTBLCS BCEro
TpeMsi BHIAaMHM OTHOLIEHHH KJIETOUHOR NOBEPXHOCTH: B3aHMOOTHO-
[LIeHUSIMH ¢ TaKHMH K€ COCeJHHMM KJeTKaMH, B3aHMOOTHOLIEHHSIMH
¢ KJIeTKaMH JpYrux TUNOB AH(pGdepeHIHPOBKH M, HaKOHel, OTHO
WeHUSIMH ¢ OKpyxatwomed ux cpenoi [128]. Tak, Hanpumep, Mopdo-
JIOTHYECKUe CBOHCTBA OJHOCJOHHOrO 3MHTEJNHsT MOTYT OBITh JAOCTa-
TOYHO TOJIHO OMNHCAaHBl KaK pe3yJbTaT CLENJeHHs COCEeIHHX 3MH-
TeMHAJbHBIX KJIETOK H OTHOLIEHHS K HapyXKHOH M BHYTPEHHEH cpe-
naMm. Tak, «cTpeMJjieHHe» YBEJHYHTb NOBEPXHOCTb KOHTaKTa MexXay
COCEJIHUMH KJIeTKaMH NMPUBOAMT K 06pa30BaHMIO CTOJGUATOrO SMH-
TeNHs, a «CTPeMJeHHe» YMEHbUIHTh 3Ty MOBEPXHOCTb, Ha060POT,—
K paclliiacThiBaHHi0. HaM NPHXOJHMTCS HCIOJb30BAaTh aHTPONIOMOPGd-
HHJ TePMHH «CTpeMJIeHHe», KOTODbIfl HHUeM He XYiKe aHaJOTHYHBIX
0 CMBICJY CJOB: «CPOACTBO» MJH «adpUHHTET», TaK KakK MeXaHH3-
MH CLelJIeHHsT KJETOK M (CHJIBI, ONpefessiollde CBOHCTBA HX IO-
BEPXHOCTH, Heu3BecTHH., OJIHaKO OUEBUHO, YTO OHH CBOASTCS K MpPO-
CTHIM (PU3UKO-XHMHYECKHM CBOHCTBaM NOBEPXHOCTH.

MopdoreHeTHyeCcKHe ABHXKEHHS, OTBETCTBEHHbIE 3a obpasoBa-
HHe OPraHOB 3apOJBIIA, TaKXke MOIyT ObITh ONMHCaHbl KakK MOC/Ie-
JoBaTeJbHble W3MEHEHUsl TOBEDXHOCTHBIX CBoHcTB Kaetok {129].
Kak H3BecTHO, o6pa3oBaHHe CIHHHOIO Mo3ra y GOJIBIIHHCTBA MO3-
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BOHOYHBIX XKHBOTHBIX HauMHaeTcst ¢ HOPMHPOBaHHS HEpBHOM muia-
CTUHKH, KOTOpas OTMHYAETCS OT OKPYKAIOULETO 3KTOAEPMaJbHOIO
SMHTENHsT TONLKO GOJbLIEH BBICOTOH KJIETOK, UTo Oonpeielsercs yBe-
JIMYEHHEM CpPOJACTBA MEXAY TOBEPXHOCTSIMH COCEIHHX KJCTOK
H CTpEMJIEHHEM YBENHUHTb 3Ty MOBEPXHOCTb; 3TO H OCYILECTBJSETCS
MyTe€M yBeNUYEHHs! GOKOBBIX CTEHOK 3a CueT yMeHblUeHHS BepXHeH
1 HHXHeH noBepxHocTell. Cueayoomuil 3ran I PepeHIHPOBKH —
CBEPTEIBAHHE TUIACTHHKH B HEPBHYIO TPYOKY — MOXKET GbIThb OMMCAH
Kak yMeHblICHHE BHYTPeHHeH H yBeJHueHHe HapYyXKHOH MOBEpPXHO-
CTH KJeTOK, o6palueHHol K BHeliHell cpefe. CrpeMyieHHe OKpyxa-
IOIETO 3SHHTENHA K paCHIacTbiBaHHIO NPHBOLUT K HOTPYKEHHIO
1epBHOH TpyOKH u T. A. Ilogo6Hble Ke H3MEHSIOUIHECS OTHOILLUEHUS
O00DBACHAIOT U GoJjiee CJIOKHBIE ¢popmoobpasoBanus. Panuuit 3apo-
JAbII aM(pUOHH Ha CTalHH NO3IHEH IracTPyJabl CXEMATHYECKH MOMKET
ObITb TpejcTaBlen KaK COBOKYNHOCTb TpeX KOHUEHTPHYECKHX CJIO-
€B — SKTOAEPMBI, Me30[epMbl ¥ 3HTOAepMBbl. [oabTdhperepom 6bli0
nokasado {126], yto X B3auMHOe pPacno/jioKeHue — pe3yabTaT He
TOJILKO OTfpefe/IeHHBIX MOD(OTeHETHUECKHX NepeMelueHHi B npouec-
€€ TacTpYJsIHH, HO U COXPaHSAIOUIErocsi B KJeTKax B3aHMHOIO OT-
liOlI€HHs1 MX moBepxHocTed Apyr K Apyry (TloapTdperep wucnosn:
30BaJl TEDMHUHbl «TIOJIOKHTE/IbHBIA M OTPHUATE/bHBIH adpuHHTET>).
BelsicHusoch, 4TO 3KTOAEPMA M 3HTOLEPMA HMEIOT OTpHLIATENbHEI
apdHUHUTET APYT K APYry, T. €. Jake NPH HACHJIbCTBEHHOM COMNpH-
KOCHOBEHHH HMX KJETKH CTPEMATCA OTOHTH APYr OT Apyra. B To xe
speMsi o6a 3TH BHJa KJETOK, CAYYaHHO BCTyNasi B KOHTAKT C KJeT-
KaMH Me30[€epPMBl, YK€ He OTCOCAHHSIIOTCA OT HHX (MOJOMKHUTEJb-
HbIH apduHUTeT). DKTOJEpMa OT/IHUAETCSl OT 3HTOAEPMBI TEM, UTO
CTPEMHTCT O0PACTH CHApYXU Te MNOBEPXHOCTH, C KOTOPHIMH HaXo-
JAHMTCSE B KOHTakTe. Bce 3TH cBONCTBa NMPHUBOISIT K TOMY, 4TO €CJH
JAHCCOUMHPOBATHL KJIETKH TO3JHEH TracTpyJbl u OecrnopsiiodyHo HX
repeMeliaTh, TO B pe3yJibTaTe HX B3aHMHOIO OTTAJKUBAHHUSA H CIEI:
JIeHUs1 TIOBEPXHOCTEH BOCCTAHABJMBAETCS NpPEXHAS CTPYKTypa 3a-
ponbilia — 3HTOJEPMa BHYTPH, 3KTOLepMa CHAapyXH, Me3oJepMa
MEX1y HUMH. ’

MexaHH3M B3aHMOOTHOLIEHHH KJ/ETOUHBIX HOBEPXHOCTEN HeHs3-
specten {130, 131], HO MOXHO mpeAnoJaraTh, 4TO 3TH OTHOUIEHHS
HAallOMHHAIOT KOMIUIEMEHTapHOe cuelJieHHe OeJKOB THUIla B3aHMO-
OTHOIIEHHH auTureHa ¢ aHturesaom {132, 133]. B onwmirax Illnurens
GBlJI0 TIOKAa3aHO, YTO AHTHUCHIBOPOTKHM NMPOTUB 3MOPUOHAJBHBIX KJle-
TOK aM(puOUli HIW KJeTOK TIyOOK B NepBYIO oOuepellb BHI3LIBAIOT
HapylieHHe HX TOBEPXHOCTHBIX CBOHACTB, NPENSITCTBYS CLENJIEHHIO
JHCCOMUHPOBAHHBIX KJeToK [134].

FeneTHyeckasi AeTepMUHALHUS MOBEPXHOCTHBIX OCOGEHHOCTEH MO-
JKeT OBITh TOCTYJHPOBAHA yxkKe H3 TeX O61IMX cooGpaKeHHi, 4TO
caMH OHH OMNpeaesiioTCsl CBoHCTBAMH 0€JKOB KJeTOYHOH 060J0YKH,
.hOTOpBble CHHTE3UPYIOTCS MO HHQOPMALIHH, ONpelesasieMOH TIeHaMH.
[Tpouecc mopdonoruyeckoin audPepeHUNpOBKH H PopMoobpa3oBa-
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HHf TKaHed M OPTraHOB JOJIKEH, CJAEJOBATEeJbHO, B 3HAUMTEJbHOMN
CTENEHH COCTOATh B IOC/IEA0BATe]IbHON aKTHBALUH T'EHOB, Onpeje-
JAIOUHX ¢HHTE3 O€/KOB MJIa3MaTHuYeCKoil MeMGpaHBbI. .

* ok %

ITonBoas uTOr cKa3aHHOMY, MBI MOXEM 3aKJIOUHTDb, YTO HAJMO-
JIEKYJISIDHBIE BHYTPHKJIETOYHBIE CTPYKTYDHl HrPalOT BEAYLIYIO DOJb
BO BCEX CBOHCTBAX KJIETOK, H B TOM UYHCJie B mpolecce HX Judde-
peHunpoBku. CBOMACTBA 3THX CTPYKTYp B 3HAUMTENbHOH CTelEHH
OnpelessioTCs CBOMCTBAMH COCTaBJAIUIHX HX MOJeKyJ — GeJKOB,
CHHTE3HUPYEMBIX IO F'€HETHYECKHM MaTpHIaM, H HeGeJKOBBIX COeNH-
HEHHH, CHHTE3 KOTOpPHIX onpefeJsiercss GenkaMu. I[lpsimasi cBs3b
BHYTPHKJIETOUHBIX CTPYKTYP € TFeHaMH H 3aBHCHMOCTb OT HHX B psi-
Ae CayuyaeB COBEPLIEHHO OYeBHAHA (SAPHIIIKO, pUGOCOMBI, 060/0Y-
KH) H B HEKOTOPOH CTeNeHH XapaKTepHa AJIsl BCeX CTPYKTYP KJETKH.
~ Ogxnako B 3TOl IMaBe Mbl CTPEMHJINCh 06DAaTHTh BHUMAHHE Ha Te
(noka ellle HemnoJiHble U He Bcerga a6CoJIOTHO yOenuTenbHble) NaH-
1ble, KOTOpble INOKa3blBaJd OlNpelejJeHHYID aBTOHOMHOCTb HEKOTO-
DBIX BHYTPHKJ/IETOYHBIX 06pa30BaHHH (XJIOPOMIACTH, MHTOXOHJAPHH,
TPaHyJbl OJHOKJETOUHBIX) H POJib HaAMOJEKYJSIPHOH OpPraHH3alHH
B repejaye NPH3HAKOB OT POAHTeNeHd K MOTOMCTBY, MHHYS OCHOB-
Hol nyTh HHbopmauuu yepe3 JHK u Gesok.

6. Temernyecknii KoHTpoJIb
HaJ MpoLeccaMH pPa3BHTHA

B npeapiaymiux pasjgenax Obli pacCMOTPEHBl HauaJibHEIE 3TATIHI
JelcTBHA reHoB. Temepn pacCMOTPUM Te OTHOCHTEJNbHO HEMHOTrO-
UHC/MeHHble JaHHiLle, KOTOpble MOKa3blBAIOT, KaK OCYLUECTBJAIOTCSA
nocJeAyIOlHe 3TANbl peasu3aluy HacJAeACTBEHHBIX CBOHCTB — AHO-
dbepeHUUPOBKA KJIETOK H NMpPOSIBJIeHHE aKTHBHOCTH. F€HOB B 3MOpHO-
HaJIbHOM pPa3BHTHH.

1) BHewnue ycaoBus
KjaerouHoi aucdepeHUHPOBKH

Onpenedsioliye AndGdepeHIHPOBKY BHEIIHHE 1O OTHOIIEHHIO
K KJeTKe BJHSHHUA, KaK NPaBUJIO, CAMHU SBJAIOTCA CJIEICTBHEM TEHE-
THYECKOH AaKTHBHOCTH, HO B TO K€ BpPeMs OHHM aKTHBHPYIOT TeHBI
B TeX KJeTKaX, Ha KOTOpble BJHSIOT, H BHI3BIBAIOT B HHX MOSBJIEHHE
roBbiX cBoiicts [135, 136]. Takum o6pa3oM, 3TH Me€XaHH3MBI pa3BH-
THSl SIBJASAIOTCA MeXaHH3MaMH B3aHMOLEHCTBHSI T€HOB B oOpa3oBa-
HUH (EeHOTHNa, KOTOpble OMHCHIBAJHCH B MEPBOM pasjese TIJiaBhl
KaK fIBJeHHUS MJeHOTPONH3Ma H IIOJHMEHUH.
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B Hacrosiiee BpeMs c Gosibliedl HAM MeHbIIell oOmpeleneH-
HOCTBI0O MOXKHO TOBOPDHTBE O TPeX MeXaHH3MaX, ONpeAe/solIHX Io-
fIBJICHHE Pas3/HYUil MeXAY KJIeTKaMH pa3BHBAlOILErocs OpPraHu3Ma:
0 00IJIa3MaTHYeCKOH cerperauHy, rpaAueHTHbHIX OTHOIIEHHAX H HH-
Aykuud. OonsasMaTHYecKOH cerperamueli HasbiBaeTcs MNOSIBJIEHHe
pas/IMuMil MeXJAy DasHbIMH 30HaMH OMJIOAOTBOPEHHOrO, HO ellle He
nejsiulerocs sfiua. B psge onbiToB ycTaHOBJAEHO, UTO HMMEHHO Ha-
Ya/lbHasi HEOAHOPOAHOCTb LHTONJAa3Mbl sIila H ONpejensieT mep-
BHUYHLIe Da3/IHuusi MeX1y KJeTKaMH. B pesyabrate ApoGienus
3apoJbll COCTOHT H3 KJETOK, COfeprKallUX OAHHAKOBLlEe siApa, HO
PasIHYHYyIO LHTOMJIAa3My, KOTOpas, OKasblBas Ha sigpa chneuuduye-
CKHe, Pas/IHYHbie B pasHbIX 4YacTAX 3apoAbllla BJHSHHS, aKTHBH-
PYeT B HMX pas/IHYHBEIe I'eHbl, ompejeJss TakKHM o6pa3oM pasHble
nyTH ux AuddepeHUHPOBKH. MeXxaHH3M OONJa3MaTHYECKOH cerpe-
ralipy HccieloBan oyeHb HenoJHo. M3sectHo, oaHako, uto ompene-
JSIOLLYI0 POJIb B HEM MrpaeT He pacnpefiesleHHe BHYTPEHHHUX
CTPYKTYp sifila, a OpraHu3anus NOBEPXHOCTHOro caosi. Tak, HampH-
Mep, y aMbu6Hi nocje ONIOAOTBOPEHHS B SIfIle MOXKHO Pa3/IMYHTh
TPH 30HBI: BEPXHIOIO, aHHMaJbHYI0, H3 KOTOpPO# 0f6pa3yercsi 3KTO-
depMa, HUXKHIOI, BereTaTHBHYIO, 06pa3ymollyio 3HTOAEPMY, U NPO-
MEXYTOUHYIO — 30HY «Ceporo cepmnas, B 006JacTH KOTOpO# HayH-
haeTCsl racTPyJSLUsA H KOTOpasi faeT HayaJo Me30fepMe 3apOJbiiia.
Tlepecaska NMOBEPXHOCTHOrO cJjosi TOJIUHHOR B 20—30 MK M3 06-
JaCTH «Ceporo cepna» B JApYrylo YacThb sifia HNPUBOAAT K racTpy-
JSINMKM U 3aTeM COpa3oBaHHIO Me30JepMbl B 3TOM HOBOM paMoHe.

Y4YaCTKH LUUTOIJIA3MbI sHlla, o6pasylollie pas3/jMuHbBie 30HBI, HE
SIBJISIIOTCS. CTPOTO TOMOT€HHBIMH, BJOJb HUX MNOBEPXHOCTH MOTYT
nabMofaTbhCsl HEKOTODhble KOJHYECTBEHHbIE, - «TPaJHeHTHBIE» OTJH-
uUsi, KOTOphle B NOCJAEAYIOUleM NPHBOASIT K KayeCTBEHHO OTJIHUHBLIM
nyTsaM pasBuTHsA. IIpuMepoM TaKHX B3aUMOOTHOIIEHHH CJYKaT
[pafHeHTHBIE OTJIHYHUS OT AHHMMAJBHOIO K BETeTAaTHBHOMY MOJIOCY
Afina y Mopckoro exa. EciH H3oaHpoBaTh GJlacToMephl U3 pasHbIX
ypoBHe#l sifina, U3 HUX AU PepeHUHPYIOTCS 3apOoJbIIH ¢ npeobJa-
JaHHeM TeXx OpraHOB, KOTOpble XapaKTepHbl [Js COOTBETCTBEHHO
4HHMaJIbHON HJIH BereTaTHBHON 30HH safina. KoMOUHHPYS KJeTKH
H3 pasHBIX oOJjacTell, MOXHO MOJYYHTb KaK YpPOJMJIMBBIH, TaK H
BIIOJIHE MPOMOPLUOHAJbHBI MaJeHbKHI 3apOAbI, B 3aBHCHMOCTH
OT TOro, KaKoe KOJIHUECTBO MaTepyana H H3 KaKHX 30H B3STO.
TTogo6HOro poja TrpafHeHTHBE OTHOUIeHHS OOHapYXHBAKOTCA H Ha
6osiee MO3AHUX dTanax AHPGepeHIHPOBKH.

Hau6osnee u3yueHHBIM MeXaHHU3MOM AHGPepeHUHNPOBKU ABJSET-
cs HHAYKIMSA, T. €. BJHsIHHE OJHOH TKaHH Ha JApYrylo, H3MeHdwllee
nyTb ee pa3BuTHs. Tak, B X0Je racTpyJsAlHH y NMO3BOHOYHBIX 3aya~
TOK XOpAbl HPHXOAMT B KOHTAKT C ONpEJeJeHHBIM DaiOHOM 3KTO-
JepMbl, U B De3yJbTaTe 5TOTO KOHTAKTa KJIETKH [JaHHOrO0 paHoHa
nuddepeHIHPYIOTCS He B SMHUTEJHA KOXH, Kak BCs OCTa/bHag
YKTOAepMa, a 06pasyloT HEPBHYIO CHCTEMY XHBOTHOro. MexaHu3M
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HHIYKUMH COCTOMT B 00pa3soBaHHH B KJeTKax <HHIYKTOpa» cle-
UApUYECKHX BelIeeTB, KOTOpble MHIPHPYIOT B COCEIHION, HHAY-
HUPYEMYI0 TKanb, H3MEHAA MyTb ee Pa3BuTHS. Kak npaBuso, npu-
poAa 3THX HHIYUHDYIOLIHMX BeWIECTB OCTaeTcs GO CHX IOp Hepas-
rafanHof. J1g HHAYKTOpa HepBHOM CHCTEeMBI XapaKTepHa ero HeBhl-
coKas cnenupHIHOCTh: BeLleCTBa C HHAYNUPYIOUWIUM JAeHCTBUEM Obl-
TH BBbIAEJIeHbl DPa3JIMYHBIMH NYTAMH H3 CaMblX pasHbIX TKaHed
33poc/bIX opraun3mMoB. OAHAKO CYLIECTBEHHO, UTO B 3apOJblie 3TH
pelectsa 0o0pasyloTcss H  BBIAEJSIOTCS CTPOTO  ONpeleNeHHBIMU
FJIeTKaMH M 1Js1 TeX KJeTOK, Ha KOTOpble OHH BJIHAIOT, OKAa3blBa-
I0TCA CcTPOro cneiuduyHbIMH. CoOBepIIEHHO OUYEBUAHO, uTO HH(DOP-
Mauusi o AH(ppepeHIHpOBKe HEPBHBIX K/JIETOK He MOXKET COAepIKaTh-
¢ B HHAYUHMDYIOIUHX BeLIeCTBaX — OHM JIMIIb AKTHBUPYIOT Te€
VUaCTKH XPOMOCOM, KOTOpDble ONpefensiioT pa3BUTHe HMEHHO HepB-
LibIX KJIETOK. Poslb MHAYKLHH, TaKUM 06pa3oM, 3aKJOUaeTcss B TOM,
4YTO €10 ONpejesieTcs JOKalu3alus M, 0TuacTH, BpeMs Auddepen-
LHDOBKH, HO He ee KOHKDeTHBIi XapakTep. B omsHom cayuyae Be-
111eCTBO MHAYKTOpa GBLIO HCCaef0BaHO ¢ GOJblIeH TIIATENBHOCTHIO.
Ouo 6bl10 BbIIENEHO U3 5MOpPHUOHANbHBIX HEPBHHIX TPYOOK 3apo-
Sbllla usinieska. HepBrHasi TpyGka 3apoaslmia crnocobHa HHAYIH-
[[OBaTb B OKpY:KalOHIeH ee Me3eHXHMHOH TKaHM o6pasoBaHUe Xps-
113, KOTOpOe, B YaCTHOCTH, CBOAMTCS K CHHTE3Y CJOMKHBIX Cepyco-
JepKalux INoJaucaxapuioB, cBfidaHHbBX ¢ Oeakamu., OKasaJaoch,
uTo MHGOPMANUUSA O TAKOM CJOKHOM CHHTE3e HOCTYNaeT H3 KJIeTKH
HepBHOA TPYGKH B KJETKY ME3eHXUMBl B BHJe HHU3KOMOJEKYJsp-
HOro BelecTBa — HHAYKTOpa. ITOT HHAYKTOpP ObL1 BBIAEJEH B UYHC-
TOM BHJe, OH CONEDPXKHUT aMHHOKHCJOTHBIE TPYNNbl H HYKJI€OTHIBI
H, MO-BUIHMOMY, fIBJseTCA HyKJeonenTuaoM. CoOBeplIeHHO OUeBH-
HO, YTO coJepiKailasici B HeM HHbopmauusi MoxeT ObITb JoOCTa-
TOYHOH JHWIb IJ8 aKTHBALMM TOrO HJIM HHOTO TeHa, HO He .aJs
onpefieNleHHA CTPYKTYpbl BBICOKOMOJEKYJASPHBIX COeNHHeHHH, Xa-
[FAKTEPU3YIOUHX XDSALIEBYIO TKaHb.

Tpu paccMoTpelHBIX MexaHH3Ma AH(depeHUHPOBKH — OOMI1a3-
MaTHUeCKasi cerperalust, TpajHeHTh H UHAYKIMS He HCUepNbBaloT
ncex cmocoboB AubddepeHIHalnd, HO HY’KHO OTMeTHTb, UTO BCe OHH
B KOHEUHOM MTOTe CBOASTCH K ZKTHUBallMH TeHETHUYECKOro ammapara
raetok. Kak 6b1 HM Obl1 CJIOXKeH BHEIIHHH MeXaHH3M, BHI3BIBAIO-
i auddepeHIUPOBKY KJIETKH, OH Bceria HeceT HaMHOTO MeHb-
e HEGOpPMAalMK, YeM Ta, KOTOPas 1IOCTYNaeT H3 siApa Iocje aKTH-
Bauuu renos [135]. ITorox uuHdopMauHH U3 CpPeAbl MJAU H3 UHUTO-
L1a3MBl B SLIPO ONpele]seT TOJbKO BHIOOD TeX HJIH HHBIX TEHOB,
T. e. OJHY H3 JECATKOB WJIU COTeH THICAY BO3MOXKHOCTEH, B TO Bpe-
M Kak o6paTHBHI NMOTOK HHbopMauuu (M3 sApa B LHUTOMJIA3MY)
veceT HHGOPMALMIO O IOCAENOBATENLHOCTH aMHHOKHCJOT B Gelke,
T. e. ompeneasier BbI6Op OJHOH H3 aCTPOHOMHYECKOTO YHCJIa BO3-
moxHocTell. Ecaiu 3TH BeJWUMHB! BBHIPA3UTh B eJUHHULAX HHpoOpMa-
nuu (6uTax), To HHpOpPMalLHs, onpeAeaAOUlas aKTHBALHIO OLHOrO
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onpepenedHoro resa (npu ux obueMm uyucae nopsaiaka 10°), umeer
TIpHOAH3UTENBbHO 17 OUT, B TO BpeMs KaK HHbOpMalus O CHHTese
OfHOro 6esixa COILEepKHUT He MeHee 103 — 10* OHUT, T. e. HA ABa-TPHU
nopsiika Goaewe!. OTcioga OYeBHAHO, 4TO NMpPH BCeH CJOXKHOCTH
SIIePHO-IIHTONa3MaTHUECKHX B3aHMOOTHOLIEHHH B Da3BUTHH OOLLHH

noToK HHGOpMAaUMM HanpasJeH H3 sAApa B LHUTOIIA3MYy; 3TOro H
‘¢JeIoBaJIO0 OXKHUJIATh.

2) Hauyano meACTBHSI reHOB

Kak yxKe rosopujoce B IpeiblayllleM pasfese, caMble pPaHHHE
CTaJHH Pa3BUTUs 3apOAbIlIa KOHTPOJIHPYIOTCS He ero coOcTBeH-
HEIM TeHeTHUECKHM annapatoM, a reHOTHNOM MaTepPHHCKOro opra-
HH3Ma, omnpelefsioliuM oOpraHusauuio sikuna. Ha kako#t craauu
Pa3BHTHS BKJIOUAeTCsi COOCTBEHHBI reHeTHUECKHH ammapat sMOpu-
OHAJNBHBIX KJeTOK? JTOT BaXKHbIl BONpOC NPHBJEK MHOTHX HCcJe-
JoBaTesaeH, ¥ ObLIO NpeJTOKEHO HECKOJbKO MeTOJ0B ero H3yUeHHs.

IluToNoruyeckuit MeTox TI03BOJIET CYAHTb 00 aKTHBHOCTH flep
no Mop®doJorHuecKHM INOKasaTeJsM, H IIpeXje BCero Nno nossJe-
HHUIO SIApBILIEK, TIOCKOJbKY OHHM cBs3aHbl ¢ cuHtesom PHK B san-
pax. ¥ aMmdubuit, ppi6, HrI0K0XKHX Obl10 06HApPYXKEHO, YTO SAPHILI-
KH NOSMBJSIOTCS TOJNbKO NOCAE 3aBeplleHHS] OCHOBHBIX JeJeHHH
apo6saeHHs Ha craaud Gaactyasl [137]. ¥ MOJIIOCKOB OHH NOAB-
JISI0TCS paHblle — Ha cTaguu 8—I16 kaerok {I138], a y maekonu-
TAIOWHX ellle paHblle, yXKe Ha cTaguu ABYX OGaactomepos. Camo
HX TNOsSBJEHHe, ONHAKO, He HABJSETCH OJHOMOMEHTHBIM COOBITHEM
H COCTOHT B KOHJEHCAaIHMH MeJKHX SApBILEK B KPynHbe (y MOJ-
JIIOCKOB) HJIH B OOJibllell OKPAIlIHBaeMOCTH HX OCHOBHBIMH KpacH-
tensamu (y pbi6, am¢ubuit). ITosToMy AaHHHIN MeTon He TNO3BO-
JisieT OUEHHTb HauyaJo TreHeTHYecKoH QYHKUMW ¢ OoJabliof TodY-
HOCTBbIO, TeM 0(oJiee YTO C€aMa CBf3b Hauaja aKTHBHOCTH TE€HOB CO
CTpOEHHEM SIADPBIIIEK He sBJAseTcs OuYeBHAHOH. Dojee Toro, mno-
cJeflHHe JaHHBle NOKa3blBAlOT, UTO SIADBLILIKH OTBETCTBEHHBI TOJb-
kKo 3a cuHTe3 pubocomuoirt PHK, B T0O BpeMsa Kak y MHOrHX 3apo-
JblIUeH 3TOT CHHTe3 HauYHHaeTCss OTHOCHTEJBHO MNO3JHO. be3bsan-
pPHIILKOBBIE 3apoAbllud  aM$pubuit CcnocoOHB Pa3BUBATBCA OO
OTHOCHTEIBHO NO3JHHX CTagHi.

! Tlpu Taxom npu6JU3HTEJbHOM, KaK B JaHHOM cJydae, NoJcYeTe KOJHYECTBA
HHpOpPMALKH, KOTAA BEPOATHOCTH KaXJIOTO H3 MHOTHX COGBITHA MOXHO CUHTAaTh
PaBHBIMM, YHCJIO €JHHHI HHGODMAUHH MOKeT OBITb ONpejdeJeHO KaK ABOHYHHI
sorapudM OT 4YHCJIAa BO3MOXKHBIX BapHaHToB. Kakmoe coo6iienune — 310 BHIGOD
ONHOH H3 MHOTHX BO3MOXKHOCTEM H UEHHOCTb ero (KOJHYecTBO HH(opMauHu) TeM
GoJblie, 4eM GOJIbLIE YHCJIO BO3MOXKHOCTeH, CPeJH KOTOPBIX NPOU3BOAMUTCH BHIGOD.
B sToM csiyuae BbIGOpP QAHHOrO, a He APYroro reHa, H3 BCeX HMeEIOLHXCsl B sifpe,
HeceT 3HAYHTEJbHO MeHbllie MHQopManuu, yeM HHGOPMANHA O MOCTPOEHHH AAHHOTO

Hesika ‘H3 OGILETO YHCJA BCEX BO3MOMKHBIX COUETAHHH H NOC/IeLOBATENBHOCTEH aMu-
HOKHCJIOT.
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HecomueHHbIM NposiBjeHHeM QYHKLHMH I'€HOTHNA SIBJSIETCS MOp-
donoruueckoe H (YHKLHOHAJbHOe BbIDaMEHHe pPa3/JHYHHIX MyTa-
Ui, B MepByi0 ouepelpb JeTanbHbiX. OLHAKO NOYTH HH B OJHOM
clyyae Mbl He MoXeM OBITb yBepeHBl, YTO JaHHasi MyTallusg — ca-
Moe paHHee NposiBaeHHe sifAepHoH ynHkuuu. I[IpuMepom TaKHx
PaHHUX MyTalUHH MoxXeT OBITb yKe yNOMHHaeMas MyTauusa £ us
cepun T y Mmblmeli. OHa BBI3BIBAET OCTAHOBKY pa3BHTHA Haubouee
paHo, y}Ke Ha CTaJHMH 4YeTbIpeX CYTOK, KOI'la 3apOJAHII IpeACTaB-
JisieT coboi#t HeaH(epeHUNPOBAHHLIA 3aPOJBLILIEBHIH Y3€/0K, OKPY-
JKeHHBIll TpodobaactoM {139]. ¥ Apo3oduasl OTCYTCTBHe NOJNOBOH
XPOMOCOMBl TNPHBOJHT K OCTaHOBKE DAa3BHTHs I[0CT€ HeCKOJbKHX
JeneHuit sjep, elle Ao o6pasoBaHusa 6aacroiepMel [140]. HMurepec-
HbIM, XOTS elle He OOBSICHEHHBIM, (AaKTOM SBJISIETCS IPOSIBAEHHE
Myrauuu deep orange (dor)y nposoduasl Ha cBepXpaHHel cra-
auu pasButus [141]. dta Myrauusi BuisHBaeT rayboKue Hapyiue-
HHSl B CTDOEHHH sfilla M JlaXXe B reTePO3UIOTHOM COCTOSIHHH MpHU-
BOJHUT 'KO MHOI'MM HApYIUEHHUAM Da3BUTHS, & B 'OMO3HTOTHOM OHa,
6e3ycaoBHO, JeranbHa. OKa3piBaeTcs, YTO NpPH OIJIOLOTBOPEHUH
AfIa OT caMKu ¢ MyTauuel dor ciepMusIMH caMua dor HapylueHus
HACTyNaloT Cpa3y H MNpPOSBJAIOTCS B BHIe HeNpaBHJbHBEIX (Uryp
KapHOKHHe3a ellle NIpu BTOPOM JeJeHHH co3peBaHus. Ham Kaxker-
cf, OJIHAKO, HEBEDHBbIM 3akKJjloueHue XaaopHa {D] o TOM, YTO MHl
MMeeM JeJo C paHHell ¢yHKuueHd reHOB Ha CTaJWH OIJOJOTBOpE-
HHSl, TaK KaK INpPeACTAaBUTb TeHeTHYeckylo (YHKIUHIO B CIEPMHH,
TOJBKO YTO BOLIEANIMM B SIALO U ellle He 06pa3oBaBlIeM NPOHYK-
Jeyca, HEeBO3MOKHO.

O61bacHeHHe 3TOTO Cayyas caefyeT, BUIAHMO, HCKaTb B NMATOAOrH-
YeCKOM CTPOEHHM camoro cnepMus. Myrauus dor BooOlie npHHal-
JIEXKHT K TeM, KOTODPbIe AelCTBYIOT elile 10 Hayajaa >MGPHOHANbHOrO
pa3BUTHs, NpH 0o0pa30BaHHM TraMeT, H MOXHO cele NpeACTaBHTD,
YTO TaKHE Ke HapylieHHs, KoTopble oGHapy:KHBalOTCA B sfine dor,
MOI'yT GBITH B CIIEDMHH, YTO H NIPHBOJHT K TaXOMY pPaHHeMY IpOsB-
JieHHIO ero QYHKUHH, T. e. HaDYLIEHHIO MeXaHH3Ma aKTHUBAlUH siiua.

Ilennple MaHHble OBIIM TOJYYEHBl NIDH H3YUEHHW JeTaJbHbIX
rubpuJHBIX KOMOMHaLuf, OcoOeHHO Yy aMOuOuii M HIVIOKOXKHX
[142, 143]. Tlpn cKpelmlMBaHHNH MHOrHX BHJOB DAa3BUTHE 3apOJbl-
1ell OCTAHABJHBAETC Ha CTaAHU No3[Hedl 6JacTy/bl, H HH NDPH
Kakoli ruGpuaHO# KOMOHMHAUMH OCTAHOBKa DAa3BHTHS He IIPOHCXO-
IMT paHblie (ecqu He CYUMTATh, KOHEYHO, TaKHe KOMOHMHAUMHM, NPH
KOTODHIX He INPOMCXOAHT camoro omiaojorBopeHus). Takum oGpa-
30M, HECOBMECTHMOCTb fJep H LHTONJa3Mbl BIE€PBbIE TIPOSBJISAET-
ca y am¢pubuit Ha cTafuu No3fHell OJaCTyJbL.

K Tomy e BbIBOAY NPHBOAAT M DPe3yJbTaThl OMNBITOB IO CO3-
gaHuio Ge3bsafepHBIX 3apoabiliell. ¥ MODCKHX eXefl OHH CO3JAIOT-
cs oTHe/eHHeM fapa npu uentpudyruposanuu [144], a y ampubui
yHajeHHEM KEHCKOro fAjpa HMIJION H HHaKTHBalue#d cllepMHEB Bbl-
coKoii n030f paauauuu [145]. BeswpsagepHble 3apoiabimin amMpuOUi

280



JIOXOASAT B CBOEM Da3BUTHU A0 mo3fHefl 6JacTyJBl, 2"y MOPCKOro
€Xa — 10 cpelHefi.

HegocraTkoM Bcex nepeyHC/IeHHBIX METOAOB SIBJASETCS TO, 4TO
OHH He TO3BOJAIOT OOHAPYXKUTb CTaJHIO Hauana COGCTBEHHO re-
HeTHYeCKOH aKTHBHOCTH, @ TOJBKO YCTAaHABJMBAIOT ee NPOsBJEHHE
B BHJe HapylleHMHl M/ ocTaHOBKH pa3putus. ONHAKO Mexi1y Ha-
Ua/joM TEeHeTHYECKOTO KOHTPOJIS H TaKHM CJOXKHBIM TPOLECCOM,
Kak MopdoreHes, AO/IKHO MPONTH HEKOTOpOe, MoxeT GbITh 3HAYH-
TesibHOe, BpeMs. Omnpenesenyue Hayanna coOCTBeHHO TeHETHUECKOM
byukuun apep ObIO TpoH3BeLeHO NMyTeM HHAKTHBALHH Mopdore-
HeTHYeCKON QYHKIHH saep HeficTBHeM BBICOKHX 103 HOHHSHPYIO-
el pajHallud Ha pasHbIX CTaansaX pasButus [146]. Beuio moka-
34HO, YTO y pui6 U aMpubuil MHaKTHBALMUS siAep, BIJOTb A0 Cpel-
Hefl OnacTysbl, NPUBOJHT K OCTaHOBKE DAa3BUTHS HA OJHOH W TOH
¥e CTajHM ~— nosanel G6aacrtyne. CienoBartenbHo, BILIOTh A0 Cpel-
Hell OsiacTyabl fApa He OCYLIECTBJASIIOT TeHETHYeCKOro KOHTPOJs
nan passutdeMm. IlTocae cpennefi Gaactyanl mnocaefsoBaTe/ibHAS
YHaKTHBAlHs sajep Ha Bce OoJee MO3AHUX CTAUAX NPUBOAUT K
Gosiee mosjHelf OCTAaHOBKe Pa3sBUTHS, NPHYeM HHAKTHBAlUs Gosee
fl03]HAST Ha OJAHH Yac IPHUBOJAHT K OCTAHOBKE pa3BUTH# Ha 3-4
yaca mosxe. DTO O3HAYaeT, YTO, HauMHas CO CPeaHeH GJaacTyJwl,
OCYIIeCTBJsETC AaKTHBHAs MopdoreHeTHdyeckas GyHKUMS sAxep.
Ananoruunsle RaHHble OBLIH MOJYyueHbBl M Ha APYTHX O6beKTax,
NpH 3TOM JJd pa3HbIX BHAOB XapaKTepHbl CBOH CT4AJMH HauyaJja
Mopdoredernueckoil ¢ynkuuu [147]. ‘OcobGenHo paHo MopdoreseTu-
yeckas (GYHKIHA HauuHaeTCsd Yy JKUBOTHBIX C MO3aHYHBIM THIIOM
pPasBUTHUSA: Yy MOJJIIOCKOB, Hanmpumep, Ha ctagun 12—16 6aacroMe-
POB, a y ackKapulbl ellle paHbllle, yXe Ha craiud 2—4 GiactoMe-
pOB.

Papgnannonnas HHaKTHBAalMs fABJIAETCH He eAHHCTBEHHBIM Me-
TOAOM OJOKHpOBaHHA sAepHOH (DYHKUHH, ¥ aHAJOrHYHBIH pe3y.b-
TaT MOXeT ObITb NOJYyYeH M NPH XUMHUYECKON HHAKTHBAUMH sgep
TaKUMH cllendyuecKUMH BelllecTBAMH, KaK aKTHHOMHUMH JI wJaM
muromunus C.

Tak, Ha 3apojabillaXx MODCKOTO e¥Xa, NPOHHUIAEeMBbIX IJS 3THX
BelllecTB, ObIJIO MOKa3aHO MEeTOJaMH U paJHalUOHHOH, U XHMHUECKON
HHaKTHBALHUH, 4TO MOpdoreHeTHueckass (QyHKIUHA siaep HauHHAeTCs
Ha cTajAuu paHHell Gnactyast [148].

ITepronsl MopdoreHeTHuUeCKOH AaKTHBHOCTH siep He MOTYT
OBITh OTOXKIECTBJEHBI C AKTHBHOCTBIO sfep BooOlie H, KaK MOKa-
saq CrnupuH [149], naxe ¢ cuntesom PHK. Xots ¢ nHavasom Mop-
toreHeTHyeCKOH aKTUBHOCTH HHTeHCHBHOCTb cHHTe3a PHK B an-
pax pesko noBbuaercs [150], caM mepHod aKTHBHOCTH cJhaelyer,
NO-BHAMMOMY, pacCMaTpHBaThb KaK NEepHOA, B TeueHHe KOTOPOTro
cuuTesnpylores PHK unu apyrie BelllecTBa, onpefensioliie UMeH-
HO mpolecchl Mopdorenesa.
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3) JleraabHble (akTOpbl B Pa3BHTHM

Craauu nposiBaeHuss MyTaumi

HauGonee npocTofi u npsAMOl METon oOHapyXKeHH TIeHHOTO
KOHTPOJA B Pa3sBUTUM — HCCAENOBAHHE MeXaHU3MaA JEHCTBUA Je-
TaJbHBIX MyTauufl. [lepBoit xapakTepHCTHUKOH 3THX MyTauufi «B-
JSeTCad HX CBA3b CO CTaauMedl PasBUTHA, HIIOCTPUpYIOUleH pac-
npejejeHHe TeHeTHUYECKOH AKTHBHOCTH BO BpeMeHH. MoXHo pas-
JU4aTh MOHO(a3Hble JeTaJbHble (aKTOPH, KOTOpble MpPHBOAAT K
CMEepPTH OPTraHM3MOB Ha OJHOH OINpefe/eHHOM cTagHu, OU- H TO-
anwbasHble HaKTopbl H, HakoHel, GAaKTOpH, KOTOpBIe JefCTBYIOT
adasHo, T. €, He cBfA3aHB ¢ Kakoi-1uGo omHol cramuein [B).

[lpumepoM Myrauuu, cTPOro cBsi3aHHOM co CTafHel pa3BuTHA,
MOXeT CAYXHTb yXKe ynoMmsHytas cepus Myrauuii T y Mblmel u
MyTalus yellow KOTOpass B T'OMO3HT'OTHHIX KOMOHHANUAX TNPHBO-
JHT 3apojbllllell MbiiM K ru6enud Ha nsATble CyTkH pasButHg [151].
XapakTepHO, 4TO MePBbIE YETBEPO CYTOK PA3BHUTHSA NPOXOIAAT COBEp-
IIEHHO HOpPMaJIbHO, HO 3aTeM BMECTO HMIJIAHTAOHH OBbICTPO HACTYy-
naer OCTAHOBKA Pa3BUTHA H HAYMHAETCs] JereHepalus 3apoabilled.
Y nposoduanl nenas rpynna MyTauud NPUBOAHT K THOEJWw opra-
HH3MAa TOYHO HA CTAaJHH TPeThero JHYHHOYHOTO Boadpacta [5]).
Ognako craays, Ha KOTOPOH TIPOHCXOAUT CMepTh OPTaHH3Ma, ellie
He 03HAYaeT, YTO MYTAHTHBIA T'eH HayuHaeT (YHKUHOHUPOBATL Ha
3TOA CTAAMH HJH He3aN0Jro nepen Hell. YCTAaHOBHTb AEHCTBHTE/b-
HYI0O CTaAHI0 Hauana GYHKUHH, KaK NPABHJIO, OueHb TPYAHO HJH
HeBO3MOXHO. Cam MOMeHT rubesu, XOTA MOXKeT U JOJKeH pac-
CMAaTpUBATbCS KaK OTpeAeseHHbl <«NpPU3HaK», KOHTPOJUpYeMBbIH
MYTaHHBIM TeHOM, CBfI3aH, CKOopee, He cO cTaguefl AKTHUBHOCTH
reHa, a ¢ XapakTepoM TeX HapylleHHi, KOTOpHle BhI3bIBaeT MyTa-
UHS, ¥ OTHOLIEHHEM OPraHH3Ma K OKDYXKAIOUUM YCJOBUAM. XOpO-
el HaMIOCTpalluefl 3TOrO TOJOXKEHHsS SBJAAIOTCH MYTalUH pacTre-
Huil, 6JoKMpYyOLLHe CHHTe3 xJopoduana. DTHU MYyTaHTHEE pacre-
HUS, He3aBUCHMO OT TOTrO, B KaKOM 3BeHe OJIOKHDYeTCHd CHHTE3,
noru6aloT TOraa, Korja HCUEprnBIBAIOTCH 3amachl IIUTAaHHS, coAep-
XKallyecsl B 3HAOCNepMe, H BO3HUKaeT HeoO6XoqUMOCTb B (DOTOCHH-
teze [152]. TakoB Ke MexaHH3M M MHOTHX APYTHX MOHO- U audas-
HBIX Jerastefl. B 3ToM cMbic/ie HHTepecHbl JaHHble, COOpaHHBIE
Xanopuom u YeHom ana 59 Mmyrauuit BTOpOH XPOMOCOMBI JP030-
¢uaet [153]. Okasanocs, uto aas 14 Myrauuit xapakrepHa ruGeab
Ha >MOpHOHANbHBIX CTaAMAX, NpudeM B 6 ciayuasix U3 HHUX OHa
HacTynaeT TPH BBUIYNJIEHMH H3 #lina, 6 BHIOB MYTaHTOB IOTH-
6al0T B MEpBOM JIMYUHOYHOM Bo3pacrte, 15— B TpeTheM H b— Ha
cTaauu Kykonawd; |3 wmyTtauu#i oxaswiBaloTcd nosindasHeIMH, TNpPH
3TOM THOenb 5 M3 HHX HauWHaeTcs ellle B 3MODHOHANbHOM pa3BH-
THH, XOTS HEKOTOphle AOXKUBAIOT A0 KYKOoJKH. OcTalbHble MyTa-
MM HAYMHAKOT TIPOABJATLCSA TIO3XKe, yXKe B JIMUMHOUHOM BoO3pacre.
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Pacnpenenenue cpokoB rubeqH pasjiMyHO AJs JeTajel, nojydeHs
HBIX DasHbIMH NyTAMH. MyTalluH, BbI3BaHHblEe HOHH3HPYIOIHM H3-
JyueHHeM, yalle NPHBOAAT K 3MODHOHAJNbHOK rubeNH, YeM CIOH-
TaHHble MYTAllM¥ HJH MYTallid, BbI3BaHHble XHMHUECKHMH MYyTa-
redamMu [154]. DTo dBJeHHe JerKO OOBACHHUTH, €CJAH YUECTb, YTO
o6G/iyueHHe YacCTO BbI3bIBA€T 3HAYHTEJNbHble XPOMOCOMHBIE HeXBaT-
KH, B TO BpeMs KaK XMMHuYecKHe (DaKTOpbl H CIIOHTaHHBIE MYyTallUH
06BIYHO KacaloTcsl OTACJbHBIX T'eHOB. EcTecTBeHHO, UTO MopaKeHHe
uea0fi rpynnel JIOKYCcOB ¢ 6oJblilel BeDPOSTHOCTbIO 3aTPOHeT TreH,
OYHKUHOHHDYIOUIHA B paHHEM pa3BHTHH, 4YeM INpH H3MEHEHHH
OJHHOUHBIX TEHOB. DTO XOpOLIO HJIIOCTPHPYETCH HCCAEA0BAHHEM
pPa3IHYHBIX XPOMOCOMHBIX HEXBATOK IOJIOBOH XPOMOCOMBI ApO30-
¢uabl, 3atparuBawouieit ren Nofch [140]. B orcytcTBue Bee#t xpo-
MocoMbl (mpubnusutenspHo 1000 JieHT nOAHTeHHOH XPOMOCOMBI)
rubenb, KaK yXKe TFOBOPHJOCh, HACTYNlaeT ITIOCae HeCKOJbKHX Aese-
HUil sizep, yepe3 yac nocjae OMJIOAOTBOpeHHA. Ecnu Ke HexBaTKa
3aTpardBaeT MEHbUIHH, HO BCe ellle OYeHb 3HAUHTEJbHBI YYacTOK,
BKJOYamomui 50 JeHT, H B TOM uHcae red Notch, rubeap HacTy-
naer yepes 6 uyac. mociae Hayasna 3MOGpHOHAJBHOrO pasBuTHA. Bcee
Ipyrie MeHbIIMe HEXBATKH, BKJlualoliHe jgokyc Nofch, npusoasar
K TOMY e pe3yJbTaTy, M, HAKOHel, MyTalus (BHIK/IIOUeHHE)
TOJMIKO 0QHOTO reHa Nofch ToXKe NPHBOAHT K OCTAHOBKE Pa3BHTHSA
M CMepTH Ha LIeCTOM Yacy Da3BUTHA. DTO O3HAYaeT, YTO HH OJHH
M3 TEHOB, pAacCNOJIOXKEHHBIX B OOJBIIOM OTpPe3Ke XPOMOCOMbi
(50 nent), He siBAsileTcss HeOOXOAUMBIM A/l IPOXOXAEHHS PaHHHUX
CTaAHd pasBUTHS W paHblle BCeX H3 HHX HayuHaeT (QyHKUUOHH-
posatb Noich. ,

PaccmaTtpusas 6osblloil CyMMAapHBII MaTepHaJ TO JeTaJNbHbIM
MyTalHAM Yy Apo30(H/B, MOXKHO BHAETb, YTO OOJBLUIHHCTBO MYTa-
UMi rpynnupyercs APyr ¢ ADYroM H Bbi3biBaeT ru6enb Ha omnpene-
JIeHHBIX KDHTHYeCKHX CTafiHAX — B Hauaje JHYHHOYHOTO Pas3BUTHSA,
IPH OKYKJUBAaHUH, TIPH BbIXoJe uMaro. AHajoruyubiM obpasoMm y
MJIEKOTIUTAIOIIUX TAaKHMH KDUTHYECKUMH CTaJHSAMH SBJSIOTCH HM«
IaHTAllUs 3apoAblllell W POXKAEHHEe. DTH KPHTHYECKHE MePHOMIbI
TIOXOXKH APYT Ha Jpyra B TOM OTHOIUIEHHH, UTO IJs OPraHH3Ma OHH
03HAYalOT Nepexo] K HHOMY oOpasy JKH3HH, T. €. H3MEHEHHIO OTHO-
LIeHHH ¢ BHellHeH cpenofi, Hapymenus, KoTopele HayaJauch, Ha paH-
HHX CTAIHAX, MOTYT He SIBJASTbCA JeTaJbHBIMH Ha 3THX CTalusX,
MOCKOJIbKY 3aTPAarHBaiOT TOJIbKO T€ OPraHbl, KOTOpble HEeOGXOIHUMbI
Aasi OyAylwiux 3TanoB KH3HH. Tak, HanpuMep, Bce HapylLIeHHsl am-
11apaToB AbIXaHWUS M NUTAHUA Yy 3apOJbllied MJEKOMHTAIOLIHX He
OyoyT JeTaJbHbBIMH B 3MGDHOHAJBHOM pas3BUTHH (XoTs Mopdo-
JIOTHYECKH MOTYT NPOSBJATbCA OYeHb PAHO), HO NPHBEAYT K Obl-
ctpoii rubenn cpasy mnocsie DOXKIAEHHS. Y 3apOJAbIa LbIMJEHKA
MyTallus Creeper BbI3HIBAET Pa3JIHyHbie HApYIIeHHS, CBA3aHHbIE C
HelpaBWIBHBIM DA3BHTHEM Me3eHXHMHBIX NPOH3BOIHLIX, HO Xapax-
Tep JeTaJbHOCTH Y HHX ABYX®dAa3HbIA M nmpuxcauTcs Ha 3-i u 20-i -
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nHn uHkyGaumu [155, 156]. OH cBsizaH ¢ HapylleHHeM ammapata
KpoBOOOpallleHHst H NPOsABJsAeTcs B Hauaae Das3BHTHA, Korpa Aud-
¢dy3HOe nuTaHHe H-ra3006MeH yiKe He MOrYT 00ecmeuHTh pasBHTHe
sapoanimia. Ha 20-fi HeHp HauHHaeTcs JbBIXaHHe 3apoAbILIA ero
COGCTBEHHBIMH JIETKHMH, Temepb K CMepTH NPHBOAAT BCe paHee
BO3HHKILHE HapylleHHd, 3aTpParHBaiOlie caM anmnapat AbIXaHHd
# CBA3aHHBIE C HUM CHUCTEMBI,

IlpuMepnl feiicTBHTeNbHO aasHuX (aKTOPOB, BHI3EIBAIOILHX
paBHOMepHYIO riufesib Ha BCEM MPOTSMEHHH Pa3BHUTHS, HEHM3BECTHBL.
Ho k HUM MOXHO OTHECTH TaKHe HapylleHHs, KOTOphle pe3KO yMeHb-
AT aAaNTAaUHOHHBIE CMOCOGHOCTH OpraHuaMa, H Toria Jwboe
H3MeHeHHe BHEIUHMX YCJOBHH MOMKET OKa3aThCsl NPHUMHOH THOeH
Ha mobofi craguu. Takum ¢(akTOpOM MOMKHO CUHTaTh, HalpHMeEp,
remounuio, Korga rubeap NPOUCXOAHT Nocse JIOO0ro HapylleHu#
HEeNOCTHOCTH COCYAOB, B JII060H MOMEHT XH3HH,

Mecro nposiBjieHHA MyTauHii

Ecnu nepBofi BaXXHO# XapaKTEPHCTHKOM HACJAEZCTBEHHBIX Ha-
pyLIeHHH pas3BUTHA SABJsSETCH HX pacrpefeseHue BO BPEMEHH, TO
BTOPOH TaKOH XapaKTeDHCTHKOH fABJAETCA JIOKaJH3alus 31UX Ha-
pylweHu#i, T. e. BONIPOC O TOM, 3aTparMBaeT JH MyTallUAd KJETKH
BCeX OPraHOB HJIH TOJbKO ONpeleJeHHble YacTH 3apOAbIlIa H KaKHe
UMeHHO. M ecsin nepBas xapaKTepHCTHKa HMeeT GOJbLIOe 3HaueHHe
IJ8 NOHMMaHHS MOpsJKa aKTHBALUH T'eHOB 110 Mepe pPasBUTHH, TO
BTOpasl TO3BOJsIET NMOLOHTH K MeXxaHu3My auddepeHuHasbHOH ak-
THBHOCTH IeHOB B Da3HbIX MOGPHOHA/NbHBIX 3aYaTKax.

Ilpu paccMOTpeHHM BOMpoca O JIOKAaJH3aUUH JeTaJbHbIX MyTa-
UHH cJlelyeT pasjHyaTb M pasfleMbHO paccMaTpHBaTb JBe OJH3KO
CBsI3aHHble, HO caMOCTOATeNbHble NpobaeMbl — 0 Auddepennnann-
HOH aKTHBHOCTH TE€HOB B Da3HBIX YacTsX 3apOAbILAa H O CTelleHH
aBTOHOMHOCTH Pa3BHBAIOIIUXCSA 32YaTKOB. [Isisl pemieHus 3TuX npob-
JleM HeoOXOXHMO OTBETHTb Ha [Ba PasJHYHBIX Bompoca: l) mnposds-
JISIOTCA JIM 3TH MYTAUHH BO BCeX KJIETKax OpraHu3Ma, B KJeTKax
OLHOr0 BHJa TKAaHH HJH TOJBKO B KJeTKaxX OJHOTO oOpraHa; 2) sB-
JsieTcsl JIM HacJeACTBeHHOE HapylleHHe Pas3BWTHS TOTO HJH HHOTO
OopraHa cJelCTBHEM NOpaxKeHHs ero COOCTBEHHLIX KJIETOK, Mopae-
KEMSl APYrHX yacTefi opraHu3ama, uau 00Ge 5TH NPHUHHBI MOTYT CO-
yeraTbCsi? PaccMOTpeHHe IIHPOKOrOo Kpyra JieTaJbHBIX MYyTalui
If03BOJISIET NOJYUYHTb ONpe[esieHHbIH OTBET Ha BCE 3TH BOMPOCH H
HalTH IIpHMepbl, HJUIIOCTPHPYIOILHE KaXAYI0 H3 ImepeuHcJeHHbIX
Bo3MoXHocTeH. IIpy 3TOM ciaelyer yuYHTHIBaThb, YTO, OMEPUPYSA C
JaHHBIM MaTepHa/noM, Mbi PacCMaTpPHBAaeM He TOJBKO CPaBHHTE/b-
HO Y3Kylo npolbJeMy peaJsu3aldi JeTalbHblX MYTaUH#, HO H KO-
HeuHble 3BeHbs MEXaHH3Ma IIPOSBJIEHUS] TeHeTHUeCKHX (aKTOPOB
B Da3BHTHH,

OueHb TPYyAHO AOKas3aTh, 4YTO JaHHag MYyTalUs 3aTparuBaer
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Bce KJeTKH opraHuama. Ho ecnn M yGexgaeMmcs, YTO TOT HJH
HHON reHeTHuecKUH 3¢ ¢deKT #ABAfETCA AOCTATOYHO MIeHOTPONHHKM
(T. e. o6HapyXHBaeT CBoe JeHCTBHE B Pa3JMYHBLIX TKaHAX H Opra-
HaX) M BMeCTe C TeM SBJJETCA aBTOHOMHBIM (T. e. MposBAsercs
B Pa3HbIX KJETKaX He3aBHCHMO JAPYT OT APYra), TO MOXKHO CUHTATh,
YTO JaHHas MYTalHUs peanu3yercs BO BCEX HJIM B OOJBIIHHCTBE
KneTok opranusma. O TakoM reHepanM3oBaHHOM MNpPOSIBJEHHHW Te-
HeTHYEeCKOro AEMCTBHS CJelyeT TOBODHTb TaKXe H B TOM CJyuae,
ecau GynyT oOHapyXeHbl OHOXHMHYeCKHe HapylleHusd olliero Xxa-
paxkTepa, He CBfI3aHHLie cO cleunHgpHueckoll (yHKIHEH OTAENbHBIX
opraHos. IIpHMepoM nmepBOro THIIA MOTYT CAYXHTL MyTanuu £12 [139]
1 yellow [151] y Mblureii, KoTopble BHIpakaloTCa B paHHe#H fereHepa-
Uy eute He AHddepeHuupoBanHoro 6macronucra. IapaHTuelt Toro,
YTO MYTalMsl 3aTparuBaeT Bce KJETKH, siBlsieTcsi caM ¢akT Heaud-
depeHIMPOBAHHOCTH KJIETOK Ha 3TUX PAHHHUX CTaJHfiX, a, CJSIOBA:
TeabHO, HX cxonctea. OQHOBpeMeHHasi JereHepalsl BCeX KJETOK
yKasplBaeT Ha NoBceMeCTHOCTb 3ddexra, laHHHH nNpHMep He HB-
JsleTCcsl OYeHb MOKa3aTeJbHBIM, NMOCKOJbKY Deub HAeT o Tako# cra-
UM, KOrAa BeCch OpPraHH3M MOXET paccMaTpHBaTbCA KakK OJHa
TKaHb, HJIH OIHH «OpPraH», M 5TH TIPUMEePbl MOTYT B TaKOH K€ CTe-
IleHH HJIIOCTPHPOBATh BO3MOXKHOCTh FeHepaJH30BAHHOTO AeHCTBHS
reHOB, KaK W €ero OrpaHHYeHHOCTb OJAHUM BHJOM KJETOK.

Moxer 6biTh, Gosice YOEAUTEAbHEIM NMPHUMEDPOM CJAEAYeT CYHTATh
MyTaluKi0 Apo30QHIbl, OMHCAHHYIO KAaK «JeTaJbHasl MOJHIIOHAHS»
[157]. Ona saTparuBaeT Bce HMarHHaJbHbE JHCKH JTHUHHOK H BBHIDA-
JKaeTcsi B HapylIeHHH MeXaHH3Ma KJIeTOYHHBIX JeneHuil. B 6nlcTpo
DeNAUHXCS KAeTKaX HMAardHaJbHBIX JHCKOB TIOHABJSETCA PaCXOXK-
JleHHe XpOMOCOM, B TO BpeMsl KaK UX AYIJHKAaLus IPOROMKaeTcd,
YTO MPHUBOAUT K 00pa30BaHUIO KJETOK, COAEPKAUIHUX COTHH XPOMO-
COM Y 3TOr0o BHAA JpO30(GHJBI, BMECTO HOPMAJbHbIX ABeHaIIlaTH.
PasBuTHe BceX 3aYaTKOB 3alep:KUBaeTcd M Hapyllaercs, B KOHeu-
HOM HTOr'e JIHYHHKH NOTHOaIoT.

TperbuM npuMepoM ofllell peakllHd MOXKET, O-BHAMUMOMY, CaY-
XHUTb BBICOKOMJIEHOTpONHAsE MyTauus lozenge-clawless (IzC7), ko-
Topasi, KaK YXe YKasblBa/JoCb, 3atpardiBaeT JAecITKH OpraHoOB H
npH3HakKoB Apo3odunnl. [lepecankH HMaruHaJbHbBIX JAHCKOB I10-
Ka3aJgu, YTO BCE 5TH HapyIIeHUs SBJSIOTCH aBTOHOMHBIMH. 3TO
[03BOJISIET 3aKJIOUHTh, UTO MYTallHs TIPOSBJSETCS BO BCEX WJH BO
MHOTHX KJIeTKaX, BHe 3aBHCHMOCTH OT HX TKaHeBOH NMpHHaIJIeXHO-
cti [6]. OAHako HapylleHus,, KOTOpble OHa BbI3blBaeT, OOHaPYKH-
BalOTCs, €CTECTBEHHO, He BO BceX 0e3 HCKAIOUEHHA YacTaX M Npo-
ABJASIOTCS B pasHbIX OpraHax Toxe pasiuudo. MexaHusM 3Toi
MyTallHH He U3BECTeH, HO HapylleHHe KaKOH-1H00 opraHoHecnelH-
¢buuHOH, HO BaXXKHOH OHOXHMHYECKOH peakIWH MOXeT NPHBECTH K
I0lOGHOMY pe3yJbTaTy, TaKXKe KaK aBUTaMHHO3 NPUBOIHT K pas-
JMYHbIM HapyLUIEHHUsIM B CaMBIX Pa3HEIX OpraHax M TKaHsAX.
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¥ suu 1posodunbl, AuuIeHHBIX X-XxpoMocoMbl (MyTanus nullo-X),
TIOJIHOCTBIO TOAABJSAETCS POCT MHTEHCHBHOCTH [IBIXaHHS, NPOUCXO-
aamui B passuBawowieMcs safine {158]. IMoanoe oTcyrcTBHE mpHpo-
CTa MOKa3bBaeT, YT0 U B 3TOM CJydae 3aTPOHYTHl BCe KJETKH, a
HE Kakaf-aH6o uvactb ux. [IpaBRa, mpu 3TOH cepbesHO#l reHeTHue-
CKOH HeXBaTKe Da3BHTHe OCTAaHABJHBAeTCH OYeHb PaHO, Koraa Aud-
(depeHnHalHA ellle He HACTYMHJIA,

bunn v DdpyccH nyreM nepecagkd HMaruHaJbHHX JHCKOB MEX-
Aoy JTHHUAMH Ap030dhHJ ¢ PAa3HBIMH MyTalUsAMM LiBeTa Va3 Moxasa-
JIM, 4TO GOJBUIHHCTBO JIOKYCOB, OTBETCTBEHHbIX 3a 00pa3oBaHue
rJ1a3HOTO NHTMeHTa, (PYHKUUOHUDYIOT aBTOHOMHO, T. €. TOJBKO B
3ayaTkax rnasa [159]. Ho ase myrauuu vermillion u cinnabar, Bbi-
3bIBalOlllie KMHOBApHBIH 1BeT IJa3, He aBTOHOMHBI H BbIpaXKaioOTCs
B M3MeHEHHWH BHYTPeHHell cpelbl JHUMHKH, BJAHSIONIEH Ha Da3sBUTHE
rjaagHoro nurMenra. OkasaJjoch, UTO 3TH MyTalud GJOKHDYIOT Ha-
yaJbHbIE 3Talbl CHHTe3a TIHTMeHTa, a UMEeHHO [peBpallleHue TPHII-
TopaHa B KUHYpeHUH (vermillion) n KMHypeHHHA B OKCHKHHYPEHHH
(cinnabar) [160]. MoxHO npeamogaratb, YTO 3TH JOCTATOYHO OG-
UIHe pPeakilMH OCYIIECTBJSIOTCS He B KaKOM-THGO OJHOM OpraHe,
a TIPOHCXOJAT BO BCeX TKAHNX, a CJAeLOBATeJbHO, BO BCEX TKaHAX
(bYHKUHOHHUDYIOT H JOoKychl vt W cnt. AHanoruuHas HeaBTOHOMHas
N0Kanu3allis CBOHCTBEHHa M JPYroil MyTalliH LBeTa T/1a3 — rosy
[161]. DToT JMOKyC OTBeTCTBEH 3a CcHMHTe3 (hepMeHTa — KCaHTUHJe-
THApPOreHassl, KoTopasg HeoOXOAMMa HJs CHHTe3a OJHOr0 M3 mpel-
LIECTBEHHHKOB KDACHOro MNHTMeHTa Iya3 JAP030¢ bl — H30KCaH-
tontepuHa [162, 163].

PaccmaTtpuBasi Myrauud, 3aTpardBamioliue OTAEJbHBEIE TKaHH,
MBI CTaJKHBaeMcs C TOH TPYAHOCTBIO, UTO OOBeAHHEHHE KJIeTOK
pasHbIX OPTaHOB B OJHY TKaHb (HaNpHMep, SMHUTeNHaJbHYIO) BCer-
Ja HecKOJbKO cy0'beKTUBHO ¥ MOXET He OTPaXKaThb HCTHHHOM o6II-
HOCTH HJIH pa3nuuui. Ho oueBHIHO, 4TO Bce KJETKH KpacHOro Kpo-
BSIHOTO Psfa SIBJAIOTCH OXHOH TKaHblo. [ToaToMy Bce MyTauuu, 3a-
TparuBalolllve reMOIVIOOHH, ABJAAIOTCA, 6e3YCJOBHO, ClHenudHUHEIMA
ISl 3TOH KaTeropHH KJaeToK. OIHAKo, BBILeasss MYTalMH, Xapak-
TepHble HMeHHO AJs TKaHH, a He AJA OpTaHa, MbBl MMeJH B BHUIY
NMOKa3aTb OOIMHOCTb HEKOTOPBIX TI'€HETHUSCKHX (YHKUHH, KOTOpBIe
O0bEeIMHSIOT CXOJNHbBle KJETKH H3 Pa3HBIX opraHoB. B aToM cMelcae
PETHKYJIOLHTH He SIBAAIOTCS MOKasaTeJbHBIM NpHMepoM. Bosee uH-
TepecHa MYTamUs KPHIC — XOHAPOAHCTPOUS, 3aTparuBaiouasi, Kak
nokKasblBaeT Ha3BaHHe, oGpa3oBanue xpsauia [164). Henopassutue
XDSIIeBbIX KJETOK B TOA HJIH HHOM CTeleHH 3aTparuBaeT BCe Opra-
Hbl, HO IOJHOH PaBHOLEHHOCTH B 3TOM IIpolecce HeT M HauGosee
CHJIbHble HapylleHUs O0HAapYXHUBAIOTCS B Pa3sBHUTHH XPSILIEBOTO CKe-
Jera pebep u rpyaunbl. [locjefcTBueM 3THX HapylueHHH sB/sAercs
UeNBH pAJl BTOPHUHBIX YPOACTB, NPUBOASIIHX I'OMO3UIOTHBIX MyTaH-
TOB K ru6enu. 3Ta MyTalHs XOpOIIO HJIJIOCTPUPYET UMEHHO TKaHe-
BO€ NMPOfIBJIeHHe H OTHOCHTENbHYIO He3aBHCHMOCTb OT TOTO, B KaKOM
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opraHe 3Ta TKaHb au¢depenuupyercs. OnHako Xaxke B OTHOLIEHHH
pa3BHTHH TOTO XKe CKeJeTa 3TO JaJeKo He Bcerjla Tak.

Myrauuu, 3aTparsBaillige TOJIbKO ONpeje/eHHble KJIETKH Ompe-
JleJIEHHBIX OpraHoB, HauboJiee YacThl, ¥ Mbl MOXeM NPHBECTH 3JeChb
JUllp HeGOJIBLIYIO YacTh H3BeCTHHIX caydaeB. IIpomoskas pac-
CMaTpHBATh HAPYIIEHHS CKeJeTa, HHTEPECHO OCTAHOBHTLCA Ha ABYX
MYTalUHaX, BCTpedalomluxcs y Teast [165]: oaHa nox HasBaHHeM
«KODOTKHH XxpebGeT» Jesaer KHUBOTHBIX TIOXOXXHMH Ha OJIeHs, a BTO-
pas — «aMIyTHPOBaHHLBIE® — NPUBOJUT K pe3KOMY YKOPOUEHHIO
KOHEUHOCTeH, KOTOphle BHIIVIAAAT KaK oTpesaHHble. B oboux ciy-
Hafx 3TH HapYIIeHHs He €IMHCTBEHAble, HO 3aTPArHBAaIOT OHH TOJb~
Ko ckesieT. OfHaKo B OTHOILEHHH TOr'O, KakKas 4aCTh CKeJeTa nopa-
XKaercqd, ob6e Myrauuu Kak OBl JOMOJHSAIT APYr Apyra. ¥ TeJsT,
MYTaHTHBIX 10 TeHY <«KOPOTKHH XpebeT», YPONJHBLIMH SBJSIOTCH
pebpa, rpyldHa W TO3BOHOYHBIH CTOJ6, a uepemn, UYeNIOCTHBIE KO-
CTH, Ta3 M KOHeYHOCTH DPa3BHBAIOTCH COBEPLIEHHO HOPMaJbHO.
Y MyTaHTOB )Ke «aMIyTHPOBaHHBIE» Bce MPOHCXOAUT Hao6OPOT: mo-
3BOHOYHBIH cT0/10, pe6pa M TPYAHHA y HHX HOpDMaJbHHL, a NMOpaxe-
HUe 3aTparuBaeT uepeln, YeJIOCTHBlE KOCTH, NJeueBOH M Ta30BHIA
nosic ¥, ocobeflHo CHJABHO, KOHeYHOCTH. Bo3aMoXHa U ellle 6oJiblnad
cneumdryHocTh 3dpdexra. ¥ cBHHeli ¢ MyTaluell «oOTeKaeMbie»
[166] Bce wacTu Tema pasBHBAIOTCS HOPMaJbHO, KpoMe 0GeUX map
HOr, KOTOpHle TOJIHOCTBIO OTCYTCTBYIOT. CJleflyeT YHOMSHYTb, 4TO
edte JlapBuH omuca/j HECKOJbKO IIOKOJIeHHH CBHHeH, DOXKIaBLIMXCS
ToAbKO 6Oe3 3anHux Hor. M3 comocraBieHns Bcex (aKTOB CTaHO-
BHTCA OUYEBHAHO, YTO €CThb T'eHbl, KOTOpble QYHKUUOHUPYIOT BO BCEX
CKeJIeTOTeHHbIX KJIeTKaX, B KJeTKaX HEeKOTOPbIX YacTell cKeneTa H,
HakOHel, TOJbKO B KJeTKax JaHHOTO THNA KOCTH WJIH Xpsila.

MoXHO TpHBecTH NpHMephl ellle Gojiee CTPOroi JIOKAaJIM3allHH
reHetuueckoro sgdekra. Tak, Myrauus Mbluei dwarf — Kapauxo-
BbIfl POCT— 3aTparuBaeT TOJbKO 303HHO(H/BHbBIe KJIETKH NepexHel
noau runodusa [167—169]. Benencteie storo y Muueit He ofpa-
3YIOTCA TOPMOH poCTa H FOHAAOTPONHbBIE TOPMOHEBI, NIPOAYLHPYeMbIE
runo®u3oM, B pe3yJbTaTe uero HapylllaeTcs PocT U HeIOpas3Bu-
BalOTCH TOHARBI.

IIpn Myrannu «6e3majoukoBasi CeTYaTKa» Y AOMAIUHHX MBITERH
ri1a3a BHelllHe HOPMaJbHbl, HO MBIH CJeNbl. JTO CBA3aHO ¢ TeM,
YTO, XOTSl B Iv1a3y HOPMaJbHO Pa3BHUTH Bce OGONOUKH H INPHCYT-
CTBYeT CeTuaTKa, B ‘Hell AuddepeHUMPOBaHbl TAHTJIMO3HLIA CJOH H
BHYTPEHHHH SIAepHBIH CJOH, HO HAPYXHBIA sAAepHBIA caOH ¥ c/o#t
naJjoyeK MOJHOCThIO oTcyTcTBYIOT [170].

Lemasta ¢ myrauuelt shaker BBITYNJSIIOTCS COBEPLIEHHO HOp-
MaJbHBIMH, HO B UYeTHIDeXHENeJBHOM BO3pacte Yy HUX HauuHaeT
TPSACTHCDH rosioBa (shaker — TpsicyH), a 3aTeM HapyluaeTcsi RGOPIH-
HallUg ABHXKeHHH: OHH He MOTYT CTOATb, €CTb H NOrufaloT OT HCTO-
wenns. IlpyunHa 3THX HapyllleHH# COCTOUT B CrenHpHuecKoR Je-
reHepauun Kiaetok [IyprRuHBe B Mo3sxeuke. [171].. -
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TaxuM 06pasoM, MOJydYeHHble AaHHBIE XODOLIO COTJIACYIOTCH Y
TOATBePKAAIOT NPeACTABJICHHA O TOM, 4TO AH(bdepeHIHPOBKA CBf-
3aHa W oOycaoBjaeHa (yHKUHell HaGopa TeHOB, CHeUHdHYECKOro
I KaXXAoro BHJAa KJETOK; NPH 3TOM OJHH TeHbl AKTHBHBI BO
MHOTHX WJIM JlaXe BO BCeX BHAAX KJIETOK, B TO BPeMsl KakK APyTHe
GYHKUHOHHUDPYIOT TOJBKO Y OMHOTO CHenHpHYeCKOTO BHAA KJIETOK,
MOXKeT ObITh Jajke He O4YeHb MHOrOYHCJEHHBIX.

Bompoc o Tom, ocyliecTB/IsIeTCS M IIpollecc Pa3BUTHS JaHHOMO
BHJAa KJETOK TOJbKO 3a CHeT aKTHBHOCTH T€HOB, JOKAaJH30BaHHEIX
BHYTPH S3THX K€ KJETOK, HJIH 3a C4YeT BJIHSIHHA JPYTHX YacTelt
OpraHusMa, ‘paspellaercd, KaK [pPaBHIO, IyTeM TpaHCIJaHTa-
IUHH MeXJy MyTaHTHBHIM H HOPMaJbHBIM opraHuaMamMu. Hapo, on-
Hako, HMeTb B BHAY, 4TO H 3TH ONLITHI HE BCErJa MOTYT AaTb OJHO-
3HAYHBIH pe3yJabTaT, 0COOEHHO ec/aH JejaeTcsl BHIBOL O HEABTOHOM-
HO# 3aBHCHMOCTH. IIpHMepOM, MOKa3bIBAIOUIHM HCTOYHHK BO3MOXK-
HOH OLIMGKH, MOTYT CJAYXKHTb ONBITHI C TpaHCIJIAaHTalHed Ha HOp-
MaJibHble pPAcCTEHHS [POPOCTKOB PACTEHHH, HEeCYUMX MYTAlHIo, [10-
JAaBJAPILYI0 cHHTe3 Xjaopoduiana. Ilpu pocte B 06BIUHBIX YCIOBHAX
3TH pacTeHUsl GLICTpO NMOTHGAIOT, HO NPHBHTble HA HOpMaJbHble pa-
CTeHHs, OHH 3eJIeHEOT B HEKOTOpOl CTeleHH M, IiaBHOe, 0o6pasyioT
JHCTBSl, LBeTH W MAaxe ceMmeHa [172, 173} Tlpw noBepXHOCTHOM
[OJAX0Ae MOXHO OblIO OBl AyMaTh, 4TO rubesib HaZ3eMHBIX yacTei
pacTeHHsl He aBTOHOMHA H BBI3bIBAETCS MYTAUMOHHBIM [OpaXeHu-
€M KOpHeH, TaK Kak NpPHBUBKa cTelJisl Ha 3J0DOBOE pacTeHHEe Cla-
caer MyraHT. OQHAKO B JefCTBHTENBHOCTH BCe OOCTOMT HA0GOPOT:
NepBHYHO TIOPAKAKTCA KaK pa3 3e/eHble yacTH pacreHus. Pesyib-
TaT 3KCIepDHMEeHTa BIIOJIHE NOHATEH — HecrnocoOHble K GOTOCHHTE3Y
pacTeHHs noru6aior, Korja HcueplbIBaeTcsl NMHTaHHe, COfeprKalle-
ecs B CeMeHH, HO NIpH NPHBHUBKE Ha HOpMAaJbHOE pacTeHHE OHU IIO-
Jy4aloT 370 nuTaHue. BMecre ¢ TeM ficHO, YTO MyTalHs sIBJAeTCA
aBTOHOMHOH M B MYTAaHTHBIX KJeTKax xJaopoduis He obpasyercd,
B KakHX Obl YCJOBHSIX OHH HH HAaXOLHJIHCh. B JaHHOM ciyuyae 3TOT
BONPOC JIETKO peluTh 6jarofaps TOMy, UTO NpHYMHA THOEIH H
MexXaHU3M MYTalluy OUeBHJHBl M JIETKO NMOJAAIOTCS HCCJAENOBaHHIO,
B OGoablIHHCTBe XKe CJAyyaeB HenmocPe[ACTBEHHASs NPHUYMHA rubean
Ee H3BeCTHa, H PelluThb Bonmpoc 06 aBTOHOMHOCTH He Bcerka ObiBaer
JIETKO.

TIpuMepoB aBTOHOMHBIX JIETAJbHLIX MYyTalull OuYeHb MHOro. Tax,
3a4aTKH Xpslla 3MOPUOHOB MBIIIH ¢ MyTaltMeHd XOHAPOILUCTPOGHH
MPOABJSIOT ABTOHOMHOCTH NPH Nepecajkax B HOPMaJbHOE MKHBOT-
HOoe, OGHAPyXXHBAas TaKHe Xe JereHepalHOHHble H3MeHeHHs, KakK H
B MyTaHTHOM opraHusme [164]. Ecau ot Kyp ¢ Myraunueh fizzle
(3aKpyyeHHOCTD flepbeB) MepecagHTb KYCOUKH KOXKH K HOpMAaJIbHBIM
JKUBOTHBIM, TO LUBET H faToJioriueckass ¢opMa mepbeB COXpaHATCA
H Ha MecTe nepecafixu [156].

- I1puMepsl 3aBHCHMOCTH Da3BUTHA OCOOGEHHO OMEBHAHBI MPH Ha-
C/IeICTBEHHbIX TIOPAXKOHHAX IHJOKPHHHOM cHcTeMBl. Tak, Bce cloOX-
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Hble aHOMaJMH Pa3BHTHA Yy Mbillell ¢ Mytaunei dwarf o6ycaoBieHbl
nopaxKeuueM nepefHeil A0ad THIMOGH3a, HO HE NPAMBIM JHeHCTBHEM
TeHOB Ha Jpyrue opraHbl. Takum e o6pa3oM Bce MyTalluH, 3aTpa-
rHBaloliye CHCTeMy KpOBOCHaOXKeHHS, — HelOPa3BHTHe cepAaua,
cnabas BacKyJaspu3auHs, aHeMHS — IPHBOAAT K HapyIIEHHIM B
pPasBHTHH Iy1a3a, Tak Kak AuddepeHUHPOBKa CETYATKH H ITHTMEHT-
'HOro cJIosi CBA3aHa C HX KpoBocHaGxKeHHeM. B0O3MOXHBI cHTyalluH,
KOTZa NpH TNJaeHOTPONHOM 3(pdekTe eIHHCTBEHHOTO reHa OAHH IO-
paxKeHus CBSI3aHBl C aBTOHOMHBIM IPOSBJeHHEM, a JApYyrHe —C
3aBHCHMBIM. TIpn MyTauuu creeper y UBINJAAT Nepecajgka 3ayaTKOB
KOHeYHOCTell HOPMaJbHOMY 3aPOABINY HJAH B KYJbTYPY TKaHH NpH-
BOAMT K TAaKHM Xe AHCTPOodHYEeCKHM HapylIIeHHAM CKeneTa, Kdk
H B MyTaHTHOM opraHH3ame [174]. B To e Bpems rsasa, KOTophle
y MyTaHTa creeper 0OHapYKHBAIOT PAJ aTOJOTHYIECKHX H3IMeHeHHH,
B HOPMAaJbLHOM OpraHH3Me PasBHBAlOTCS 6e3 BCAKHX HapylueHHH
[175]. CnoxHee cnydail ¢ nepecaaKoil KOXH OT Mbllilei ¢ MyTauuelt
rhyno Ha cnMHY HopManbHbBIX Mbimed. Koxka 3THX Mblmell rosas
H HMeeT CKJaJKH, JenaloHlie ee MIOXOXeH Ha KOXY Hocopora
(Rhyno). Tlpu nepecajike 3THM MbliIaM HOPMAaJIbHOH KOXH OHa
pasBHUBaercsAd COBEepIIEHHO HOPMAaJbHO, He OOHAapyXHUBas BJIHSHUSA
MyTaHTHOTO Xx03suHa [176]. UHas kaptHHa HabaofaeTcs NpH nepe<
cajJKe KOXHM MyTaHTa Ha CNHHY HOPMaJbHBIM KHBOTHHIM. lleHT-
pajbHasd 4acTh HMINVIAHTATa JIHIIEHA BOJOC H HMeeT TaKHE XKe
CKJaJKH, KaK y MYTaHTHHIX XXHBOTHHIX, HO Ha nepudepHuecKoit
YacTH TPAaHCMJAHTaTa BHIPACTAIOT HOPMaJbHBIE BOJOCH. DTO IOKa-
3BIBAET, YTO NPOSBJEHHE MYTAalUHH aBTOHOMHO, HO H3 KJETOK KOXH
X035IHHA MOTYT MHTPHPOBAaTh BEHIECTBA, OTCYTCTBYIOLIHE B MYTAaHT-
HBIX KJEeTKax H HeoOXOOHMEIE AJsi pocTa Bosaoc. MyTaHTHBIE KIETKH
MOTEPSIW CHOCOGHOCTh NPOU3BOKHTL 3TH BEHIECTB2, HO COXPaHHJH
cnoco6HOCTb X YTHJAH3UPOBATh U AU(PGEepeHIHUPOBATLCA B HX NpH-
CYTCTBHH.

B sakaioueHHe MBI PacCMOTPHM cJiyuail, KOrja pasBHTHe INpH-
3HaKa, O6YCJOBJEHHOrO ONXHHM TI'€HOM, CBA3aHO H C NPSIMBIM aBTO-
HOMHBIM €ro fAeiCTBHEM, M C ONOCPEJIOBAHHBIM BJIMSIHHEM CpEHHI,
H3MEHEHHOH TeM e TreHoM. Peub HAeT Bce 0 TOH XKe MyTauuu
Muiei yellow. ['OMO3UrOTHBIe KUBOTHBIE ¢ 3TOH MyTallHeHd He cy-
HIECTBYIOT, TaK KakK noru6aloT Ha paHHUX IMOPHOHAJBHBIX CTaJH-
AX; MX MOJIYYEHHE COCTOHT B CKDEHIHBAHHU CaMia M CaMKH C TE€HO+
THIIaMK + /A , T. €. TeTepPO3HTOTHHIX MO 2TOMy reHy. B 259% cayuaes
sapoabiid O6yAyT uMerb reHotun AY/A Y. Pasputue 3THX 3apojbl-
el MPOMCXONHT He B HOPMAaJBHOH cpefle, TaK KakK HOPMaJbHBIH
annenb 3tToro reHa o6Jjgajzaer TOJbKO OTHOCHTENLHOH MOMHHaHT-
HOCTBIO, H MaTepH, FeTepO3HTOTHBIE MO 3TOMY [PH3HAKY, OOHapy-
JKHBAIOT HEKOTOPHIE OTKJIOHEHHS OT HOpMbL. Uro6bl n3bexaTb BAHSA-
HUS 3THX OTKJOHEHHH, STMUHHKH OT caMOK + /A¥ nepecaXHBajHCb
HOPMaJIbHBIM caMKaM /4, KOTopble CKPEIIMBAJHCh C CaMIaMH
+ /A v [151]. B pesyabrate 3Toro 25% 3apoiblieii HMeJH TeHOTHI
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/4%, Ho pa3BHBaJuCb B HODMa/JIbHOM MaTEepHHCKOM OpraHusMe
+/+. Tlpu cpaBHeHHH 3THX 3apojbllleli ¢ KOHTpoJeM (TOT Ke
TOMO3HTOTHHIA FeHOTHN, HO cpena +/AY) Gbau oGHapyXeHH yer-
KHe OTJHYMA. Y 3apojbllieli B HOPMAJbHOM OKPYKEHHH HabJI0na-
eTCsl HeKoTopas HesHauuTelbHasa AHG(epeHUHPOBKA (B KOHTpOJE
€e HEeT COBCeM) M KOJHYECTBO KJETOK K MOMEHTY TIHOelH BIBOE
NpeBBIIIAET KOJHYECTBO KJETOK B 3apoamillax KoHTpoas. OXHakKo
AETeHepanHusi KJAeTOK B 06OMX CAyYasx HacTymaer B OJHH H Te XKe
cpoku. Takum o6pa3oM, XOoTs OCHOBHOH 3(h(eKT — paHHAA jere-
Hepaluusi — CBSi3aH ¢ aBTOHOMHBIM JefiCTBHEM I'eHOB, yacTbh 3ddekTa
MOXeT ObIThb BbI3BaHA W BJIHSHHEM MAaTEPHHCKOTO OPraHH3Ma, He-
CyLIero TOT K€ I'eH B TEeTEPO3HIOTHOM COCTOSIHHMH.

Takum 06pa3oM, ynpouieHHO HJAH NPOCTO HEBEPHO CBOAMTH BCIO
I depeHUHPOBKY KJIETKH K ONpeleleHHOH Moc/aef0BaTeIbHOCTH
GyHKUMU reHOB. 3HAUHTENbHYIO, XOTA H He BeAyllyl0 POJb Hrpaer
TaKXe B3aHMOJEHCTBHE I'€HOB, OCYILECTBJASEMOE MeXIy KJAeTKaMH
B BHIE MHUIpalli¥ OmNpeleJeHHbIX BellleCTB, KOHTPOJHPYEMBIX HMH.

ITpuMepoM TaKux BAHAHHE SBAAIOTCA HHAYKUHOHHBIE B3aUMOMeH-
CTBUSI COCETHHX TKaHeHl H ropMOHaJbHAafl CHCTEMAa peryJsiiHu,

* % %

JlaHHble, MpuBefeHHble B 3TOM Dasiene, ABASIOTCA MNPAMBIM 10-
Ka3aTeJbCTBOM [OJIOXKeHHsl, HeOJHOKPATHO YNOMHHAaeMOro ¥ paHb-
e, 0 TOM, YTo (DYHKUMS reHOB B Da3BHTHH MEHseTCs BO BPEMEHH
M B Pa3JHYHBIX KJeTKax 3apoiplllia. ¥Xe caMble HadaJbHbIE 3TaMbi
MopdoreneTHueckoll (GYHKUMK silep OOHApyXHBAIOT 3aKOHOMEpHOe
pacnpeneneHne aKTHBHOCTH BO BpPeMeHH, crnelH(UYHOE A/ KaXKJo-
ro Buja. B npanpHeiiiiem pasBUTHH — 3MOPHOHAJLHOM M I1OCT3M-
OpHOHAJIBHOM — JJIsl KaXKJOr0 reHa XapakTepHO CBoe pacnpenene-
HHe aKTHBHOCTH.

O6mas nporpaMMa reHeTHYecKofi (GYHKUMH SBJASETCH AByMep-
HOM, TaK KaK B KJeTKax pa3HbIX OPraHOB M TKaHell IJaH reHeTHye-
CKOH aKTHBHOCTH -passiHueH. ECTb reHbl, QyHKIHOHHDYIOIIME BO BCEX
KJeTKax W NPaKTHYeCKH B TeueHHEe Bcell XKW3HM opraHusMa (Hampu-
Mep, TeHbl, ONpefesiollle CHHTe3 AbIXaTeJbHbIX (pepMEeHTOB), H re-
Hbl, QYHKIHOHHPYIOIIYE TOJNBKO B OJHOM BHIE KJETOK H B TeueHHe
TOJIbKO OJHOT'O KOPOTKOIO OTpe3Ka pa3BHTHUA (reHbl, OTBETCTBEHHBIE
3a nocJsefHde 3Tanbl IH(QepeHIHPOBKH ClelHaJH3HPOSaHHbIX KJle-
TOK, HanpuMep Kiaerox IlypkuHbe)., MeXIy 3THMH KpaHHUMH Ba-
pHaHTAM{ BO3MOXKHBI BCE MBICAUMBIE BHABL pacrnpeaeeHus, U I0J-
HOe NOHMMaHHe TeHEeTHYECKOr0 KOHTPOJS HajJ CTaHOBJEHHEM I[pH-
3HaKOB TpeOyeT 3HAHHA 3TOrO IPOCTPAHCTBEHHOrO pacmpeje/ieHHs.
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1. Tenetnyecknii KOHTPOJIb
Haj CIOXHBIMH MNPH3HAKAMH

1) B3aumopeicTBHe reHOoB B Pa3BHTHH

B Hayasne 3TOM riaBEl MBI FOBODHJIH O TOM, UTO IIOHSITHE «IPH-
3HaK» MOXeT DacCMaTpPHBATbCA HAa PasHHX YPOBHAX — OT CHHTE3a
6eJKOBBIX MOJIEKYJ IO CJIOXKHBIX Mopdosorndeckux H ¢yHKUMO-
HaJbHBIX yepT H ocobGeHHocTell opraHuaMa. Uem cioXHee NpU3HaK,
TeM TpylHee HCCHeNOBaHHE €ro reHeTHYeckod OOYCJIOBJIEHHOCTH.
TpynrocTn cBsizanel mpexpe Bcero® ¢ TeM, 4To B (opMHpOBaHHe
C/JIOKHBIX IDH3HAKOB BKJIOYAIOTCH MHOTHE I€Hbl M aHa/JH3 HX DOJNH
He MoKeT ObITb Npou3BeldeH OGBIYHBIMW THODHAOJOTHUECKHMH Me-
TOLaMH, a4 XapaKTep paclllelJieHHs He ONHCHIBAeTCSA TAaKHUMH INpoO-
CTHIMH 3aBUCUMOCTAMH, Kak 3:1, 15:1 u 1. a. [Tonobuoe mocaeno-
BaTeJbHOE BKJ/IOUeHHE H B3auMOJeHCTBHE TE€HOB MOXHO YBHIETH,
paccMOTpeB paHHUEe CTafud SMOPHOHAJBHOTO Pa3BUTHSA, HAampHMep,
y amcpubuil.

IlepBas rpynna reHoB BKJIOYaeTcs ellle B OOTeHese, NPH pocTe
H CO3peBaHHH oouuta. Y aMdubuii 9Ta aKTHBHOCTb BBIpaXKaeTcs
B 00pa30BaHUH B THraHTCKOM sfpe (3apOJbLILIEBOM NY3BIpbKe)
«JIaMIOBBIX LIETOK», KOTLa COTHH FeHOB BIOJIb KaXJOH XPOMOCOMBH
o6pa3yloT ner/id, BbICTynamlHe omnepek ocw xpoMmocoMm [177].
Kaxnas u3 HUX NPEACTaBJAseT aKTHBHOCTb OJHOTO I'€Ha UJH HeGOJMb-
IO# rpynnbl reHoB. XapakTepHO, UTO TakKas CJA0OXKHas W cnelHdHY-
Has nu¢depeHUHpPOBKA XPOMOCOM, KaK «/JIaMIOBBe IIETKH», OKa-
3biBaeTcd 0O6paTHMOH M B XOZe OBYJSLHA H3 HHX ONATH 006pasyoTcs
OObIUHEIE XPOMOCOMEI, cojlepKalllie MOJNHYIO TeHeTHUECKYIo HH(pop-
Mauuio. XOTs B OOreHese ONHOBpeMeHHO (YHKIMOHHpyeT O4YeHb
6oJiblllne YHCJIO TeHOB, X KOJIMYECTBO BO MHOrO pa3 MeHblle 00-
ILero YucJa reHoB U OXBATHIBAET TOJIbKO HEKOTOPblE XPOMOCOMHLIE
JIOKYCHI, B TO BpeMsl KaK NMPOMEXYTKU MeXAy HUMH Ha 3TOH camoi
paHHeH CTaJud OHTOreHe3a OKa3sblBaloTcs HedYHKUHOHHDYIOUHMU.
HecmoTps Ha BCIO BaXKHOCTh PAaHHUX IPOLLECCOB Pa3BHTHA, KOJHYE-
CTBO T'eHOB, HX OTpeleNsIOUliX, 10-BHAHMOMY, He npeBrimaer 1—3%
oT obuero 4ucsaa, a, Moxer GbiThb, COCTaBJfET TOJLKO XOJH TPO-
neHTa. B pesyinbrarTe mesTeNbHOCTH 3THX reHoB GopMmupyerca IH-
TOIJIa3MaTHyecKas CTPYKrypa safina u ofecneudBaercs OOmJasMa-
THYecKas cerperauusa. Y am¢pubdii oHa, Kak YyxkKe YKasbBajnoch,
COCTOHUT B 06pa30BaHKHU TPeX NEPBUYHBIX LUTONJIA3MATHUYECKUX 30H,
COOTBETCTBYIOINX JH((depeHIHPOBKE 3KTOAEPMbI, Me304epMBl H
sHTOfepMbl. OIHAKO OOMJIa3MaTHYecKas cerperauus ONpenesseT He
BC€ CBOHCTBA 3apOJbIIIeBLIX JHUCTKOB, 8 TOJbKO HX TPOCTPAHCTBEH-
HYIO JIOKaJH3aLHUI0O M, YTO HE MeHee BaXKHO, Te CBOHCTBA, KOTOPHE
B HayaJje TacTPyJsilHW aKTHBHPYIOT T'eHbl, CrelH(dHYHO (YHKUUO-
HHPYIOIIHe TOJLKO B 3KTOJEpMe, Me3oJepMe HJIH 3HTojepMe. IIpo-
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ABneHAe QYHKIUY 3TUX reHOB HaUHHAeTCs Jo HayaJa TacTpyJasivy,
HO yXe focje TOTO KaK f/pa pacHpOCTPaHAIOTCA MO BceMy sfiny
H OKaXyTCs B COOTBETCTBYIOLLEM HHUTONNA3MaTHYECKOM OKPYXKEHHH.
Taxkum o6pasoM, nepBbil 3sran AuddepeHNUpPOBKH B 3apoibllle
(o6pasoBaHue 3apOABIILEBLIX JHCTKOB M peaJH3alds HX CBOHCTB
B BHAe MopdoreHeTHUeCKHX INeDEMeELeHHH B XOJe TacTpy/AlHH)
TpefyeT yyacTHs W B3aHMOJEHCTBHS ABYX Tpynn TE€HOB — TeX, KO-
TOpble OBIJIH aKTHBHBEI B OOreHe3e, O6ecleyn/H cerperauuio U mpe-
ponpeneauau GopMHPOBaHHE BCeX TPeX JHCTKOB, H TeX KOTOpHIE
OblH aKTHBUDOBAHbBl Mepel TacTPyasiliveil B KaXKJOM JHCTKE OT-
JAeJpHO MNPOAYKTaMH OONJIa3MaTHUecKod cerperanuu W Habop
KOTOpHIX crnenuduyeH I KaxXIOTo 3apOJBLILIEBOTO JHCTKA.

[Tpouecc B3aumMopeHcTBHA TE€HOB NpPOAOJNKAETCS H B JajbpHeH-
1lleM pa3BHTHH. DKTOLepMaJbHbE KJAeTKH, KOTOpPble 0Ka3bIBaloTcHd Ha
CIIMHHON CTODOHe 3apoJbillia HaJd 3a4yaTKOM XOpAOME30LepMHI,
JubdepeHIHPYIOTCS B HepBHBIE KJETKH. JTO INPOHCXOAUT BCJe-
CTBHE TOrO, UTO aKTHUBHbIE TeHBl B KJeTKax 3ayaTka xopJel obec-
neyuBaloT 06pas’oBaHHe HHAYLHPYIOUIHX BelecTB, KOTOpPble MHIPH-
DPYIOT B NpPHJEralIyl0 K HHUM 3KTOJAEPMY H AaKTHBHDYIOT B HeH
TeHBl, crnenuwdyyecKd aKTHBHHIE TOJLKO B 3ayaTKe HEPBHOH cHCTe-
mel. Takum o6pasoM, 3a mpouecc Aud¢epeHIUpPOBKH CTAHOBATCS
OTBETCTBEHHBIMH ellle JBe I'DYINBI FeHOB — XOPALI U HEPBHOI Tpy6-
Kd. B nponecce pajbHeflllero Da3sBHUTHS aKTHBHDYIOTCH BCE HOBHIE
TeHBl, B UTOre CBOHCTBA HEPBHOH KJAETKW KOHTPOJHPYIOTCA MHO-
THMH JecATKaMH, COTHAMH, a BO3MOXHO U TbicgYaMH redos, (yHK-
IHOHUPYIOUIHMH HA TOCAeN0BaTeNbHBIX CTaJHAX pa3BHTHA H Ipsi-
MO HJH KOCBeHHO ofecneuuBamwILUMH AHPGepeHIHPOBKY HEpBHBIX
K1eTOK. AHaJorHyubiM 06pa3oM, HO ¢ ydyacTdeMm #HOro mnabopa re-
HOB, nu¢depeHNHPYIOTC U BCe ADYrHe KJeTKH.

Ecau paccmarpuBath npo6jeMy pasBuTHS B GOpPMaJIbLHOM, YHC-
TO I'eHEeTHYeCKOM acHeKTe, HCKYCCTBEHHO OTBJIEKafiCh OT MEXaHHU3-
MOB OIOCDEJOBaHUsl TeHEeTHYECKOro JeHCTBUsS, TO BCe Da3BUTHE
MOXXHO CBECTH K B3aHMOJefiCTBHIO TeHOB MeXay coboif, nmpuyeM
NPOCTPAHCTBEHHHI U BPEMEHHOH XapaKTep HX B3aHMOAeHCTBHA H
BLIOOD cBSi3ell MeXJAy HHMH OIpefleisieTC CAMUM e TeHOTHUIIOM.
Bce comaTHyecKue 3JeMEHTHl KJAETOK 3apojibpillla CJAyXkKaT TOJbLKO
MEeXaHH3MOM [Js peajH3alid 3TOTO MEXTeHHOrO B3aHMOJAeHCT-
BHUSI.

2) YuacTHe BHELIHHX YCJOBHMA
B (DOPMHPOBAHHHM CJOXKHBIX NPU3HAKOB

B mnpomecce 3>MOpHOHaNBbHOTO pPAa3BHTHS TeHOTHN 3apOJbILIA
ABJeTCS TNOYTH eJHHCTBEHHBHIM MCTOYHHKOM HWHQOpPMaUHH, K KO-
Topolt Ho6apasieTcst JUIL HekoTopas HHbOpMAaNHus, NPHBHOCKMas
MaTepUHCKUM OPTaHH3MOM. YyacTHe BHellHell cpelrl, KaK HCTOY-
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HUKa HHGoOpMauHH IJS DA3BHTHHA, B 3TOT INEpPHOJ HEBEJHKO, NO-
CKOJILKY 3apOABIII NpHCHOCO6/]eH K TeM YCIOBHAM, B KOTOPHX OH
pasBuBaercs, H HH(poOpMaUHA O HHX TEM CaMbIM YXe BKJIOUEHA
B ero reHotun. KosnebaHus ycnaoBHL BHeIIHeH cpeAbl He MOTYT
HeCTH mnoJie3HOH HHGpOpPMaLHUH, TaK KaK CaMH 3TH KojebaHHsA He-
2aKOHOMEPHE! H OOGBIYHO MaJjio CBA3aHBI C TEMH YCJOBHSIMH, B KO-
"TOPHIX OKaXXeTCs OPraHH3M B NMOCTIMODHOHAJBHBI NMEpPUON; H3Me-
HeHHe XO0Ja pa3BHTHA (HMchoJb30BaHHe HH(OpPMAILHH) MNOA BJHS-
HHeM NoZo6HBIX KoseGanufl, KaK NMpaBHJIO, HE MOXKET HMETh ajamn-
TUBHOTO 3HaU€HHS, H B 3BOJIONHH ObUIM BHIpabOTaHBl NMPHCIOCOO-
JeHHs (06GoJiouKH, 3amachl NMHTAHHS, PEry/adlHsA), 3all{ilaiolue
3apOABII OT cayyalHBIX KoJeGaHHil (eC/H OHUM He BBIXOAAT 3a
npeflenbl (QU3HOJOTHYECKOTO ONTHMYMa, K KOTODOMY OpraHH3M
npucnocobsen). MoxHO, OXHAKO, OXHAATb, UYTO B HEKOTODHIX Cly-
yasix Takue (pakTopbl, KAK TeMNepaTypa, COJEeHOCTb BOJH, HEKOTO-
pble TODMOHBI MAaTePHHCKOr0 OpraHH3Ma y MJIEKONHTAMOUIUX, MO-
TYT CJAYXUTb <«CHTHaJoM» 06 ycjaoBusix OyAyllero W BLI3BIBAThL
ajJanTUBHbIE TOATOTOBHTE/bHbIE H3MEHEHHUS K 3THM YCJIOBHAM.
Tak, TeMnepatypa Moxer ObITb CHTHaJIOM O BPeMeHH roga H Mo-
)KeT NPHBOLHUTH K PAa3BUTHIO CE30HHBIX Pac y HEKOTOPbIX HHU3LIHX
pakoo6pasHbix. CTeneHb COJIEHOCTH BOAbI MOXKET CJYXHTb CHTHa-
JOM 1451 o6pasoBaHds MoAuGHKAaUUH B CTDOEHHH XBOCTa y pauka
Artemia salina.

B ciyyae HacryniieHusi mOBTOpHOH GepeMeHHOCTH y KopMsuleir
KpbICEl H3ME@HEHHe TOPMOHa/bHOro (GoHAa B CBA3H C KOpPMJEHHEM
SIBJSIETCSl CHTHAJOM [Jsl HacTymJeHdHs Auanaysbl B PasBUTHH 3a-
pOABILLIEH.

Kak yxe ykasbiBajoch Bhillle, KOJTHYECTBO HHGOpMalHH, KOTO-
poe MOXeT MOCTYHNHTb B 3apOJbIll H3BHE, OUeHb HEBEJUKO H NpH
MOMBbITKE OLIEHHTb €ro B OGHTax OKa3blBaeTcsi MO MeHblled Mepe Ha
TPH NOpsAAKa (a BeposTHee, HAa YeTHIpe-NATb) MeHbIe KOJHYecTBa
reneruyeckoin uudopmanuu {178].

OpxHako B mocTaMOpHOHAJNBHBIR NMepHOA pa3BUTHS, npH dHopMu-
pOBaHHH MHOTHX CJIOXKHBIX NPU3HAKOB, B YaCTHOCTH INDH3HAKOB,
CBA3aHHBIX C POCTOM, Pa3MHOXEHHEeM H TIOBeleHHeM, DOJib BHeMI-
Hel cpelbl, KAK HCTOUYHHKA HH(OpPMAUHH, Ype3BBIYAHHO BO3paCTaeT
H OLIEHHTb POJIb HACJHeICTBEHHOrO M BHELIHEro KOMIIOHEHTOB OKa-
3bIBaeTCs OueHb TPYIHO.

MHorue x037HCTBEHHO-BaXXHble NPU3HAKH JOMAIIHUX XHBOT-
HBIX MOTYT JIHLIb YaCTHYHO ONpefesnfTbCs HAac/eINCTBEHHBIMH CBOMH-
CTBAMH, a8 NPAKTHYeCKH OHH ILeJIHKOM 3aBHCAT OT YCJOBHH KODM-
JIeHHS H cojepxkaHud. B To XKe BpeMs Apyrue mnpH3HaKH GoJgee
aBTOHOMHBl OT BHEIUHEH Cpelbl, XOTS H MOTLYT OBITb HMH CHJIBHO
MonupuuupoBansl. Tak, HanpuMep, AHNEHOCKOCTb Kyp B 60JblIOH
CTENeHH 34aBHCHT OT YCJOBUH KODMJIEHHS, OCBelleHHss U T. A., B
TO BpeMs KaK pasMep fAul fABjsieTcs 6ojee CTaGHJIbHBIM TNpPH3HA-
KOM, XapakrepusymomuM nopoay. Hamo, oZHako, noORuepKHYyTH
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OTHOCHTEJbHOCTb 3THX NOHSATHA — NP OJaronpUATHBIX YCAOBHAX
pasnuuus B JIOObIX NPU3HAKaX OYAYT 1ETHKOM 3aBHCETb OT TeHe-
THUECKHX CBOHCTB, B TO BpeMsl KaK HeJOCTATOK KAaKoro-nubo
BHeIIHero KOMIIOHEHTa MOXKeT UeJHKOM JHMHTHPOBATE NDOsBJe-
HHe NpH3HAaKa, NPAKTHUECKH HE3aBUCHMO OT HAC/JeJCTBEHHBIX 0CO-
BGeHHOCTe.

OueHb CJOXHBI B3aUMOOTHONIEHHS TE€HOTHNA W BHELIHHX YCJIQ-
BUH NpH GOPMHUDPOBAHHH TAKOTO CJIOXKHOTO MpH3HaKa, Kak NoBefle-
Hde. IlpocTble W C/IOXHBIE peakUHH NOBeNEeHWS W HX KOMILIEKCH
(myrnuBOCTB, arpeccHBHOCTb, 00yuaeMOCTb M T. A.), 6e3yCI0BHO,
3aBHCAT M B 3HAYUTEJbHO! CTeNeHH NpelonpefensioTcs Hachael-
CTBEHHBIMH CBOHCTBAMH, HO B TO e BpeMs YCJOBHS BOCHHTaHHA
MOTYT 3HaAUHTENbHO MOJH(PUIHPOBATh HACJHeICTBEHHHE QCOOEHHO-
CTH MNOBeleHHs W JaXe COBceM HX 3amackupoBaTth [179]. Boaee
TILATeTbHBII 3KCIIEPHMEHTAJbHBIH AaHaMu3 M03BOJAET BbIJCAUTD
HacJelyeMoe ¥ NpuoOpeTeHHOe JaKe B TaKWX, Kasajochb Obl mep-
BHYUHBIX U 3J€MEHTaPHbIX WHCTHHKTAX, KaK OTHOLUEHHE K MaTepH.
Taxk, g AUKHX TYCAT «MaTepbio» CTAHOBUTCH JIOOOH MONBHMKHBIN
npeaMeT, KOTOPBIH OHM BUAAT B TIepBble HaChl NMOCJIE BBLIYIJIEHUSA
U3 gfina. B 3KcmepuMeHTe €0 MOMeT CTAaTh UYeJOBEK HJM Jaxe
HeonyuleBJeHHBIt npeaMer. Pa3 co3maHHble NpeACTaBIeHHA O «Ma-
TepPHU» COXPAHAITCA Y XHUBOTHHIX BCce Nociaefywouiee BpeMs. TakuM
00pa3oM, y TYCAT HaclefyeMbIM SBJSETCA CTpeMJeHHe W crnocol-
HOCTb YBHAETb H 3alIOMHUTbL NOJBHXXHBIA NpeaAMeT, a TakXke cle-
JoBaTh 3a HHUM U nojpaxatb emy. CaM BHeWHHH BHA mOpeiMera
(B HOpMe HM, eCTeCTBEHHO, fIBJsieTCg TYCHIHS) OnpejnefsieTcd B
repBble Yachl MOCT3MOPHOHAJNBHON KHU3HYU. AHAJOTHYHBIM 00pa3zoM
Y HOBODPOXKHEHHHIX 00€3bSIHOK «CHTHAJOM» O MaTepPHHCKOM oOpra-
HHU3Me SIBJSETCs NOBEPXHOCTb, NMOKPHITAf IIEPCTHIO.

Ponp uHbOpManuw, NOCTynaiomled H3BHE, OKa3blBAaeTcs ellle
Hosblliell NIpU PacCMOTPEHHH YMCTBEHHOHN [eATEeNbHOCTH YelOBEeKa.
HacnencrBennble 0COGEHHOCTH B 3TOM cJyuae (€ClIH HCKJIIOUHTE
HacJe[CTBEHHble NMCHXHYecKHe 3a00JeBaHHS) BBIABIAIOTCA C 60Jb-
IIUM TpyIdoM (MeTox GJH3HELOB),  POJb YCJIOBHH Pa3BHTHA H BOC-
MUTaHHA npuoOperaer pellaipollee 3HAayeHHe. JTa TeHAEHLUdA, yBe-
JIMUUBAWOINAs POJb BHEIIHeH cpeinl B (POPMUDOBAHHU MNOBeLEHHS,
SBJAETCA IBOJIOLHOHHO 0OYCIOBJIEHHOH.

[Tpouecc 3BonOUHY UEHTPaNbHOH HEPBHOH CHCTEMBI B IIpOTpec-
CHUPYIOLIHX CTBOJAaX 3BOJIOIHOHHOrO JpeBa LleJ Mo JHHHH YMEHb-
LIeHWs 3apaHee 3ajaHHOl HHGpOpMaUuu M YBeJHUEHHA CrnOcOOHO-
CTH mpuHoOperaTh 3Ty uHGOpMAalHIO B TeueHHe xu3zuu. CoOTBET-
CTBEHHO, H B CBSI3M C 3ITHM, Bo3pacTaja CnocoOHOCTb AKTHBHO
npucnocabauBaThCd K Pa3sHOOGPAa3HBIM H HEOXHIAaHHBIM KOMOHHA-
LUAM BHeNIHHX YCJAOBHH, KOTODAas OTJHYAET BLICUIHX MJEKONH-
TAOUIUX H YeJJoOBeKa OT OCTaJMbHBIX XKHBOTHBIX.



8. 3akmouenne

IMpo6sema reHa W mpU3HaKa, ecan paCCManHBaTb ee B oflleM
BHJe, NpelcraBiaser cobofi cyllecTBeHHYIO yacThb psila HayK: reHe-
THKH, 3M6puosoruy, 6HOXHMHH H Ap. He Bce wactu 3Tofi mpobJe-
MBI pa3paGoTaHbl B PaBHOH CTeNeHH, H He BCE OHH npeACTaB/IeHbI
B 3TOM 0630pe ¢ paBHOM mojHOTOH. OCHOBHOM I€/bI0 HAcTOSIIeH
cTaTbM OBLIO TOKa3aThb MNOCJEIO0BATeJbHLI NyTh Pas3BepTHIBAHHS
TeHeTHYecKoi HHQopMailuu OT XPOMOCOM, B KOTOPBHIX OHa XpaHHT-
cf H C KOTODHIMH TMepefiaeTcs NOTOMKAaM, A0 NMPH3HAKOB B3POCJOro
opranuama. Ilpo6iemMa reHa M npu3Haka Gbu1a 6bl KpaiiHe ofen-
HeHa, ec/aM NpeACTaBHTL ee B YHCTO reHEeTHYeCKOM NJaHe, Korfa .
paccmaTpHBalOTCs TOJBKO -HayajbHble YCJIOBHS — F€HOTHI H €ro
COOTBETCTBHE KOHEUHbIM pesyJbTaTaM — (eHoTuny. MuorokpatHoe
TepéKoAupoBaHHe H INepepaboTKa reHeTHuecko#l HH(opMaiuH,
B3aUMOJIEHCTBHE €e 3JEMEHTOB Ha BCeX 53Tamax pa3BepThHIBAHUA,
ABJAIOTCS OTJHMHTEJIbHBIMH YepTaMH S5TOro Npollecca, e€cliy pac-
CMaTpUBaTh €ro C NO3uUHi Teopud HMHopmauuud. Ha ypoBHe Mo-
JexyasipHofi 6uosorHy H GHOXMMHH peasNd3alus HacjelCTBEHHOCTH
B BUJe NMPH3HAKOB NpPeJACTaBJseTCs Kak pery/JHpyeMHI HeCTalHo-
HapHBIY IpollecC, CKJAAABIBAIOIIHHCA M3 KOJHHEapHOro CHHTe3a
MaKpoMoJieKysl ¥ (epMEeHTaTHBHOTO CHHTe3a JAPYTHX XHMHYECKHX
coenuienufi B kaerke. s sMOpHoJiora M IMTOJIOTA NMYTh OT reHa
JI0 TpH3HAKa MOXKEeT paccMaTpPHBaThCid KaK MOCAeLOBaTeNbHOS
yC/I0OXHeHHe BHYTPHUKJIETOUHOH opranudauuu (nuddepeHIHPOBKH)
u Mopdorenesa opranoB u TKaHeidi. CBom noaxoxbl K mnpobieMme
Ha#AyT HH3HOJOT, HMMYHOJIOT H JaXKe NCHXOJOr. Mpl NONBITATHCH
OCBeTHTb 3Ty .NpobJeMy C Pa3HbIX CTOPOH H NpPEACTaBHTh ee Kak
OJLHO 1IeJIOe.
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