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BBEAEHUE

T'eHeTnka (OT rpey. genesis — IPOUCXOXKIEHUE) KaK HayKa O 3aKO-
HOMEPHOCTIX HaCJIEACTBEHHOCTH U UIMEHYMBOCTH OPTaHU3MOB IIPO-
LIJ1a HECKOJIBKO ATAIOB Pa3BUTUSI, B pe3yJbTaTe KOTOPOTO MTOSBUWIMCH
COBpEMEHHbBIE 3HAHUST O TEHETUYECKHX OCHOBAX CTPYKTYPHO-(PYHKILIMO-
HaJIBHOW OPraHM3ailvM XUBOH MaTePHUM.

OcHOBOMOJAralolMM MOMEHTOM BO3HUKHOBEHMS HAYYHBIX NpeEm-
CTaBJICHUI B 3TOM 001acTH siBMIOCh OTKphIiTHE I'. MeHnenem (G. Mendel,
1866) 3axOHOB HAC/IEAOBAHUA 3NEMEHTAPHBIX FEHETHMYECKUX CTPYK-
Typ, Ha3BaHHBIX NO30HEe reHaMH, ¥ KOHTPOJUPYCMbIX UMM NPU3HA-
KOB. DTU 3aKOHBI OBUIH MOBTOPHO OTKPLITH B 1900 ., ¥ Teneps 3TOT
ol TPUHATO CYUTATh OPULUAILHON JATOIl TMOSBACHUS TEHETUKM.
B pa6orax T.Moprana (7. Morgan) u ero cotpyaHukos (1910—1915)
MOJIyyMJia KJIAaCCHYECKOe 0OOCHOBAHHE XPOMOCOMHAsI TEOpUST HACKEn-
cTtBeHHOCTH. B 1920 — 30-¢ rT. XX B. 60NBI1IYIO PONb B Pa3BUTUU TEHETUKH
chirpanu paboThl oTeyecTBeHHLIX yueHbIX H. M. BaBunosa, H. K. Konb-
oga, C.C.YerBepukona u ap. B nepuon ¢ 1925 o 1940 r. 6bi1e OT-
KPBITBl BO3MOXHOCTH UCKYCCTBEHHOTO BBI30Ba (MHAYKLIMH) MyTallHU-
OHHBIX M3MEHEHMH (MyTallMit) B reHaxX pasJIMYHBIX OPraHU3MOB.

B 1940 —50-e r. XX B. HAYMHAETCS HOBBII 3TAN FEHETUKH, CBSI3aH-
HBII C YCTAHOBACHUEM POJIH MOJIEKYJT Je30KCHPUOOHYKIEMHOBOM KHC~
Jotel (JHK) xak xpaHurens v nepeHOCYMKa reHeTU4eCcKoit uHpopma-
uuu. JanpHeiilee n3yyeHne MOJIEKYJISIPHBIX OCHOB HACAeACTBEHHOCTH
Y U3MEHYMBOCTU OPraHuU3MoOB TMPUBEJIO K pacluM(poBKe I'eHEeTHYEC-
Koro xkona JIHK, BbISICHEHUIO MeXaHU3MOB OMOCHHTE3a OEJIKOB B KIIETKE
U MOJIEKYJISIPHBIX MEXaHU3MOB FeHHBIX MYTAI[HIA.

CoBpeMEeHHBIl 3TaIT pa3BUTHSI TEHETMKU XapaKTepU3yeTcs, B Mep-
BYIO 04€pe/Ib, HAKOILIEHHEM O0LLIMPHOH uH(pOpMaLK 00 0COOEHHOCTIX
TEHOMHOM OpraHu3aluu pa3uYHBIX OPraHU3MOB, BKJIIOYas 4eJIoBe-
Ka, 0 MOJIEKYJISIPHOU (TOHKOM) CTPYKTYpe MHOTHMX '€HOB M MEXaHU3Max
pEryJIsiMM UX aKTUBHOCTU. Ha oCcHOBe DOCTIKEHMH TeopeTUYeCKOM
TEHETHKH CTAJI0 BO3MOXHBIM CO3MaHNe MPUKJIAIHBIX TEXHOJIOTHIT Te-
HETHYECKON MHXEHEpHU. 3amaua MocjaeaHed COCTOUT B UCKYCCTBEH-
HOM (3KCIMEPUMEHTAILHOM) KOHCTPYUPOBAHMHU THOPUIHBIX (PEKOM-
ounanTHbix) Monexkyn JHK, comepxaliux OTHeIbHBIE TeHBI JUOO
OolpeleSIeHHBIE KOMILIEKCH T'eHOB, UHTEPECYIOUINE UCCIAEROBATEIS.

B cBSI3M ¢ MHTEHCHBHBIM pa3BUTHEM HCCIIEIOBAHUU B MOCIEIHHE
IecaTUIeTHs Habmogaercs OBICTPhI npoilece auddepeHUnalMA OT-
JENbHBIX HanpaBlICHHH TeHETUKHW, MPUBOMASIUUNA K IMOSIBICHUIO CIie-
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LHUATU3UPOBAHHBIX 00JIacTeW 3HAHUSI, KOTOpble OOBIYHO paccMatTpy-
BaIOTCS B KAYECTBE CAMOCTOSITEJIbHBIX TEHETUUECKMX HayK (T€HETHKa
BUPYCOB, TEHETHKA GaKTEPHil, FTeHETHKA YeIOBEKA, MOJIEKYJISIDHAs Ie-
HETUKA, LUMTOTEHETUKA, TMOMYJSUMOHHAs T¢HEeTHKAa, UMMYHOICHETU-
Ka, (papMakOTeHEeTHKa, TeHeTUKa pa3BUTUs U 1p.). Bmecte ¢ Tem Bce
CIeUan3UupOBaAHHbIE TEHETUYECKHUE AMCUMUITINHE CBSI3aHbl HEOOX0-
JIUMOCTBIO COBMECTHOTO MCITOJIb30BaHUs (DyHIaMeHTAIbHON HayUHOHN
HHbOpMaLUU, KOTOpass HAKaIJIMBaeTCsl U CUCTEMAaTU3UPYETCs B paM-
Kax OO0llIeH TEHETUKH.

Cnenyer TakXe OTMETHUTh, YTO pelieHHe MHOTHX CIOXHBIX 3anad
TEOPETUYECKOTO U MPUKIAAHOTO 3HAYEHMSI CTAHOBUTCS BO3MOXHBIM
JIMLLIB B cyTy4ae 0ObeqMHEeHUsT (MHTErpaliMi) pa3HbIX HAYYHBIX HallpaB-
JeHui. Tak, ycrielHoe pasBUTHE UAEH TIONYASUMOHHONK FeHETUKU
B CBSI3M C HEDPELIEHHBIMU MPOOJIEeMaMM 3BOTIOLIMOHHOTO YYEHUSI, KO-
TOpBIE NepBOHAYaNbHO ObTH chopMynupoBaHsl C. C. YeTBepUKOBBIM
euwte B 1926 r., mpUBeao K OTKPBLITHIO MEXaHU3MOB 06pa3oBaHUS HO-
BbIX BHJIOB U TMOSBAEHUIO TEOPUH MHUKPOIBOJIIOLUHMU KAK TPUHLIAH-
aNnbHO BAXXHOIO Pa3aena COBPeMEHHONW 3BOMIOUNOHHON OUONOTHM.

I'eHeTHKa sIBISIETCS TEOPETUIECKON OCHOBOM CeIeKIIMM HOBBIX NPO-
JYKTUBHBIX (POPM MUKPOOPTaHU3MOB, CHUHTE3UPYIOILUX AHTUOUOTH-
KW, BUTAMMHBI M Jpyrue OMOJOrMYecKM aKTUBHbIE COCIMHEHUS, UC-
MOJIb3YyEMbIE B MEIULIMHCKOU TPOMBILUJIEHHOCTH U OMOTEXHOJIOTHH,
a TaKXe CeJIbCKOX03sIHCTBEHHBIX PACTEHHH W XHMBOTHBIX.

B nocneanee BpeMst IPOUCXOOUT OBICTPOE pa3BUTHE TE€HETUKU Ye-
JIOBEKa, M3yyalollel OCHOBHBIE 3aKOHOMEPHOCTH €ro HacJleACTBEH-
HOCTU U U3MEHYMBOCTHU, BKJIIOYAs OCOOEHHOCTH T€HOMHOW OpraHH3a-
LU, CTPYKTYPHO-(hYHKIIMOHAIBHYIO OPTaHM3alllI0 OTAEABHBIX TEHOB,
MEXaHM3Mbl UX HACEOOBAHUS U Ip. B paMkax 3aBepiuaroimuxcs uccie-
IOBaHUH MO MEXIYHApOIHOU nporpamMe «['eHOM yesoBeka» COBMeEC-
THBIMU YCUJIMSIMHM YYEHBIX U3 pa3HBIX CTPaH COCTABJICHBI F'€HEeTHYEC-
KHE KapThl BCEX XPOMOCOM YEJIOBEKa, COAEpXaulke B CYMME OKOJIO
32000 reHHBIX JIOKYCOB.

HabGutrronaroniasicst B HACTosiLuee BpeMst TeHASHLMS K auddepeHIu -
allMy HayK ¥ HAYYHBLIX HANPaBJIEHUH MPOSIBISETCS U B CIyyae TeHETU -
YECKUX UCCIENOBaHMIA, CBA3aHHEIX ¢ U3YUYEeHHEM dYentoBeka. ObjacTh
FEHETUYECKMUX 3HAHMM, UMEIOLIUX OTHOIIEHWE K MEeJIUUHNHE, TTONyIM-
Jla Ha3BaHWE MEIMUMHCKON reHernku. CielyeT, oOQHaKO, 3aMETHTb,
YTO PA3JEJCHUE TEHETUKH YEJI0BEKa U MEAULIMHCKOI TEHETUKH UMEET
JOBOJIBHO YCIIOBHBIHA XapakTep, MOCKOJbKY BO MHOTHX CJIyyasix IMpak-
TUYECKH HEJIb3SI MPOBECTH YETKYIO IPaHULLY MEXIY 3TUMHU OONACTIMHU
3HaHUs. VHBIMU COBaMU, HEBO3MOXHO paccMaTpuBaTh MEAUUUHC-
KM€ acneKThl TeHETUKYU B OTPBIBE OT CBEICHHUIT O HOPMAJIbHOM F€HETU -
YECKOU OpraHu3aliy YeJIOBeKa.

B cBoto oyepens, B pAMKax MHTEHCUBHO Pa3BUBAIOLLIUXCS TEHETUKHU
YeJI0BeKa U MeIUUMHCKOM TeHETUKH UIET QOPMUPOBAHUE HOBLIX CIIe-
IIUAJIM3UPOBAHHBIX HAaYUHBIX HaNpaBleHUH W pa3lesioB: OUOXUMHYE-
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CKOM ICHETUKU YEJIOBEKA, LUTOTCHETUKU YEeI0OBEKa, UMMYHOTEHETH-
KU YeJIoBeKa, MOIYJISILIMOHHOM FeHETUKU YeTOBeKa, KITMHUIECKOH re-
HETUKU, HEWPOreHeTUKH, TEHETUKH CEpAEYHO-COCYIUCTHIX 3a00eBa-
HHUI U Jgp.

Oco6eHHOCTY COBPEMEHHOIO 3Taria reHeTHYecKOro M3yYeHUs Ye-
JIOBEKA OMPEHCSIIOTCS IIUPOKUM MCITOB30BAHUEM MOJIEKYJISIPHO-Te~
HETUYEeCKUX, OMOXHMMMYECKUX, LUTOICHETUYECKUX M OPYTUX HOBEM-
1IIMX METOMIOB MCCIEIOBAHMS. DTO MPUBEJIO K 3HAYUTEIBHOMY TIPOTpeCCy
B 3HAHUSIX O HACJAEACTBEHHOCTH KM M3MEHYMBOCTHU YEJIOBEKAa, B TOM
YUCJIe O MOJIEKYJISIPHBIX MEXaHHM3MaX e HETUUECKUX ITPOLIECCOB, JieXa-
X B OCHOBE HOPMAJIBHBIX U ITATOJIOTMUECKUX COCTOSTHUM OpraHu3Ma.
HayuHble TOCTHXEHUS B 3TOH 00ACTH OTKPBHIBAIOT NMPUHLUHKITUAIBHO
HOBbIE BO3MOXHOCTH TSI pellieHUS psiga TIPAKTUYECKUX 3a1ay, CBA-
3aHHBIX TpeXIe BCEro C paHHel IMAarHOCTUKOM, MpodUIAKTUKON U
JieUeHWeM HacCJIeICTBEHHBIX 3a00J1eBaHUMA.



YACTb 1

OBWAA FrEHETUKA

fnaBa 1

MOJNEKYNAPHbLIE OCHOBbI HACNEACTBEHHOCTHU

B COOTBETCTBUH C COBPEMEHHBIMU TIPEACTABICHUSIMH BCE TIPOLIEC-
CBl KJIETOYHOTO MeTaboM3Ma, JiexXalllie B OCHOBE XH3HEACSITeJILHO-
CTU OpPTraHU3Ma, HaxoIATCs MOA KOHTPOJEM TeHETHYECKO mporpam-
MBI, KOTOpasi COJIEPXKUTCSA B CTPYKTYpPE MOJEKYJ HYKIEUHOBBIX KHC-
JIOT M OIpEeAeJIsieT, B NMEPBYIO ouepelb, OCOOEHHOCTH CTPOEHUS BCEX
OeNIKOB, CUHTE3HPYEMBIX B KJIeTKe. DTa MporpaMMa 3aKoJUpOBaHa B
BUIIE CIIELUUDHUECKOTO YepeIOBaHUs HYKJICOTUIOB MOJIEKYIT IE30KCHPH -
donyknenHosoM kucnots (JIHK), Haxonsumxca B xpoMocoMax BUPY-
COB, HYKJICOUNOB GaKTepHii U Amep 3YKapuoT, 4 TAKXKe B 3KCTpaxpo-
MOCOMHBIX (LUTOITJIA3MaTUUECKKUX) CTPYKTYpax KJIeTok (TIa3sMHIbi
6akrepuid, JIHK MuToxoHapuit u xjopomractoB). Mosekyisl pubo-
HykienHoBbix kuciaoT (PHK) obecneumBaror peanusammio (AeKoau-
POBaHME) TeHeTUYECKON MHpopManuM, cofepxallieiica B MOJIEKyJax
JHK.

Y PHK-conepxalnx BUpyCOB MEPBUYHBIM T€HETHYECKUM MaTepU-
anom sasnsiercst PHK.

ITepBbie npsimbie nokasarensctsa ponu JHK kak xpaHurens u nepe-
HOCYMKA TeHeTHYeCKOoi HMHdopManuu nogyywi O.Bepu ¢ COTPYA-
HUKaMUu (O. Avery et al., 1944) B sKcriepuMeHTaxX 1o TpaHcHOopMaLu
Oakrepnil. DTH aBTOPHI MOKA3AJIU, YTO TIPOHUKHOBEHUE MOJIEKYIT OUM-
wenHoM JJHK, BrAEIeHHOH U3 BUPYJIEHTHBIX ITHEBMOKOKKOB, BBI3BI-
BarouMx 3abosieBaHUE U I'MOEIb 3apaKE€HHEBIX MBIICH, B KIETKU aBU-
PYJIEHTHOTO LITaAMMa 3TUX OAKTEPUN MOXET COMPOBOXKIATHLCS ITpeBpa-
HIeHUeM (TpaHchopMaumeif) IocaeHX B BUpYAeHTHYIO dhopMy. Hau-
Oosiee y6eIUTETbHBIE COBpEMEHHBIE TOKA3aTeIbCTBA TeHETHYIECKOM poiu
OHK cpsizaHbl ¢ pa3paBoTKOM METOIOB FeHHOM MHXEHEPUH, ITO3BO-
JITIOIINX UCKYCCTBEHHO KOHCTPYMPOBATh TMOPHIHBIE (PeKOMOMHAHT-
Hele) Mostekysel JJHK, xomupymoiine cuHTe3 TeHHBIX TIPOIYKTOB (6e-
KOB), MHTEPECYIOUIMX MCCIICAOBaTEN.

bnarogapst coppeMeHHBIM METOAAM MOJIEKYJIAPHONW OMOJIOTUM U MO-
JIEKYJISIDHOU T€HETUKU OBLIM MOJYUYeHBlI CBeleHHsI 00 OCOOEHHOCTAX
CTpOeHUSA U PYHKUMOHUPOBAHUS TEHETHYECKOrO MaTepuala MHOTMX
OpPraHW3MOB, HaXOASIIIUXCS Ha pa3HBIX YPOBHAX OpraHM3aliiM XUBOH
MaTepuH.
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1.1. Ctpoenune monekyn OHK n PHK

Mosnekyna HYKJIEMHOBOM KUCIOTHI TIPEACTABISET COOOM MOJIHUMED
(MOTMHYKJICOTH), COCTOSILIUIA M3 [IOCAEAOBATENBHO COEAMHEHHBIX APYT
¢ IPYroM MOHOMEpPOB (HYKJIeOTHIOB). B CBOIO ouepelb, KAXIbIA HyK-
JIEOTUJL TIPEACTABJIsAET COOOM COeMUHEHWE, B KOTOPOM ITPUCYTCTBYIOT
TPH pa3JIMYHbIE MOJIEKYJIBL: OCTAaTOK octopHoit kucioTsl (dhocdar),
yrneBo (MeHTo3a) U a30TUCTOE OCHOBaHUE (NYPMHOBOE JIMOO MUPH-
MunrHoBoe). [TpHHUNTIMAIBHAS CXeMa CTPOSHUSI HYKJIEOTHIA IIPHBO-
JUTCs Ha puc. 1.1.

Crenyer OTMETUTB, YTO HykieoTuabl mojekyn JHK (mesoxkcupu-
OOHYKJICOTHIIbI) COIEPKAT YIJIEBOI Je30KCUPUOO3Y U OIHO U3 4YEThI-
pex a30TUCTBIX OCHOBaHWM — aaeHMH (COKpalleHHO 0003HAYAeTCsT CUM-
BosioM A), ryauuH (I'), TumuH (T) u umro3uH (LI), nepsele aBa u3
KOTOPBIX SBJISIOTCS IPOU3BOAHBIMU NMYPHHA, a JBa OCIEAHUX — IIPO-
U3BOIHBIMU MupuMuarHa. B coctaB Hykneotunos PHK (pubonykieo-
TUOB) BXOIUT JIpyrasi neHTo3a (prbo3a) v TaKXKe OLHO U3 YEThIpeX
a30TUCTBIX OCHOBAHUM — afeHWH, TyaHuH, ypauwa (Y) ¥ UMTO3UH
(BMeCTO THMHHA 3[eCh BKITIOYACTCS MTUPUMUINHOBOE OCHOBAHUE ypa-
un). ITocKOMBKY B COCTaBe MOJEKYJBI MEHTO3BI MMEETCH 5 aTOMOB
YIJIEPOA, TO KaXIblif U3 HUX MOXHO MPOHYMEPOBAaTh HHIEKCOM OT 1’
10 5" (cM. puc. 1.1). B xaxXmoM HyKJIeOTHIE [IPUCOEIUHEHHE a30TUCTOrO
OCHOBAaHHS MPOUCXOIUT K MEPBOMY YIIEpOMHOMY artoMmy (1°) meHTo-
3bl ¢ MOMOIIBIO N-TIIMKO3UIHON cBsI3U. CoeMHEHUE, COCTOsIIIEE U3
yrieBona (TIEHTO3BI) U a30THUCTOTO OCHOBAHMSI, Ha3bIBAETCH HYKJICO-
auaoM (puc. 1.2).

dopMupoBaHKe JIMHEWHON NONUHYKICOTUIHOMN 1IeNOUKH (MepBrY-
HOW CTPYKTYPBI MOJIEKYJIbl HYKJICHHOBOW KHUCIIOTBI) MPOUCXOIMT [1PH
COeIMHEHUH TIEHTO3bl ONHOTO HYKJIeoTHAA ¢ (ochaToM Apyroro HyK-
JleoTraa ImyTeM obpasoBanus dpochoanabupHoii cssm (puc. 1.3). Ilpu
3TOM B 3aBMCUMOCTHM OT ITOPSAKOBOrO HOMEpa YIJEPOAHOTO aTroMa
(3’ 11060 5”) KOHUEBOM MOJEKYJIBI MTEHTO3bl, YUAaCTBYIOILIEro B obpa-
3oBaHUU pochoauadupHoil cBsI3U ¢ hocdaToM, Takas Leroyka uMe-
€T MapKHUPOBAHHBII 3 -KOHeIl U 5’'-KOHeIl.

]’— 5" — arommbl yrnepona B MO-  KucNOTHI

OKCUpHMG03a) |  ITMPMMHMIHMH)
JIeKyNie yriaeBoaopona (MeHTO3bl)

| S 0o !
1 A
1 4 !
I 4 o
I 3 2 l
1 1
1 1
1 |

Puc. 1.1. IBa BapyaHTa cxema- ! !

TUYECKOTO U300paKEHUS CTpOe- 'l :

HUSI HyKJI€OTHIA! OctaToKk | OCTaroK TMEHTO3bl | A30TMCTOE OCHO-
dochopHoi : (pubo3a win ae3- | BaHue (NypHUH WIH
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PacumdpoBka reHeTUYECKONH UH-
N-rnukosuaHast (hopmaumu, comepxauleiicst B mone-
CRA3D OcHoBanue kynax JHK, oka3zamack BO3MOXHOM
JIMILIB TIOCJIE YCTAHOBJICHUS CTPYKTYP-
HBIX OCOOGEHHOCTEN 3THX MOJEKYJI
B pabotax Jx. YorcoHa u ®.Kpuka
(J. Watson, F. Crick, 1953). Tlpenno-
CBUTKOM JUTSL CO3IaHUS X MOIETH MO~
nexkynel JHK mocmy:xuinu pesysibTa-
ThHl GHOXMMHUYECKUX HCCIEeHOBAHUMU
D.Yapradda (E. Chargaff, 1950),
a TaKKe NAaHHBIE PeHTTeHOCTPYKTYp-
Horo aHanu3za. [Ipu U3ydeHUU Tipe-
maparoB JHK, nonyueHHBIX U3 Kie-
Puc. 1.2. CTpoeHne HyKJI€O3MZA TOK OPraHM3MOB Pa3HBIX BUIOB,
9. Yapradd ycTaHOBUII IPABUIO 3K~
BUBAJICHTHOCTH, COIJIACHO KOTOPOMY TMOYTH B JoboM obpasue JHK
MOJISIDHOE COEpXaHHWe afeHUHA MMPAKTHYECKU PABHO MOJIIPHOMY CO-
JepXaHUIO THMMHA, a colepXaHne TyaHWHA paBHO COAECPXaHUIO 1iM-
To3uHa, T.€. A=T u I = . BMecre ¢ TeM, cooTHonieHue map A—T u
I'—1I (rrokasarens (A + T)/(I" + II)) umeno 3HauuTesibHBIE KoJeOa-
HUS 1py cpaBHeHUM 06pa3uoB JHK 13 opraHu3MoB pa3HbIX BUIOB.
CornacHo Mogenu YorcoHa— Kpuka mosnekyna JHK cocrout us
JNBYX MOJTHMHYKJICOTUAHBIX LIeMOYeK (HUTeH, TSXKEHN), COeAIMHEHHBIX IPYyT
C JPYIroM C IIOMOLLBIO TIONEPEYHBIX BOTOPOIHBIX CBA3CH MEXIY a30TH-
CTBIMH OCHOBAHMSIMU IO KOMIUIEMEHTApHOMY TIPHHLIUNY (AeHWH OTHOM
LIETIOYKH COCAUHEH ABYMSI BOXOPOMHBIMU CBSI3SIMH C TAMUHOM TTPOTHUBO-
TTOJIOKHOM LIENTOYKY, a TYaHUH M LIMTO3WH Pa3HBIX LETOYEK COeTMHEHBI
JIPYT € IPYTOM TpeMsI BOIOPOAHbIMU CBA3SIMU). [IpH 3TOM 1BE MONUHYKIIE-
OTHU/IHBIE LETIOYKY OMHOM MOJIEKYJTBI SIBSIIOTCS aHTHIapaUIeTbHBIMUA, T. €.

N

5
0 O — ®ocdar
VYraeson
 (neHTO3a)
D — OcHOBaHMe
Puc. 1.3. O6pazosaHue
3 HOJIMHYKJICOTUIA




Puc. 1.4. CxemaTu-
4ecKoe M300paxeHue
MEePBUYHON CTPYKTY-
pB! (bparMeHTa ABYX-
LIeMOYEeYHOH MoJe-
kyiel JIHK:
A — apenun; I — rya-
uuH; T — tamun; 1L —
HHUTO3UH

Bonbloh
*enobox

Maublit
*enobok

B-JHK
Puc. 1.5. Monesib BTOpA4HOIA CTPYK- Puc. 1.6. TIIpocTpaHCTBEHHbIE MOENH
typel JHK Yotcona— Kpuka Z-dopmbl 1 B-dopmbl JTHK



Tabauua 1.1

Caoiicrsa pazniuunsix ¢popm aABoiinbtx caupanei JHK

®opMbl criupasneit
CpoiicTBa
B C Z

HanpasneHue ckpy4yeHHOCTH Hanpago | Hanpaso | Hanpaso | Haneso
Paccrosinune Mexny coceaHM- 0,23 0,34 0,30 0,38
MM ITapaMy OCHOBaHMIT (HM)
Ywucio nap OCHOBaHUM B O/1- 10,7 10,0 9,3 12,0
HOM BUTKE CIIUpaIn
HuameTp cnivpanu (HM) 2,3 2,0 1,9 1,8
Yron HakjIoHa OCHOBaHUH K +19 -1,2 -6 -9
OCM crivpaiy (rpasychl)

HanpoTUB 3’ -KOHIIA OJHOM LIETIOYKU HaXOmAUTCH S’ -KOoHel Apyroi ne-
MOYKU ¥ HaobopoT (puc. 1.4). Cnenyer, omHaKO, UMETh B BUIY COBPEMEH-
Hbi€ JAHHBIE O TOM, UTO TCHETMYECKUII MaTepHall HEKOTOPBIX BUPYCOB
MIPEACTABIEH OQHOLIETIOYeYHBIMHU (OTHOHUTEBLIMU) MosiekyaamMu [THK.

Ha ocHoBaHuM maHHBIX peHTreHOCTpYKTYpHOTrO aHanu3a JJHK Ix. Yor-
coH 1 ®. Kpuk caenanu Takxke 3aKiAOYEHNE O TOM, UTO ee ABYXLenoyey -
Hasl MOJIEKyJIa UMeET BTOPUUHYIO CTPYKTYpY B (hOpMe CrUpaiv, 3aKpy-
YEHHOU B HaMpaBJIEHWH CleBa-HaIMPaBo, KOTOpast B AaIbHEHIIEM TTO-
Jlyumiia HazsaHue B-¢opmel (puc. 1.5). K HacTosileMy BpeMEHH HaKOITH~
JINCh CBELEHUS O TOM, YTO NOMUMO HauboJiee YacTo BCTpevarouiehcs

OH 3’-xoHel
AKIENTOPHBIH
KOHel

ITetns 3

MomuduumMpoBaHHBIE
HYKJIEOTH/IBI

| E—
AHTHKOJOH

Puc. 1.7. Ctpykrypa ¢eHunanaHmHo-
poil TPHK npoxokei
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B-dbopMBl MOXHO OOHAapyXuUThb
yyactku JAHK, umeromue mHyI0
KOH(MUTYpauMio, — KakK MpaBo3a-
KpydyeHHYIO (popMel 4, C), TaK U
33aKpY4YEHHYIO CITpaBa-HajeBo (Jie-
BO3aKpY4YEHHYIO, UIH Z-hopMy).
Kax BugHoO u3 1a6s1. 1.1, Mex-
Iy 3TUMKU (HopMaMH BTOPHUYHOI
crpykrypsl JJHK umerotrcs ompe-
JeJieHHbIe pasnuyus. Tak, Harpu-
MeEp, PacCTOSIHUE MEXIY NBYMS
COCEIHUMHU TlapaMU a30TUCTBIX OC-
HOBAaHUM B NBYXUEMNOYEYHOM CITIU-
paju, BeIpaXKEHHOE B HAHOMETpax
(M), misa B-dopmbl 1 Z-GopMBbl
XapakTepHu3yeTcs pa3HbIMU BEJTU -
ypnamu (0,34 u 0,38 coormer-
cTBeHHO). Ha puc. 1.6 mpuBeneHb!
COBpeMeHHbIe 0ObEMHBIE MOAETH
«JIEBO3aKPYUYEHHO» U «IIpaBO3aK-
pyuyeHHoi» ¢popm JHK.



Monekynst PHK B 3aBucHMOCTH OT MIX CTPYKTYpHO-GYHKIMOHAb-
HbIX OCOOEHHOCTEN MOIPA3eISIIOT Ha HECKOJIBKO THITOB: MH(POPMALUMOH-
uele (Matpuudble) PHK (uPHK, win MPHK), pu6ocomunie PHK
(pPHK), tpancnoptHeie PHK (TPHK), Manwie simepubie PHK
(MaPHK) u np. B otimuume ot JIHK Monexyner PHK Bcerma sBiagioTcs
OIHOLENIOYEYHBIMU (0gHOHUTEBBIMU). OHAKO OHU MOTYT HOPMUPO-
Bath OoJee CIIOXHBIE (BTOPUYHBIE) KOH(PHUIypallMHd 33 CUET KOMILIE-
MEHTAPHOTO COeUHEHMUSI OTAETBHBIX YYACTKOB TAKOM LIETTOYKU Ha OCHO-
B€ B3aWMOEUCTBHS KOMIUIEMEHTAPHBIX @a30TUCTBIX OCHOBaHUMN (A—Y
u I'—11I). B kauecTBe mpuMepa MOXHO PacCMOTPETh TaKyK KOHPHUTY-
paLuio, UMEINYIO (hOpMY «INCTa KIIEBEpa», IUIST MOJIEKYJbl dheHua-
JaHvHOBOM TpaHcnoptHoi PHK (puc. 1.7).

BasucHble TepMHHBI H NOHATHA: A30THCTOE OCHOBAHME; BOJOPOIHAS CBS3b;
BrOopuuHas cTpykTypa JHK; reHeTHuecknii Marepyan; riiMKo3uIHas CBSI3b; Ae-
3okcupudbonykieorun; AHK; koMnneMeHTapHOCTb, HYKJIEMHOBBIE KUCIIOTHI;
HYKJIEO3WI; HYKJIEOTHJI; NepBUYHasl cTpyKTypa JHK; nonuHykieoTHl; npaBu-
JIO 3KBUBAIEHTHOCTH (ripaBmio Yapradda); pubonykneorun; PHK; Tpancdop-
Mauud 6akrepumii; dochonuadupaas cesasb;, B-dopma JHK; Z-dopma JHK.

1.2. Pennukauusa OHK

PacummdpoBka crpykrypsl Mosiekynsl JIHK moMorna o6bsICHUTE U
MIPUHLMIT €€ PETUTUKAIIMY (YIBOSHHUS) B KJIeTKE. DTOT MPHUHLUAI COCTO-
WUT B TOM, YTO KaXIasl M3 OBYX MOJMHYKIICOTUAHBIX HUTEH MOJIEKYJIBI
OHK cnyxur B KadecTBe TIporpaMMbl (MaTpUlibl) IJISi CUHTE3a HOBOH
(KxoMIuIeMeHTapHON) HUTHU. B pe3ynbrare Ha oCHOBE OXHOU ABYXLENO-
YEYHOH MOJIEKYJIbl 00Pa3yIOTCsl IBE ONWHAKOBbIE ABYXLETIOUEHHBIE MO-
JIEKYJIBI, B K&KIOW M3 KOTOPBIX OIHA LIEMTOYKA SIBJIAETCS CTapoi, a Apy-
rasi — HOBO# (BHOBb CUHTE3UPOBAHHOM). TaKoM NpUHLMIT PETUIMKALM T
JAHK 61 HazpaH moiyKoHcepBaTUBHBLIM (puc. 1.8). B cooTrBeTcTBUM
C 3TUM MPUHLMIIOM HYKJIEOTUIHASA IMOCNEeN0BATEeIbHOCTh MAaTPUYHOM
(PONUTENIBCKOM) HUTH CUMTBIBAETCSI B HaTIpaBJieHnu 3'— 5°, TOrma Kak
CHHTE3 HOBO# {oYepHeil) HUTH HAET B HaTipariieHUH 5 — 3. [TOCKOJIBKY
JBE KOMILUTEMEHTApHBIC 1IeNMOYKH poanuTesibekoi Moekynsl JIHK ssis-
I0TCSI aHTUNAPAUICABHBIMA, TO CUHTE3 HOBOH TIOMMHYKJICOTUIHOM 1e-
TTOYKHM Ha KaXKIOHM U3 HUX MET B ITPOTHBOIOIOXHOM HafpaBICHUN.

MexanusMm pernukauuu JHK aBnsiercss mocTaTouyHO CIOXHBIM U,
MO BCEUl BEPOSITHOCTH, Pa3nUyacTcs B Clydyac OpraHM3MoOB, COlepxa-
LIMUX OTHOCUTENBHO HeGobIINE TTo pa3MepaM MoseKyasl JHK B 3am-
KHYTOI (KOJblLeBoit) ¢opMme (MHOrMe BUPYCHE M OaKTepUU), U dyKa-
PHOT, KJIETKH KOTOPBLIX UMEIOT MOJIEKYJIBI OTPOMHBIX pa3MepOB, HAXO-
Isuecs B TUHEWHON (He3aMKHyTol) ¢dopme.

He6onbiiasg konbuensas mosekyina JHK nipencrasnser coboil ongHy
CTPYKTYPHYIO €IUHMILY PEIIMKAUMU (PETNIMKOH), UMEIOLLYI0 €QUH-
CTBEHHYIO TOYKY Hayvala (MHUIMAIIUU) peTUTUKAlMKU ((O-TYHKT, CO-
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Puc. 1.8. IHpuHuun
MOAYKOHCEPBATUBHOM
pernvkauuu JHK

il &)
DA e/
4T))Ap ¥
Crapas Hosas Hosass Crapas
Lelb LIeMb LHens  Uemb

crosuii puMepHo u3 300 HYKJICOTHIOB), B KOTOPOH HAaYMHAETCS
TIPOLIECC PACXOXAEHUS (pacrieTaHus ) IBYX HUTEH pOIUTETBCKON MO-
JIEKYJIBL 1 MAaTPUYHOTO CHUHTE3a KOMILJIEMEHTAPHBIX KOMHM (PEerutuK)
nouepHeit JIHK. 3rot npoluecc npomomkaeTcss HENMPepPhIBHO 1O [UTHHE
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KOIMUPYEMO CTPYKTYpPHI M 3aKAHUYMBAETCSI B 3TOM XK€ PEIUIMKOHE 00-
pa3oBaHKUEM ABYX MOJIEKYJ «ITOJYKOHCEPBAaTUBHOTO» THMNA. B 6osbLumx
JMHelHbIX Monekynax JHK sykaproT MMeeTcsst MHOTO TOYEK Hayasia
peIUTUKALIMKM W COOTBETCTBYIOIIMX MM PEIMJIUKOHOB (OT HECCKOJIBKUX
COTEH JI0 IECSITKOB ThicsI4), T. €. Takast IHK sipnisieTcst nonvpeninkoH-
HOIMA.

IIpu paccMOTpeHUM COBpPeMEHHBIX MPEACTABICHUI O MEXaHU3MeE
perukanyu JJHK 3yKapHoT MOXHO YCIOBHO BBIAEIUTH TPH MTOCJIEN0-
BaTEJIbHBIX 3TAala 3TOro Mpoliecca, MPOUCXOASLIETO B PEIUIMKOHE, B
KaXXJIOM U3 KOTOPBIX MPUHUMAIOT YYaCcTHe Te WIIM WHbIe Oenku (dep-
MEHTBHI).

IepBriit 3Tan cBsI3aH ¢ OBICTPBIM PACKPYYUBAHUEM [IBYX MTOJTHHYK-
JIEOTUAHBIX HUTeH crivpanu3oBaHHo Monekynsl JHK Ha onpeneneH-
HOM €€ yJyacTKe (B rpaHuLIax paboTalolero peryiukOHa) U ¢ UX pasjieiie-
HHEM IIYTeM paspyllleHUsS BOAOPOAHBIX CBI3Ci MEXAy NapaMu KOMILIe-
MEHTapHBIX OCHOBAaHU. I1pu 3TOM 06pa3yloTCs 1Ba OAHOLIENTOYEYHbIX
¢dparMeHTa POIUTEILCKON MOJIEKYABbI, KaXIbI U3 KOTOPBLIX MOXET
BBICTYNATh B POJIM MATPHLbI [UIST CHHTE3a KOMIUIEMEHTapHOU (1o4ep-
Heil) HUTH. DTOT 3Tall HHULIMMPYETCS] B COOTBETCTBYIOILEH TOUKe Hayaia
peIUIMKaLMU 1 00eCTIeYnBAETC KOMITJIEKCHBIM Y4aCTHEM HECKOJbKUX
pa3uyHbIX GenkoB. B pesyibrare ux peiictBus hopmmupyercs Y-obpas-
Hasl CTPYKTypa, Ha3BaHHAsl BIJIKOM periMKalyvM, B KOTOPOi IBE po-
nutenbekue ternoukd JHK yxe ornenensl apyr ot mpyra (puc. 1.9).
OO6pasoBaBuiasicsi BUJIKA PETUIMKAUMU OBICTPO IPOABUTAETCS BIOJIb
IBOMHOI cnivpanu poautenbekoit Monexyiel JJHK 6maronapst aktus-

Marpuia 11 cMHTE3a
BEAYLUEH LEenU

JHK-tonousomMepasa

JlecTabunusupyromit
6enoK

Martpuia misi CHHTE3a
b OTCTaIoLIEN Lienu

Puc. 1.9. Cxema obpa3oBaHus perutMkanuoHHo# sunku JHK
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HOCTHM «pacluieTarouiero» ¢epmenra JHK-rennkassl U npu yuactuu
IPYIIbl AECTAOWIU3NPYIOLINX OeJIKOB. DTH OenKM 001a7al0T Crioco0-
HOCTBIO CBSI3BIBATbCS TOJBKO C OJHOLEIMOYEYHBIMHU (yX€ PACKpYy4EH-
HBIMM M pa3fieJIeHHBIMHU) YY4acTKaMM MOJIEKYJbI, MPENsSTCTBYS BO3-
HUKHOBEHMIO Ha HUX BTOPUYHBIX CKJIAAUaThIX OOpa3oBaHUM («LIMM-
JIeK») 3a CYeT CIYYaWHBIX COSAMHEHUM MeXITy KOMIUIEMEHTApHBIMU
HYKJIEOTUIAMHW ONHOHHUTEBOM CTPYKTYphl. CJenoBaTe/JIbHO, OHU CIO-
CODCTBYIOT BBIIPSMIEHHIO OMHOHUTEBBIX YUACTKOB MOJIEKYJIbI, YTO He-
00X0IMMO LTI HOPMAJIBHOT'O BHIITOTHEHNS MU MaTPUYHBIX GYHKUHIA.

bricTpoe pacnneranue JIHK ¢ moMolieio reaukassl 6e3 10MoIHH-
TEJIBHOTO BPAIICHUST HUTEH 110 OTHOIHEHMIO APYT K APYTY JOJIKHO TTPHUBO-
JUTh K 00pa3oBaHHIO HOBEIX BUTKOB (Y3710B) Ha y4acTKax POAUTEILCKOM
MOJIEKYJIBI TIeped MBUXYIIEHCS BUJIKOM perIuKalWM, CO3Jar0LINX
MOBLILIEHHOE TOMOJIOTMYECKOE HATIPSKEHUWE Ha 9THUX yyacTkax. Takoe
HalpspKeHue ycTpaHsercs eute ogauM 6enkom (JJHK-tomousomepa-
3011), KOTOPHI, MepeMeIlasch BIOJIb IBYXCITUPAIBLHOM POAUTEILCKOMN
JHK nepen BuiIKoil peruiMKaiiuy, BBI3BIBa€T BPEMEHHBIE Pa3phiBbl B
OIHOW M3 LIETOYEK MOJIEKYIIbI, paspylias dochoamuaupHbie CBA3M U
NPUCOEOVHSISCh K pAa30PBaHHOMY KOHIY. Bo3HUKIIMIT pa3pbiB obecrie-
YUBAET TIOCTeAyIOlee BpallleHHE HUTH TBOWHOMN CITUPaJIM, YTO, B CBOIO
oyepenb, IPUBOAUT K pacIUIETAHUIO 00pa3yIOUIMXCS CYEepBUTKOB (Y3-
J10B). T1OCKOABKY pa3pblB MOJUHYKICOTHIHOMN LIETIOUKH, BbI3BAHHBIH
TONOM30MEPa30il, HOCUT 0OpATUMBIi XapaKTep, TO pa30pBaHHbIE KOH-
Lbl OBICTPO BOCCOEAMHSIOTCS Cpa3y IMOCHe pa3pylUeHUs] KOMIUIEKca
3TOro 0efiKa ¢ pazopBaHHBIM KOHIIOM.

Ha BTOpOM aTane MpoMCcXOANT MaTPUUHBINA CUHTE3 HOBBIX (odep-
HUX) TIOJIMHYKJIEOTHIHBIX LieTleil Ha OCHOBE M3BECTHOrO IPHHIIMIIA
KOMIUICMEHTAPHOTO COOTBETCTBUSI HYKJIICOTUAOB CTAPOH (MAaTPUIHOM)
4 HOBOU Hermeil. DTOT NpoliecC OCYUIECTBISIETCS IMYTEM COCOUHEHUS
(rosvMepH3aliii) HYKJIEOTUAOB HOBOM IEMH ¢ TMOMOILIBIO (epMeH-
TOoB JHK-mtonuMepas HecKombkux tTHnos. ClaenyeT OTMETHTD, YTO HU
oIHa u3 u3BecTHbIX ceroaus JHK-nommMepas He cnocofHa HayvaTh
CUHTE3 HOBOTO IMOJUHYKJICOTUAA MYTEM IMPOCTOr0 COCIUHEHMST IBYX
CBODOAHBIX HYKJIEOTHUAOB. IHUIIMALIMSA 3TOTO TIpoliecca TpedyeT Hallu-
YUl cBOOOAHOTO 3’ -KOHILIa KaKOH-IM00 TIOMUHYKICOTUTHOU LEeMOYKH
OHK (i1m6o PHK), kotopas coemyHeHa ¢ Opyroil (KOMIUIEMeHTap-
Hoit) uenoukoit JHK. MuabiMu cnoBamu, JHK-momumepasa cnoco6-
Ha JIULIb JOO0aBASATh HOBBIE HYKJICOTHIBI K CBOOOTHOMY 3°-KOHILY UME-
IOLIErocsd MOANHYKIIEOTHIA U, CICTIOBATEIbHO, CITOCOOHA HapalluBaTh
3TY CTPYKTYPY TOJIBKO B HampaBleHUH 5'— 3",

C y4eTOM YKa3aHHOTO OOCTOSTENLCTBA CTAHOBUTCS TIOHATHBIM aCHM-
METPHUYHBIA XapakTep (GYHKUMOHHPOBAHUS BHJIKM DEIUIUKALNU (CM.
puc. 1.9 u 1.10). Kak BUZHO U3 IIpUBEAECHHBIX CXEM, Ha OOHOM U3 MaT-
PHMUYHBIX HUTEH BUIKH (3°—5') MIer OTHOCHUTENBbHO OBICTPLIH M He-
IMPEPBIBHBIA CUHTE3 NOYEepHeW HUTH (Bemyilleil, WM JTUAMPYIOUIEH,
LENOYKMA) B HallpaBlieHMM 5°—3°, Torma Kak Ha Ipyrod Marpuue
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(5'—3") unet GoJee MeIIEHHEBIN U ITIPEPBIBUCTBIA CUHTE3 OTCTAIOLIEH
LIEMIOYKU KOPOTKUMHU ¢pparMeHTaMu (100 — 200 HYKJIEOTUAOB), NOMY-
YUBIUMMHU Ha3BaHue ¢pparMeHTOB OKa3zaky, ¥ TaKXKe B HaAlpaBlCHUU
5’3", CunTaeTcst, YTO CHHTE3 BEAYIUEH N OTCTAIOIIEH LENOYEK OCy-
wecTrsor JAHK-mmonuMepa3sst pasHbix THIOB. CBOOOIHBIN 3 -KOHEL,
HEeOOGXOAMMBIN UTI Hadana cHHTe3a ¢pparMenTa Oxaszaku, obecrieunBa-
ercst KopoTkoil HuThi0 PHK (okono 10 HYKIIEOTUIOB), MOJYYUBIIEN
naspanue PHK-npaiimepa (PHK-3aTpaBku), KOTOpasi CUHTE3UPYETCSL C
nomolublo pepmenta PHK-mipaitmaser. PHK-npafiMepbl MOIyT KOMII-
JIEMEHTApHO CIapMBaThCs Cpasdy ¢ HECKOMBLKUMHU y4acTKaMM Ha Mar-
puuHoit Hutu JIHK, co3nasast ycIoBus Uisl OTHOBPEMEHHOI0 CUHTE3a
HECKONMBKUX (pparmenToB Okazaku nipu ydactum JHK-monumepasst
I1I (cMm. puc. 1.10). Korna cuHTe3npoBaHHbII hparMeHT OKa3aku J0C-
TUTaeT S’-KoHua ouepeaHoro PHK-npaitMepa, HauuHaeT NposBIATE-
ca 5'-aKk30HyKIIea3Had aktupHocTs JJHK-nomuMepass! 1, koTopasi noc-
JlefoBaTeNbHO BhILIEIISET HyKneoTuasl PHK B HanpasieHun 5 —3°.
IIpu atoM yoangemsurit PHK -nipaitMep 3aMeliiaeTcsi COOTBETCTBYIOLMM
¢parmenTom JHK.

MocnenHuit (Tperuii) aTan paccMaTpUBaeMoOro mpolecca CBsi3aH
¢ neitctBueM epmenTta JHK-nurassl, KOTOpHI coenuHsAET 3 -KOHELL
omHoro M3 gparMeHToB OKa3aku ¢ 5’ -KOHILIOM COCEIHEro ()parMeHTa
c obpazoBaHMeM (dochoauapupHON CBA3M, BOCCTAHABIMBAA TaKUM
00pa3oM MEPBUYHYIO CTPYKTYPY OTCTAIOLIEH LEMOYKH, CHUHTE3upye-
MO B OYHKUMOHHUPYIOILEM peruiMKoHe. JdaitbpHeitas cnvpain3aluus
TIOSIBUBIIETOCST «IMOJIYKOHCepBaTHBHOro» y4yactka JIHK (3akpyumBa-
HUE cnupainu) npoucxoaut ¢ yyactueM JJHK-rupassl 1 HEKOTOPBIX
JIPYTHX OEJIKOB.

[TomupenINKOHHBIA NMPUHLIMIT opraHuszaunu Monekyisl JHK pa3-
JIMYHBIX 3YKApPUOT, B TOM 4YMCJie 4YeJioBeKa, 00ecreynBaeT BO3MOX-
HOCTb IMOCJIEA0BATEIBHOIO KOIMMUPOBaHUsI TEHETUYECKOrOo Marepuana

®parment Okasaku ~ 3’
OTCTaoWas Lerb 53 T 3

PHK-npaiimMep

Puc. 1.10. CunTe3 Benyuieit ¥ orcraroueit ueneit JJHK B o61actu pennukaunoH-
HOW BUJIKH
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3THX OPraHM3MOB 0€3 OIHOBPEMEHHOr0 PaCKpYYHUBaHUS (Hecrupanu-
3aLlMM) BCE OTPOMHOM IO pa3MepaM M CIOXHO YITaKOBaHHOM Mojie-
KYyJibl, YTO 3HAYUTENLHO COKpalllaeT BpeMs ¢e peruimkauvud. MHbIMU
CJIOBaMH, B TOT WIM MHONH MOMEHT BpEMEHU B OJHOM IPYMIIE PEIUIU-
KOHOB MOJIEKYJIB! MTPOUECC KOMMUPOBAHUS MOXET OBbITh yX€ 3aBEplUEH
OOBEAMHEHNEM U COUPAIU3aLed COOTBETCTBYIOILMX YYaCTKOB, TOTAa
KakK B APYroy rpynre OH TOJbKO HAaYMHAETCHd PaCIUIETAHUEM ABYXHU-
TEBBIX CTPYKTYP.

BasucHbie TepMuHbl M NOHATHSA: BeAyllas (TMAMPYIOILAs) 11€0YKa; BUJIKA
peluIMKaLuK; rejvkasa; rupasa; gecrabunusupylonive 6enku; JHK-monu-
Mepasa; godepusis HUTh JJHK; KoMmieMeHTapHOCTD; IMra3a; MaTpuuHag (po-
autensckas) HUTh JAHK; MaTpuyHbIi CHHTE3; OAHOLEITOYEUHBIH y4YacTOK
JAHK; orcralomas nenoyka; rmoJaMMepu3alus; moJyKOHCePBaTUBHbBIN IIPUH-
LIWN; perJiMkKa; periuvkauus; peruinkoH; PHK-mpaitmasza; PHK-npaiiMmep
(PHK-3atpaBka); cnupanusauus JHK; TononszoMepasa; Toyka Hayajga pen-
aukauuy; dparMeHT OKa3aku; 3K30HYKIeasHasg aKTUBHOCTH, 3 -KOHel 1e-
MOYKH; 5 -KOHEH LIEMOYKH.

1.3. 3anucb reHeTU4ecKon MHcopmauumn B MoOneKynax
HYKNEUHOBbIX KMCMOT. [eHeTUYeCcKUn Kon,

OnHO U3 OCHOBHBIX ITOJIOKEHUH COBPEMEHHOM MOJIEKYJISIPHOM TeHe-
TUKHU CBSI3aHO C MPU3HAHUEM POJIM HYKJIEHMHOBBIX KUCIOT KaK XpaHH-
TeJleit ¥ TIEPEHOCYNKOB TeHETUYECKOU UHGMOPMALIMU, ONpeaesiolen
NMEPBUYHYIO CTPYKTYPY BCeX OENKOB (TIONUMENTUAOB), CHHTE3UPYEMbIX
B KJIeTKE. MHOrOUMCIEHHBIE HCCIIEIOBAHUS CTPYKTYPHI M (YHKLMI
monekya JIHK u PHK mpusenu K moHumMaHuio crocoba 3armucu 3Toi
MH(popMalMK (TEHETUYECKOTO Koma). B cooTBETCTBUM ¢ COBpeMEHHBI~
MU TIPEICTAaBICHUSIMU TEepBUYHAA TeHeTMYecKas MHpopMalus Bcex
XKUBBIX OpraHu3MoB (3a nckmoyeHneM PHK-comepxallux BUpPYCOB)
XPaHUTCSI U BOCTIPOU3BORUTCS B CTpykType mx monekyn JAHK, 6ynyun
3aKOAVPOBAHHON B (pOopMe CrieUMPUUECKOro yepeloBaHusl YeThIpex
HYKJIEOTHIOB, KOTOpbIE MOIYT ObITh JU(pdepeHIIMPOBAHEI 0 COAEP-
KAHUIO COOTBETCTBYIOHIETO a30TUCTOrO ocHoBaHus (A, T', T, 1),
B y4acTKax MOJUHYKJICOTHAHOMN WLEMOYKH, UMEIOIIUX OPUEHTAIIHIO
3’5"

Wndopmanus kopupyiouero yyactka Huru JJHK mepenucbiBaercs
(epenaercsi) Ha OCHOBE IPHHIIMITA KOMITJIEMEHTAPHOCTH B JIMHEH-
HYIO MOCIEH0OBaTENbHOCTD UeThipex HykneoTunoB PHK (A, T, ¥V, )
c opueHTauuei 5°— 3° (kog PHK) B nponecce MaTpHyHOro CUHTe3a
monexynsl PHK Ha ogHoit w3 Huteit JHK 1 vctionb3ayercsi 3aTeM npu
CHHTE3€ COOTBETCTBYIOUIETO MOJIUIENTUAA. Pe3ybTaTOM yKa3aHHbIX CO-
ObITHH, KOTOpBIE OoNee MOAPOOHO GYAYT pacCMOTPEHBI B TIoApasm. 1.5
3TOM IJ1aBbl, SIBJISECTCS JUHEHHOE COOTBETCTBUE aMUHOKHUCIOTHOM 1O~
CJIENIOBATENIBHOCTU CUHTE3NPYEMOTO TIOJIUMENTHAA HYKICOTUIHOH! TO-
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ciemoBaTebHOCTH yvyacTka HUTH JIHK, Kogupyrouiero 3ToT Mojavren-
Tu. THBIMM Cl10BaMH, COOITIONAETCSI MPUHIIAN KOJTMHEAPHOCTH TTOJIM -
HYKJIEOTHIa M1 KOAUPYEMOTO UM MOJUIIETITHIA.

CoBpeMeHHBIE TIPEACTABIIEHUS O MPUHIMITAX ¥ CTPYKTYpEe TeHETU-
YeCKOTO Kofla MONMYYMIN YoequTeTbHbIE 9KCITepUMeHTATbHBIE 0O0CHO-
BaHMsl B Hayane 60-x rr. XX B., xorma Geuta paspaGoTaHa cUCTeMa
UCKYCCTBEHHOTIO (OE€CKJIETOUHOI0) CUHTE3a OC/IKOBEBIX MOJIEKYI iR Vitro
C HCTIONB30BaHUEM B KAYeCTBE MAaTPULL CHHTETHYECKUX MTOTUPUOOHYK-
JICOTHUAOB, UMCIOUIMX 3aJaHHOE CTPOEHHUE, a TAKXKEe pHOOCOM M JPYTHUX
HEeOOXOIHMBIX KOMIIOHEHTOB, BbLIEJIEHHBIX M3 DaKTepUAIBHBIX KJIETOK.
OTH 3KCIEPUMEHTHI IMOATBEPAUNN Oojiee paHHME IPERITOIIOKEHMS
0 TOM, YTO €MHHLa KOAUPOBaHMS (KOJOH) MpeacTaBisieT COO0N Tpoi-
Ky HYKJIEOTUAOB (TPUIUIET), KOTOpas OINpeaessieT MECTO COOTBETCTBY-
JOIIEW AMUHOKMCIIOTH! B TONMUIIENITUAHOM LEeNMoYKe, T.€. FeHETHYec-
KU KOI SIBJISIETCS TPUTLIETHBIM.

C NOMOIIBIO YKAa3aHHBIX METOMIOB YAATOCH pacuInpoBaTh CTPYKTY-
py Bcex 64 TpuruieroB MaTpuuHoi Mmostekyinbl PHK (uucio teopetu-
YECKM BO3MOXHBIX COUETAHMUI MO TPU M3 YEThIPEX pa3HBIX HYKJIEOTU-
nos IHK nu6o PHK cocrapaser 43 = 64). Tak, HanpuMep, B MEPBbIX
OUOXUMUYECKUX DKCIIEPUMEHTAX 10 U3YUEHUIO MATPUYHOM aKTUBHOC-
TH CUHTe3upoBaHHBIX pparMeHToB PHK, cocTosiiinx ToapKo U3 HYK-
JIEOTHIOB C YpaLUMIoM (MOJHYPHAWIOBON KUCIOTHI), ObLT 0OOHApYXeH
CHHTE3 HOJUIENTUAHBIX (PPAarMEHTOB, CONEPXAalUX UL ONHY aMU-
HOKHUCIOTY ((beHUJIATaHHH). BTH JaHHBbIE TO3BOJIMJIM CHEaTh BBI-
BoJ, uTo TpuUret YYY monekynsl PHK (1 cooTBeTcTBYIOIIMIA KOMII-
JieMeHTapHbIl Tpuruter AAA B Moiekyse JJHK) aBnsieTcs KOgZoOHOM
Uit heHMIalaHMHA. AHATOTMYHBIM 00pa3oM ObLIO paciiM(ppoBaHO CO-
Jepxanue U aApyrux kogoHos PHK. CeageHust 0 reHeTUUECKOM Koje
MarpuyHoit PHK (MPHK) npuBeneHbr B Tab6m. 1.2.

Kax BuaHO M3 T1aba. 1.2, 6onbinHCTBY U3 20 aMMHOKHUCJIOT, BXO-
JSIIMX B COCTAB OEJIKOBBIX MOJIEKYJI, COOTBETCTBYET HoJsiee, yeM OIUH
TPHUILIET, ITO3TOMY TaKOH KOJ CTajiu 00O03HA4YaTh TEPMUHOM <«BBIPOX-
JEeHHBINW», a Pa3NIUYHBIC TPUIUIETHI IJIs1 OMHOW U TOM K& aMUHOKHUCIIO-
ThI HAa3bIBAIOT TPUTLIETAMU-CUHOHUMAaMHU.

Hapsiny ¢ 61 tpurmietom MPHK, conepxaiunm HHGOpMAITHIO
O TOM MU UHOW aMMHOKHCIIOTe, OBLJTYM OOHAPYXEHBI TaKXe TPU TPUII-
Jeta (YAA, YA u YTA), koTopbie He HeCcyT Takoil mHPpopMallK, HO
CMOCOOHBI OCTaHaBIMBATL MPOLECC CYUTHIBAHUS HYKJICOTHIHOM IOC-
TIeIOBATEJILHOCTH BO BpeMsT CUHTE3a TOJTUIIENTHAA. DTH TPUILUIETH! ObLIH
Ha3BaHbl TEPMUHUPYIOUIMMH, UIU «CTOIT»-TPUTUIETAMMU.

K uucny Apyrux CBOWCTB reHeTUYECKOTO KOMa OTHOCSITCSI TakKXKe
€r0 HEIMEPEKPhIBAEMOCTh U HEMTPEPBIBHOCTL. T1oa HerlepeKpbiBaEMOCTEIO
KOJla MOHUMAIOT CITOCOOHOCTh Kaxmoro Hykneotuna MPHK BxomuTs
B COCTaB BCETO JIMIIIb OXHOr0 WHGOPMaLMOHHOro TpurieTa. HernpepnoiB-
HOCTh KOJla CBsI3aHa C TeM, 4TO MEXIYy JIMHEHHO pacroiaoXeHHBIMU
TPUILIETAMU, COCTaBJIHF)IfIHMﬁ' Oy TPy c'{m%mlr/m nHpOpMa-
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Tabauua 1.2

Tenernuecknit kox MPHK

[Mepsblit HyKIeOTHI Bropoit Hykieotus Tpumnieta TpeTuit HyK1EOTHI
TpUILieTa (5°-KoHel) A r y I TpuIieTa (3°-KoHew)
A JTus Apr Hne Tpe A

Juz Apr Met Tpe r
AcH Cep Hne Tpe Yy
AcH Cep Une Tpe 1
r Iy Inu Ban Ana A
I'ny I'nu Ban Ana r
Acn I'nu Ban Ana y
Acn I'nu Ban Ana L
y Cron |Cron | Jlei Cep A
Cron | Tpu Jleit Cep r
Tup Lnc denH Cep Yy
Tup Luc Pen Cep L
L [nu Apr Jeit IIpo A
18));1 Apr Jlenn IIpo r
I'uc Apr Jleit [Tpo y
Tuc Apr Jleit IIpo L

IHpumeuanue. B Tabnvue MCMOAb30BaHE CNEAYIOUINE COKPAIUEHUS HA3BAaHUI aMM-
HOKMCIOT: Afla — ajlaHuH, Apr — apruHuH, ACH — acraparud, Acll — acnaparuHo-
Bast Kucnora, Ban — panuH, ['uc — ructuauH, Tnu — mvumH, IMH — miyTamuH,
Iy — rmyramuHoBas kuciora, Une — usoneiuun, Jleit — neiiunH, Jluz — Jn3uH,
Met ~— MeTnoHuH, lpo — nponuu, Cep — cepuH, TUp — TUpO3UH, Tpe — Tpeo-
HUH, Tpu — Tpunroda, Pen — deHwnanaHuu, Luc — uucrenH.

UMM B MOJIEKYJIaX HYKJIEMHOBBIX KHUCJIOT, T. €. KOAUPYIOIIMMU OfHH I10-
JIMIENTUN, HET KAKUX-TU00 (DUINYECKHUX WHTEPBAJIOB, CMOCOOHBIX
NpepBaTh MPOLIECC CUUTHIBAHUS.

OnHOIi U3 MPUHLHITMAIEHO BAXHBIX 0COGEHHOCTEH TeHETUYECKOTO
KOJa SIBJISIETCS €r0 YHUBEPCAJIBHOCTb, KOTOpAsi NMPOSBISIETCA B TOM,
4yTo BCce konoHul MPHK, onpenensgionime aMUHOKHCAOTHYIO HOCTEN0-
BaTE€JbHOCTE MOJUITENTHIA, UMEIOT OJWHAKOBBIN CMBICT JUISI Op-
FaHW3MOB pa3HbIX YPOBHEH OpraHu3aiuy (0T BUPYCOB M OakTEpUii 10
yenoseka). Crnenyer, OnHAKO, UMeTh B BHIY, YTO B MPOLECCE IBOIIO-
LIUM OPTaHUYECKOTO MUpPa BO3HUKAJIM, BEPOSATHO, ¥ APYTHE BapUaHTHI
IF€HETUUYECKOT'O KOJIa, KOTOPbIE, KaK MPpaBUIo, SIUMUHUPOBATIUCH Oa-
ronaps NeMUCTBHIO CTAOMIN3MPYIOLIETO €CTECTBEHHOTO 0TO0pa. TeM He
MEHEe, 10 HACTOSILEero BpeMeHHU CoxXpaHmica reHeTnyeckuit kog JHK
MMTOXOHAPHI, KOTOPBIII UMEET HEKOTOPHIE CTPYKTYpPHBIE OTJIMYHUS OT
YHUBEpcanbHOro Koaa xpomocoMHoi JJTHK pasnuyHpIX opraHu3MoB.

18



Tak, "anpumep, tpumietsl xpomocoMuoit JHK T'AA, TATI, TAT,
T'AILL (1 coorBercTByIOLME TpUuIieTsl MPHK), KOTUpyIOT aMUHOKMUC-
JIOTy JeHIUH, ToTda Kak B MUTOXxoHnpuanbHoi JJHK npoxxkeit atn
X€ TPUILIETHI HeCyT MH(POPMALIMI0O 00 aMUHOKHUCIIOTE TPEOHUHE.
Ycnexu B M3YYEHMHM TeHETHYECKOTO KOJIa HYKJIEMHOBBIX KHUCIOT
U CBA3aHHOIO C HUM IIpollecca OUOCUHTE3a OEJKOB B KJIETKE IMOCHY-
SKUJIM OCHOBOM ISt CO3AaHUsI HOBOI'O HAITPaBJIEHUsI COBPEMEHHOI re-
HETHKH, MOJYYNBLIEro Ha3BaHUe TEOPUM TeHETUYECKON MHDOpMallUH.
CnpaBedTMBOCTL YCTAHOBJIGHHBIX paHee MPUHLMUIIOB U CTPYKTYPHI
TEeHETHYECKOTO KO/Ia HAaXOIUT JAJTbHEMHIIIee ITPAKTHUECKOE MOATBEPXKIE-
HMeE TIPH UCITONIE30BAHUH COBPEMEHHBIX TEXHOJIOTHI TeHETUYECKOM UH-
K€HEPUM, OCHOBHAS 3aJaya KOTOPOH COCTOUT B 3KCMEPUMEHTAITLHOM
koHcTpyupoBanuu monekyn JHK u PHK, comepxammx Xejgareab-
HYI0 JUISL UCCIIEXOBATENS MOCNEI0BATEIbHOCTh HYKJICOTHAOB, B B I10-
JIyYeHHUU OENIKOBBIX MPOAYKTOB, KOAUPYEMbIX TAKUMW MOJIEKYIaAMH.

Ba3zucHble TepMMHBI W NMOHATHA: AMUHOKHMCJIOTHAsT MOCIEA0BATENbHOCTD;
BBIPOXIEHHBIN Kog; reHeTUdecKasi MHOpMaLMs; TEHETUIECKUIA KO, KOaN~
pylouMi (MHGMOPMALIMOHHBIN) Yy4acTOK TMOJMHYKIEOTUAA; KOAOH; KOJIMHE-
aPHOCTb [MOJIMHYKJIECOTUAA U TMOJMIENTUA]; HEMEePEKPhIBAOLUUNACH KOH; He-
TPEPLIBHBIN KOI; HYKJIEOTHIHAS MMOCIEA0BATEIbHOCTD; MOJUIIEINTUI; TEOPUS
T€HETUYECKON MHMOpPMALIMM; TEPMUHUPYIOWUU (CTOIT) TPUILIET; TPUILIET;
TPHTUIETHBIM KO, YHUBEPCATLHBIA KO

1.4. CoBpemeHHbIe npeacTaBneHUs
O CTPYKTYPHO-(PYHKUMOHANLHOW opraHu3auuuv reHos

HcTopuio B3rIsiI0B HAa €AMHULIBI HACIEACTBEHHOCTH (TeHbl), OTKPBI-
Tole [". MeHneneM, MOXHO YCJIOBHO pa3levuTh Ha HECKOJBKO MEPUO-
J0B. B COOTBETCTBUM C «KIIACCUUYECKOM» TOUKOH 3peHHs1, KOTOpasi IipeBa-
nmuposana B 30-e rr. XX B., reH pacCMaTPUBaJIA KaK HEAETIUMYIO eIH-
HUILY TEHETUYECKOH Tiepenau, GyHKIUK, MyTaLMU U PEKOMOUHALIVY.
Hauyunasa ¢ 1940-x IT., B CBSI3U C YCTAHOBJIEHUEM INE€HETUUYECKOUN POJIH
OHK dopmupyercs «HeoknaccuuecKas» KOHUEILMs, COTJIACHO KOTO-
poii reH (1MCTPOH) TpeacTaBaseT coboit yuactok moiekynst JJHK co
cren(pUUECKOi TTOCIe0BATEMbHOCTRIO HYKIJTIEOTHIOB, ONpeaesonieit
TMEpBUYHYIO CTPYKTYpPY CHHTe3upyemoit Moiekynsl MPHK u coor-
BETCTBYIONLIETO IOJUIIENTHIA JIMO0 oaMHOYHOM Mojekyisl TPHK wnn
pPHK. I'pu 3ToM reH noapasnesseTcsi Ha CBOM COCTABHBIE YacTU B BUIE
3JIeMEHTApHBIX eIMHUII MyTauuy (MyTOHOB) U PEKOMOMHAUMU (peKO-
HOB), KOTOpbIE MOTYT OBITb MAEHTHPUIIHPOBAaHbI KaK ONpeaeiCHHbIE
YYaCTKM MOJUHYKIeoTHAA. I'eHbl, JeTEpMUHUPYIOLIHE CTPYKTYPY NOJIH-
nenTuaoB U Monekya PHK, mosyyunu Ha3BaHHE CTPYKTYPHBIX T€HOB.
CoBpeMeHHBIN ITepuon MOHUMaHW reHa, Hayapluiicst ¢ 1970-x rr.,
CBSI3aH C MOSIBJICHUEM HOBBIX 3HAHUI O MPEPBHIBUCTON («MO3aNYHOMN»)
CTPYKTYpE TCHOB 3YKApHOT U pPsIe IPYTrHX OCODEHHOCTEH reHETUUECKOMN
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OPraHM3alMM Pa3uYHbIX OPTaHU3MOB (ME€PEKPHIBAIOLIHECS TEHBI, [10-
BTOpSIOUIMECS TeHbI, NICEBAOTEHbl, MOOMIIBHBIE T€HbI U AP.).

B pamkax xnaccuueckoil (¢hopMaJbHOM) reHeTUKM MPUHSTO pac-
CMAaTpHUBAaTh I'€H KaK CTPYKTYPHYIO €AMHUILY, I€TEPMUHHUPYIOLLYIO 3J1e-
MEHTapHHBIN TIpu3HaK ((eH) opranusma. COBOKYITHOCTE BCEX TCHOB
OTHENbHOTO OpraHu3sMa (MHAWBUOYYMAa) HA3bIBAIOT €r0 CCHOTHUIIOM,
a COBOKYIIHOCTh HAacJIEAyeMbIX NPU3HAKOB — (DEeHOTUNIOM. TEPMUHOM
«T€HOM» MPUHATO 0603HAYATh COBOKYITHOCTb BCEX M€ HETHYECKUX 3JIe-~
MeHToB (IHK Xxpomocom, MHTOXOHApPMII, MNa3Mug W Jp.), SABISIO-
LUUXCST MOCTOAHHBIMY [UTSI OPraHU3MOB 1aHHOTO BUaa. Crenyer 3ame-
TUTB, YTO pasMepbl reHoMoB (kKosnmyecTBa reHoMHo# JHK nu6o PHK
Y COOTBETCTBYIOLIMX BUPYCOB) UMEIOT CYLIECTBEHHBIC PA3IMUUs Y Opra-
HU3MOB, OTHOCSILLUXCSA K PA3HBIM YPOBHSIM OpraHU3allUU XUBOU Ma-
TepUH (BUPYCHI, DAKTEPHH, DYKAPUOTHI).

JlOCTHXXEeHHMS COBPEMEHHOTO 3Talla B U3YUEeHUHM CTPYKTYDPHI U PyH-
KLU T€HOB CBA3aHLI C Pa3paboTKOH M INMPOKUM HCIONB30BAHUEM
TEXHOJIOTHII TEHETMYECKON WMHXEHEPUH, B TOM YHCJIe METOIOB KJIO-
HupoBaHus ¢parmeHToB JHK (reHoB) pasiuyHbIX OpraHu3MoB. [as
MOJIEKYJISIPHOTO KJIOHAPOBAHUS MOTYT GLITh UCTIONB30BaHb! hepMeH-
THI, ITOJIYYUBIINE HA3BAHNE PECTPHUKIIMOHHBIX 3HIOHYKIIea3 (PeCTPUK-
Ta3), KOTOpbIE CIIOCOOHBI paCIUEIIATS («pa3pe3arh») cnennuduyeckue
HYKJIEOTUAHBIE nocnenosaTeapHocTy Monekyibl JIHK ¢ paspyuieHu-
eM ochonuadupHBIX CBA3eit u 00pa3oBaHUEM JHMHEMHBIX hparMeH-
TOB MOJIEKYJibl. B KadecTBe HocuTeseli (BEKTOPOB) KJIOHMUPYEMBIX re-
HOB OOBIYHO KCITONB3YIOT HeOOMbIIIME KojbileBbie MOJeKybl JAHK Bu-
pycoB MO0 GaKTepUaNbHbIX MIa3MUI.

ITpriMepoM MOXET CYXUTh AEHCTBHE peCTPUKTa3bl £coR 1, koTopast
CcrocoOHa «y3HaBaTh» yuacTku Mosnexyist JJHK, conepxauiie mectu-
HYKJIEOTUHbIE UHBEPTUPOBaHHbBIE TTocienoBarenbHocTh (5 -ITAATTLL-
3" Ha onHoit HUTH M 3’ -IITTAAT-5" Ha gpyroii (KOMIUIEMEHTapHO)
HWUTH), ¥ BHOCHTb pa3pbIBBl MeXny Hykieotaamu [ U A kaxnoii

U3 HUTEH MOAEKYIbI (pUc. 1.11).
T T T 13 JlanpHeliluee pasmelieHHe 3TUX
X X Iﬁ AHK  HuTell NMpUBORUT K TOSIBIEHHUIO
3 L +' L1 1 5. ONHOHWTEBBIX («JIUMKHX») KOH-
1I0B 00pa3oBaBLINXCS (hparMeHTOB
EcoR1 MOJIEKYJIbI, KOTOpbIE, OOHAKO,
MOTYT JIETKO BOCCOEANHSITLCS MO
KOMILIEMEHTaAPHOMY IIPUHIUILY C
T 44 R MTOMOILbIO (PEpMEHTa JIMTa3hl,
! CMIOCOOHOTO BOCCTAHOBUTH LIETTO-

r ! CTHYIO CTPYKTYPY MOJICKYJIBL.
A Ha puc. 1.12 npuBonurcs cxe-
Ma 3KCAEPUMEHTA 1O KJIOHHUPO-
Puc. 1.11. Mexanusm aeiicteus pect- BaHHUIO OJHOTO U3 PECTPUKLIMOH-
pukTasbl EcoRl HBIX ()PATMEHTOB XPOMOCOMHOM
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HyxHbill reH BexTopHas ruiasMuia

AHK
®parmeHTaumMs
Pecrpukrasa PecTpHKTasa

- —
| - }\

I\A / JunenHas

JIuraza JHK
IUIa3MHAIBL
I'ubGpunxas
IU1a3sMKaa

BegeHue mmasMuabl
B 6aKTepUANBHYIO KJIETKY
(tpaHcdopmalius)

!

JanbHeiiulee pasMHOXEHUE TUTa3MUIbL
B DakTepusx, MOJIy4eHHEe MHOXECTBA
KOIIHi reHa

Puc. 1.12. KnoHupoBaHue reHa, HaXoIs1LErocsi B CTPYyKType hparMeHTa XpoMo-
comnoit IHK, B BekTOpHYI0 MOaekyty maasmuanoi JHK ¢ vcnonbsosanuem
PECTPUKTA3b! U JIUra3bl

monexkysibl JJHK, comepxaliiero HyXHBIM HCCIIEI0OBATENIO CTPYKTYD-
HBIU TeH, B KOMBLEBYIO BeKTOpHYIO Mojekyny JHK (mnasmuny), Ko-
TOpast MPEeABAPUTENIHHO pa3pe3aeTcsl TOM Xe PecTPUKTA30i U, ClIeno-
BaTeJIbHO, UMEET WINIKUE» KOHLBI, HEOOXOIMMBIE TS MTOCIEAYIOLUENO
BOCCOEIUHEHHUS ¢ KIIOHUPYEMBIM XpOMOCOMHBIM dparmeHToM. Creny-
€T 3aMETHUTh, YTO B Ka4YeCTBE BEKTOpa OOBLIUHO MOAOUpPAETCsl TaKas MO-
nexyina JHK, kotopasi uMeeT Bcero nuiilb OOMH NMOAMHYKIICOTUIHbINMA
y4acTOK, Y3HABaeMbIi HCIOJIb3yeMOM PECTPUKTA30M, T. €. OIUH Y4aCTOK
pa3pesaHus, MO3TOMY B pe3yNbTaTe ee€ PeCTPUKIMM OyneT oOpa3oBaH
OIUH NVHEWHBLIH (parMeHT, UMEIOIUI Ba KOMITJIEMEHTAPHBIX IPYyT
JPYTY «JTANKKUX» KOHLA. [ToNydeHHYIO TAKUM CITIOCOOOM TMOPHUIHYIO MO~
nekyny JHK (TmasMuaHbIi BEKTOP ¢ BKIIIOYEHHBIM B €10 CTPYKTYDY
XPOMOCOMHBIM TEHOM) MOXKHO 3aTeM BBECTH B OaKTepUANBHYIO KIIETKY
¢ MOMOIIBIO TpaHc(hOpMaUUH U KOTIMPOBATh B MPOLIECCE Pa3MHOXEHUS
OaKTepuii, SIBJISIOIIMXCS X03sIeBaMH 3Toi MoneKy/bl. [locnenyroiee Bbi-
aeneHue konuposatHoit JHK k1oHHpoBaHHOTO reHa, BbIpe3aHHOH Toi
XK€ PeCTPUKTA30H M3 CTPYKTYPbl BEKTOPHON MOJIEKYJbl, 1aeT BO3MOX-
HOCTb IMTPOBOAUTh AETATLHBIN MOJIEKYISIPHO~-TEHETUYECKU Y aHAJIU3 3TO-
rO TeHa, BKJIIOYas ornpeesieHre ero HyKJIeOTHIHOM nocienoBaTeibHO-
cT# (CeKBEHHMPOBaHuKe TeHa). K HacTosdieMy BpeMEHH CO3IaHbl OOLIND-
Hble «OMOIMOTEKM» KIOHUPOBAHHBIX TeHOB (KJIOHOTEKH) Da3jInuHbBIX
OPraHU3MOB, KOTOpbIE UCIIONB3YIOTCS KaK JUISl UCCIIENOBATENIbCKUX pa-
00T, TaK U MpHU pellleHUH psiAa NPaKTUYECKUX 3a1ad.
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B cooTBeTCTBUM C COBpeMEHHBIMU TPEICTABICHUSIMH OOJBIIIMH-
CTBO CTPYKTYPHBIX T€HOB ITpOKApHOT (0aKTepHil) MPEACTABICHO HE-
MPEPLIBHBIMU yuacTkamu MosiekyJiel JIHK, Bcs nHgbopManmsa KoTopbix
HUCIIONB3YETCs TIPU CUHTE3¢ KONUPYEMBIX MONMUIIETITAAHBIX LIETIOYEK.
CrenoBaTenpHO, TeHeTUYeCKasT MH(OPMALIKS IIPOKAapHOTUYECKOTO r'eHa
peaU3yeTCs MOMHOCTHIO. Y HEKOTOPHIX MEJIKWX BUPYCOB Obl1a 0OHa-
pyXeHa HeoObIYHasl CTPYKTYPHO-(QYHKIMOHANbHAsT OpraHM3alns re-
HETUYECKOT0 MaTepuana B opMe ITepeKpHIBAIOLIMXCSA T€HOB (IO TIPUH-
LUIY «[€H B T€HE»), KOTOpas IO3BOJIAeT OCYILECTBIATHL clie Oojee
3KOHOMHOE HCIIOJb30BAHHUE HMMEIOUIMXCS BEChbMa OTrpaHUYEHHBIX
UH()OPMAIIMOHHBIX BO3MOXHOCTEH TeHoMa. Tak, HalpuMep, HEKOTO-
pble yyactkyt JITHK oaHoro u3 cambix Meiakux 6akrepuodaroB ¢ X174
(Tab1. 1.3) conepxar nHOOPMAIIMIO HE OMHOTO, @ OMHOBPEMEHHO IBYX
Pa3IMYHBIX TEHOB, YTO MTO3BOJISIET TCHOMY CTOJIb MaJIbIX Pa3MEpOB KO-
IUPOBATh HE MEHEE 9 pasTMYHBIX OCNMKOBBIX MOJIEKYJ. CUHUThIBAaHUE
WH(}pOpMaIIMN NMepeKPHIBAIOLLMIXCH IeHOB HAYMHAETCS C pasHbIX CTap-
TOBBIX TOYEK OTHOM U TOU XE€ HYKJICOTHUIHONM MOCICAOBATENLHOCTH,
T.€. UMEIOTCSI PA3fIMYHbIE PaMKM CUYMTBIBAHWS 3TOM MOCIedOBaTeNb-
HOCTH.

B otanuuMe ot nMpoKapuoT Mg 3YKapyuOT TUITUYHBIM ABJIAETCA TIpe-
PBIBUCTBIN XapaKTep CTPYKTYPHO-(YHKIIMOHATBHOM OpraHuU3aluuu re-
HOB. MH(OopMalis TaKoTo reHa O CTPYKTYPE CUHTE3UPYEeMOTO MOJIH-
MENTHIA CYLIECTBYET HE B BUAE HEMPEPHIBHOI HYKIIEOTHAHOM Tiocie-
JOBaTeIbHOCTH OfpeneieHHoro yyactka Monekyisl JJHK, a B popme
KoAUpyoux dparMeHTOB (3K30HOB), KOTOPBIE TIpPephiBaloTCs (pas-
IENAI0TCS) «MHEPTHBIMU» HYKJICOTUIHLEIMH IOCNIEIOBATEAbHOCTIMU
(MHTpOHaMM), HE MPHHUMAIOUIUMM TIPSIMOTO YYacTUsI B KOAUPOBAHUH
aroro nonunentuaa. CiaeroBaTeJIbHO, FeHBI Pa3IMYHBIX 3YKapUOTHYEC-
KHMX OPraHU3MOB NPEACTABJISIIOT COO0 MO3auKy M3 HECKOJBKHUX Yepe-
IYIOLUMXCS B OTIPEENIEHHOM MOPSIIKE 3K30HOB U HHTPOHOB. PazMepsl
WHTPOHOB B COCTaBe TaKMX I'eHOB KoJebmorcs oT 10 no Oonee yem

Tadbnuua 1.3

Paamepu T€HOMOB pa3JIHYHBIX OPraHUu3MOB

OpTaHPIBMbI Yucno nap HyKJI€OTHA0B ralyiouaHOro reHomMa
Bakrtepuodar ¢ X174 54-10
Bakrepuodar A 5,0-10¢
Bakrepuodar T4 1,8-10°
KulueyHas namouka 4,210
Lpoxcku 1,8- 107
Hemartona 8,0-107
YesioBek 3,0-10°
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1000 map HykieoTHnoB. B kayecTe 131 32 99100 141

npuMepa MOXHO pacCMOTpeTb MOo-  &T¢H

3aUYHYIO CTPYKTYpPY T€HOB, KOIU-

PYIOIUMX CUHTE3 TOJUITENITUIHBIX

LIENoYeK o~ U -rnobuHa (puc. 1.13),

KOTOpBIE (POPMUPYIOT TETPAMEPHYIO

CTPYKTYPY MOJIEKYJIb FEMODJIOGHHA Puc. 1.13. CtpykTypa reHoB o- 4 3-IJ1o-

qeJloBeKa, COREePXAUIYIo IBE O- OuHa yenoBeka.

M IBe B-LIEMOYKH. 3akpallleHHbIE Y4aCTKM — paifOHbI TEHOB,
Mpeanonaraercs, YTO MHTPOHb ~ KOAMPYIOWMC CTPYKTYDPY MOMUIICITUAOR

(3K30HBI), KOTOPHIE pa3/ieeHbl MHTPOHA-
MOTYT MIPaTh POJIb B PCTYIALNMM (He3akpauieHHble yyacTku). Lubdpb

npoueccurra PHK, KoTopsiit 6Y-  wan renamn ykassisatoT avnHoxucnoTHsie
JET OOCYXHAThCA B Tonpasm. 1.5. ocrarku xonupyemoro mosunentuna (noc-
HUmerorcs JaHHBbIE, ITO3BOJIAIOIINE 1€ cruiaficuHra). 3aliTpHXOBaHbI Y4acTKH,
CYMTATh, YTO OHHU, BEPOATHO, CY- KOTOpbie TpaHckpubupyrorca B MPHK,
IECTBEHHO BIMSAIOT HA MPOIECCH HO HE TPaHCIHPYIOTCSI B 6e1OK (MX MPUHS~
TO PACCMATPUBAThL KaK HeTpaHCIHpyeMbIE
peKOM6I/IHaLlI/II/I MEXIy TOMOJIOTHY - yacry NEPBOFO M NMOCJEAHEIO 3K30HOB)
HBIMU reHaMK. MI3BecTHA TaKKe TH~
[10TE3a O TOM, UTO MO UHTPOHHBIM Y4acTKaM OTHOCHUTEJIBHO JIETKO M
YacTO MOTYT peKOMOWHUPOBATHCA T€HBI Pa3HBIX OENKOB JIMOO TEHbI,
JeTepMUHUPYIOIIUE OeJIKY OJHOr0 CeMeMCTBa, HO HaKOIMBLIME pa3-
HblE MyTallMK. MOXHO 1oj1araTth, 9YTO TAKME CBOMCTBA UHTPOHOB JOJI-
XKHBl YCKOPSITH 3BOJIIOLIMIO OEJIKOBBIX MOJEKYJ, obyeryas MpoLECCh
SBOJIOLMM 3YKAPUOT B LIEJIOM, YTO JAET UM 3HAYWTEJIBHBIE TIPEUMY-
IIECTBA TI0 CPaBHEHMIO C MPOKApUOTAMHU. B KauecTBe «3BOJIIOLUOHHOTO
pe3epBa» 3YKaprOT MOXHO, BEPOSITHO, pacCMaTpHBaTh U OOHapyXU-
BaeMble B MX FeHOMax TCEBIOrEHBI, KOTOPBIE MPEICTABMSIOT COOOM
HYKJIEOTUAHBIe TTocaenoBaTeabHocTy JJHK, roMonornyHplie rnocaeno-
BaTEILHOCTSIM U3BECTHBIX ((PYHKUMOHUPYIOIIMX) TEHOB, HO MO TEM
WJIKX UHBIM MIPUYMHAM He MpOosiBIsIoIMe MHPOPMaLIMOHHON aKTUBHO-
CTH, T.€. HE JalOllNe KOHEUHOTO 3pesioro MpoAyKTa.

OnHoil U3 ocobeHHOCTEN FeHeTUYECKON OpraHM3auMM 3YKapuoT
SIBJIIETCSl TaKXe TNPUCYTCTBUE B MX TEHOMAax 3HAYMUTEJIBHOIO 4ycCiia
MOBTOPAIOLUUXCH T€HOB, KOAMPYIOIMX NMepBUYHy0 cTpykTYpy TPHK,
pPHK, 6eJKOB-TUCTOHOB, a TaKXKe MHBIX (MEHee MPOTSKEHHBIX U He
BCErma UACHTU(PUUMUPOBAHHBIX B IJIaHE QYHKUMOHAILHOU 3HAYUMOC-
TH) MOBTOPAIOUINXCsA TocienoBatenbHocTedt JHK, Komuuectso Ko-
MUHA KOTOPBIX MOXET BapbUpPOBaTh OT €AWHULL A0 HECKOJBKMX ThICAY
U 0ojee. Tak, HarIpUMep, B TalIOMAHOM IreHOME YeJIOBeKa, CONEpXKa-
HIeM oko1o 3+10° map HyKIeOTHIOB, TOBTOPSIOLIMECS MOCTENOBATE b
Hoctu JIHK cocrapnsior npumepHo 30 %, Torna kak ocransHbie 70 %
reHomMa TIpeICTaBJIeHbl «YHUKATBHBIMUY [TOCIEA0BATEJIBHOCTSIMU, KO-
TOPbIE CYLIECTBYIOT B EMHUYHBIX KOTTHSIX.

B reHoMax pasnMyHBIX OPTaHU3MOB (NTPOKAPHUOT U 3YKAPHUOT) OOHA-
PYXEHBI TakKe MOOMITbHbBIE (TPAHCIIO3UPYEMbIe) TeHBI, POJIb KOTOPBIX
6yneT obcyxaaThbes B moAapasa. 1.7 3TOMH IJ1aBhL.

130 31 104 105 146
3-ren
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Ba3ucHble TepMHHbLI B NOHATHA: BEKTOD; I'eH; reHeTHUYeCcKass MHXEHEPHS,
FEHOM; reHOTHI; rubpunHas mojexyiaa JHK; MHTPOH; KIOHMpOBAHUE F€HOB;
MUTPHPYIOLLME F'eHBI; MOJIEKYISPHOE KIIOHUPOBAHHUE; MOBTOPSIIOILMECS I'eHE;
MEPEKPbIBAIOILMECS TE€HBI; MPEPbIBUCTbIE (MO3aUYHbBIE) TEHBI; TICEBAOTEHBI;
paMKa CUMThIBaHUS UH(GOPMALIMKY; PECTPUKTA3b (PECTPUKLIMOHHEIC SHAOHYK-
Jiea3nl); CEKBEHMPOBAHHUE IeHA; CTPYKTYPHbIE I'eHbI; heH; HEHOTHII; 3K30H.

1.5. OTanbl peanusauuu reHeTudyeckon uHdopmauun
B KneTtke

TIpMHUMTIMANIBHO BaXXKHBIM CBOIMCTBOM I'eHeTHUeCKoU nHdopManuu
SIBJISIETCA €€ CIIOCOOHOCTH K MepeHocy (Iepefaue) Kak B Ipeaenax
OIHOM KJIETKM, TaK U OT POAWUTENbCKOM KJIETKH K JOYEpHHUM JHOGO
MEXIY KJIETKAMU DAa3HbIX WHAMBUIAYYMOB B IMpoLECCax KJIETOYHOTO
JIeJIeHWsT ¥ pa3MHOXEHMST OpraHn3MoB (cM. Takke Tt 3). Uto Kacaercs
HAIpAaBJIEHUI BHYTPUKJIETOUHOTIO MEPEHOCa FreHETUYeCKOH MHpopMa-
uuu, To B ciaydae JJHK-comepXauiux OpraHU3MOB OHU CBSI3aHBI
¢ npoueccamu permnukaunuu Mosiekyn JIHK, T.¢. ¢ KonupopaHueM uH-
dopmaumu (cM. moapasa. 1.2), mubo ¢ cuntezoM moiekyt PHK (tpaHc-
KpHUIMER) U 00pa3oBaHUEM NOJUIIENTHAOB (TpaHcasLuMeit) (puc. 1.14).
Kak n3BecTHO, KaXXIblii M3 YKa3aHHBIX IPOLIECCOB OCYLIECTBISETCS Ha
OCHOBE MPUHLIMITOB MATPUYHOCTH U KOMIUIEMEHTAPHOCTH.

CroxuBIIHNeCs NMPEACTABICHUS O MepeHOCe reHETHYeCKON nHGOop-
Mauuu 1o cxeme JJHK — PHK — 6en10K NpUHATO HA3bIBaTh «lLIEHT-
PAIBHOM JOTMOM» MOJIEKYNsIpHOit 6uonornu. Hapsimy ¢ sTuM (Haubo-
Jiee pacnipOCTPaHEHHBIM) HallpaBAeHHEM MepeHoca, KOTOPbIif MHOTAa
0003HaYyaloT KaK «obOUMi MepeHOC», H3BECTHA U ApYyrasi (popMa pea-
JIM3aLUM T€HETUYECKON MHGOpMALIUU («CIIELMATH3UPOBAHHEIN Mepe-
HOoC»), obHapyxeHHas y PHK-comepxamux Bupycos. B aToM ciydae
HabsroAaeTcs Ipouecce, NOJIYYUBIIMI Ha3zBaHUe 0OpaTHOM TPaHCKPHII-
LIMM, TIPU KOTOPOM TEPBUYHBIH reHEeTUYECKUH MaTepuall (BUpyCHas
PHK), npoHuKmuit B KIeTKY-XO3sIMHa, CIYXKUT MaTPUIENR I CHH~
Te3a KoMmIuieMeHTapHoit JIHK ¢ momolisio hepMeHTa 06paTHOM TpaHC-
KpunTasbl (peBeEpTasbl), KOOMPYEeMOI BUPYCHBIM TeHOMOM. B nanbHen-
LIIeEM BO3MOXHa peaiM3aunsl HHdOpMali CUHTE3UPOBAHHOU BUPYC-
Hoit THK B 06bIYHOM HaripasneHny. CiieoBaTeIbHO, CIIEIMATU3UPO-

TpaHcKpHLUs TpaHcnaauus
AHK > PHK > Benok
VIN/\"Z\N NNN D
a
<
Perumukamms ©
l \ Puc. 1.14. OCHOBHBIE HaNpaRJIEHUS] BHYT-
AHK AHK PHUKJIETOYHOIO MEePEeHOCa reHeTHYEeCKO
NN\ /NN MHbOpPMaLU
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BaHHBIM MEPEHOC IreHETUeCKO MHMOPMALIMU OCYIIECTBISAETCS MO CXe-
me PHK — IHK— PHK — 6ejok.

Ipanckpunyusa SBISIETCS TIEPBBIM 3TANOM OOILIETO IEepeHOoca TreHe-
THYECKOH MH(pOPMALIMU U IpeacTasisgeT co0oM npouecc OMOCHHTE3A
monekys PHK 1o nporpamme JHK. [1puHUMTTUATIBHBIA CMBICT 3TOTO
1pollecca COCTOMT B TOM, UTO MH(MOpMALIUS CTPYKTYPHOTO TeHa (JInbo
HECKOJIBKMX PACTIONIOXKEHHBIX PSIOM FeHOB), 3alMcaHHast B hopMe HYK-
JIEOTUIHOM TocneaoBaTebHOCTH Komupyiouieit Hutu JIHK B oprenTa-
K 3°'— 5°, mepernuceiBaeTcst (TPAaHCKPUOUPYETCA) B HYKIEOTHIHYIO
nocaenoBaTeabHOCTh Monekynbel PHK, cuHtesupyemMoil B Hamnpasie-
HUY 5'— 3’ Ha OCHOBE KOMIIIEMEHTAPHOTO COOTBETCTBUS ME30KCH-
pubonykineoraoB marpuuHoit Hutu JHK pubonykneornoam PHK
(A-Y, -1, T-A, II-T) (puc. 1.15). B xauecTBe NpOAYKTOB TPAHCKPHII-
UMM (TPAaHCKPHUIITOB) MOXHO pacCMaTpHUBaTh Bee TUITLI MojiekyT PHK,
YYACTBYIOLIMX B OMOCHHTE3e GEIKOB B KJIETKE, — MaTpuyHbie (MH(pOp-
mamoHHble) PHK (MPHK, nin nPHK), pubocomueie PHK (pPHK),
tpadcrioptHele PHK (TPHK), maneie saepusie PHK (MaPHK).

IIpo1ecc TpaHCKPUNIIIMK OOECTIEUNBACTCS KOMIUICKCHBIM JCHCTBUEM
pana ¢depMeHTOB, K YMciIy KoTopbix oTHocutrcsas PHK-monumepasa,
MpEACTaBISIOIAs COOOU CIOXHBINA 00K, COCTOSILIMIA U3 HECKONABKUX
CYOBEIOVHULL ¥ CITOCOOHBII BBIMOJHATD HECKOIBKO (hyHKUMM. B oTin-
yye OT MpokapvoT (baxTepuid), B KieTKax Kotophix uMeercss PHK-
MoJIMMepa3sa JIKLb OAHOTrO THIIa, 00eCITeYHBaoLlasi CHHTE3 pa3HbIX MO~
nexkyn PHK, y sykapuor ycraHoBieHo Hanuuue spepHbix PHK-monu-
mepas tpex turnos (I, II, IIT), a Takxe PHK-mmonuMepas KieTOYHBIX
opranemn, cogepxaunx JHK (Muroxounpuii, nnactun). PHK-nonn-
Mepasa | HaxomuTces B SApBILLKE U YYaCTBYET B CUHTe3¢ OONbIIMHCTBA
monekys pPHK, PHK-nonumepasa I obecnieunBaer cunte3 MPHK 1
MaPHK, a PHK-nonumepasa 111 ocyiuecrensier cuutes TPHK m o~
Horo BapwuaHTa Moaekyn pPHK.

TpaHcKpuUUA NoApa3neseTcsi Ha TPM OCHOBHBIE CTAIUU — WHU~
nuaiuo (Hayao cuHre3a PHK), snoHraumio (yIUIMHEHUE TTOJIUMHYKIIE-
OTHIHON LIEMOYKW) U TepMUHALUIO (OKOHYAHME TIpoliecca).

Puc. 1.15. CunHTe3 Monexysabl
PHK na matpuyroit Hutu JHK.

CTpenKoif TNOKa3aHO HalpaBjeHue,
B KOTOpPOM HfeT poct uenu PHK




WNHumaums TpaHCKPUITLIMK 3aBUCUT OT TTPEIBAPUTEIHLHOTO CTIEHH-
¢nueckoro cBsa3viBaHus PHK-nonuMepasbl ¢ y3HaBaeMoil €10 KOpoT-
KOU HYKJIEOTHUIHOI TOCIEN0BaTEIbHOCTRIO B yyacTKe MojeKyiasl JHK
(1TpoMOTOpE), PACTIONOXEHHOM IePENl CTAPTOBOM TOYKON CTPYKTYpPHO-
ro reHa, ¢ Kotopoi HauuHaercst cuHte3 PHK. ITpoMOTOpH pa3HBIX CTpyK-
TYPHBIX TEHOB MOTYT ObITb UAEHTHYHBLIMH JIUOO COAEPXKAT OTJIMYAIOLIH-
ecsl IpYT OT Ipyra MocCAeA0BaTeIbHOCTH HYKJIEOTHIOB, YTO, BEPOSTHO,
onpenenseT 3(HOEKTUBHOCTb TPAHCKPUOMPOBAHUST OTAECIBHBLIX TECHOB U
BO3MOXHOCTH PEryJIsILUM CaMOTO TIpoIiecca TPAHCKPUTILIMKU (CM. TakKKe
noapasn. 1.6). ITpoMOTOpPBI MHOTHX F€HOB IIPOKAPUOT UMEIOT B CBOEM CO-
CTaBe YHUBEPCAIBbHYIO NocaeaoBaTeslbHoCTh 5 -TATAAT-3" (6710 [Tpub-
HOBAa), KOTOPAasl PacrioyiaraeTcs nepel CTapTOBO TOUKON Ha paccTos-
HUM nopsinka 10 HykmeoTunoB u pacrnosHaercs PHK-moxmMepasoii.
Jpyrasi OTHOCUTENBLHO YaCTO BCTpeyalomascs y3HaBaeMast ImocneaoBa-
TeJIbHOCTD 3TUX opraHu3MoB (5°-TTTALIA-3") oObIYHO OOHAapyXKUBa-
€TCS Ha PacCTOSIHUM NIPUMEPHO 35 HYKIEOTHAOB OT CTAPTOBOI TOUKM.
B reHoMax 3ykapuoT ¢pyBEKiumio y3HaBanusa mis PHK-monumepassr 11
MOTYT BBIIIOJHATL YHUBEPCAIbHBIC TTociaenoBatenbHocT TATA (6nok
Xornecca), LIAAT u cocTosiliie U3 MOBTOPSIOUIUXCST HYKACOTHIOB I
u Il (TH-moTusst). I1pu 3T0M Ta Win MHas rpoMoTopHas 00J1acTh MO-
KEeT coIepKaTh JIM0O OJHY U3 YKa3aHHBIX MOCIea0BaTeIbHOCTEH JINO0
KOMOMHAIIMIO IBYX WIM TPEX TAKUX NMOCICAOBATENbHOCTEH.

Crneunduueckoe npouHoe cBsizbiBaHue PHK-monmmMepasel ¢ teM
WM MHBIM Y3HAaBaeMbIM €10 YYacTKOM MPOMOTOPHON 06JacTH Mo3BO-
JISIET el Ha4aThb 1npouecc pacruieTanus Monekynst JJHK BrnoTs no crap-
TOBOU TOYKH, C KOTOPOIl OHa HAYMHAET OCYLICCTBIISTE TIOJIMMEpHU3a-
LIMI0 pUOOHYKJICOTHIIOB C UCTIOJIB30BAHHEM B Ka4eCTBE MaTpPUIIbl OJHO-
HUTeBOro 3'-5'-¢parmenra JITHK.

Hanbueiiee pactierane JHK cTpyKTypHOTro TreHa COpoOBOXAA-~
eTCsl YIUIMHEHUEM CUHTE3UPYEMOTO MTOTMPUOOHYKIIEOTH R (3JIOHTalMEeR
uutH PHK), nponomxaloimmMcs BIUIOTh K0 goctikenuss PHK-monu-
Mepa3oi obracTv TepMuHaTopa. [TocnenHuii npeacrapsieT coboil HyK-
JneotuaHywo nocienosareabHocTh JIHK, kotopas y3Haercs PHK-mo-
JIMMepa3of MpHU y4YacTHU HAPYrux OGenkoBbIX (paKTOPOB TepMHUHAIINH,
YTO MPUBOAUT K OKOHYAHUIO CUHTE3a TPAHCKPHUIITA U €T0 OTCOCANHE-
HUIO OT MaTpUUBL. B OOJIBIIMHCTBE ClydaeB TEPMHUHATOP HAXOAUTCS B
KOHLIE CTPYKTYPHOIO I'eHa, o6ecreunBas CHHTE3 OJHON MOHOTeHHOU
monekyast MPHK. TIpu 310M y npokapMoT BO3MOXeH CUHTE3 TIOIM-
reHHo# mostekyiasl MPHK, komupyloueit cuHTe3 ABYX U GONbIIETO
4yycIa MOJMIENTUIHBIX Lernodek. [TpoucxoquT HenpepblBHOE TpaHC-
KPUOUPOBAHUE HECKOMBLKUX PACTONOXKCHHBIX PSIOM IPYr ¢ APYTOM
CTPYKTYPHBIX T€HOB, UMEIOUIUX OTUH 001IWH TepMuHaTop. Ionuren-
Hast MPHK MoxeT comepxarh B CBOEM COCTABE HETPAHCTUPYSMBIE MEX-
FeHHBIE 0O0JacTU (crieficepnl), pas3deisoliie KOAMPYIOIUIME YUaCcTKU
IS OTACALHLIX MOJUNENTHAOB, YTO, BEPOSTHO, 00ecmeuymBaeT moc-
jenywoluee pasneieHue U caMHUX CHHTE3UPYEMBIX TMOJUIIENITUIOB.
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ITOCKOMBKY CTPYKTYPHEBIE TEHBI IYKAPHUOT UMEIOT TIPEPLIBUCTOE (MO-
3aMYHOE) CTPOEHHE, TO MX TPAHCKPHIIIUS MMeeT crieuuduueckue
0COOEHHOCTH, OTIMYAIOLINE €€ OT TPAHCKPHITLIMY Y TIpoKapuoT. B cny-
yae 3yKapuoTHUECKOTO reHa, KOJUPYIOLLIEero CUHTE3 MOJIUMENTHIA, 3TOT
MPOITECC HAYMHAETCS C TPAHCKPHUOHPOBAaHUS BCE HYKJIICOTUAHOM TToCe-
JIOBATEJIbHOCTH, coJepKallell Kak 3K30HHbIe, TAK U HHTPOHHbIE Y4acT-
ku JAHK. O6pazoBaBiuasica ripu 3roM Monekyia MPHK, otpaxaromias
CTPYKTYPY BCEro MO3aMYHOTO T'€Ha, KOTOPYIO HA3BIBAlOT IeTepOreH-
Holt smepHoit PHK (raPHK) nmu6o npo-marpuunoii PHK (mpo-MPHK),
rnperepneBaeT 3aTeM Mpolecc co3peBaHua (npoueccudr MPHK).

Ipoyeccune cocTouTt B pepMEHTATUBHOM pa3pe3aHUM MEPBUYHOTO
tpaHckpunta (r1PHK) ¢ mocneayoiym ynaneHHUEM €ro MHTPOHHBIX
YY4aCTKOB ¥ BOCCOEAMHEHUEM (CIUIAMCHMHIOM) 3K30HHBIX Yy4aCTKOB,
(hOopMHUPYIOLINX HEMPEPBIBHYIO KOAMPYIOLLYIO TMOCAELOBATENbHOCTD
3penoit MPHK, koTopast B manbHeeM y4acTBYET B TPAHCISILIUY e~
HeTHYEeCKOW MH(popMallu. B kauecTBe NpuMepa MOXHO pacCCMOTPETh
cxeMy npoueccuHra MPHK, cuHTe3upyeMoil Npy TpaHCKPUIILIMY T€HA
B-rmobuHOBO Hemoukn (puc. 1.16), cTpyKTypa KOTOpPOTro obOCyxIa-
Jiace patee (cM. puc. 1.13).

B nipolieccuHTe TPUHUMAIOT Y4acTHE U KOPOTKHKE MoJeky/ibl MaPHK,
cocTosiie npuMepHo U3 100 HYKIEOTUIOB, KOTOPHIE TPEACTABISIOT
o000l MOCIeROBaTEALHOCTH, SIBASIONINECS KOMIUIEMEHTAPHBIMY 110C-
JIEMOBATENIbHOCTSIM Ha KOHLIAX MHTPOHHHIX yyacTkoB riPHK. Crniapu-
BaHHE KOMILIeMeHTapHbix HykieotnaoB MiPHK u rasPHK crnoco6-
CTBYET CBOPAUYMBaHMIO B NETJII0 MHTPOHHBIX YYAaCTKOB M COMUKEHUIO
COOTBETCTBYIOUIMX SK30HHBIX yyacTKkoB raPHK, uTo, B cBOIO 04epEND,
JenaeT UX JOCTYITHBIMU pa3pe3aolieMy IeMCTBUIO (hepMEHTOB (HYK-
Jeasz). CnenoBarenbHo, Monekynbl MIPHK obecnieyuBaloT npasuiib-
HOCTb BBIpE3aHHUsI MHTPOHOB U3 raPHK.

Bo BpeMst MpOLECCUHIa MPOUCXOAUT Takxke MoauduKauus 5'-
1 3’-KoHLOB dopmupymouieiica 3penoit Monekyinsl MPHK. ITpuaim-
MMAAILHBINA CMBICIT 3TOTO MPOLIECCa MOXHO PAaCCMOTPETH Ha CXeMax Ipo-

3xk3on (1,2,3)

< ~~.  OHXaHcep

JHK

UnTtpoHw (1,2)1 TpaHckpUnIus

7 B W 13

l Moaudrkauusi konuos PHK

PHK{ Kon 1 N W~

\ .
N \\drmaucnml _zZ

NNy \_ -2

Kon 7

Puc. 1.16. ITpoueccuur MPHK B-rio6MHOBOro reHa yeioBeKa
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1ieccHHra reHa 3-rnobuHa yenoseka (cM. puc. 1.16) 1 mosHOM HyKIeo-
TUOHOM nocyienoBareabHocTy 3peoit MPHK, obpasytolueriicst B pesyib-
Tare aToro npouecca. Kak BugHo u3 puc. 1.17, Ha 5’-KOHLIe nocaeno-
BaTEJILHOCTU MMEETCH KOPOTKMM HETpaHCIMPYEMbIH (JIMAUPYIOLINA)
YYaCTOK, COCTOSILIMU M3 17 TPUIUIETOB, KOTOPhIE MADKUPOBAHHBI Lixichpa-
MH CO 3HAKOM «MUHYC». DTOT YJaCTOK KOAUPYETCA TPAHCKPUOUPYeMOi
(HO HETpaHCIMPYEeMOil) 00JIACTbIO ITEPBOTO 3K30HA J-reHa (3aluTpuxo-
BaHa Ha puc. 1.16). Monudukanus 3T0r0 y4acTKa COCTOUT B oGpa3oBa-
HUM 5°-KOHIIEBOTO K312 (0T aHIJI. cap — KOJIa4yoK, Ianoyka), npen-
CTaBJISAIOLIETO COOON OCTaTOK 7-MeTHITYaHO3UHA, TIPUCOEIUHEHHbIH
K COCEOHEMY HYKJIEOTHIY HEOOBIYHBIM CIOcoOoM (C MOMOILBIO TPU-
¢ocdaTHo cBa3mn). [lpennonaraercst, 4T0 OCHOBHas (GYHKLIMAS K5Ma
CBsi3aHa C y3HaBaHUEM CIieUbHUUYECKO MOCIeA0BATETPHOCTH MOJIEKYJIb
pPHK, Bxomsilieit B cocTaB pubOCOMBL, 4TO 00ECTIEUMBAET TOYHOE TIPH-
KpeIUIeHue BCero nuaupyioliero yuactka moaekynst MPHK k onpeae-
JIEHHOMY Y4acTKy 3TOI puGoCcOMbl 1 MHUIIAALMIO NPOLECCa TPAHCIISILINMU.
BoamoxHO Taxxe, 4T0 K31 Npenoxpansaet 3peayio MPHK ot npexae-
BPEMEHHOTO HEPMEHTATUBHOTO Pa3pyLICHUS BO BPEMSI €€ TPAHCTIOPTU-
POBKH U3 SiApa B LIUTOIUIA3MY KIETKH.

Monudukauus 3 '-koHua MPHK B-rinobuHa, Takke MMEIOLLEro Ko-
POTKYIO HETPAHCIIMPYEMYIO MTOCEN0BATENIBHOCTD, KOMUPYEMYIO COOTBET-
CTBYIOUIEI 0ONACTHIO TPETHEI'O 3K30Ha B-TeHa (cM. puc. 1.16), cra3aHa
¢ 00pa3oBaHUEM MOMUALEHWIOBOTO (TMOMU A) «XBOCTa» MOJIEKYJIbI, CO-
crosiiiero u3 100 — 200 nocnenopaTeibHO COENMHEHHBIX OCTATKOB alleH!-
JIOBOUM KHUCHOTHL. st ACHCTBHSI (pepMeHTa, OCYLUCCTRISIONIETO MOJIMAACHU-
JIMPOBAaHKE, He HYXXHa MaTpuIla, HO TpebyeTcs MPUCYTCTBHE Ha 3’ -KOH-
ue MPHK curnanpHoii nocienoparebHocTH AAYAAA (cMm. puc. 1.17).
INpennonaraercsi, 4TO NOANANEHUITOBHI «XBOCT» 0GecTieunBaeT TpaHe-
ropt 3penoit MPHK x pu6ocoMe, 3auminas ee or GepMeHTATUBHOTO
paspylIeHUs], HO CaM IIOCTCIEeHHO pa3pyllaeTcs (PepMEeHTaMU LUTO-
TUTa3MBI, OTILCIUTAIOUIMMY OOUH 33 APYTUM KOHIIEBBIC HYKIIEOTHIBI.

Tpancaayus Kak O4epeIHON 3Tan peaTu3alMi FTeHeTUYeCKoi MHQOp-
MalKu 3aKII04aCcTCs B CUHTE3e NOJUMENTHAA Ha pHOOCOMeE, TIpU KO-
TOPOM B KayecTBe MaTpHIILI Ucionb3yercsa Moekyna MPHK (cuutbi-
BaHue MH(OPMALIMU B HampaBjieHUH 5 — 37). CrnenyeT 3aMETUTh, YTO
B KJIETKAaX MMPOKAPHUOT, HE MMEIOLLIMX HACTOSUIETO sApa ¢ 060JI0UYKOH,
XPOMOCOMHBIH TeHeTndeckuit Matepuan (JJHK) npakTuuecku Haxo-
IUTCS B UMTOILTA3ME, YTO ONpEAeIisieT HEMPePHIBHBIA XapakTep B3au-
MOCBSI3U TTPOLIECCOB TPAHCKPUTILIMU U TpaHCAsI UMK, MHBIMU cioBaMu,
obpaszoBaBIIuiicsT MUIMPYOINI 5’ -KoHel monexynsl MPHK, cuHTes
KOTOPOH €lle He 3aBEepIUEH, VXK€ CITOCOBEH BCTYIATh B KOHTAKT C pU-
60COMON, MHUUUHUDPYST CUHTE3 MOJHMITENTUIA, T.€. TPAHCKPUITUUST U
TPAHCIISIUMS UAYT ONHOBPEMEHHO. YTO KacaeTcst 3yKapuoT, TO MPOLECCH
TPAHCKPUITLUMH UX SAEPHOI TeHETUYECKOH HHGOPMALIMK U €€ TPAHCJISI-
IMA JOJIXKHBL ObITL PA3EJICHBl BO BPEMEHU B CBI3M C MIPOLIECCUHIOM
monekyad PHK v HeoOXOOMMOCTBIO MX TOCHEnyIOIed YIIaKoBKM U
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Puc. 1.17. HyxneorunHas nocienosaTenbHOCTh 3penoit MPHK f-rinobrHoBoro
reHa 4yeyioBeKa.
TTocnenoBaTenbHOCTh HAYMHAETCS C 7-METHNTYAHO3HHa Ha 5'-KOHUE (K3M-CaiT), 3a KOTO-
PBIM CJIEQyeT KOPOTKHII HeTpaHcnupyemblit ydactox PHK. Tlepsblit TpaHC/AHUPYEMBbLit
xonoH (AVYT) BeigeneH wpudrToM u nomeueH uudpoit 0, MocKoAbKy KoaupyeMast UM
aMMHOKHCIIOTa (METUOHWH) B HaJibHeiileM BBILIEMUIAETCH U3 MOJUnentuaa (reppoi
aMMHOKHUCIOTOM 3pentoro Genka Oyner BaiuH, xoaupyembiit T'YD). Boigenenbl Takxe
cTon-kKomoH YAA (xomox 147), Ha KOTOpPOM 3aKaHUMBAETCSl TpaHCHsILUs (roJuvmern-
TU COCTOUT U3 146 aMMHOKHUCIIOT), U CUTHAJIbHAs IIOCTe0BaTeIbHOCTD AJIsl NoJnane-
HunuMpoBaHus (AAYAAA) Ha 3'-xoHLe

TPAHCMOPTUPOBKY M3 KapUOILIAa3Mbl B LUTOIIIa3My C y4acTHEM CIie-
LIMAJTBHBIX TPAHCTIOPTHBIX GEJIKOB.
Kak ¥ B ciy4ae TPaHCKPHWITLMM, MPOIECC TPAHCISILIMU MOXHO

YCJIOBHO MOAPA3ACIUTH HAa TPH OCHOBHBIC CTAAUU — WHHLIHMALIUIO, SJIOH-
raguio ¥ TCpMHHaALUIO.
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Jnst vHUITMALIVK TPaHCISILMHA IPUHLUMITHATLHO BAXHOE 3HAYEHHE
AMeeT CrieuUUIHOCTh CTPYKTYPHOM OpraHM3aluyl TPYIITE HASHTHY -
HBIX puOOCOM (IOTUPUOOCOMBI, UK TTIOTMCOMBI), KOTOpast MOXET yda-~
CTBOBaTh B CUHTE3€ MEPBUYHON CTPYKTYPHI ONpedcIeHHOM 6eTKOBOM
MOJIEKYJTBI (TTOJTUITeNITUIA), KoaupyeMoi coorercTyome MPHK. Kak
U3BECTHO, OTIEJIbHAsi pUOOCOMa TpeaCTaBIISIET CODOM KIETOUHYIO Opra-
HeJUTy, COCTOosILLYIO U3 Monekyn pPHK, KoTophie onpenensiior ee crielu-
PHnyHOCTL, U U3 GeKoB. B cocraBe prbOCOMBI UMEIOTCS 2 CTPYKTYP-
Hble CyOBeIUHMLBI (OONbIIAst M Majlasl), KOTOphie MOXHO nuddepeH-
LIUPOBATh HA OCHOBAaHUU UX CIIOCOOHOCTH TI0-Pa3HOMY OCAXIAThCS MPH
VABTPalEeHTPUDYTUPOBAHUY MPENIApaTOB OUUILIEHHEIX pPUOOCOM U3 pas3py-
LIEHHBIX KJIETOK, T. €. N0 KO3 GUINECHTY CeIUMEHTANH (BEJTHYHHE S').
Ilpu onpenesieHHBIX YCIOBHUAX B KJIETKE MOXET IIPOUCXOIUTH pasfelie-
HUe (AUccouMallusi) ITHX IBYX CYOBEIUHHL JTMOO UX OObeIHHEHHUE
(accoumanus).

Pubocomsl MpoKapuoOT, a TakKXXe MUTOXOHAPUH H XJIOPOTLIACTOB
COCTOAT U3 OONbIIOH U Masiol cyObequHUL ¢ BeauunHamu S0S u 308
COOTBETCTBEHHO, TOIJAa KaK y 3YKapuoT 3TH CyObeAHWHMUIILI UMEIOT
npyrue pasMepsl (605 1 40.5). TToCcKoOIBKY IIPOLUEce TPaHCIALMMY Gosee
JeTaJIbHO OBLT WCCNeNOBaH y OaKTepuii, TO Yallie BCEro ero paccmar-
PHBAIOT B CBSI3U CO CTPYKTYPOIT puOOCOM 3THX opraHu3MoB. Kak BUI-
HO u3 puc. 1.18, pubocoma colepXuT 2 ydyacTKa, MMEOUIMX IPSIMOe
OTHOLIEHUE K MHUUMALMU TPAaHCHSILUK, 0003HAYEeHHbIE KaK A-ydJac-
TOK (AMMHOALMIbHLIN) U P-yyacToK (MENTUIWIbHEIN), crienmubud-
HOCTb KOTOPBIX OIIpEIesISIeTCS COYETAHUEM COOTBETCTBYIOIUX 0O0IaC-
Tei cyobenunul 505 u 30.5. Ipu quccouuauuu cydobeMHUL, pUOOCO-
MBI 3TH YYACTKM CTAHOBSITCSI «<HEAOCTPOEHHBIMI» , YTO IPUBOAMT K H3ME~
HEHUIO UX (PYHKUMOHATHHOM CITeUN(PHYHOCTH.

B npouecce TpaHCASILIUK YYacTBYIOT Takcke Mosiekyiisl TPHK, ¢pyu-
KIIHH KOTOPBIX COCTOAT B TPAHCHOPTUPOBKE aMUHOKHUCIOT U3 LIMTO30-~
Jig (ITMTOTDIa3MaTUIECKOTO PacTBOpa) K pH-
oocomaM. Monekyna TPHK, uMerowast Bro-
PUYHYIO CTPYKTYpPY B GOpMe <«KIEBEpPHOIO
JIMCTa», COIEPXHUT B CBOEM COCTaBe TPOUKY
HYKJIEOTUIOB (AaHTHKOJIOH), KOTOpas obecrie-
YUBACT €€ KOMIUIEMEHTApHOE COEIMHEHUE
C COOTBETCTBYIOIIIMM KOTOHOM (TpHMILIIETOM)
monekysisl MPHK, kogupylouiei cuHtes ro-
308 JMOENTHOA Ha pubocoMe, M aKUENTOPHBIH
V4acTok (Ha 3°-KOHIE MOJNEKYJH), K KOTO-
pPOMY TIPUCOCIUHSETCS ONpeneaeHHas] aMU-
Puc. 1.18. Crpoenue 6ax- HOKMCIOTa (cM. puc. 1.7). IIpouecc npucoe-
Tepuanbhoil pubocompr:  AMHEHHS! Kaxaod u3 20 AMUHOKHCIOT K aK-
P — nenmnamnbHbiit yuactox, LETTOPHOMY KOHILY COOTBETCTBYIOLIEH TPHK
A — aMMHOALMTBHENE yuac- CBSI33H C €€ aKTMBAaLMEH OMpese/IeHHbIM Ba-

TOK praHToM epMeHTa amuHoauua-TPHK -cuH-

508

30



Puc. 1.19. HayanbHble 3Tarsl
TPaHCHSLNU:

a — VHULMHPYIOUMA KOMILUIEKC;
6 — BIOHTALIUs

dMer
Arvmﬂoamm -TPHK,

;MPHK

508

308
3 5
MHuuupyommi Cregyrommit I/IHMHHHDYIOIHHPI Crenyoumit
KORAOH KOZIOH 6 KOROH KOIIOH

TETa3bl C WCIONBb30BAHWEM 3HEPTUU aneHO3WHTpUudochatos (Mone-
kyn AT®). O6paszoBaBUIniics TTPU 3TOM CIELIMPUUECKHUI KOMIUIEKC
TPHK ¥ aMMHOXMCIIOTH, KOTOPHIHM MOJYYHWJI Ha3BaHMEC aMHWHOAIMI-
TPHK, nepemeuiaercst 3aTeM X pubOCOME ¥ y4acTBYET B CUHTE3E I10-
JTUTIENTHAA.

MHULMALUS TPAaHCIAIUK 00eCIeuMBaeTCsl TOUHBIM COEIUHEHUEM
auaupymomero 5°-koHua monekynsl MPHK ¢ onpeneneHHoi obnac-
TBIO MO CYOBeIMHUIILI TUCCOUMUPOBAHHON pUOOCOMBI TAKUM O0pa-
30M, YTO B «HEAOCTPOEHHOM» P-y4acTKe OKa3bIBAaeTCs CTAPTOBBIN (MHU-
unupyroumit) kogoH AVYT sToit Mosexynsl (puc. 1.19). PyHKIMO-
HaJlbHass 0COOEHHOCTb TaKoro P-y4yacTka COCTOHUT B TOM, YTO OH MOXET
OBITh 3aHAT TONMBLKO WMHHIMUpYOUeih amuHoamwI-TPHK ¢ antuko-
noHoMm YALl, koTopast y 3yKapyoT HeCeT aMHUHOKHCIIOTY METUOHUH,
a 'y 6axrepu#t -— bopMmIMeTHOHUH. [1O0CKONBKY CUHTE3 TTOTUITENTHIA
BCETIa HayMHaeTcst ¢ N-KOHIA W HapacTaeT B HaripapleHUU K C-KOH-
LY, TO BCe OEIKOBbIE MOJIEKY/TBI, CHHTE3UPYEMBIE B KJIETKAX MIPOKapu-
OT, JOJDKHBI HauMHaTbCs ¢ N-POpMHIMETHOHMHA, a ¥ 3yKapuoT —
¢ N-metnonunda. OgHaxo, B JaNbHelIeM 3TH aMUHOKHUCIOTH (ep-
MEHTATUBHO BHILLETUISIIOTCS BO BpeMsl NpoLeccHHra 6eJKoBOi MoJie-
KyJbi (cM. puc. 1.17).

[Tocne o6pa3oBaHKsI MTHULIMUPYIOLIETO KOMILIEKCA B «HELOCTPOEH~
HOM» P-ydactke (cM. puc. 1.19) cTaHOBUTCSI BO3MOXHbBIM BOCCOEINHE -
HUE MIOH M GONBIIOH CyOBbeIWHUL pUOOCOMEBL, YTO TIPUBOIUT K «I0-
CTpauBaHMIO» P-yyacTka U A-ydactka. JIMUIb 1ocie 3Toro clenyouiast
amuHoauun-TPHK MoxeT 3aHuMaTh A-y4acTOK Ha OCHOBE IMPHHIIATIA
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KOMIUIEMEHTAPHOCTH €€ aHTUKOIOHA COOTBETCTBYIOIIEMY KoJoHY MPHK,
HaxoIAlieMycsl B 9TOM yJyacTke (cM. puc. 1.19).

IIpolecc 3/MOHTALMY HAYHHAETCSA ¢ 00pa30BaHUS MENTHIHON CBA-
31 MEXIly MHMLIMMPYIOUIEH (MepBOi B LIEMOYKE) ¥ ITocenyoLieit (BTo-
pOM) aMUHOKHUCIIOTAaMH. 3aTeM TIPOUCXOIUT MepeMellieHne pUOOCOMEI
Ha omuH tpuiuier MPHK B HampaBneHuu 5°— 3’, 4To conpoBoxXaaeTcs
orcoeauHenueM uHunmupytomeit TPHK ot matpuusl (MPHK), ot uH1-
LMUPYIOLIEH aMMHOKHUCIIOTHI M BEIXOIOM €€ B LuToIUIazMy. ITpu 3ToM
BTOpast mo cuety amuHoauwr-TPHK mepensuraercss U3 A-yvyacrtka
B P-y4acTok, a 0CBOGOIMBIINIICA A-yd4acTOK 3aHMMAETCS CleayIoulei
(Tpetbeit o cuety) amuHoauwiI-TPHK. Hporecc nocnenoBarebHOro
MEPEABUXEHUST PUOOCOMEI «TPUILIETHBIMHY IIaraMu» o HuTH MPHK
MOBTOPSIETCS, COMIPOBOXIAsICH ocBoboxmeHueM TPHK, nocrynaroimx
B P-yyacTok, M HapauiBaHueM aMUHOKUCJIOTHOMR ITOC/IE0BATEBHO-
CTU CUHTE3MPYEMOTO MOJTUIIETITH/IA.

TepMuHaus TPaHCIISILWAK CBSI3aHA ¢ BXOXIECHHEM OIHOTO U3 TPeX
U3BECTHHIX cTON-TpUIieToB MPHK B A-yuyacTok pubocomel. [Tockonb-
Ky TakOW TPHUIUIET HE HeceT MHGOPMALIMM O KaKOH-IMO0 aMMHOKUC-
JIOTe, HO Y3HAeTCs COOTBETCTBYIOIIMMHU OeIKaMM TepMUHALUH, TO
MPOLIECC CHHTE3A TOJUIIENTUIA TPEKPaIlaeTcsl U OH OTCOCOUHSIETCS
oT Marpuusl (MPHK).

ITocne BeIXOma M3 (HYHKUIIMOHUPYIOIIEH pUOOCOMBI CBOGOIHBIN 5'-
koHeuy MPHK MoxeTt BcTynath B KOHTAKT co cieayolleil pubocoMoit
TMOJIMCOMHOM TPYTIITBI, UHALIUUPYS] CUHTE3 €llle OAHOro (MIeHTUYHO-
ro) nonunentuga. CreaoBarelbHO, PACCMOTPEHHBIH PUOOCOMHBIN
LIMKJT TTOCNEI0BATEILHO IMOBTOPSIETCS € Y4aCTHUEM HECKOJIBKMX PUOO-
COM OJHOM ¥ TOW XK€ TIOJIMCOMBI, B Pe3yNbTaTe Yero CHUHTE3UpyeTcs
IPYNIa UACHTUYHBIX TTOJUTICNTUIOB.

Ilocmmpancaayuonnas mooudurayus nosunenmuda TIpeACTaBISAET
co00J1 3aBeplIAIINN 3Tal peau3aly FeHeTHYeCKoi HH(popMaITuu
B KJIETKE, IPUBOISIUIMI K MpPeBpalllCHUI0 CUHTE3UPOBAHHOTO ITOJIU-
nentuaa B GyHKLIMOHAILHO aKTUBHYIO MOJiekyny Oenka. [Ipu atom
TIEPBUYHBIN TIONUTICTITUA MOXET TIPETepIeBaTh NPOLIECCUHE, COCTOS-
WA B (PEpMEHTATUBHOM YIAJIEHHH WHHLIHHPYOLUIUX aMUHOKUCIIOT,
OTILETUICHUM APYTHX (HEHYKHBIX) aMHUHOKHUCJIOTHBIX OCTATKOB U B XU-
MHYECKOU MOIuMUKALIUN OTAEbHBIX AMUHOKUCIIOT. 3aTEM ITPOUCXO-
JUAT TIPOLiECC CBOPAYMBAHMS JMHEWHOW CTPYKTYphI MOJMIENTUAA 32
cyeT 06pa3oBaAHUS AOTIOJTHATEIBHEIX CBI3€H MEXIY OTIEIbHBIMU aMHU-
HOKUCHOTAaMU U (HOPMUPOBAHMNE BTOPHIHOM CTPYKTYpPHI OeTKOBOMN
mosekyJnl (puc. 1.20). Ha a10if ocHoBe opMupyeTted ele doee CIoxX-
Hasi TPETUYHAS CTPYKTYpa MOJIEKYJIbI.

B cny4yae 6enKOBBIX MOJIEKYJI, COCTOSIIMX OOJee 4eM U3 OJHOTO
NOJAUIIENTUA, TPOUCXOOUT OOpa30OBaHUe KOMIUIEKCHOW YeTBEpPTHY-
HOM CTPYKTYPBI, B KOTOPOH OOBEIMHSIIOTCS TPETHYHBIE CTPYKTYPHL
OTHEABHBLIX NOMUMTENTUAOR. B KayecTBe npumepa MOXHO PacCMOTPETD
MOZETb MOJIEKYIbl reMOTIIO0UHA yesoBeka (puc. 1.21), cocrosuueit us
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JIBYX C-1I€TIOYEK U IBYX B-LIEMOYEK, KOTOpbie (POPMUPYIOT CTaOMIb-
HYIO TETPAMEPHYIO CTPYKTYPY € MOMOLILIO BOOOPOIHBIX CBsideit. Kax-
Jlasi U3 TJIOOMHOBBIX LIETIOUEK COMEPXKHUT TAKKe MOJIEKYTY TeMa, KOTO-
philf B KOMTUIEKCE € KeIe30M CIocoBeH CBA3BIBATL MOJIEKYJbI KHCTIO-
poza, obecriednBast UX TPAHCIIOPTUPOBKY 3PUTPOLIMTAMHU KPOBHU.

Ba3ucHble TepMUHBI M MOHATHA: akuerTopHbiit koHeu TPHK; amuHoanmi-
TPHK; antukonon; rsiPHK (ripo-PHK); vauimanys TpaHCKpUnummy U TpaHchs-
LM, MTHUIMUPYas aMuHoauuia-TPHK 1 aMUHOKHKCI0Ta; MHULIMUADY IO M
kogoH MPHK; kKoMIuteMeHTapHOCTD; K3IT; auaupylownit 5’ -koner MPHK;
MaTPUYHOCTh; MOAMGpUKALMS KOHUOB MoJiekyabl MPHK; MoHoreHHast Mosie-
kyna MPHK; MPHK (uPHK); MaPHK; oGparnaa Tpanckpunrasa (pesepra-
3a); oOpaTHasi TpaHCKpMIOUMs; OOIUMH TepeHoc; mepeHoc (mepeaaya) UH-
dopMaumnu; nonureHHas mosiekyna MPHK; nonunenTtua; nonupudocoma (mo-
JIUCOMA); MOCTTPAHCASILLMOHHAS MOAUMUKALMS MOJUINENTUAA;, TPOMOTOP;
npoueccudr PHK 1 nonunentuna; pudocoma; PHK-nonumepasa; pPHK; cne-
IMATU3UPOBAHHBIA TePeHOC; CIIJIAHCHUHT; CTAPTOBAst TOYKA TPAHCKPHUIILIKMY;
TEPMUHATOD; TEPMUHAUMS TPAHCKPUTLMM U TPAHCIISALIMM; TPAHCKPUIIT; TPAHC-
KPUMNLUSA TFEeHETUYECKOM UHMOpMaLMU; TpaHCASALUs TeHeTUuYeckoit uHdop-
Mauuy; TPHK; anoHrauus TpaHCKPUNUMMY U TpaHCHsLuK; A-yyactok pubo-
COMBI; P-yyacToK puGOCOMBI.

1.6. Perynsuma akTMBHOCTU reHoOB

B Hacrosiiiee BpeMsl H3BECTHO O CYILECTBOBAHUM Pa3IMUHBIX CHUC-
TEM PETYJISLMU aKTUBHOCTU (3KCIIPECCUN) TEHOB, KOTOpble (PYHKLM-
OHUPYIOT HAa TOM WJIH MHOM 3Talle pealn3alud TeHeTHYeCKOoM HHPOp-
mauuu. IlepBasi MoaeNnb reHETHYECKOTO KOHTPOJISt GUOCHHTE3a OeJIKOB,
MOJIOXKHWBILAS HAYAJIO COBPEMEHHOM TEOpUH T'eHETUUECKOI peryasiiiuy,
Obu1a nipeayoxeHa ¢gppaHy3ckuMu yueHsIMUA P. 2KakoGom u K. MoHo
(F.Jacob, J.Monod, 1961) Ha OCHOBE 3KCIIEPUMEHTOB, MPOBEICHHBIX
C KJIETKaMM OakTepuii. DTU aBTOPHI BBEJM IMOHATHE 00 OTNEpPOHE Kak
ENVHULE KOOPAWHUPOBAHHON KCIIPECCUU TeHOB (eAUHULIE TEHETHU-
YEeCKOM peryIsilun).

Konuenuus onepoHa 6ni1a paspaborana . Kakooom u XK. MoHo
Ha IIpUMEpE PEryJjsiiiui CUHTe3a (PepMEeHTOB, HEOOXOAUMBIX IS UC-
ITOJIb30BAHUS YIJICBOJA TAKTO3BI KIIETKAMU KUIIIEYHOM Tanoyuku ( Esche-
richia coli). Kak W3BeCTHO, JIaKTO3a TPEACTABILET cOBOI Aucaxapun,
MOJIEKYJIa KOTOPOTO SIBJSIETCSI COENUHEHNEM, COCTOSIILIMM U3 TIIOKO3bI
Y ranaktosbl. CorjacHo IpeUioXeHHOM MOMIENH, B paMKax OflepoHa
OPOUCXOAUT PEryJisiliisl aKTMBHOCTH CTPYKTYPHBIX I€HOB Ha 3Tale
TPAHCKPUTILMU TeHETUYECKOH HHMOPMALIUH.

Kaxk BugHo u3 puc. 1.22, B cocTaBe nakTo3Horo orneposa E.coli Ha-
XOOATCST CTPYKTYPHBIE TeHbl, 0003HaYeHHbIE CUMBOJIAMU Z, ¥, d, KOTO-
pbl€ KOOMPYIOT CUHTE3 TPEX Pa3IMYHbIX O€JIKOB-(hepMEHTOB, YUaCTBYIO-
LIMX B YTUIM3aLUK JaKTO3bl. Tak, (hepMeHT B-rajakro3uaasa paciiern-
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Puc. 1.22. JlakTo3Hblit onepoH E. coli:

I — npomorop; P — rex-peryasrop;
T — TepMHHATOpP; A — YJYacTOK IpH-
KperneHus Genka-akTuBaropa; O —
OIIEPATOP; Z, ¥, @ — CTPYKTYPHBIC T€HBI
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JITET MOJIEKYJTY JIAKTO3BI ¢ 06pa3oBaHUEM MOJIEKYJT ABYX MOHOCaXapH-
OB (TJIIOKO3bI M TAJTAKTO3bI), FATAKTO3UANIEpMeasa obecreuuBaeT ak-
TUBHBIM TPAHCIIOPT JIAKTO3bI B OAKTEPHAIBHYIO KJIETKY U3 OKpYXKako-
IeH cpembl, TOIIAa KakK pojib TpeThero ¢epMeHTa (TpaHCaLeTHIa3bl,
uiu A-6eyKa) TOUYHO He YCTAaHOBJEHA.

IToMuMO yKa3aHHBIX T€HOB B CTPYKTYpe OIIEpOHA BBIAE/SIIOTCS
aKIeNTOpPHBIE YYaCTKM (crelMduyecKre HyKJIeOTHIHBIE IOCIen0Ba-
tenpHOCcTH JIHK), KoTOphie HEOOXOMVMEL i1 TIPUKpPETIeHUs benka-
axTuBaTopa (y4acTok aktupatopa), PHK-noiammepassl (IIpoMOTOD)
1 GeNKa-peryaaTopa, Ha3BaHHOrO pernpeccopoM, (orneparop), a Tak-
XK€ TepMMHATOp, 00eCITeYHBaIOIIMI NpeKpallleHUe CUHTE3a ITOJIUTeH-
Hoit MPHK (cMm. puc. 1.22). CnenyeT, onHako, 3aMETUTh, UTO B paMKax
COBpPEMEHHOM TEOPHUH IeHeTHMUECKOM peryIsiiMy y4acTOK akTUBATOpa
M OIepaTop IPUHATO paccMaTpHUBaTh B KAaUeCTBE COCTABHBIX YaCTEM
MPOMOTOPHOM 061aCTH, CTPYKTYPHO-(DYHKIIMOHATBHBIE OCOOEHHOCTH
KOTOpOIi1 00CcyXaanuch BeIIe (CM. noapasa. 1.5).

POYyHKIMOHUPOBAaHUE JNaKTO3HOrO omnepoHa E.coli ocHOBaHO Ha
npyHIMTE, KOTopbli M. XKako6 v 2K. MoHo Ha3Banu HEraTUBHON MHIYK-
LHEH, TTOCKONBKY B 9TOM CIIydae PerylIupylommii 6ei1ok (pernpeccop)
MIPOSIBJISIET OTpULIATENbHBIN 2 deKT, O10KUPYs TPAHCKPUTILIUIO CTPYK-
TYPHBIX TEHOB Z, ¥, 4, TOTJAa KaK caMa JIaKTO3a BLICTYIIA€T B KA4eCTBE
WHIYKTOPA 3TOT0 TIPoliecca, YTO COMIPOBOXIAETCS] CHHTE30M COOTBET-
CTBYIOIIUX (hepMeHTOB (puc. 1.23).

[1pu OTCYTCTBUUY JTAKTO3bI B OAKTEPUATBHOM KJIETKE CUHTE3UPYETCH
aKTUBHBIN GeNoK-penpeccop MoI KOHTPOJIEeM TeHa-peryiasiropa, KoTo-
PBIH MPUHIUITHAIBLHO He OTJIMYAETCS OT OOBIMHOTO CTPYKTYDHOIO TeHa,
ob1amast COOCTBEHHBIM TTPOMOTOPOM 1 TEpMUHATOPOM. AKTHUBHBII pen-
peccop, MPeICTaBISIIOIINN COOOH CI0XHBIN a/UIOCTEPUYECKUA TETpa-
MepHBIii 6eJIOK, CoeMHAETCS C HYKJIEOTHIHON MOCIeI0BATENBHOCTBIO
oreparopa, OJJOKMpPYS MHULIMALIMIO TPAHCKPUNILIMUA B CTapTOBOW TOY-
Ke reHa, KOTOpylo JoyrkHa ocyuecTsasts PHK-nmonuMepa3sa, npeasa-
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Besok-penpeccop Puc. 1.23. Penpeccus (a) u uH-

7 chnpcccnﬂ AyKUHst (6) B TaKTO3HOM OIle-
t 7 pone E. coli
(AP B B z [ 7 1 a Kl
I T AllO T

a
JlakTo3a

Benok-penpeccop — @ (acdpexTop)
A » |

T Penpeccust orcytcTRyer
7 N ] 7 1 a B
3 T ATIO T
MPHK
6

PUTENILHO CBSI3aBLUASICS C Y3HABAEMOI €10 HYKJIEOTUIHOH MOCTeIoBa-
TEeJIHOCTBIO NMPOMOTOPHOU obxacTu (cM. Takke noapasa. 1.5). Ipun-
LHUIMUATBHBIA CMBIC MeXaHU3Ma perpecCHK 3TOro OflepoHa CXema-
TUYHO U300pakeH B BEpXHEH yacTu puc. 1.23.

TosiBneHUe N1aKkTO3H B Cpele OOMTAaHUS GAKTEpUil MOXET COMpo-
BOXIATHCSI MPOHUKHOBEHHEM HEOOJNBIIMX €€ KOJNYECTB B OakTepH-
anbHYIO KNeTKy. [1pu 3TOM NaKTo3a HauMHAeT BBICTYNATh B pOJU 3d-
¢heKTOpa, MPHUCOEAUHSISIChH K ONPEeeIEHHOMY Y4acTKY MOJIEKYJIbI O¢-
Ka-perpeccopa, 4YTo NMPUBOAMT K U3MEHEHWIO KOH(MUTypauuM 3Toi
MOJIEKYJIbl U €€ UHAKTUBAUUHM (asnoctepuyeckuit adydexr). flockonn-
Ky HCAKTUBHbBIM PEIPECCOp TEPSIET CITOCOOHOCTh COEUHSITLCS C One-
paTopoM, TO CTAHOBSITCSI BO3MOXHBIMU UHHULIMALIMST TPAHCKPUITUUU U
MOC/IEAVIOWMN HENPEPLIBHLIM CUHTE3 OAUreHHoM Monekynsl MPHK,
IPEKPALIAIOLIUICS B 00IaCTH TEPMUHATOPA, a TAKXKE CUHTE3 TPEX YKa-
3aHHBIX (PEPMEHTOB Ha 3Tarle TPAHCAAILMU TeHeTHYeCKo nHbpopma-
UM (CM. HUXHIOK YacTh puc. 1.23). BT depMeHTDI, B CBOIO OUYepeab,
obecneunBaloT OBICTPOE MPOHUKHOBEHHE JIAKTO3bI B KIJICTKY U3 OKPY-
Xaroueit cpenpl U ee JajgbHelluee pacilletuieHMe Ha TI0KO3Y U rajak-
to3y. [Ipolecc TpaHCKpUTILIUKM BHOBbL OYACT 3a0IOKMPOBaH HETIPEepPbiB-
HO CHUHTE3UpYEMbIM PENpPECcCOpPOM TOCE paclielIeHWs] BCeld NaKTo-
3bl, UMEIOLLEHCS B KJIIETKE, IIPH €€ OTCYTCTBUH B OKPYXalollel cpene.

Kak BUIHO U3 PacCCMOTPEHHOTO Bhillie, pafoTa JAKTO3HOIO ONepo-
Ha (KaK ¥ ApYTruX U3yYeHHBIX OGaKTepHaJIbHBIX OMIEPOHOB) OCYLIECTB-
JISIETCSl MO TIPUHLMIY CaMOPETYJISILIMKM Ha OCHOBE OOpaTHOM CBSI3H,
COIJIaCHO KOTOPOMY BpEMSI CHHTE3a M KOJUYECTBO CHHTE3UPYEMOIO
OeJika-(epMeHTa OIPERENSIIOTCS ero HEOOXOIUMOCTRIO U obecTieye-
HUSI TOTO WJIK UHOTO MeTaboJIMuEeCKOro npoliecca, CBA3AHHOTO C XU3-
HENESITEIbHOCTBIO KIETKH.

CremyeT OTMETUTB, YTO B ITpoLiecce JabHEHIIEro U3YYeHHUsT TaKTO3-
HOTO OIepoHa M JPYTKX OMEPOHOB OaKTepuil OBLTH NMOJyYEHBI CBEACHUS
O TOM, YTO IIOMHMO HETaTUBHOTO (PENpecCOPHOro) MeEXaHU3Ma peryJisi-
LMU TPAHCKPUITLIUY B 3TUX OIEPOHaX AEWCTBYET TaKXe MO3UTHUBHBLIN
MEXaHU3M, CBSI3aHHBIN ¢ PYHKIMSIMU pa3IMYHbBIX OEJTKOB, SBISIIOLIMXCS
aKkTUBaTOpaMu TPAHCKPUITLMU. Tak, B ¢Iy4yae JaKTO3HOTO OlepoHa yc-
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TaHOBJIEHO CYILIECTBOBAHUE TAKOTO Oejika, KOTOPBIM, B CBOIO O4YEPED,
AKTUBUPYETCS MYTEM MPEIBAPUTENBLHOTO CBS3bIBAHUS C LIMKIIUYECKUM
aneHosuHMoHodochaToM (LAM®D). YKazaHHbI OeJTOK-aKTUBATOP CO-
eIUHSIETCS CO CIeur(UIecCKUM Y4acTKOM B Hayale MpPOMOTOPHOM
obacty (cM. puc. 1.22), KOTOPHIA COMEPXKHT TIOC/eI0BATENLHOCTD, Y3HA-
Baemyto PHK-nionumepasoii, n obecrieynsaeT HOpMajibHOe NIpUKpErie-
HUE U JanbHelee GpyHKIIMOHUPOBaHWE NOCeIHEH.

Bb1o ycTaHOBIEHO TakXe, UYTO TaKoW OeNOK, aKTUBHPOBAHHBIA
UAMO®, siBnsieTcsl (haKTOpOM TIO3MUTHBHOM PETYJISTLNN TPaHCKPHITIIUU
HE TOJILKO JIAKTO3HOTO OMEPOHA, HO M HECKOJIBKUX IPYIMX KaTabonusu-
pytomux onepoHoB E. coli. Ecny B KJIeTKe UMEETCSl LOCTATOUHOE KOMH-
4eCTBO MIIOKO3bI JIMOO IPYroro JIErko yCBaMBaeMOro MOHOCaxapuia, To
aKTUBHUPYETCSl paboTa COOTBETCTBYIOILETO ONepPOHa, 0OECTIEYMBAIOLLETO
YTWIM3ALUIO TAKOro yraesoaa. [1py 3ToM 3HAUUTEIBHO CHUXAETCS KOH-
LeHTpauus TAMQ, 4yTo NPUBOANUT K PEMpecCHU TPYIIblI ONMEPOHOB,
BKJIIOYAs JIAKTO3HBIM, CBA3aHHBIX ¢ YTHAM3auUei aucaxapunos. Eciau
B KJIETKE HET IOCTATOYHOIO KOJIMYECTBA IVIFOKO3bl M APYTMX MOHOCAaXa-
PHMIOB, TO KOHIUEHTpALMsI cHHTe3upyeMmoro UAM® Bo3pactaeT. B cBA3n
C 3THM TIPU HaJIMYUU JIAKTO3bl CTAHOBUTCS BO3MOXHON aKTHUBALIUs pa-
BOTHI JIAKTO3HOTO OTEPOHa C MOMOILBIO OeKa-aKTUBaropa, obecneum-
BalOLIETO HOpMaibHOE pyHKUMOHUpoBaHue PHK-romvMepasbl B 3TOM
ONEPOHE, T. €. DAKTEPUM HAYMHAIOT UCTIONB30BaTh MEHEE BBITOIHbIN, YeEM
DJII0KO3a, UCTOYHMK yriepoma. MMeroTcst Takxke 3KCIepUMEHTAIbHbIE
JaHHbIe, TOKA3BIBAOLIYE, 4TO HobarmeHe HTAM® B MUTATENILHYIO CpELy,
B KOTOPOH pa3MHOXaloTcst 6aKTeprn, CHUMAaeT KaTabOJIUTHYIO pernpec-
CHIO JIAKTO3HOTO UM APYTUX NOAOOHBIX onepoHoB. ClenoBaTesbHO, Y 1po-
KapyoT MOXET UMETb MECTO COTJIACOBAHHAs peryasiuus (pyHKLUHMOHUPO-
BaHUs Pa3sHbIX OINEPOHOB HA CTAJIUK UHULUMAUUK TPAHCKPUTILIMH.

HyxHoO, oqHaKo, UMETb B BULY, YTO PETYISALMS aKTUBHOCTU TE€HOB
MPOKAPHOT Ha 3Tare TPAHCKPUITUUHK He OTPAHUYMBAETCS UL CTAUA-
€l MHULMALKUY 3TOrO NPOoLiecca, HO OCYUIECTBIISIIOTCS TaKXkKe U BO BPeMSst
€O 3JIOHFalUUK U TePMUHALIUU.

Yro xacaeTcd 3yKapuoT, BKJIIOYAst YEJIOBEKa, TO BHYTPUKIIECTOYHAsI
peryasilus 6uocuHTe3a GENIKOB Y 3TUX OPTaHU3MOB SIBJISIETCS] TOPA3M0
0oJsiee CNOXKHON M MeHee U3YUEHHOM, YeM y 6aKTepuil 1 BUPYCOB, 4TO
CBSI32HO, B NEPBYIO Ovepelb, C OCODEHHOCTAMU OpraHU3allUU UX Te-
HOMOB.

Kak 0bUt0 OTMEUEeHOo B moapasn. 1.5, MHUIMauus TPaHCKPUIILIUKY
Y 3YKapHOT TECHO CBsI3aHa ¢ HATMYHUEM TEX MJIM UHBIX cieUPUIECKUX
MOCJIeI0BATEIBHOCTER B COCTaBE MPOMOTOPHOM 00JIaCTU OTAEJIbHbLIX
TeHOB, KOTOphIe NOJDKHbI Y3HaBaThcs cooTBeTcTBYtoleid PHK-nonn-
Mmepasoii. Ilpu stom mng PHK-mmoammepas pasueix tunos (I, 11, 111
U Ip.) JOJXKHBI CYHIECTBOBATh OTJIMYAIOILUECH APYT OT Apyra rnocie-
IoparelbHOCTH. Kak u B ciliyyae mpoKapuoT, TaKHUE NOCIeR0BaTEIbHO-
CTH IIOJDKHBI PACIIO3HABATLCS COOTBETCTBYIOIUMMHA CHELIUM(DHUECKUMH
Oenkamu-aKTHBaTopamMu ((haKTopaMy TPAHCKPUITHHH), C TIOMOLLbIO
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KOTOPBIX OCYLUECTBISIETCS. NMPABUJILHOE MIPUKPEIICHUE Y aKTUBALUS
onpeneneHHo PHK-momuMepassl, 4To sBIseTCS 00s13aTe/NBHBIM YC-
JIOBHEM ISl UHUIIMAIWW TpaHCKpUTIIMKU. CTaguu 3JI0OHTalMM U Tep-
MHWHALIMY TPAHCKPUITLIUM Y 3YKApPHOT TaKKe 00ECTIEUNBAIOTCS Y4aCTH-
eM 0eJIKOBBIX (DaKTOPOB, PEryJIMpPYIOLIUX 3TH MPOLECCHI.

Kaxk n3BecTHO, K YHUCITy OCOOEHHOCTEH 3YKApUOT OTHOCUTCS IIpe-
puIBUCTasT (MO3aM4yHAasI) CTPYKTYpa MX TEHOB U CBI3aHHBIM C 3TUM
niporieccuHr PHK. Ilpu paccMoTpeHHH CTPYKTYPBI 3YKapUOTHYECKOTO
reHa B roapasia. 1.4 yxe ynoMHHalach BO3MOXHas POJIb UHTPOHOB
B perynsiuuu npoueccudra MPHK u crimaiicHra ee SK30HHBIX yyacT-
KOB. B HacToslllee BpeMsI UMEIOTCS TaHHEIE O TOM, YTO ITIOMHUMO OObIY~
HOTO (THITMYHOTO) CIIAafCHHTa B HEKOTOPBIX CIYyJasiX BOZMOXKHO TaK-
K€ TIOSIBJICHME €ro aIbTepHATUBHOTO BApHMaHTa, CBA3aHHOIO C M3Me-
HEHUEM ITOPSIAKA COEAMHSIEMBIX 9K30HHBIX (hparMeHTOB. Tak, Hafnpu-
MEp, €cJ MPU TMITUYHOM BapmaHte crimaiicuiHra MPHK, cocrostieii
M3 5 5K30HHBIX YYACTKOB, TIPOMCXOJNT UX COCINHEHHUE B TTOC/IEAOBA-
TeJIBHOCTH | —2 —3—4— 35, TO py aIbTePHATUBHOM CILIa#CHHTE BO3-~
MOXHBI UHBbIE BapuaHTHl (2—3—1—4—5, 3—4—2—1-—5u gp.).
B pesynabTarte Ha OCHOBE ONHOM M TOM X€ HYKJICOTHAHOMW IMocaenoBa-
TEJBHOCTH KOHKPETHOTO reHa MOTyT ¢GOpMUPOBaThCs pa3Hble BapHaH-
Thl GEJIKOBBIX MOJIEKYJ, KOTOPBIE OYAYT NMPEACTABIIATL CODOM CTPYKTY-
Pbl, COCTOSIILIME U3 PA3HBIX COYETAHMI OTHMUX U TEX K€ aAMUHOKHCIIOT-
HbIX 6J10KOB. CiieA0BaTeIbHO, B 3TOM CITy4yae TIPOSIBASETCS] MPUHLKT
OCTAaTOYHO 3KOHOMHOTO MCIONL30BaHUSI UMEIOLLIEICS TeHETUYECKON
MHPOpMalM 3YKapUOTHIECKOTO OPTaHM3Ma B pa3Hble NEPHUONBL €ro
KU3HEIEATETLHOCTH.

Y 3yKapuoT HAOMIOZAeTCS TAKOKE FPYINOBAs Peryasins aKTUBHOC-
TH T€HOB Ha 3Tare TPaHCKPUITIIHHU, CBSI3aHHAs C OCOOEHHOCTSIMU opra-
HU3ALUM FeTEPOXPOMATHHOBBIX U 3YXPOMATUHOBBIX Y4ACTKOB UX XpPO-
MOCOM, KOTOpas Oyaer 6ojiee MoapodHo obCcyXaaTscs B . 2.

B Hacrosilee BpeMsl N3BECTHBI MEXaHU3MBI PETYJISILIMM AKTUBHOCTH
reHOB, KOTOpbIe NEHCTBYIOT M Ha 3Tare TPAHCISILUM TeHETHUYECKOi
UHGOpPMAaIMH B KJIETKe. Y GaKTepHit UMeeTCsl He MeHee TpeX GeJTKOBBIX
$aKkTOpOB, YYACTBYIOUINX B PETYIsUIMM MHUIVIALIVIKA TPAHCASILIVM, KO-
TOpble 0603HavawTcs cumBonaMu [F-1, IF-2, I[F-3 (oT aHrn. initiation
factor — dakrop wHMIMaLKK). [Ipy 0O0pa3oBaHMK HWHULIMUPYIOILETO
xoMrnekca (cM. puc. 1.19) dakrop [F-3 cesa3wiBaetcs ¢ 30.5-cy6nenu-
HULIEH pUOOCOMBI, IPEISATCTBYS IpPEXIeBpEMEHHOMY OOBLEIUHEHUIO
MaJIOH U Gonbwoit cyobenumaul. PakTop nHUIIMAIAN [F-2 cCoeqUHSET-
¢l ¢ mHuuMupywniein amuHoauma-TPHK, Hecyiueit dbopmunmerno-
HWH, ¥ 1Ipu yyacTHH [F-1 oGecreunBaeT ee npaBuJIbHOE ITPUKpPEILIE~
HUE K P-ydacTKy Manoil CyGbeIMHUIB pUOOCOMEI, 3aBeplias hopMu-
pOBaHWE WHHLIMUPYIOUIETO KOMIUIeKCca. MHWIMANA 3aKaHYMBaeTCst
o0bearHeHneM pubocoMHBIX cyobeauHul 3085 1 505 (cMm. puc. 1.19),
KOTOPOE COMPOBOXIAETCS OCBOOOXICHUEM BCEX TpeX (PAKTOPOB UHM -
LAWY, MOKUIAIIIUX pUboCcoMy. Y 3yKapHoT UMeeTCs Ipyroi Habop
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(hakTOpOB MHUIIUALVIY TPAHCSIIINKM, MEXaHU3M AeHCTBUS KOTOPbIX SB-
ngeTCs MEHEe U3YICHHEIM.

Craauu 3JIOHTalMH U TePMUHALIMY TPAaHCISILMU TAKXE Peryjupy-
I0TCSl COOTBETCTBYIOIHUMHU O€NKOBBIMU (paKTOpaMU KakK y TIpOKapuoT,
TaK U y 3ykapuoT. Kak yxe orMeyanocs B noapasz. 1.5, 3apepuieHue
TPAHCJISILMM CBSI32HO C BCTYIUIEHUEM B A-Y4acTOK pUOOCOMBI OJHOYO
n3 TepMuHupylowux xonoHos MPHK (YAA, YAT, YTA). 911 Kolo-
Hbl Y3HAIOTCSI COOTBETCTBYIOLIMMHM OEJIKOBBLIMM (DaKTOpaMU TepMHUHA-~
LIMU, KOTOPbIE OOECIeYUBAIOT pa3pylieHUE CBSI3M MEXAY MOCIeaHEHR
TPHK » MPHK B P-y4yactke pu60COMBI M OCBOOOXIECHHUE CUHTE3UPO-
BAaHHOTO TIOJUIIENITHAR, a TAKXKE AUCCOLMALMI0 PUOOCOMHBIX CyOhe-
JUHULL.

MoHO nosaratb, YTo perysiiiist 3KCIPecCUU TeHOB OCYILECTBIISIET-
CS Y Ha 3Tarne TMOCTTPAHCISLMOHHON MOAU(MUKALIMMA TTOJIUTIENTUIOB,
OIHAKO MEXaHU3MBbI TAKOW PEryysiiMU UCCIEA0BaHbl HEIOCTATOYHO.

OueHuBasi 0cO6EHHOCTH TeHETUYECKON peryasiiud OMOCHHTE3a
OEJIKOB V 3YKapHOT, HEOOXOAUMO OTMETHUTh, UTO B CJIyyae MHOTOKJIe-
TOYHBIX OPraHU3MOB, BKJIIOYAs YEJIOBEKA, €6 MEXaHU3Mbl SIBJISIIOTCH
UCKIIIOYUTENILHO CIOXHBIMU U UMEIOT MHOTOYPOBHEBBIA XapakTep, He
OIPaHUYMUBASICh JIULIP NTPOLIECCAMH, TIPONUCXOISIIMMU B paMKax OAHOM
KJIETKH.

751 MJIEKOTTMTAIONIMX W YeJIOBEKA YCTAHOBJIEHO CYLIECTBOBaHHUE
007bLIOro Yncia (GakToOpOB PETYIALMU PA3TMYHBIX HANKJIETOUHBIX YPOB-
Hell (TKaHecnmenuduyeckue 1 opraHocrneuduIecKkue OeIKu-aKTuBa-
TOpBI, GaKTOPHl HEPBHOM M SHIOKPUHHOM CHUCTeM U Ap.). B KayecTse
OIHOTO W3 MPUMEPOB MOXHO PacCMOTPETh YYaCTOK TKaHecleluudu-
YECKOro 3HXaHCepa, paclojioKeHHbI B paitoHe 3-TTOGMHOBOTO reHa
yesoBeka (cM. puc. 1.16). [lockobKy B-ITOOUH SIBJSIETCS] TKAHECTIEU U -
(pUIeCKUM GEITKOM, TO KOTUPYIOUIKI €r0 TeH aKTUBHO DKCIPECCUPY-
€TCs JIMILb B KJIETKaX KPaCHOro KOCTHOrO MO3ra i B UX IPeALIeCTBEH-
Hukax. [lpenmnonaraercs, 4To 3TOT TMPOLECC PETYJIUPYETCS] C [OMO-
LIBbI0 OOCYXIAeMOT0 IHXAHCEpa, HYKJICOTUIHAS [TOCIEeI0BATENbHOCTD
KOTOPOTO CBSI3bIBAeT TKaHecTeLnuuecknit 6eJIoK-aKTuBaTop, odec-
neynBatoinit 3pPeKTHBHYIO IKCIPECCHIO P-FeHa TOJBKO B KIIETKAX
YKa3aHHOW TKaHU.

bonee neranbHOe paccMOTpeHHE 3TUX MEXaHU3MOB ABJISIETCA 3a/1a-
yel psiga Opyrux OMONOTMYECKUX OHUCLMITIMH (OMOJIOTUM pa3BUTHA,
OUOXUMHH U (HHU3UOJIOTMH HEPBHO-3HIOKPUHHOMN CUCTEMBI U Ip.).

Ba3nucHbie TEPMUHBI M HOHATHA: AJILTEPHATUBHBIA CIUIAMCUHT; aKTUBATOD;
FeH-PEryJIATOP; KaTaboUTHAs PENpecCHsi; HeraTUBHAsT MHAYKUMsI, HEraTUBHAas
perynsilys; OnepaTop; ONEepoH; TIO3UTHUBHAsT PETY/SALMSA; MMPOMOTOP; penpec-
cust; penpeccop; PHK-nonuMepasa; cTpykrypHBIil FeH; TEOpUsS reHETUYECKOM
peryisauMm1; TEPMUHATOP; TEPMUHHUPYIOIIME KOJOHBI; (haKTOpbl MHULUMAUHU
TpaHCcAAMK; (HAKTOPbl TEPMUHALIMK TPAHCIALMY; (hakTopbl TPAHCKPUITUKMH
W TPAHCIISALIMK; 3KCIpECCUs TeHa;, aHxaHcep; a¢hdekTop.
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1.7. TpaHcno3upyemble (MUrpupyrome) reHeTUYeCKue
3N1eMeHTb!

CornacHo rnpefcTaBiIeHUsIM, CIOXUBIIMMCS B paMKax KIacCHyec-
KOH ((pOpManbHOM) IeHeTHKH, TeHOMbI PaziMUHBIX OPraHM3MOB Xa-
PaKTEPU3YIOTCSH 3HAYUTEIIBHON CTAGHIIBHOCTHIO U MOJABEPXKEHBI JTHULIb
OYEHb MEUIEHHBIM 3BOIIOLIMOHHBIM NTPe0Opa3oBaHUSIM. DTH MPeACTaB-
JIEeHUs: CYLLECTBEHHO M3MEHWIMCh B CBSI3M ¢ OTKPBITUEM TPAHCIO3M-
pyeMBIX (MUTPHUDPYIOLINX) TEHETHYECKUX 3JIEMEHTOB ((DparMeHTOB
JAHK), KoTopble MOTYT nepeMelaThCsl KaK B 1peesiaXx OQHOro TeHO-
Ma, TaK ¥ U3 0AHOro reHoma B Apyroil. CmocoGHOCTh K TPAHCHO3ULUY
3aKOAMpPOBaHa B HYKJIEOTUAHBIX MTOCAEAOBATENLHOCTSIX CAMUX MUTPH-
pytolgux ¢parmeHToB JJHK U cBsizaHa ¢ BO3MOXHOCTBIO UX BKIIIOYE-
HUS (MHTETpalM) B pa3JiInuHble MecTa (CaliThl) XPOMOCOM U BHEXPO-
MocoMHbIx Monekysn JIHK u Beixona («Bblpe3aHus») U3 3TUX CAATOB.
Taxue MOOUNIBHBIE CTPYKTYPBI ObLIH O0HapyXeHbI B TeHOMax Kak npo-
KapHoT, TaK U 3YKapHoOT.

Y GaxTepuil TPaHCMO3UPYEMBbIe TCHETUYECKHE 3TEMEHTHI MPEICTaB-
JeHsl cerMeHTaMu JIHK nByX TUMOB — MHCEPLIMOHHBIMM (BCTABOY-
HBIMM) TIOCJIENOBATEILHOCTSMU, WM 1S-351eMeHTaMu (OT aHTIL. insertion
sequences — BCTABOYHbBIE IMOCJEIOBATENbHOCTH), ¥ TPAHCIIO30HAMU.
Te u apyrve MOTYT nepeMellaThcsl B PaHMLIaX OTHOM IeHEeTHYECKOM
CTPYKTYPhI {DaKTEpUATBHON XPOMOCOMBI, IIa3MHUAb]) THOO M3 ONHOM
CTPYKTYPBHI B APYIYIO (HAITpUMEp, U3 XpPOMOCOMBI B TLIa3MUAY, U3 TUIA3-
MHUIBI B XpOMOCOMY, M3 OZHOM IUIA3MMIbl B APYIyKO IUIasMUIy, W3
TIasMUAbl OaKTEpPUY OJHOrO BUIAa B IUIa3MUAY JIMOO B XPOMOCOMY
DakTepuu Apyroro Buaa M T.1.).

15-Onementsl — 310 Hebonpue yyactku JHK, pasmepsl koro-
DPBIX OOBIYHO BapBLUPYIOT B rpenenax nopsiaka or 760 mo 2000 map
HyKJIeoTU0B. Ha KoHIIax (Ha ¢iaHrax) 3THx yJ9acTKOB MMEIOTCS OJtU-
HaKOBbiE IMOO OYEHBb CXOMHBIE KOPOTKME HYKJIEOTHAHBIEC TIOCNENOBa-
TeNBHOCTH (20— 40 map HYKJIICOTHUIOB), PacIoOXeHHEIE B 00paTHOM
NopsiAKe (MHBEPTUPOBAHHBIE MOBTOPLI). CUUTAIOT, YTO KOHIIEBLIE T10-
BTOPHI ((DIaHKUPYIOLIHE TOCHEIOBATEIbHOCTH) UTPAIOT BAXXHYIO POJb
B [Ipolleccax NMEePEMEIeHNs TPAHCIIO3NPYEMBIX SJIEMEHTOB, XOTS TOU-
HBI MEXaHU3M TAKHX NEPEMEIUEHUN OCTAeTCSI MaJIO U3YYEHHBIM.

PasHble [S-371€MEHTHI SIBJISIIOTCS TUITMYHBIMA «O0UTATENIIMH» OaK-
TepUd U OOBIYHO BBISABJISAIOTCS B KOJIMYECTBAX, TPEBLIIUAIOLINX OJHY
KONUIO HA KJieTKy (Tadn. 1.4). Hanuurne MAeHTUYBBHIX [S-31EMEHTOB
B pa3HbIX 0aKTepUaTbHBIX CTPYKTYpax (XpoMocoMax, IIa3MHUAaxX) CO-
30a€T OCHOBY JIT UX B3aUMOJEUCTBUS 110 MEXaHU3MY CaT-cieliu(pu-
YECKOM pPeKOMOMHAUMH, YTO MOXET NPUBOINUTH K OOBETNHEHUIO (KO-
WHTErpauru) TaKUX CTPYKTYP NUO0 K reHETUYECKOMY OOMEHY MEXIy
HUMU (CM. TToApa3n. 2.2). B ominume OT reHETHIECKOM peKOMOUHALMU
ofluero Tuna, Tpedyoleil HAMMYMS 3HAYMTEIBHBIX 06JIacTeil TOMO-

40



Tabnuua 1.4

ConepxaHue HHCEPUUOHHBIX IOC/IEROBATEILHOCTEM
B XpoMocoMHoM renome E. coli

Hassanue UYncno Konui Paameps! ogHO# KOITUU
OCJIeJOBATeILHOCTU B KJIETKE HA XPOMOCOMY (B Mapax HyKJIeoTUJOB)
151 5—8 768
182 5 1327
1S3 5 1400
154 1—-2 1400

qornu JIHK y 1Byx B3aiMOA€MCTBYIOIIMX POACTBEHHLIX CTPYKTYD, CaiiT-
cneuuduyeckasi peKoMOMHAMsT OCHOBaHa Ha TOM, YTO COOTBETCTBY-
ounit GepMeHT y3HaeT HeOoblIMe crieuduyecKre MocieIoBaTeNb-
HOCTH B JIBYyX MecTax (caiitax) ogHoi nubo pasubix Mojekya JHK,
Te M TIPOUCXOOUT rpolecc peKoMOuHauwu. ClenoBaTeibHO, Takas
PEKOMOUHAIIMSA MOXeT TIPHBOJNTL K TEHETUYECKOMY OOMEHY MeEXIy
HEPOJCTBEHHBIMHU (HErOMOJIOrMYHBIMU) CTPYKTYpaMH (XpOMOCOMaMH,
TUTa3MUIAMH ).

TpaHcno3oHbB ABISAIOTCS 60JIee CIOXHBIMU 0Gpa30BAHMSIMU C pa3-
Mepamy nopsiaka 2000 — 20000 map HYKIEOTHIIOB, B CPEJUHHON yac-
TH KOTOPBIX HAXOASTCS Te WIN KHbIE (DYHKIIMOHAIIBHO 3HAYUMBIE TEHBI,
a KOHLIEBBIE Yy4acTKH comepxkaT [S-aneMeHTH mubo (haHKUPOBaHb
MHBIMM JUTMHHBIMH HHBEPTHPOBAHHBIMU WJIW OINHAKOBBIMU (TTPAMBI-
MH) HYKIeOTUAHBIMU mnoBropamu (800—1500 nap HyKJIEOTHUIOB).
B cocraBe HEKOTOPBIX TPAHCIIO30HOB OOHAPYXKEHbI TeHbI, KOAHUPYIO-
1Me CUHTE3 (DePMEHTOB, Ha3BaHHBIX TPAHCIIO3a3aMU U PE30JBa3aMM,
KOTOPBIE CYUTAIOTCH OTBETCTBEHHBIMU 3a TIPOLIECCHI TPAHCIIO3UPOBaA-
HUs. BMecTe ¢ TeM, TPaHCITIO30HBI MOTYT COAEPXKATh FE€HbI, HE UMEIO-
IH{e OTHOUIEHMST K TPAHCIO3UIIMM, HO MTpalolIhe BaXHYIO polb B
BBIKMBAaHWM OaKTEPUil npU HeOArONpPHUATHLIX YCJIOBUSIX CPEAbl 00M-
TaHUSA (HATIPUMED, TeHBl YCTOMYHBOCTH K AHTMOUOTHKAM W IPYIHM
aHTHOAKTE pUANTBLHBIM TTpenapaTaM). Takue reHbl repeMelalTcsl BMec-
TE€ CO BCEM TPAHCIIO30HOM M3 OLHOM GaKTepHUabHON I1a3MUIbI B ApY-
I'VIO, U3 ITIa3MUIbl B XPOMOCOMY U T. [I.

ITonarawt, 4To crieuudUIeCKUe KOHLEBBIE TOBTOPH [S-371EeMEHTOB
¥ TPAHCIIO30HOB UTPAIOT KJIIOUEBYIO POJIb B MIPOLIECCAX TPAHCTIO3ULMH,
MOCKOJIbKY OHU PacNo3HaoTCs (hepMEHTaMM, OCYILECTBASIOILIMMY CANT-
crienupuIecKylo pekoMbuHanuoo. BMecre ¢ Tem, B ciydae psiia TpaHC-
TIO30HOB TTOJYYEHBl 3KCTIEPUMEHTAbHEIE TaHHbBIE, CBUICTEIbCTBYIO-
L€ O TOM, YTO NP TPAHCHO3MLIMK MOXET pabOTaTh MEXaHU3M, HE
CBSI3aHHBIH C IIPOLIECCOM IMOJIHOTO «BBIPE3aHUsl» BCEH CTPYKTYpHI U3
OIIHOTO caiiTa U ee nepeMelUCHHs B APYyroi calt (caT-muuieHs). [1pu
3TOM TPOUCXOAUT YABOECHHE (peTIUKAIMs) FEHETUYECKOIO 3JIEMEHTA,
OIIHAa KOMHs KOTOPOTO OCTACTCS B MCXOMHOM cCailTe, TOraa Kak Jpyrast
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repeMelnaeTcsl B HOBbIH caliT-MUIUeHb. MHBIMM CJIOBaMU, TaKasl TPAHC-
MO3ULUST COCTOUT B YBEJWYEHWY YMCITa KOMUH COOTBETCTBYIOUIETO
TPaHCITO30HA. B ciydae, ecniy Bce K€ NPOUCXOIUT UCKITIOUeHHUE («BBI-
pe3aHue») TPAaHCIIO30Ha, TO 3TOT TPOLECC He Bcerma ObIBaeT HOCTa-
TOYHO TOYHBIM M MOXET ITPUBOINTL K COXpaHeHUIo B cTpyKType [JHK
ObIBLICH MUILLIEHM TeX WIK MHBIX OCTATKOB ITOC/IEI0BATEILHOCTEN TPaHC~
MO3UPYEMOTO JIeMEHTA, MI3BECTHO TAKXKe, YTO BCTPAUBAKOLIUIACS TPaHC-
MO30H 6o [S5-aneMeHT hIaHKUPYIOTCS KOPOTKUMY rnoropamu JJTHK
x031nHa (4— 12 map HyKJIeoTUIOB). ECTh OCHOBaHMSI CUMTATh, YTO
TpaHCIIO3UPYeMbIe 2JIEMEHTHI UTPAIOT BAXKHYIO POJIb B IIPOLIECCax 3BO-
JIIOLIMM MUKPOOPTraHU3MOB, obecrneyuBas crieu¢pruecKyio GopMy nx
BHYTPUBUIOBOTO U MEXBUNOBOTO F¢HETUYECKOrO 0OMeHa (TaK Hasbl-
BaeMblif TOPU30HTANILHBII ITEpeHOC TeHoB). M3BecTHO Takke, 4To NpH
UHTErpallM MOOWIBHBIX CTPYKTYP B COOTBETCTBYIOLINAE CANTBI XPOMO-
COM U TUIa3MUJ U TIPU UX «BBIPE3aHWM» B 3TUX U B CMEXHBIX caiiTax
MOTYT ITPOUCXOIUTh MYTAalIMOHHBIE MEPEeCTPONKN TeHETHYECKOTO Ma-
Tepuaia (MHBEPCHH, JEIELUU, TPAHCIOKALUMN U Jp.), T.€. TPAHCIIO3HU-
pyeMble 2JIEMEHTHI B 3TOM CJIydae BHICTYNAIOT B POJIM OMOJOTUYECKUX
MYTareHoB (CM. TaK:Ke IJI. 5).

Murpupyloliine TeHeETHYECKIE SJIEMEHTRI 3YKapHOT, BIIepBbie O0HA-
pYXeHHBbIe elie B 1951 1. y BbICIIMX pacTeHMit (KyKypy3bl), OBUIM 3aTeM
BbISIBJIEHBI ¥ Y HEKOTOPBIX APYTMX Oprann3aMoB. CoaepXanne HEKOTO-
PbIX U3 3TUX JTEMEHTOB B 9YKApMOTHYECKOM I'eHOMe MOXET OLITh BeCbMa
3HAYUTENIBHBIM, T. €. OHU SBJISIOTCS MHOTOKOITUIWHBIMMY HYKIEOTUIHbI-
mu niocnenoBatenabHocTaMu JHK. Bumecte ¢ TeM, dyHKIIMOHANBHOE
3HAYEHHE TAKUX ITOCICIOBATEIBHOCTEH OCTAETCS BO MHOIOM HESICHBIM.

MoOuIbHBIE CTPYKTYPHI HEOOMBILINX Pa3MepOB, COTepXallie KOH-
LIEBbIE TIOBTOPBI U HAUOOJIEE CXOMHBIC C TPAHCITO30HAMM OaKTepHii,
ObLIM OOHApPYXEHBI B PAa3IMYHBIX YYACTKaX T€HOMOB IPOXKENH U TLIO-
JOBOM Myxu npo3odunbl. OgHaKo, CBeIeHUS O KOHKPETHBIX I'CHaX,
06ecneynBaloILIUX TPAHCITIO3UUMIO Y 3YKApHUOT, IMOKA OTCYTCTBYIOT.
K uncny Hanbosee M3yYeHHBIX MUTPUPYIOLLHX 3JIEMEHTOB APO30(MHIIBI
OTHOCUTCS Ipynna 6JM3KUX MO CTPOEHHUIO HYKJIEOTUAHBIX [10CIIeI0Ba-
TEeJILHOCTE, 0003HAYEHHBIX OOLLMM TEPMHUHOM copid, KOTOPBIE B CO-
BOKYITHOCTY COCTaBJSIIOT 3HAUUTENLHYI YyacTh reHoMHoi JTHK atux
opraHusmoB (cM. 3ajgaHue 1.41).

B pasnuuHbIX yyacTKax reHoMa 4ejioBeka 00HapyKHUBaeTCst MHOTO-
KpaTHO noBTopsitolasics (0Koyo 500 TeIc. KOTIMNA Ha TalUIOMAHBIA re-
HOM) HYKJIEOTHIHASI TT0CJIENOBATENIbHOCTb, cocrosinas n3 300 rnap
HYKJIEOTUIIOB, KOTOpasl ITOTy4Ynsia Ha3BaHue A/u-mocaenoBaTeIbHOCTH.
ITockonbKy KOHIIEBBIE YUACTKU 3TOM MOCIEA0BATENLHOCTU (DIIaHKU-
POBAHbI KOPOTKUMH NPSIMBIMUA TToBTOpaMH (7 — 20 mTap HYKJICOTUIOB),
ONpPENENSIIOLLIMMU €€ CXOACTBO C M3BECTHBIMU TPaHCIO30HAMH, TO
[10JIAraloT, YTO OHA TAKXKe OTHOCHUTCS K KaTeropuyd MOOMILHBIX 3jie-
MEHTOB 3yKapuoT. CxomHbie Alu-11og00HbIE NOCIEA0BATEIBHOCTH BbI-
SIBJICHBI 1 B TEHOMAaX Pa3IMYHBIX MJIEKOTIUTAIOLIX.
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B KayecTBe MCTOYHMKA MOOWJTBHBIX CTPYKTYD ITPOKapHOTHUYECKOTO
Y 9YKapHOTHYECKOTO TeHOMAa MOXHO pacCMaTpUBaTh TAKXE TEHOMHYIO
JHK pa3snuyHbIX BUPYCOB, KOTOPBIE CIIOCOOHBI MHTETPUPOBATHCH B T€
v uHble yyactky JJHK GakTepmit 1 3yKapyoT Y HEKOTOPOE BpeMsi
CYIIECTBOBAaTh TaM B (popMe IIPOBHUPYCA, T.€. KAK COCTABHAas YacTb re-
HETHYECKOU CTPYKTYPbI KJIETKU-X03sanHa. [[puMepoM siBsieTCsl MHTEr-
pauus 6akreprodara A B XpOMOCOMHYIO CTPYKTYpY KiieTku E. coli ¢ 10-
MOILIBIO MEXaHM3Ma calT-crielndryecKoii pekoMOuHauvu (puc. 1.24).
Ora ocobeHHocTh Kacaetca u PHK-comepxanmx perposupycos, JTHK
KOTOPBIX, CHHTE3UPOBAHHAs HA OCHOBE paCCMOTPEHHOIO BhILIE MeXa-
HU3Ma OOpaTHOW TpaHCKpUNUMM (cM. mompasn. 1.5), BkiIoudaeTcs
B XpOMOCOMHYIO CTPYKTYPY 3YKapHUOTUUECKOM KJIETKU M 3aTEM MOXET
JUIMTENIBHO PETUIMLIMPOBATHCS B €¢ COCTaBe, MePeaaBasich OT MaTepHH -
CKOIl KJIETKHM K JOYEPHUM B IIpOLECCE MUTOTHUYECKOTO AeJIeHUS
(cm. Taxxe 1. 3). [1pu mocsemyioneM HEMPaBUIBHOM (HETOYHOM) «BBI-
pesaHUU» U3 TeHOMa XO3MHa BUPYC OCTaRBJISIET B HEM Te WJIH WHBIE
(parmMeHTB! COOCTBEHHOTO F€HOMAa U NIPUOOPETAET OTIE/IbHBIE YYacT-
KW TeHETHYECKOTO MaTepHayia XO3JUHa.

MOXHO moniaraTh, 4YTO pe3yJbTaTOM YKa3aHHBIX COOBITUIA SIBISIIOT-
CS TeHETUUYECKHE 3JIEMEHTHI KJIETOK XKWBOTHBIX U YeJIOBeKa, Ha3BaH-
HBIE PETPO3JIEMEHTaMHU (PETPOTPAHCIIO30HAMU), COCOOHBIE K fiepe-
MeleHUAM Garogaps HATHINIO ¥ HIX KOPOTKUX KOHLIEBBIX IIOBTOPOB.
Takue peTpoTpaHCIO30HBI MOTYT, B YaCTHOCTH, KOOUPOBaTh OeNKH,
HeoOXOAUMBIE ISl OCYILIECTBIICHHUS B 3YKApPMOTHYECKON KIIETKE Mpo-
Lecca obpatHoil TpaHckpunuun PHK-comepxalux peTpoBHPYCOB,
KOTOPBIE PACCMATPUBAIOTCS B KQUeCTBE NMPUYMHBI BOSHUKHOBEHMSI 3710Ka-
YeCTBEHHBIX OMNyXoyiel (OHKOJIOTMYECKUX 3a00JIEBaHUI) U CUHIpOMa
npuoOpereHHoro uMmyHoaeduuura (CITU). Tak, nonyd4eHsl akcne-
PUMEHTANbHbIE JaHHbIE, CBUAETETLCTBYIOLLIME O TOM, UTO HEKOTOPBIE
OHKOTE€HBI KJIETOK YEJIOBEeKa, CBI3aHHBIE C MOSIBJIEHUEM 3JI0KAYECTBEH -
HBIX HOBOOOpa30BaHUil, UMEIOT CTPYKTYpHYI0 romosioruio ¢ PHK pet-
DPOBUPYCOB.

Puc. 1.24. Murerpauus 6akrepuodara A mé

B XpPOMOCOMHBIi CErMeHT KieTKH E. coli ms “

MEXILy JIOKYCaMM reHOB gal (YTWIM3aLuu 1 c

ragakTosbt) U frp (CUHTE3 TpunrodaHa): £,
gal anh <

1 — xonbueBas xpoMmocoma ¢ara A (m5, mé P
m6, mi, ¢, h — oTgensHble reHpi ¢aroboit mi
IHK) u dparmMeHT XonblieBOi XpOMOCO- m5

Mbl E.coli (att A-caitr romojnoruu ¢ ¢aro- 2 ¢

soit [IHK); 2 — caifT-cneunduueckas pe- ga
KOMOWHAaLMs1, CBA3aHHAst C pa3pbiBAMU XpO- . &
MocoMBI (hara Mexay JIOKycaMu A ¥ ¢ M Dak- 3 c mimb rs /
TEpUATIBHON XPOMOCOMBI MeXIy JIOKycamH
gal n trp; 3 — GakTepualbHas XpOMOCOMa
conepxur JJHK dara A B dpopme npocara P

gol
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3HayeHHWE TPAHCIIO3UPYEMBIX 3JIEMEHTOB 3VKapHOT CBS3BIBAIOT,
TPEXIE BCEro, ¢ UX MyTareHHBIM JEeHCTBUEM, a TAKXKE C BEPOSITHBIM
yyacTHEM B TNpOLIECCAaX TeHETMYECKOM PeryyIsiliuM, MMOCKOJNBKY, HHTEr-
PUPYSCh 110 COCENCTBY € HEKOTOPBHIMM TéHAMH, OHM MOTYT OKa3biBaTh
CYLIECTBEHHOE BJIMSIHME Ha WX 3Kcrpeccuio. CTAHOBUTCS OUEBUIHON
TaKXe pOJib PETPOTPAHCIIO30HOB, ITPEICTABICHHBIX HYKICOTUIHBIMU
TIOC/IENOBATENBHOCTSIMA HEKOTOPBIX PETPOBHUPYCOB, B Pa3BUTHUH psiia
3a00JIEBAHUM XXHUBOTHBIX U YeJIOBeKa (JIEHKO3bI ITTULL 1 MJIEKOIMUTAIO-
WX, 3JI0Ka4ecTBEHHbIe HOBOOOpasoBauusi, CITWJl u np.). Crnenyer
ellie pa3 MoOJAYEePKHYTh U BEPOSITHYIO POJIb MUTPUPYIOILUX 3JEMEHTOB
KaK OJHOro M3 (hakTopoB 3BOJIOIMK OPraHU3MOB.

Ba3uchble TepMMHBI M NOHATHA: TeHETHYECKMIT OOMEH; I'€HOM; FOpPH30H-
TabHbINA NEPEHOC I'eHOB; WHCEPUUOHHbIC (BCTABOUHBIE) MOCIEN0BATESBHOCTH
(IS-aneMeHTBI); MHTErpalus; KOHLEBbIE [TOBTOPLL, IIPOBUPYCHI; PETPOBUPYCHI;
PETPOTPAHCIMO30HbI (PETPOITEMEHTHI); CalT; caiiT-MHUILEHb; cailT-crieundu-~
qyeckasi peKOMOMHaLMsI; TPAHCIO3UpYEMble (MUTpUpPYIOILME, MOGHIIbHBICE)
TEHETUYECKUE BJIEMEHTBI; TPAHCIIO3ULMSA; TPAHCIO30HbI; QJIaHKUPYIOLLINE
NIOC/EAOBATENbHOCTH.

3adanus 0as camocmosmeavhoi pabomot

1.1. [TepeyncanTe U3BeCTHbIE BAM IOKA3aTEIBCTBA B [10JIb3Y TEHETHYEC-
ko#t ponu JJHK. CoctaBbTe NPHHUMIIMANBHYIO CXeMY 3KCIEPUMEHTA 10 TPaHC-
¢dopmaunu GakTepHii.

1.2. [IpoaHanuaupyiite faHHBIE, NPUBEaeHHbIE B TaOM. 1.5, ¥ paccyutait-
Te nokasarenu A/T, I/ u (A+ T)/(I + L), 3an0fHUB COOTBETCTBYIOLLHE
KOJIOHKH Tabnuubl. OLUeHUTE 3HAYEHUE [MOIYYEHHBIX BAMH PE3YJILTATOR B IJIaHE
0BOCHOBaHHMS IPUHLMIIA KOMIUIEMEHTAPHOCTH NPU MOCTPOSHUH MOJENIH MO-
nekynnt JIHK u BunoBoii cneuuduunoctu JHK.

1.3. B npenapatax JIHK, BbieieHHOI U3 KIIETOK TYOEPKYIe3HbIX OaKTe-
pUii, comepXaHue ageHuHa cocTaBuiio 15,1 % or obLIero KOIUyecTBa OCHO-

Taonuua 1.5

Copepxanne a30THCTHIX ocHOBaHuii HyKieoruaos JTHK (B %)
¥ MX COOTHONIEHHS Y OPTAHM3IMOB Pa3HbIX BUJIOB

OpraHu3mbl A r T I A/T | T/H [((A+T)/T + 1)

Kuiteunas nanou- | 24,7 | 26,0 | 23,6 | 25,7
Ka (baktepust)

Lpoxxu 31,31 18,71 3291 17,1
IMireunua 27,31 22,7 | 27,1 | 22,8
Kypuua 28,8 [ 20,51 29,21 21,5
Kpsica 28,6 | 21,4 | 28,4 ] 21,5
YenoBexk 309 1991 2941 19,8
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BaHUuM. OnpeneanTe NpYMepHOE KOMMYECTBO I'YaHWHA, THAMUHA M UMTO3MHA B
stoit JHK.

1.4. I'lpy ananuse nyxineoruaHoro cocraBa JJHK Gakrepuodara M 13 6bu1o
O0HAPYXEHO CJIEAYIOLIEe KOJTHUYECTBEHHOE COOTHOLIEHUE a30TUCTBIX OCHOBA-
uuit: A —23%, I —21%, T — 36 %, I — 20 %. Kak MOXHO OOBICHUTD
MIPUYHUHY TOTO, YTO B 3TOM CJiydyae He COOJI0AAETCS MPUHLIMIT SKBUBAIEHTHO-
CTU, ycTaHOBAeHHb HYapraddom?

1.5. Uzyuyure nuarpamMmmbl («IeCTHUYHbIE» CXEMbI), U300paaloLLMe CTPYK-
Typy dparMeHTOB Tpex pasHbix Moiaekyn AHK (4, B, C), koToprie npuBeae-
Hbl Ha puc. 1.25. CTOpOHBI TaKO# «IECTHUIBI» H300paxatoT caxapodocdar-
HbI!i «OCTOB» («KapKac») MOJIEKYJb{, a4 «CTyNeHbKH» OOpPa30BaHbI Mapamu
KOMTLJIEMEHTApHbIX a30TUCThIX ocHoBaHui (A-T u I'-1). [ToMeueHHble cTPEN-
KaMM kpasi 0603HayawT 5’ -docdartsl.

1) TIpoaHanu3upyiiTe HYKICOTHOHbI cocTaB dparmeHTos A, B, C, onpe-
nenus nokasarenu A/T, T'/U, (A+T) /(T + 1I).

2) ObpaTuTe BHUMAHKE Ha TO, YTO (hparMeHTHl B 1 C UMEIOT OAUHAKOBOE
CyMMAapHO€ YMCJIO Map KOMITJIEMGHTAPHLIX OCHOBAHMIi, HO, BMECTE C TEM,
OTIMYAIOTCS OIUH OT APYroro crieunpuUHOCTLIO YEpeNOBaHUS ATHX nap (UMeEIoT
pa3Hble HYKJICOTHIHBIE TTOCIIeI0BaTeIbHOCTH ). [JaliTe CBOIO OLIEHKY 3TOro 06-
CTOSITEJICTBA.

3) CocraBbTe COGCTBEHHBIE AMAarpaMMBl ABYX (DparMeHTOB ABYyXLeNoueu-
Hoit JHK, Kaxmplit U3 KOTOPBIX COAEPXKUT NO 15 nap HyKJICOTHAOB C COOTHO-
weHreM (A + T) /(T + LI) =2, HO OT/IMYAETCsi OT APYroro cneudru@uuHOCTLIO
HYKJICOTHIHON NOC/NEN0BATENIbHOCTH.

1.6. Onpeaennte HYKIEOTHAHYIO MOCAENOBATENBHOCTD U OPUEHTALIMIO KOH-
uoB ¢hparMeHTa oaHoM U3 HUTelr Monekynsl JJHK, ecnu u3BecTHa nocneno-
BATEJIBHOCTb M OPUEHTALMS KOMIUIEMEHTAPHOTO y4acTKa APYroii HUTU 3TOM
monexynsl: 3'-A-T-1I-T-T-T-H-TI'-A-5".

1.7. Ucnonb3ysi aavHele Taba. 1.1, paccuurtaitte CyMMapHyio UIWHY Jd-
HEMHBIX Henovek scex Monekyn JHK oprannama HOBOpOXAEHHOT0O pebeHKa,
uMes B BUAY, YTO OJHA NUIUIOMAHAA KJICTKA YENOBEKa COAEPXUT [IPUMEPHO
6 - 10° nap HyKI€OTHIOB, a OpraHH3M pebeHKa cocTonT M3 2 - 10'? Takux ke~

A B C
5/ 3’ 5/ 3’ 5/ 3’
— A
o T
-
- 0
3 h 3 5’ 3’ 5°

Puc. 1.25. Ctpyktypa bparmeHTOB Tpex ycaoBHbix Moseky JHK («iecTHUY-
HbIE» MOJAEIU)
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ToK. Ilpu pacuere yc/IoBHO curTaiTe, uTo Bee Monekyabl JIHK Haxonsates B B-
opme. CpaBHHTE NOAYYEHHYIO BETUYHUHY ¢ PACCTOSTHHUEM OT 3eMiy HO JIyHBI
(3,84 10° kM), He 3a6biBasg npy 3ToM, 4To | KM = 10° M = 10 MM = 10° MxM
(MuxpoMmeTpos) = 10'? HM (HaHOMeTpOB).

1.8. Onpeaenute HapaBiIeHUE CMHTE3a U HYKJICOTUIHYIO MTOC/IEI0BATE b-
HOCTb KaXAOH U3 ABYX NOYEPHHX HUTEH, KOTOPHIE BO3HUKHYT MpH pEIUIMKa-
LMY MIpUBEICHHOrO HUXe AByXLenoyeyHoro ¢pparmenTta JHK:

3’-A-T-T-U-T-T-T-1-A-5’
5°-T-I-A-T'-A-A-11-T-T-3"

1.9. Ucnonb3yst «IECTHUYHBIC» CXEMBI CTPYKTYPHI TpeX dparmMeHToB IHK
(cM. puc. 1.25), cocTaBbTe AMarpaMMHbIe MU300paXeHUs MpoLecca peruiuKa-
UMM 3TUX (DPArMEHTOB B COOTBETCTBUHM C TTOJIYKOHCEPBAaTUBHBIM MPUHLIUIIOM
(npx cocTaBlIeHWH PUCYHKA U300paKeHWs MATPUYHBIX M JOYEPHUX CTPYKTYP
MOXHO MapKHUpOBaTh pacKpalliiBaHWEM B pa3lMYHbIE LIBETA).

1.10. H3BecTHO, uto npu pervkauuy JHK B xieTkax 6akrepHii cKo-
POCTb NOJMMepH3aLMu cocTasnseTr npuMepHo 500 HykieoTuaos B 1 ¢, Torma
Kak B KJIETKax MJIEKOMUTAOUIMX — okoJio 50 HykneoTunos B 1 c.

1) Cnenafite pacuer BpeMeHU, HCOGXOHMMOro Ui IMOJHOIO KOMHUpPOBa-
HHMS OJHOPEMIUKOHHOM Monekynbl JJHK 6aktepuanbHoro Bupyca (6akrepuo-
(ara) cpenuero pasmepa, comepxatieit 3-10* map HykI€0THIOB.

2) ITpoBeauTe aHATOTHYHBIH pacueT i Moseky/Ib JJHK oaHoit 13 xpomo-
COM YeJloBeKa, comepxameit npumepHo 108 nap HykieoTHIOB, NpK yCIOBHH,
4TO TaKasl MOJIEKYJIA NPEACTaBsNA 66l COOOM BCETO JIMILL OAMH PETUIMKOH.

1.11. B mopsinke CaMOKOHTPOJIS MOJIyYEHHBIX BaMK 3HAHUI O MeXaHU3Me
perumnkaumu JHK sykapuot BHecuTe HeoOXxonumylo wHGOPMALHIO B COOT-
BETCTBYIOLLME HE3AMONHEHHBIE KOJIOHKM Tab. 1.6.

Tabnuua 1.6

Beskn (pepmenTni), GyHKUHOHMPYOHIHE B BHIIKE PEILTHKANMH

Boionusiemsle B kakom 3tamne penuKauuu

HazBanusa Genkos
byHKUMH MPUHUMAIOT yYacTHe

lenukasa
I'npaza

Hectabunuaupylouiye
6enku

JHK-nonmumepaser (1, 111)
Jluraza

PHK-npaitmaza
Tonousomepasa

1.12. CocTaBbTe HECKOJBKO NMPOU3BOJILHEIX TpuIuieToB JHK m komrue-
MeHTapHbIX UM TpuruieToB PHK c ykazaHueM HallpaBieHUsI CYUTHIBAHUS HYK-
JICOTUNIOB B 3TUX TPUILACTAX.
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1.13. Onpenenyre BO3MOXHOE YMCIO UH(HOPMALIMOHHBIX TPUILIETOB B yya-
crke Mmonekynbs JHK, cocrosiieM u3 360 nap HYKJIEOTUAOB, U B MOJIEKYE
PHK, copepxauueit 300 Hyki1€OTUAOB.

1.14. PaccuuTaiiTe 4YMCIIO aMUHOKUCIIOT B MOJUIIENTHIHOMN LEMoYyKe, KOaU-
pyemoit MPHK, cocrosueit u3 180 Hykieotunos. Chesnaite aHaJlOrMyHblit pac-
yeT s dparmeHTa Mosekyasl JHK, conepxamero 300 map HyK1e0THIOB.

1.15. Omnpeaenurte, Kakum 4uciaoMm tpuiietoB MPHK 3anmcana nngpop-
Mauusi O monunentuie, cocrosuem u3 900 aMMHOKMCIOTHBIX OCTATKOB, M
KaKOBO YHMCJIO HYKJIEOTHAOB B COOTBETCTBYIOUIEM YYACTKE KOAUPYIOLIEH HUTH
JHK.

1.16. Wcnonb3ys uHbopmauuio Tabn. 1.2, ycTaHOBUTE, KaKye aMUHOKHUC-
JIOThl KOAMPYIOT caenylomme Tpuiietst MPHK: AALL, YVYYV, ITA, LIVL,
Y11Y. KakoBa CTpyKTypa cOOTBeTCTBYIOIMX KogoHoB JJHK?

1.17. C noMoilbio yKazaHHOMN TabMULIbI ONPEAETUTE YUCIO U COACPKAHUE
TpunaetoB MPHK, xoaupywiux cieaywolume aMMHOKUCIIOTBI: aprMHUH, Ba-
JIMH, NPOJUWH, CEPUH, UMCTeMH. HaliauTe ABe aMMHOKMCAOTHI, Kaxzaas M3
KOTOPBIX KOAUPYETCS BCETO JIMILUb ONHUM TPUTUIETOM,

1.18. [Ipoananuaupyiite BO3MOXHOCTH U3MEHEHHUN B CTPYKTYpe CUHTE3U-
DPYEMOTO MOMUIENTUAR NPH BOSHHKHOBEHUH CAEAYIOILUX MYTALMOHHLIX H3ME-
HEHHI CTPYKTYPEI OMHOTO M3 UH(DOPMaLMOHHBIX TPHILIETOB MOJNEKYJIsl MPHK:

1) 3amMeHa Tpumiera AAA Ha Tpumiet AlA;

2) zamena YL na LYY;

3) zamena I'TL wa I'YU;

4) 3ameHa YYA na YVYT;

5) 3ameHa YYA Ha YTA;

6) 3ameHa YAA na YAILI

1.19. Ucnonb3yss Tabiauuy reHETUYECKOrO KOJA, COCTABbTE CXEMy, AE-
MOHCTPUPYIOLLYIO NIPUHLKI KOJWHEAPHOCTH MOJIMHYKIeOTHaA (yyacTKa Mar-
puuHoit PHK) u xooupyemoro uM nonunentuaa. Ha ocHoBe 3TOH CXeMbl
NPOWUTIOCTPUPYITE HEKOTOPbIE U3 NPUHUMIIOB FEHETUYECKOro Koaa (TpuIi-
JIETHOCTh, HEMEePEKPbIBAEMOCTb, HEMPEPLIBHOCTD).

1.20. Chopmynupyiite aprymeHThl 1Jisi 000CHOBAHMUS 3BOJIOLMOHHOIO
CMbICNa OTIMYUi reHeTuyeckoro kona JHK Mutoxouapuii u koja Xpomo-
coMHoit JTHK sykapuoTuueckoi kiaeTku (B MIaHe Teopur IHIOCUMOUOHTHO-
TO MPOUCXOXACHMSI MUTOXOHIAPHUIA).

1.21. Ucnonw3ys nannble Taba. 1.7, onpenennre MHOOPMALMOHHbBIE BO3-
MOXHOCTH T€HOMOB Pa3NIMUHbLIX OPTaHU3MOB M 3ATOJHUTE MYCTYIO KOJIOHKY
TabAuuUEBl. YCIOBHO MOXHO CUMTATh, YTO FeH CPEAHEro pa3mepa COOTBETCTBY-
eT ydyactky monekynsl JJHK, cocrogiueMy 13 1000 map HyKJI€OTHIOB, JOMyC-
Kas MpU 3TOM, UTO BCSI KOAMpPYoiasi uHGOpMalusi reHa CUUTHIBAETCH He-
NPEPLIBHO C ONHOM paMKO# CuMThiBaHUA. JlaifTe CpaBHUTENbHYIO OUEHKY
[IOJTYYEHHBIX PE3YJIbTATOB.

1.22. Beiuucnure nuHeiHbIE pa3Mephl (B IMapax HYKJICOTHAOB U B €ANMHH~
Lax JIMHbL) OaKTepHalbHOIO reHa, KOAUPYIOLIETO MOJUMENTH, COCTOAWMMA
13 100 aMMHOKMCIOTHBIX OCTaTKOB.

1.23. OOBbACHUTE TIPUYMHY CUTYALIMM, NTPU KOTOPOH FeH 3yKapuoTHyec-
KOW KJIETKH, 3aHuMawlumit yuactok JJHK pasmepoM B 2400 nap Hykji1€OTH-
JAOB, KOAUPYET NOJMMMIENTH, COCTOALLMIM 13 180 aMMHOKHUCIOTHBIX OCTATKOB,
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Tabnauua 1.7

Pa3mepbl reHOMOB pa3/IM4HBIX OPraHU3MOB

Opramonss | e ronows| ot reom cpeters paswens
Bakrepuodar ¢.X174 54-10°
bakrtepuodar A 5,0-10¢
Baktepuocpar T4 1,8-10°
KuuieyHas nanouxka 4,2.106
Hpoxoxu 1,8-107
Hemarona 8,0-107
Yenosek 3,0-10°

1.24. V3yunTte npepbIBUCTYIO (MO3aMYHYIO) CTPYKTYPY F€HOB, KOIAMPYIO-
LIMX TOJIMNENTUAHbBIE LIETOUKU o-TIobuHa (141 aMuHOKMCOTA) U [B-F1obuHa
(146 aMMHOKMCJIOT), C IOMOILBIO CXEM, IPUBEREHHBIX Ha puc. 1.13. Ucnonbays
UMeoUIyiocs UHGOPMALIMIO O KOJIMYECTBE aMMHOKHCIIOT COOTBCTCTBYIOLLETO
¢parmMeHTa nosMnenTHaa, KOOIUPYEMOIO KaXIbIM M3 TpeX 3K30HOB YKa3aH-
HBIX [€HOB, ONpPEAEJUTE pa3Mepbl HYKIEOTHIHBIX MMOCIEA0BATENbHOCTER STHUX
9K30HOB. CocTaBbTe COOCTBEHHBIE NMPUMEPHBIE CXEMbI CTPOCHMSI 3TUX ABYX
reHOB C YKa3aHMEM pa3sMEPOB KX COCTABHBIX YACTCH B napax HyKJICOTHIOB.
Hpu 3TOM MOXHO UMETH B BULY, YTO OOLIAs JUIHHA (-T€HA COCTABJISAET OKOJIO
800 map HyK1€eoTHIOB, TOTIa KakK 3 -TeH MOYTH B 2 pa3a AJIUHHeEE.

1.25. CocraBbTe cxeMy NpepbIBUCTON CTPYKTYPhl THIIOTETUYECKOIO eHa,
COCTOSIIIETO U3 5 5K30HOB U 4 MHTPOHOB M KOIUPYIOLIETO MOJUMETHL, BKITIO-
yaowuit 300 aMMHOKHUCIOTHBIX OCTATKOB (OTHOCUTENIbHBIE pa3Mepbl OTAE/b-
HbIX 3K30HOB U HHTPOHOB MOXXHO BbIOPATBb [1POU3BOJIBHEIE).

1.26. PaccuuTaiiTe KOMUYECTBEHHBIE COOTHOWIEHUS PAa3HbIX HYKJIEOTUIOB
monekynsl MPHK, cunTe3upoBanHoit Ha 3°-5"-uutu JTHK, kotopast umeer
CHeAyIOWMI HYKIEOTHNHbIH cocTaB: A — 31,8; ' — 18,2; Il — 18,2; T —
31,8 %.

1.27. ®parment Monekyasl AHK uMeet cieayouyo HyKI€OTUIHYIO 110-
CJIEIOBATENIBHOCTD.

3’-LUTAATALTTATTAALITTLI-5
5-TATTUTTALTOATTTLAT-3’

Omnpenesute OpUEHTALUIO U HYKJIEOTUIHYIO TIocaeaoBaresibHocth MPHK,
CUHTE3UMpYyEeMOit Ha yka3zaHHoM ¢parmeHTe JIHK, u aMuHOKHCIOTHYIO MO-
CJIEAOBATENBLHOCTE KOJUPYEMOTO €10 ITOJHNENTHAA.

1.28. Ucnonb3ys undopmanuio puc. 1.17 v tabin. 1.2, ycraHOBUTE aMUHO-
KUCJIOTHYIO MOC/AEA0BATENIbHOCTh (pparMeHTa 3penoro B-rjaobuHa, KOAMpYe-
MOTO MEePBBbIMU JIeCAThIO TpUIUteTamMmu MPHK.

1.29. MOXHO 1M OIHO3HAYHO ONPEAEIHTh HYKIIEOTHIHYIO IT0C/IeJOBATE b
Hocte MPHK u komrmemenTaproit eit nutu JTHK, ecnu nu3BectHa aMMHO-
KMCJIOTHAs MOCeA0BaTeIbHOCTh KOAUpYeMoro uMu monunentuaa? laite o6o-
CHOBaHHE CBOEr0 OTBETA.
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1.30. 3anuiuurte Bce BapuanThl dparmeHToB MPHK, KoTOpble MOTYT KO-
JMpOBaTh cieaywollnii pparment moaunentuaa: Gen-Mert-Luc.

1.31. Kakue aMUHOKHKCIIOTH MOTYT TPAHCIOPTHUPORATh K pubocomam TPHK
¢ autukomoHamu: AYD, AAA, TYL, TLY, LIT'A, UYL, YAA, YYLI?

1.32. Kak MOXHO OOBSACHUTL TO OBCTOATENLCTBO, YTO Pa3Mepbl HYKJIEOTUA-
HOW TIOCIEOBATENIBHOCTH CTPYKTYPHOTO reHa B-rinobuna (1380 nap HywieoTH-
JIOB) 3HAYUTE/ILHO MPEBBIILAIOT BEJIMUMHY, HEOOXOAMMYIO LISl KOAMPOBAHMS COOT-
BETCTBYIOLLErO MOJMMENTHAA, COCTOSLIETO U3 146 aMUHOKUCIOTHBIX OCTATKOB?

1.33. Cocrasbre cxeMy nmpoiieccuira MPHK, o6pasyroiueiicst npy TpaHCKpU-
OUpPOBaHMH TIOCTPOCHHOIO BaMU TUITOTETUYECKOrO FeHa, KOTOpbI KOAMUpYeT
TIOJIMTIENTH, COCTOAIUMM U3 300 aMMHOKUCTIOTHBIX OCTATKOB (CM. 3anaHue 1.25).

1.34 Iiis o60cHOBaHUS CTPYKTYPHOM OpraHU3aliMy JIAKTO3HOTO OIepoHa
®. Kakob u XK. MoHO MOAYYMIM U NPOAHANIU3UPOBATIK OOJbILIOE YUCIO MY-
TaHTOB F. coli ¢ pa3sIMYHBIMU HapyILEHUsIMU B CUHTe3¢ epMeHTOB, obecne-
YHBAIOLIMX YTWIM3ALHIO JAaKTO3bl. OIpelesiuTe XapakTep BOZMOXHBIX Hapy-
UIeHUH B cyyae Caeayiomux MyTauuii.

1) Tlpousourna Mytauusi B reHe-peryastope, Kotopas MpuBeia K cra-
OMNBHOW MHaKTHBaLMK Oelika-penpeccopa.

2) Bo3Huka MyTauHs B oliepaTope, YTO AeJaeT HEBO3MOXHbIM MPHKpEIl-
JICHHE K HEMY aKTMUBHOTO Oejika-pernpeccopa, HO MPU 3TOM HE HapylUueHbl
¢yHkumu PHK-nonumepassl.

3) MyTauuoHHOe U3MeHEeHHE B HYKJIEOTUIHON NOC/Ief0BATeILHOCTH MPO-
MOTOpa, y3HaBaeMmoit PHK-nonumepasoit, MCKTIOYaeT BO3ZMOXHOCTD CIICLIU-
(bUYECKOTO MPUKPEILIEHUS ITOro PepMeHTa.

4) Myrauusa B z-reHe NpMBeda K WHAKTHBAUMU KOAMpYeMOro UM dep-
MEHTA, TOTAA KaK JpYrue CTPYKTypbl ONEpoHa HE M3MEHUWINUCK.

5) Tlpousouina aHANOTHYHASL MYTALIMSL B y-TE€HE.

6) Bo3Hukna Myrauusi B MPOMOTOPHOM YYacCTKe, Cjie/iaBlias HEBO3MOX-
HbIM MPHUKpPEIUIEHUE K HEMY OeliKa-aKTUBaTopa.

1.35. Tocne MoJIeKyTSIPHOrO KJIOHUPOBaHHUs 00J1aCTH JIaKTO3HOTO OlEpOHa
6bLIH OoMnpesieseHbl pasMepbl U CTPYKTYPA HYKJIEOTHIHDBIX NOCIEA0BATEIbHOC-
TeH BCEX €ro KOMIIOHEHTOB, OMpenesiolnX OMOCUHTE3 COOTBETCTBYIOLINX
6enkoB. CocTaBbTe COOCTBEHHYIO CXEMY JIAKTO3HOIO OINEPOHA C YKa3aHUEM
CIeAYIOUIMX pa3MepoB (B Mapax HyKJIeoTHHOB): 06jacTh MpoMoTopa (BMecTe
C YYacCTKOM aKTtuBaropa) — 85, oneparop — 21, NpoMeXyTOK MeXIy KOHLIOM
OIiepaTopa U HAyaJioM MEPBOro CTPYKTYPHOTO reHa (crieiicep) — 37, z-reH —
3700, y-ren — 780, a-ren — 805.

1.36. Ha ocHOBaHMM AaHHBIX MPEABLIAYLIETO 3aJaHUsI YCTAHOBUTE BEJIUYM-
Hbl AaMUHOKMCJIOTHBIX TOCJIENOBATENbHOCTEM TPEX MOJIMIENTHAOB, KOIUpYe-
MBbIX CTPYKTYPHBIMHM T€HaMH JIAKTO3HOIO OTNEPOHA.

1.37. Onpenenure npubIM3UTeNIbHBIN pa3Mep (B apax HYKJICOTUIOB) TeHa-
peryysiTopa, €CJid M3BECTHO, YTO OH KOOUpPYeT BeioK-penpeccop, COCTOALUUN
Y3 4 MOJIMITENITUAOB, KaXABIil U3 KOTOPBIX MMeeT pa3Mepsl nopsaka 80 aMuHO-
KUCJIOTHBIX OCTATKOB. BHecHTe nosiydeHHy0 HH(pOPMaUMIO B Bally CXEMY JIaK-
TO3HOTO OTEpPOHA.

1.38. CocraBbTe cxeMbl, IEMOHCTPUPYIOLIME Pa3IMUHBIE BAPUAHTBI AJlb-
TepHaTUBHOrO cruiacuura st MPHK, KogupyeMoit mocTpoeHHbIM BaMHu pa-
Hee TUIIOTeTUYECKUM reHoM (CM. 3aaaHue 1.25).
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1.39. Hcronb3yst NPUBEACHHYIO CXEMY MHMLIMALMY TPAHCIALMHU Y IPOKapU-
ot (cM. puc. 1.19), cocTaBrTre COGCTBCHHYIO AHAIOTHIHYIO CXEMY C YKAa3aHUEM
M3BECTHOM BaM poyiM (DaKTOPOB MHMLMALMK TpaHcasiumu ([F-1, TF-2, 1F-3).

1.40. Onpenenvre cymMMapHoe COIEPXAHUE PAa3TUYHBIX WHCEPLIMOHHBIX
MOCAeN0BATENBLHOCTEN, YKa3aHHBIX B Tabn. 1.8, KOTOpEIe MOCTOSHHO TMPUCYT-
CTBYIOT B XPOMOCOMHOM reHoMe FE.coli. PaccuMTaiiTe NpOLIEHTHOE COAEpXKa-
HUE IMOJYYEHHBIX BEJMYUH B 3TOM FEHOME, UMEIOLUEM pa3Mepsl 4,2+ 10° nap
HYKJIEOTHIOB, U 3allOJHUTE MYCTYI0 KOJOHKY Tabnulibl. B ciyyasix Hemocro-
SIHHOTO YMCJIa KOMKHA reHeTUYECKOro 3J1IeMEeHTa MOXHO MCIOJIb30BaTh YCPEI-
HEHHBbIE BEJIMYHUHBI.

Ta6bauua 1.8

Copepxanne HHCEPUMOHHLIX NOCHEIOBATENbHOCTEH
B XpoMocoMnom renome E. coli

Yucmo konuix N Hons Bcex
HasgaHue Pa3mepnl oaHOM Komuu N
B KJIETKE Ha KONUH
110CJIEA0BAaTENBHOCTHU (B mapax HyKJ1IeOTHUIORB)

XPOMOCOMY B reHoMe, %
IS1 5—8 768
JAY 5 1327
1S53 5 1400
154 1—-2 1400

Beeeo:

1.41. Caenaiire pacyeT NPOLIEHTHOTO CONEPXAHUA CpeJHEH COBOKYITHOC-
TH MHOTOKOITUMHBIX MUTPUPYIOLIUX N1OCNEN0BATENBHOCTEHN copia B Taruiona-
HOM TeHoMe apo3odunsl (1,7-107 map HyKJIEOTHMIOB), €CIM M3BECTHO, YTO
pa3mep oaHo# Konuu coctasisieT 5000 nap HyKJICOTHIOB, a UX YHUCIIO KONeo-
Jieted B npenenax 20 — 60 Konuii Ha reHOM.

1.42. Caenaiite aHaorMyHbIH pacueT s Alu-nocneaoBaTebHOCTH rario-
MIHOTO reyoMa yesosexa (3,0- 107 nap HYKICOTUROB), 3HAS BEAMUUHY OHOl
konuu (300 nap HYKJIEOTHIOB) U UX cojepxKaHue B reHoMe (500000 komuit).

OueHuBas 3HaYeHHUE JAHHBIX MOJIEKYJISIPHON IeHeTUKH, PACCMOT-
PEHHBIX B 3TOM IJIaBe, CJEIyeT OTMETHTb, YTO IKCIIEPUMEHTAIbHbIC
IOCTUXXEHUS, KOTOPbIE TIPUBEIN K paciIippoBKE CTPYKTYPhl TEHETH -
YECKOI'0 KOJa U YCTAHOBIIEHUIO MEXaHM3MOB €TI0 PETU3aLIAM, HE TOJNb-
KO OTKPBUIY HOBBIE BO3MOXHOCTHU TIOHUMAaHUS XUBOH IPUPOLBI, HO ¥
obecneunnu pelieHue pslia NpaKTHIECKHX 3a]1a4 Ha OCHOBE MAaHMUITY-
gsaumii ¢ monekynamMu JJTHK m3 opraHM3MoB pa3HBIX BUIOB (YCIEXH
B 00J1aCTH TeHETHIECKOM WHXeHEPHH, OMOTEXHOJIOTHH U 1Ip.). DTH JI0-
CTUXKEHUST TIOCHYXWIN TAaKXe OCHOBOM IUIsT pa3paboTKU HOBBIX Ha-
MpaBJleHU B MEIUIMHCKON U KIIMHUYECKON I'€HETUKE, CBS3AHHBIX C
JWarHOCTUKOU U JIEYEHUEM HaCJIeICTBEHHOI TIaTOIOTUH YeoBeKa (TeH-
Hasl JUaTHOCTHKA, TeHHasl Tepartust U 1p.).



FnaBsa 2

CTPYKTYPHAA U TEHETUYECKAA OPTAHU3ALIUA
XPOMOCOM U 3KCTPAXPOMOCOMHbIX MONEKYN OHK

TeHeTHYECKUIT MaTepyaj 9YKapuOT UMeeT CJIOXHYI HaJMOJIEKY-
JIIPHYIO OpPTraHH3auuIo, OTIpeesionylo GOpMUPOBAHUE CTPYKTYPHBIX
KOMIIOHEHTOB 3THX OPraHKU3MOB, Ha3bIBAEMBIX XpoMocoMmaMu. Kpome
TOTO, B KJIETKaX PasjMYHBIX OPraHM3MOB OOHAPYXEHBI 3KCTPAXPOMO-
COMHBIE (BHesimepHEIe, LUUTOILTasMaTndeckue) monekysnl JJTHK.

IIpencraBneHNsT 0 XpOMOCOMHBIX OCHOBAX HACJICACTBEHHOCTH 3yKa-
PUOT BO3HUKIIM B HEAPAX KIIACCUYECKOM reHeTUKHU Gnaronaps pabotam
T. MopraHa u ero corpyauukoB A. CrepreBanTa, I'. Memnepa u K. bpuz-
xeca (T. Morgan, A.Sturtevant, H. Muller, C. Bridges, 1915), BwiITON-
HEHHBIX Ha TUIOJOBOM MyILIKe Apo3o¢uiie. DTUMHU aBTOpaMu chopmy-
JIMPOBaHA XPOMOCOMHAsI TEOPHS, COIJIACHO KOTOPOil 3JIEMEHTAPHbBIE
eIVMHULBI HaCeICTBEHHOCTH (IeHbl) HAXOMSITCSI B XpOMOCOMAX U NPHU
3TOM KaXnasi U3 HUX 3aHMMAET CTPOro OTpeAeieHHOE MeCTO (TeHHBIH
JI0Kyc). I'eHBl, TIOKYChl KOTOPBIX HAXOISITCS B ONHOM XpOMOCOMeE, CTa-
JIN Ha3BIBaTh CIIECIUVIEHHBIMM, a COBOKYITHOCTD JIOKYCOB TaKUX T€HOB
0003HaYaloT TEPMUHOM «IPYIINa cuereHusi». [locaeayioiiee BOZHUK-
HOBEHHE U Pa3BUTHE MOJICKYJISIPHON TeHETHKH U LIMTOT¢HETUKM TIPU-
BEJIO K TOSIBJIEHUIO COBPEMEHHBIX MPEACTABJICHUH O CTPYKTYpDHOH U
TEHETHYECKOM OPraHn3alluy XpOMOCOM U 3kcTpaxpoMocoMHbix JTHK.

2.1. XpoMOoCcOMb!I BUPYCOB U NPOKapuoT

TeHeTHUECKWA MaTepyaa 3pesioil BUPYCHOU 4acTHIB! (BUPHOHA)
MIpEICTaBIeH OAHON MONEKYION HykieuHoBoi kucnorsl (AHK nubo
PHK), koTopast okpyxeHa 3aiUTHOI GenKoBOil 000MOYKON (Karncu-
noMm). Hapsimy ¢ BUpycaMu, cofiepXallliMH ABYXLIEMTOYEUHYIO TMO0 OTHO-
uernodeyHyio monekyny JHK B 3amMkryTo#t (KOBLIEBOM) (hOpME, UIMEIOT-
cs TIPENCTABUTENIH, Y KOTOPBIX 3Ta MOJIEKYJA SIBJISIETCS HE3aMKHYTOMN
(MUHEHHOMN) CTPYKTYPOUM M TAKKe MOXET OBITh JBYXLiEIOYeUHO JIN60
onHouenoyeunoit. B ciayyae PHK-coaepxailix BUpYCOB U3BECTHBI KaK
OIHOLIETIOYEYHBIE, TaK U ABYXileNoYeyHnle BapuaHThl Mojekyn PHK.
Pa3mepbl XpOMOCOM TaKMX BUPYCOB 3HAYHTEILHO MEHBILIE, YeM Y OO0JIb-
mrHCTBa JIHK -conepxalumx BUPYCcOB, 1 Yallle BCETO BApbUPYIOT B IIpe-
nenax ot 3000 mo 7000 prGOHYKIEOTHAOB.

Mosekysnbl BupycHbix JIHK, kak npasuio, uMeroT wivHy ot 0,5 1o
100 MuxpomMeTpoB (MKM), TOTJa KaK JUIHA BUPUOHOB OOBIYHO KOJIEO-
netcs ot 0,02 go 0,3 MxM. CToJb SBHOE HECOOTBETCTBUE MEXIY pa3Me-
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Paspuis B ogHoOR
Lienouke
Paspris

e

OTKpBITOE

Cynepcrinpaim- KOJIBLIO

30BaHHOE
KOIbLO

a

Puc. 2.1. IlpuHun crpoeHus cynep3akpydeHHoi monekyisl JIHK, npespa-

LHaouIeiics B OTKPBITYIO KOJbLIEBYIO (hopMy TIpH pa3pbiBe OAHOH LEMOUKH

MOJIEKYIHE (a), U 3JIeKTPOHHAA MUKpodoTorpadust OTKPLITON U 3aKPbITHIX MO-
aexyn JHK Gaktepuodara (6)

paMH reHeTUYECKOTO MaTepHuaaa U BMELIAIOIIETO ero 6eJ1KOBOro Kar-
CHAa YCTPaHsIETCHd IIyTeM MHOTOKPATHOro 3aKpyuuMBaHHUS MOJIEKYJIbI
JHK Bokpyr ocu ee civpanu, 4to MPUBOAUT K 00Pa3OBAHHIO 3HAYM~
TeNbHO 00siee KOPOTKOU MO JUTMHE Cymnepchnupaln3oBaHHOM (cymep-
3aKpYUEHHOM) CTPYKTYphI, (popMuUpyolleil xpomocoMmy Bupyca. O6-
WA NMPUHUUI NPEeBpallleHUs OTKPBITON KoJiblieBoi Monekynbl JHK
B CYINEPCUPAIU30BAHHYIO (3aKPBITYIO) (hopMy U 0OpaTHOrO npouec-
Ca, BOZHUKAIOIIETO TPH NOSBICHUH B 3aKpbITON MOJIEKYJe OAHOHUTE-
BOT'O pa3pbiBa, MPOMJIIOCTPUPOBaH Ha puc. 2.1.

B pesynprate 0o6pasoBaHus CynepBUTKOB JIMHEHHBIE PA3MEDPHI BU-
PYCHOM XpOMOCOMBI OKAa3bIBAIOTCS B HECKOJIBKO COTEH pa3 MEHbIIIE,
ueM pasMepsl cocrapnsoiieii ee [JHK. 910 oueHb HarNaaHO AEMOHCT-
PUPYET 3JIEKTPOHHO-MHUKPOCKOTIMYECKOE H300pakeHne bakreproga-
ra (¢ara) T2, monyueHHoe B padore A. KnaiHIUMHATA ¢ COABTOpPaMU
(A. Kleinschmidt et al., 1962) nocne ero mocjienosarejibHoNH 06paboT-
KU THNIEPTOHUYECKHUM COJIEBBIM PACTBOPOM M JUCTHJUIMPOBAHHOI BO-
Jo¥ (ocMoruueckoro woka) (puc. 2.2). Takas o6paboTka npuBeia K
pa3pbiBy 6enKoBoro karcuaa ¢ara U oCBOGOXIEHHIO €r0 MOJIEKYJIbI
JHK, xoTopas paree GblIa IUIOTHO VITAKOBAHA B XPOMOCOMHYIO CTPYK-
Typy. M3MepeHHast NJIMHA 3TOM MOJIEKYJbI COCTABWIA OKONO 50 MKM,
yro Oonee yeM B 500 pa3 npesniiiaer pasMepsl GaroBoil TOJIOBKY, B
KOTOPOKH OHa HaXxoAUJIacCh.

BecbMa HesHaunTeNbLHBIE pa3Mepbl TEHOMOB MEJIKHUX BUPYCOB I10-
3BOJIAIOT UM KOAMPOBAThb JMIIb eAMHUUYHBIE OEJIKH, CUHTE3UpYyeMble
MeTaboaUUECKOW CHCTEMOI KIETKM-X0351MHA, B KOTOPYIO IIPOHUK reHe-
THYECKMUI MaTepuan Bupyca. Tak, HanpuMep, B PHK camoro menkoro
U3 U3BECTHBIX BUPYCOB, BLIASISIEMOrO NpU HEKpPO3€ JTUCTheB Tabaka,
KoTopas coctouT u3 1200 puOOHYKIEOTHIOB, ObUI OOHAPYXEH BCErO
JIMUIb OOVH CTPYKTYDHBIH Te€H, KOOMPYIOLIMH OeloK 000I0YKU 3TOTO
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BUpyca. BmecTe ¢ TeM, Kak yxe OT-
Mevasioch B rmoapasa. 1.4, IHK Beck-
Ma MeJsikoro dara ¢.X 174 (5,4 - 10° nap
HYKJICOTHIOB) Onaromapss HaJUYKIO
B Heif mepeKphIBAOIIMXCSA TEHOB KO-
JupyeT 9 pa3nuyHbiX OeNKOB, obec-
MTeYU BAOILMX (GOPMHUPOBAHKE 3PETTBIX
darosbix yacTuil. C Apyroii CTOPOHHI,
xpomocomHas JHK npocratouHo
kpynHoro ¢ara T4 (1,8 - 10° nap Hyk-
JIEOTMIOB) MorJa Obl colepXaTh He
MeHee 100 CTPYKTYpHBIX TEHOB Cpe/i-
Hero pasMepa (MACHTUDULIMPOBAHO
bonee 40 6enkoB aTOro (para, CHH-
TE3UPYEMbIX 3apPaKEHHbIMU KJIETKA-
Mu E. coli).

Kak u3BecTHO, BUpychl 061aa-  Puc. 2.2. DieKTpoHHas MUKPodo-
10T CIEUM(PUYHOCTLIO B OTHOWIEHWU  Torpadus Monekyanl JJHK Gakre-
KJIETOK OPraHM3MOB-X034¢B (0akTe- puodara T2, noaBepryyToro nei-
pUii, pacTeHUH, XHUBOTHBIX, YEJIO- CTBMIO OCMOTHYECKOTO LLOKA
BEKa), B KOTOPhIX OHU MOTYT pa3MHO-
xarbcsl. [locie MpOHUKHOBEHMSI T€HETHMUECKOro Marepvasia BHpyca
B KJIETKY B Heil HauMHAeTCs MpPOUECC CHHTE3a BUPYCHBIX OEJIKOB U
HYKJIEMHOBOM KMCJIOTBHI HA OCHOBE T€HETHUECKOM IIPOrpaMMbl 3TOTO
BHpPYyCa U C [TOMOLIBIO META0OIHUYECKON CUCTEMBI X03sarHa. [1pu 3TOM
nponukwass PHK petpoBupycos city>XUT MaTpuuen JJist CUHTE3a KOM-
ruieMeHTapHo# BupycHoii JIHK no mexaHu3amy oOpaTHOM TpaHCKPHII-
uMu (cM. moapasa. 1.5 u 1.7), Toraa kak y apyrux PHK-conepxawmx
BMPYCOB MOXET MPOUCXOAUTD JTIMHIb KOMUPOBAHUE UX MEPBUYHOTO re-
HeTU4eckKoro Marepuana (monekyia PHK).

BO3MOXHBI JBa OCHOBHBIX BapuvaHTa pa3BUTHsI BUpYCa B KIIETKE-
X03MHE, KOTOpbIE B clyuae GaKTepHalbHbIX ()aroB MPUHATO Ha3bi-
BaTh JUTUYECKUM W JIN30TEHHBIM LUKIAMU (puc. 2.3). PazButue BUpy-
JIEHTHBIX BUPYCOB ((paroB) oOLIMHO NMPOUCXOAUT TOJNbLKO IO JIUTHYEC-
KOMY TIyTH, CBSI3aHHOMY C CHHTE30M KOMITOHEHTOB BUPYCHBIX YACTULL
(0esnkoB, HYKIEMHOBOM KUCIIOTHI), COOPKOHA BUPHMOHOB U IOCJEdylO-
INMM pa3pyliecHMeM (JIM3UCOM) KIETKU-X03siuHa. OAHako ISt yMe-
PEHHBIX (JTATEHTHBIX) BUPYCOB, MIPUMEPOM KOTOPBIX fIBJIsieTcst OaKTe-
pHodar A, Bo3MOXeH U BTOPOM BapHaHT pa3sBUTUS, COCTOALLUIN B JIN-
30TeHM3aLMH KIETKU-X035iuHa (cM. puc. 2.3). Tpu atom IHK Bupyca
MHTEIPUPYETCH B XPOMOCOMY XO3sIMHA TI0 MEXaHU3MYy cailT-creunudu-
yeckoi pekoMOuHauum (cM. nogpasa. 1.7) u cyiuecTByeT B Helt B ¢op-
Me npoBupyca (rnpodara), perTMLMPYsICh M TIepeaaBasich B Ipoliecce
KJIETOUHOTO AeJIeHUS JOUEPHUM KJIeTKaM KaK COCTaBHasl 4acTh XPOMO-
COMbI MaTepUHCKON KJleTKu. BMmecTe ¢ TeM, Mo BAUSIHUEM Dpsila UH-
ayuupyomux gaxkropos (yapTpaduoseT, HOHU3UPYOLLasl paguauvs,
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pa3nnyHble XMMUYECKUE areHTHl U Jp.) TPOMCXOMIMUT BEIXOH BUPYCa U3
WHTETPUPOBAHHOTO COCTOSTHUSA, T. €. U3 (popMBbl ITpoBUpyca (ripodara),
B aBTOHOMHOE€ COCTOSIHHE, 9TO TIPHBOIUT K €70 Pa3sMHOXEHHIO U JTH-
3UCY KIECTKU-X0351UHA (cM. puc. 2.3). MHsIMH clToBaMM, BO3MOXEH II¢-
PEXOI C MYTH JIM30reHU3AIIMU Ha JIUTHYECKUM IMyTh pa3sBUTUS BUpyca
1 00paTHO. AHAJIOTMYHBIE TTYTH Pa3BUTUSI U3BECTHBI M B CIy4ae psifa
BUPYCOB 9YKApPMOTUYECKUX KJIETOK, B TOM YMCIe IJIsl pEeTpOBHMpYyca
MMMYHOJeHIUTA YEJIOBEKA, SBISIONIErOCs TIPUYUHON BO3HUKHOBE-
uusi CITHU/la.

B omimuyne ot BUPYCOB XpoMocoma OaKTepHabHOMN KJIETKH COIEp-
KkuT Monekyny JHK nuiip omHOro THIa, a UMEHHO — KOJBLEBYIO
nsyxuenoyeyHyto JIHK ropasno 6onee 3HaunTenbHbIX pasmepos (1000 —
2000 MxM pnuHOM). TTOCKOMBKY y GaKTepHil HET HACTOSILErO Aapa, TO
UX TEHETUYECKUU MaTepuan OpPraHu30BaH B BHIE sIAEPHOIOAOOHOM
CTPYKTYpPHI (HYKJIEOUHA), PACITONAralolierocsi B IIMTOIIA3Me KJIETKH.
Kaxnomy Hykiieouay cOOTBETCTBYET OJIHA XpPOMOCOMa, T.€. BaKkTepuu
ABNAIOTCS TATUVIOUIHBIMU OPTaHU3IMAMH.

Kax u y BupycoB, MuHeiiHBIE pa3Mephl FeHETUYECKOro Marepuana
OakTepuii SIBHO HE COOTBETCTBYIOT pazMepaM CTPYKTYPHOTO 00pa30BaHusl,
B KOTOPOM OH Haxoaurcs. Tak, HampuMep, THITUYHbIE KNeTKH E.coli
UMEIOT hopMy NajloueK WIMHOMN 1 — 5 MKM M ToniuHoM 0,4 — 0,8 MKM.
DTO HECOOTBETCTBUE TAKXKE YCTPAHIETCS TMYTEM CYyMEpCNUpalu3aluu
mosiekynsl JHK, dbopMupymoleit xpoMocoMy HYKIIEOMAA.

B niponiecce ynakoBKM MOJIEKYJTH yyacTByeT Heckonbko JHK-cs-
3bIBaIOLMX OeJIKOB, OOHApYXXeHHEIX B KieTKax E.coli, HeKoTopbie U3

[lepBas cramus B pas- .
MHOXEHMH ¢ara — FE. coli

NpUKperUieHue ¢aro- MHayxums npocl)ara
BOM YaCTHIBI K KIETKE- OcBoGOXIEHHE

XO3MHY XPOMOCOMBI (hara

3amurHas obonouka (bam
XpomocoMa N
dara i N~
TIpOHHKHOBEHHE
XpOMOCOMEI ¢hara
B KJIETKY-XO35IMHA

JIu3oreHHBINH
LMK

Wnrerpauus ¢ara

%:pq P 8] Mutnueckuit
11209)

OcBoGoxe-
HHE HOBBIX
¢aroBeIx
JacTuU fpH 5
nusnce Gak- [ p 8
TeprasibHo# \_& HO JeMATcs
KICTKM  JloyepHUE XpOMOCOMBI ~ Pa3MHOXeHHe C TOM Xe CKO-
3aKJII0YAIOTCSI BO BHOBE  XPOMOCOMBI Tpodar POCTBIO, YTO U
obpasoBaBiuecs 3awur- dara HEJHU30IeHHbIE
Hble 000JIOYKHU

JIuzoreHHbIE

\gof;P 6akrepun 0o6bIY-

Puc. 2.3. 1Ba BapranTa BO3MOXHOIO pa3BUTHs YMEPEHHOTO dara A B KleTKax
E coli
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Puc. 2.4. Paguoasrorpad kossleBoit monekynbl JHK xpoMmocomsr E.coli.
BuneH yyacTok HauaBlueicsd perUTMKalMU MONEKYJIb

KOTOPBIX IO CBOEMY aMMHOKHCIIOTHOMY COCTaBY HAIllOMUHAIOT TMCTOHBI
M3 XpOMOCOMBL 3yKapHoT. Kpome Toro, B Hykieonmax 31ux OakTepuid
HaiimeHa PHK, ponb xotopoif octaercst HesicHOH. [lociie oOpaboTku
HYKJIEOMIHOTO KoMruiekca E. coli hepMeHTaMH, pa3pylialominmMuy 6en-
ki U PHK, BO3HUKAIOT OTKPBITEIE KOJbLEBBIE (GOPMBI XPOMOCOMHOMN
JHK, xoropple U3y4yaloT ¢ TIOMOIUBIO 3JIEKTPOHHO-MUKPOCKOIIAYEC-
KUX 1 pagHoOHoNorudeckux Metoaos (puc. 2.4). [1pu 3ToM MOXHO 10-
CTaTOYHO TOYHO OMNpPEAEIUTh JITHHY TAKHX MOJEKYII.

Pa3zMepbl XpOMOCOMHOTO reHoMa 6aKTepHil 00ecIIeyuBalOT UM BO3-
MOXHOCTb UMETh 0oJiee 3HAUMTEJIbHOE, YeM Yy BUPYCOB, KOJIUYECTBO
CTPYKTYPHBIX I'€HOB JUIS CHHTe3a 6eJIKOB, 00ecreunBarouiux Bce mpo-
LIECCHI XU3HENeATEIBHOCTH 3TUX OpPraHU3MoB. Tak, Hampumep, Xpo-
MocoMHast JIHK kieTok E. coli, KoTopasi B reHETUYECKOM IUIAHE SIBJISA-
eTcs HanboJiee U3YYEeHHBIM MPOKAPUOTUYECKUM OPraHU3MOM, COIep-
*UT 4,2 - 10® TTap HyKI1€OTHIOB, YTO GbINO 6 JOCTATOYHBLIM st (hOp-
MUpoBaHus rpumepHo 4000 reHoB cpenHero pasmepa. K HacToseMy
BPEMEHU B eIMHCTBEHHOM KOJTbIIEBOI XpoMocoMe (OTHOM rpyrime cuen-
JeHUus) 3TUX Gakrepuii uaeHTHPULUKMpoBaHO Goyiee 650 pa3HBIX TeH-
HBIX JJOKYCOB (CM. TaKKe roapasn. 4.1).

B xpomocomax OakTepuit, BEI3BIBAIOLIMX HH(EKIIMOHHBIC 3a00J1eBa-
HUSI XUBOTHBIX U YeJIOBeKa, OOHAPYXKECHbI pa3jIMyHbIE TeHBI, IEeTep-
MUHUPYIOLLIME [TaTOreHHBIE CBOHCTBA 9TUX bakTepuit (GopMHUpOBaHUE
AHTUTEHHBIX CTPYKTYDP, CHHTE3 TOKCHHOB, CIIOCOOHOCTH paspyilaTh
SPUTPOIIUTEI KPOBU U HIp.). 3HAUUTENBHBIH KIMHWYECKHUN UHTEpEC
TIPENCTaBIAIOT TAKXKE FeHbl YCTOMYMBOCTHY 0aKTepuif K aHTUOMOTUKaAM
U JIpyruM aHTHOAKTEpUANbHEIM IperapataM (Oosiee MoApobHO 3Ta
ripo6yeMa OyneT 0OCYyKIaThCs B TIOApasa. 2.2).

Basuchsie TepmuHbl u nousTas: Gaktepuodaru (daru); BUPHOH; TeHHBIA
JIOKYC; reHoM; rpynna cueiuteHust; JIHK-conepxatiime BUPYChE; KarCHa; KOJbLe-
Bole MOJIeKy bl JIHK; in3oreHHbIi uukin;, amHeiHeie monekyasl AHK; nutnyec-
KM LMKJ; HYKNeoua; npoBupyc (npodar); perposupycsl; PHK-conepxaiuue
BUpYCH!; cynepcnupatusaimg JHK; xpomocoMHas Teopusi HaCNEACTBEHHOCTH.
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2.2. Mnasmuabl Sakrepun

ITna3Muabl MPeACTaBISIOT COBO0I SKCTPAXPOMOCOMHBIE TEHETHYEC-
Kue dyeMeHThl (KomblieBble Monekynsl [IHK), koTopele B GakTepu-
AIBHBIX KJIETKAX (PU3UYECKH 000COOIEHBI OT XpOMOCOMBI M CIIOCOOHBI
JOJITO TIONAEPKUBATHCS M BOCITPON3BOANTECH B Takou dopMme. ITo cro-
MM pa3MepaM IBYXILIEIIOYEUHbIE MOJIEKY/IbI IasMuaubiX JHK 6au3ku
K T€HETUYECKOMY MaTepuany COOTBETCTBYIOIMMX BUPYCOB U UX JUIMHA
00b14HO KoJiebercs or 0,5 no 100 MM (Moin. macca 1—200 M).

TTonoGHO BUpYyCaM, HEKOTOPHIE TUIA3MMIBI MOTYT MHTETPUPOBAThH-
¢ B OaKTEpHATILHYIO XpOMOCOMY ¢ TOMOIIBI) MeXaHU3Ma calT-cre-
uupuyeckon pekoMOMHanuM (CM. rioapasa. 1.7) ¥ IJUTENbHOE BpeMs
CYLLECTBOBATb KaK COCTaBHasl YacThb ee CTPYKTYpHhl. I1pu Brixozne U3 co-
CTaBa XpPOMOCOMBI MO, BAUSTHVUEM T€X WK WHBIX MHAYLHUPYIOLLHX arcH-
TOB, KaK Y JUIsT BUPYCOB, BO3MOXHO IMPaBHIbHOE MO0 HEMpPaBUIBLHOE
«BBIpE3aHUE» TUIa3MUIEI. BO BTOPOM Cllydae B XpOMOCOME OCTaloTCs
(pparMeHTHI TUIA3MUIHOTO TEHOMA, a IUTa3MUIa ITPUOOPETaeT YYacTKH
AHK (otmenpHble TeHB) GaKTEPHABHON XpOMocoMbl. BmecTe ¢ Tem,
B OTJIMYME OT BUPYCOB, IJIa3MUABI He CIIOCOOHBI pa3pyliaTh KIETKH,
B KOTOPBIX OHU HAXOOATCS, T. €. Y HUX HET JIMTHYECKOro BapyaHTa pas-
BUTHS.

[TnasmMuael, uMeOLIME 3HAYUTETBHBIE MOJIEKYJISIPHBIE Pa3Mephl
(6onee 10 MKM IUTMHBI), OOHAPYXUBAIOTCS B GaKTePHATbHBIX KIIETKAX
B HEOONBILIOM YMCITE IK3eMIUIIPOB (1 — 3 KOIIMHM Ha XpOMOCOMY), ITO-
3TOMY UX Ha3bIBAIOT MAJTOKONMUHHBIMY M1asMuaaMu. C apyroi cTopo-
HBI, CaMOCTOSATENIbHAs (AaBTOHOMHASI) PETUIMKALIMS MEIKUX IJIa3MMUA
(0,5—10 mMxM) nonmBepKeHa MEHee CTPOTOMY KOHTPOJTIO CO CTOPOHBI
XPOMOCOMHOM TI'€HETUYECKOM CHUCTEMB! KJIETKH, M UX YMCIO MOXET
JIOCTUTaTh HECKOJBKUX INECSITKOB KOMUI Ha XPOMOCOMY, T.€. OHU SIB-
JIIOTCA MHOTOKOMMUMUHBIMU. Hebonble MHOTOKOIMMUHBIC TDTIa3MHUIbE
MPEACTABASIOT COOOM YIOOHBIM OOBEKT AN FeHETUYECKON MHXKEHE-
PHH, U KX YACTO UCTHONB3YIOT B Ka4e€CTBE BEKTOPOB IPU KIOHUPOBa-
HUH T€eHETUYECKOTO MAaTEPUANIA PA3IMYHEIX OPraHN3MOB,

Kak u JHK 6akrepuanbHO XpOMOCOMBI, ILIA3MUIBI HAXOUATCS B
KJIETKE B KOMIIAKTHO# Cymepcrnupain3oBaHHON dopme, TUHEHHBIE
pa3Mepbl KOTOPOM 3HAYUTEJIbHO MEHbIIEe NMEPBHYHBEIX Pa3MEpoOB CO-
crapnsoneit ee mwmasmuanoit JHK. Hogobno xpomocomuoit AHK,
npu ¢hepMEeHTaTUBHOM 006paboTke npenapara miasmuadoi JITHK, BeI-
JeNIeHHOW U3 OakTepuil, MOTyT OBITH MOJYUYE€HB! OTKPBITHIE KONBLEBBIE
BapUAHTBl 3TUX MOJICKYN, KOTODPHIE OYeHb YIOOHDI JUIA X U3YYCHUS U
OTIpeNesieHMs TMHEeWHBIX pa3MepoB. B KauecTBe MpUMepa MOXHO pac-
CMOTPETH 3JIEKTPOHHO-MHKPOCKOIUYECKOE M300paxKeHNe IBYX TaKHUX
MoJiekya (puc. 2.5), monyuenHoe A.I1.TlexoBbiM, B.I1. ll[unkoBsiM 1
op. (1979) nmocne npenBapUTEIBLHOIO KOHTPACTUPOBAHUSI MOJEKY
TyTeM HaIlbUIEHUSI METAVIOM (IJIaTUHOM, BoJibdpamMoM). OHa U3 yKa-
3aHHBIX WwiasmMul (R-SmSu) OTHOCUTCSE K KATETOPUM MEJIKUX MHOIO-
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Puc. 2.5. DneKTpoHHast MUKPOdOTOrpadusi OTKPHITLIX KOJIbIEBBIX Mojiekya AHK
JBYX TUTa3MMI;
1 — pAP20; 2 — R-SmSu

KOMUMHEBIX (JutvHa 2,25 MKM, Mo, Macca 4,5 M), Toraa kak apyras
(pAP20) amnsiercss KpYIMHOM MaJOKOMMITHOM T1a3MUIOM.

I'eHeTHUecKass opraHu3auus njaasMua Hanbonee NMOJHO Obila UC-
cJenoBaHa Ha IpuUMepe noyioBoro ¢gakropa F (dhakropa pepTuiibHOC-
TH, (haKTOpa IepeHoca), KOTophiili oKaszaicst nepBoii U3 uaeHTUOULHU-
POBAHHBIX MJIA3MUA U OBUT OOHApPYXKEH B KJleTKax itamma E. coli K-12.
B Hacrosiiiiee BpeMsT UMEIOTCSI CBEACHHUS O JOKATU3AUUU B COCTaBE
mwiasMuabl F 6onee 60 pa3nn4yHbIX FEHOB, B TOM UKCJI€ OTBETCTBEHHBIX
32 ee aBTOHOMHYIO PEILIMKALIMIO B KJIETKe (FeHOB rep), CrIOCOOHOCTD
obecrnieunBaTh MEPEHOC reHETUYECKOTO MaTepHaia B Iipolecce KOHb-
oranum 6aktepuit (reHOB fra), HECOBMECTUMOCTh C IPYTUMU TUIa3MHU-
Jamu (reHoB inc) W ap.

B cTpykrype mnmasmuabl F, rpeacTaBisiioilieif coboit KOJIbLEBYIO
monekyny JHK Beamunnoit 100 teic. map Hykieorumos (100 1.1 H.),
MMEIOTCS TPH FeHeTHYeCKne o6aacTH perutukauuu (Rep FIA, Rep FIB,
Rep FIC) (puc. 2.6). OnHako o6nacte Rep FIC MHAKTVBHPOBAHA BCTaB-
kol TpaHcnosoHa (7n1000). B coctape 3Toit miasMuabl MOCTOSSHHO
HaxOIATCS TaKXe MHCePLMOHHAas NOC/IeA0BaTeIbHOCTh [S2 1 aBe noc-
nenoBarenbHocT 153,

OnHo U3 OCHOBHBIX CBOYMCTB IUTA3MHKbl F 3aKitouaercs B TOM, YTO
oHa obGecrieYUBAET COIEPKAIIMNM ee OaKTePHANTBHBIM KJIETKaM CIOco06-
HOCTb ObITh TOHOPAMY TEHETHYECKOTO MaTepuaia (KOHBbIOTaTUBHOCTD),
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Puc. 2.6. T'eHeTHYecKast KapTa miasMuabt F

T.€. BO3MOXHOCTh BCTYIIaTh B KOHBIOTALIMIO ¢ OeCrIasMUIHBIMU (pe-
LIMITUEHTHBIMHU) KJIETKAMH U TIepeIaBaTh UM CBOIO TeHETHUECKYHO UHpOD-
Maluio. 3To CBONCTBO YKa3aHHOM TUIasMUALI U IPYTUX KOHBIOTATHB-
HBIX (TPaHCMHCCHUBHBIX) TUIA3MUX NETEPMUHMPYETCS HaxoasIlencs
B MX COCTaBe NeHEeTU4YeCKOi 0bJyacThio fra (OT aHTI. transfer — Tiepe-
HOC), BKIouawlieit 6osee 20 tra-reHos. B cTpykType miasmunnl F tra-
obnacTe 3aHUMaeT HenpephiBHBIN cermMeHT JHK MpoTskeHHOCTBIO
33,3 T.11. H., KOTOPBIii HAYNHAETCS B TOYKE 66,7 T.11. H. ¥ 3aKaH4YNBAET-
co B Touke 100 T.1m. H., T. €. Ha PU3MKO-TEeHETHIECKOI KapTe 3To# mia3-
MWLl UMEET KOOpAUHaTH 66,7 — 100 F(cM. puc. 2.6).

B 3aBMCUMOCTH OT KOHTPOJMPYEMEBIX UMK (DYHKIIUIA fra-TeHbI TuTa3-
Muabl FxnaccuuuupyioT Ha HECKONHLKO Tpynr. ['eHbl omHOM 13 3TUX
IpYIIT KOOUPYIOT OETKN, HEOOXOOUMBIE IS CUHTE3a Ha MTOBEPXHOCTH
KIeToK FE.coli, comepXaumx rmiasMuLy, Crielinu4ecKuX HUTEBUIHBIX
CTPYKTYpP (BOPCUHOK), MOJYYUBIUNX Ha3BaHue F-rinieit (oT aHr. pili —
GUMOpUN), UK «TTOJIOBBIX» ITANEN, B KoanyecTBe [ — 3 HA OIHY KIIETKY.
Takue cTpyKTypBl MOTYT OBITH JIErKO U hepeHIIMPOBAHE HAa OCHOBA-
HUH MX CIOCOOHOCTH allCOpPOMPOBATHL «ITOJIOBBIE» OakTepHodaru, Ko-
TOpBIE CITOCOOHBI JM3UPOBATH JIMIUL Te KIETKH, KOTOPHIE SIBISIOTCS
X0351€BAMU COOTBETCTBYIOLUMX KOHBIOTaTHBHBIX IUTa3Mui (puc. 2.7). Porib
«TIOJIOBBIX» TTHJIEH COCTOMUT B TOM, UTO OHM 00eCIIeyMBaloT PopMUpoBa-
HHE NEPBUYHOTO KOHBIOTAIIMOHHOIO KOHTAKTa KJIETKU-IOHOPA C pelit-
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MMEeHTHOM KIeTKOH. JlasbHeilliee cokpalleHue MUJiek TIPUBOAMT K COMn-
XEHUIO KOHBIOTUPYIOIIMX KIETOK U 00pa3oBaHHIO MOBEPXHOCTHOIO
KOHTaKTa MEXAY HUMHU (KOHBIOTAITUOHHOIO «MOCTHKa»), KOTOPbIH
HEeoO0XOAUM JIS1 OJHOCTOPOHHErO MNepeHoca TCHETUUECKOro MaTepua-
Jia OT JIOHOpA K peLMIIUeHTy (puc. 2.8).

dpyrue reHsl fra-o6ixacTy ACTEPMUHHUPYIOT CHHTE3 6eiKoB, 0bec-
MeYHBAIOHIMX METabONU3M CaMOIo IMpolecca KOHBIOraliiu GakTepuit
u nepexoca JJHK. K ux uynciay otHocaTcs hepMeEHTHI (3HAOHYKIIEasbl),
KOTOPHIE «pa3pe3aloT KOJbLEeBYI0 MoJieKyy miasmMuanoi JAHK, npe-
Bpalliasi €€ B IMHEHHYIO CTPYKTYPY, UTO SIBISETCS 00s13aTC/IbHBIM YCII0-
BHMEM JIS1 IEPEHOCA TAKOM MOJIEKY/IBI U3 KIETKU-A0OHOPa B PELIUITUEHT-
HYIO KJIETKY.

TomMumo mnasmunsl F'u psina Apyrux mia3Mui, OTHOCUMBIX K KaTe-
TOPUH «UUCTHIX» (PAKTOPOB repeHoca (MmojoBbix (aKTOPOB), B KIETKAX
fakrepuil pa3IMYHbIX BUAOB ObUTH OOHAPYXEHBI KOHBIOTATUBHBIE IU1a3-
MUABI, TPEACTABAAIONINE cO00Il KOMOMHUPOBAHHbIE (KOMHTErpaTUB-
HBI€) CTPYKTYPbI, B KOTOPBIX JIMb OfHA YacTb SIBISIETCS (PaKTOPOM
TIepEHOCA, a pyrasi COCTOMT U3 T¢eHOB, MMEIOLLIMX XPOMOCOMHOE Ipo-
HCXOXAcHUE. MHOTHE U3 TAKUX IIa3MU/ CITOCOOHBI [TOBBIILATD BBIXKH-
Ba€MOCTb COIEPXKAUIMX UX OaKTepHil B HeOIArOnpHsITHBIX YCIOBUSX
cpeabl. ICKHOUNTeNIbHO IIMPOKOE paciIpoCcTpaHEHHE B COBPEMEHHBIX
MOTIYJISILMAX OaKkTepuil MOMYyIMIN TUIa3MHUABL JICKAPCTBCHHON pe3uc-
TeHTHOCTH (R-1asMuibl), KOTOpbIE HETEPMUHMPYIOT YCTOWYUBOCTD
3THUX OPraHU3MOB K aHTUOHOTUKAM, CyITbGOHAMUIAM U IPYIUM aHTH-
MUKPOOHBIM JIEKAPCTBEHHBIM BelllecTBaM. Hanuuue B cocTaBe Tako
TUJIa3MK/Ibl FEHOB YCTOMYMBOCTH K OJHOMY MO0 OJHOBPEMEHHO K HE-
CKOJIBKMM pa3jiMUHbIM aHTHOAKTepHalbHbIM NpenaparaM 3HAYUTENb-

A

Puc. 2.7. DnekTpoHHas MUKpodoTorpa- Puc. 2.8. DaexrponHasi MUKpodoTO-
¢us «onoBoi» NUIM OaKTepUM C al- rpadus AByX KOHBIOTHPYIOLIUX OaK-
copOupoBaHHBIMU OakTeprogaraMu TepUi
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HO 3aTpyAHsieT (a MHOrAAa Je/aeT HEBO3MOXHBIM) pallMOHALHOE Jie-
YyeHHe UH(PEKIIMOHHBIX 3a001eBaHUI YeJIOBeKa U XXUBOTHBIX. B uImupo-
KOM TUTaHE K IUTa3MUIaM pEe3UCTEeHTHOCTH OTHOCST TaKXe T€ U3 HUX,
KOTOpBIe 00eCNeYnBaIOT OAKTEPUSIM YCTOHYMBOCTD K MOHU3NPYIOLTUM
HU3JYYEHUSIM, COJISIM TSDKEJIBIX METIIOB, OaKkTepuogaraM, 6akTepro-
1LIMHaM, CBIBOPOTKE KPOBH M HEKOTOPBIM APYTUM (haKTOpaM.

B mocnemHue roabl MosABASAETCS Bce OOJbIlie JAHHBIX O TOM, YTO
HEKOTOPBIE TUTa3MUABI MOTYT YYacTBOBaTh B KOHTPOJE MATOTE€HHBIX
CBOICTB GaKkTepuil, oKa3bIBasi BIMAHUE HA BO3HUKHOBEHHE U TCYEHHUE
MHGEKIIMOHHOTrO Tpoliecca. M3BeCTHO, YTO MAaTOTEHHOCTh NIPEACTAB-
JIsIeT COOOM KOMIUIEKCHBIN (ITOJIUTEHHBIN) TTPpU3HAK, OCHOBAHHBIN Ha
OMOXMMMYECKMX MEXaHU3MaX, ¢ TIOMOILBIO KOTOPBIX 0aKTEPUN MOTYT
BBI3LIBATh 3a0osieBaHue. OTHMM U3 BaXHBIX aTpUOYTOB MATOT¢HHOCTH
SIBJISIETCS] CITOCOOHOCTD GaKTepUit IPUKPEIUIATHCA K TIOBCPXHOCTH ByKa-
PHUOTUYECKHUX KJIETOK M0CJIC MPOHUKHOBEHHS B OPraHu3M, T. €. OCylle-
CTBJISITh KOJIOHM3AILMIO 3TUX KJIETOK.

IIpy u3yyeHuu mwiraMmoB E.coli, BLIIEIEHHBIX OT XHBOTHBIX U JIIO-
Ieii, CTpafalonUX KULICYHBIMK paccTporicTBamu (avapeeii), Obuiu 06-
HapyXeHBbI pa3Tu4yHble OeJIKN (AHTUTCHB! KOJIOHU3ALUH), HOPMUPYIO-
1IMe Ha MTOBEPXHOCTM OaKTepHUaANbHON KAEeTKYM KOPOTKHWE HUTEBHUAHbBIE
BBIPOCTBI, HA3BAHHBIE OOBIYHBIMHU NWIIMH (GUMOpUsIMU). Takue hum-
Opuu obecrieunBaIoT CrieuuduIecKoe NpUKpervieHue (aare3nio) Hakre-
PHMM K 3NMUTEHAANBHBIM KJIETKaM CJIM3UCTOH OOOJIOYKM KUILEUHMKA.
Hapsiny ¢ XpOMOCOMHBIMH JleTepMUHAHTAMH AHTMIECHOB KOJIOHHU32-
LMY Yy 3THX GakTepuif BBISIBICHBI TakKXe IUTa3MUIBI, KOAWPYIOLIHE
CUHTE3 aare3uBHbIX GuMOpuit. Tak, B KineTkax E.coli, BbI3bIBAIOLIMX
Maper0 HOBOPOXIECHHBIX NMOPOCAT, O0OHApYXXeHBl Ta3MUIbl, NeTep-
MUHUDPYIOLIME CHUHTE3 aHTUreHa K88, CBS3aHHOTO ¢ (PUMOpPUAMHU
KOJIOHU3AIIUM SITUTENUST TOHKOTO KMIIEYHHUKA STHUX XXUBOTHBIX. [T1a3Mu-
J1a, KOOUPYIOIAasg aHTUTEH KOJOHU3auui K99, ObL1a uaeHTHPpHULUPpOBa-
Ha y 6aKTepHuii 3TOro BUAA, BEUIECJEHHBIX OT TeJieHKa. JTnasmuasl, obec-
neunpamoiue cuHTe3 aHTUreHOB CFAI u CFAII (ot aHri. colonization
Sfactor antigen — anTureH-akTopa KoJOHMU3auK), OGHAPYXEHBI B KIIET-
KaX HTepONnaToreHHbIX E. coli, U30AMPOBaHHBIX U3 KUIIEYHHKA JTIOAEN
C OCTpOU auapecii. DT aHTUTEHBI CBSA3AHBI C AATe3UBHBIMU GUMOpPHS-
MU, HEOOXOIUMBIMHU 1 KOJIOHU3ALUU SITUTENMS CIU3UCTBIX 000JI0YEK
YEJIOBEKA.

HpyruM BaxxHeH 1M GakTOpOM TaTOTeHHOCTH GaKTepHil SBIseTCs
UX CIIOCOOHOCTD MPOAYUMPOBATH TOKCHHBL. KNeTKU MaTOTeHHBIX IUTAM~
MOB F.coli v npyrux KuilieyHbIX GakTepuii (3HTEpOoOAKTEPHil) MOTYT
CHUHTE3UPOBATh PHTEPOTOKCUHBI KakK MO KOHTPOJIEM XPOMOCOMHBIX
T€HOB, TaK W IOJ F€HEeTUYECKMM KOHTPOJIECM IMIa3MUI, Ha3bIBAEMBbIX
Ent-nnazmunamu. Takue Tna3Muabl ObUTH OGHAPYXKEHBI Y TOKCUTEH-
HBIX OaKTepHUii, BBIACIEHHBIX OT XUBOTHBIX W JIIOACH, CcTpagalonx
nuapeeit. IMeroTcst axcriepmMMeHTanbHbie JAHHbBIE, KOTOPHIE MOKAa3bI-
BaIOT, YTO BKJIIOYEHME TNIa3MUIHOTO KOMIDIEKCA, COCTOSUIETO U3 IBYX
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mnasmun (Fnt + K88), B Ki1eTKM HenaToreHHoro urramma FE. coli, BbI-
JEEHHOTO OT 3TOPOBHIX MOPOCAT, NIPEBpANIacT 3T GaKTepUU B DHTE-
POMATOreHHBIE, YTO TIPOSBISIETCS B UX CITOCOOHOCTU BBI3LIBATD TSIKE-
Jiste hOPMBI IMAPEU Y 3apake HHEIX XUBOTHBIX. B TO e BpeMsi 3apaxe-
HUSI TTOPOCAT aHAJIOTMYHBIMM 6aKTepUSIMU, CONEPKAILMMU JIMLIL OOHY
13 3TUX iasMun (K88 mubo Ent), He IPUBOAMAMN K Pa3BUTHIO 3a00sIe-
BaHUs MO0 COMPOBOXAANUCH NOSIBICHUEM JICTKHUX (POpM Iuapeu.

OcCo0y10 KATErOpHI0 BHEKJIETOYHBIX TOKCHUECKUX OCIKOB NPEACTaB-
JITIOT COOOM reMOJTM3UHBI, CUHTE3MPYeMbIE PA3NTUUHBIMU GAKTEPHUSIMU
U CIOCOOHBIE pa3pylIaTh MEMOPAHBI SPUTPOLIUTOB XUBOTHBIX U HEIO-
BeKa. I'eMonuTHuecKass aKTUBHOCTb OakTepni, Hanboliee U3yyeHHas
y xieTok E.coli, MOXeT KOHTPOJMPOBATLCS KAK XPOMOCOMHBIMH Fe-
HaMu Aly, Tak u ruiazmMugamMu (Hly-rnasMumamu). B HacTosiee BpeMst
TaKUE TUTA3MUIbl U3BECTHBI Y MHOTHX LITAMMOB 3TUX OaKTepHil, BbI-
IEJACHHBIX U3 KUILEYHUKA XXUBOTHBIX U YEJIOBEKA.

MHOroYUCIeHHBIE 9KCITEPUMEHTABHEIE JAHHBIE CBUIETEILCTBYIOT
0 BO3MOXHOCTH 3(h(HeKTUBHOro MepeHoca pas3IMyHbIX KOHBIOTaTUR-
HbBIX KOUHTErpaTuBHbIX MmiasMun (R, Ent, Hly, CFA v ap.) U3 KJIETOK-
JOHOPOB B peUMITUEHTHbIE KJIETKH KaK B paMKax OHHOTO BUAA, TaK U
MEXIY OaKTepUsIMH pasHOM BUIOBOM TIPHHAMIEXHOCTHA TMPU UX CO-
BMECTHOM KY/JIbTUBMPOBaHMU. CneaoBaTebHO, BO3MOXEH KaK BHYT-
PUBMIOBOM, TaK U MEXBHAOBOM (MEXDPONOBOiI1) KORBIOTALIMOHHBIN
nepeHoC 6aKTepUaIbHBIX ITa3Mua. Bo BpeMsl KOHBIOTALIMOHHOTO Tie-
peHoca TpoucxoauT pernukaums riaszmunHoi JIHK, B pesynbrare
KOTOPOM O/IHA KOMUS TJIa3MUIBI [IepelacTcs PEeLUIIUeHTy, a apyras
OCTaeTCs B KJIETKe-IOHOpeE.

Cnenyetr OTMETHTDh, YTO MOMMMO OOJIBLIOTO YUCIAa KOHBIOraTHUB-
HBIX [TJ1a3MUJ B KJETKAX pa3HbIX 0aKTEpUil BbISIBICHB! TAKXE HEKOH -
JOTaTHBHBIE (HETPAHCMUCCUBHEBIE) Tiasmunnt (R, Ent, Hly u np.). Cuu-
TAlOT, YTO HECKOHBIOTATUBHBIC TMJIA3MMABLI €CTECTBEHHOIO MPOUC-
XOXIEHHWs JIMIIEHbI daKkTopa nepeHoca (reHeTHYECKOoil obnacTu fra)
71160 3TOT hakTOp HePeKTEH MO CBOEi OCHOBHOM ¢hyHKUMH. [ToaTOMy
TaKue [U1a3MHUIbl He CrocoOHbI o0ecrneyuBaTh OAKTEPUSIM CBOWCTBA
JIOHOPOB I'eHETHYECKOIo MaTepHala U HE MOTYT CAMOCTOSITEBHO Tepe-
JaBaThbCs OT OMHUX KJIETOK K IpyruM. OXHAKO, UX KOHBIOTAaUUOHHEIN
MepeHoc 00ecreunBaeTCs «UMCThIMHM» (AKTOpaMU ITepeHoca JNOO
KOHBIOFaTUBHBIMU KOMHTEIPATUBHBIMU IJIa3MUIaMU, HaXOISLIUMU-
cs BMECTE C HUMU B OAHOM U TOM Xe OakTepHaibHoO# Kietke. [1nas-
Muna F U HEKOTOphle ApYyrHMe KOHBIOTATHMBHBIE [IA3MHUIBI MOMHUMO
COBCTBEHHOTO TIEpEHOCA COCOOHbI TAKXKe MOOUIIM30BATh Ha TIEPEHOC
XPOMOCOMHEBI€ T€HbBI KJIETOK, B KOTOPBIX OHU HAaXOHATCsl, €CIU MpPo-
UCXOOMT MHTerpauus Tako Mia3MuIbl B CTPYKTYpPY OaktepuaibHOMN
XPOMOCOMBI.

OlieHuMBast B 1IEJIOM COCTOSIHAE pacCMOTPEHHOM ripolbyieMbl, HEOD-
XORMMO €lle pa3 MOAYEPKHYTh, YTO UMEETCA 3HAYUTEIbHbIiT Iporpecc
B U3YYEHMU ACHCTBUS IIAa3MUI K UX BJIUSHUS HA TATOTEHHOCTL OaKTe-

61



puii. [IpencraBisercs cOBEpILIEHHO OYEBHUAHBIM, YTO CEFOMHS JIEKap-
CTBEHHAsI pe3MUCTEHTHOCTD GAKTEPHIA B OCHOBHOM OINpeIeNsIeTCs 13-
MHIAMH, KOTOPbIE OTHOCHTEIBHO GBICTPO KOTIHPYIOTCS U PACTIPOCTPaHs -
I0TCS B Pa3IMYHBIX GAKTEPUATBHBIX COOBIIECTBAX B YCJIOBUSX CENIEKTHR-
HOTO JAEWCTBUSI COOTBETCTBYIOIIMX aHTHOAKTEpHATBHBIX TPENaparos.
XOTSl B KOOAUPOBAHUM PE3UCTCHTHOCTH YYaCTBYIOT K XPOMOCOMHBIE
reHBbl 6aKTEpHIii, HO MX BKJIAJ IOpa3/io MeHee 3HAYUTeIEH, TIOCKOIbKY
3¢ eKTUBHOCTh KOHBIOTAIIMOHHON NepeIayl TakKuX TeHOB OT ONHMNX
OaKTepUil K IPYTHUM CYIIECTBEHHO HIKe, YeM B CiIydyae reHOB R-1uia3-
MM,

Ba3ucHble TePMHUMBI H NOHSTHSA: AHTUTEHBI KOJOHU3AIUH; BHYTPHUBUIOBOMH
[E€PEHOC IUIa3MHU; TeHbI epeHoca (fra-reHbl); reHbl PeIIMKaLUU (rep-TeHbI);
KJIETKU-IOHODLI; KIETKU-PELUUITUEHTHI; KOMHTEIPaTHBHBIE TIa3MHUAbI; KOHD-
IOFaTUBHBIE [UIA3MUIBl; KOHBIOTALUsl 6aKTepuil; MATOKONMITHbIE NJIa3MUIbI;
MEXBUIOBOH IEPEHOC MIa3MUI; MHOTOKONUIHEIE TUIa3MMIbI; HEKOHBIOra-
TUBHbIE MJIa3MUIBL; NATOr¢HHOCTh GAKTepuil; MuasMuabl 6aKTEpUil; «Mmoso-
Bble» M (F-niunm); dakTop nepeHoca (monosoit ¢pakrop); CFA-11a3MuUIb;
Ent-mnasmunel; F~nnasmuaa; Hly-nnasMuibt; R-miiasMuabl.

2.3. XpoMOCOMbI 3yKapuoT

B ominuue oT GakTepHil B SYKapMOTHYECKOH KIIETKE XPOMOCOMEBI
HaxomATCAd B COCTABE HACTOSIIETO SIIpa, COAEPXKUMOE KOTOpOro (Ka-
pUoIUIa3Ma, WM HYKJIeoIJla3Ma) OTTPAHMYEHO OT IUTOIUIA3MBI JIBYX-
MeMOpaHHOU obonoykoi. ['eHeTHYeCKUil MaTepUall TaKOH XpOMOCO-
MbI, ITPEACTABIEHHBIA OONbLLION NHMHeltHoI Monekynoi JIHK kaxnoin
XpoMaTUbl, NOABEPracTCA MHOTOCTYNIEHYATOH YIakoBKe, (hOpMUPYsI
CJIOKHBIA KOMIUIEKC C OEJIKOBBIMU KOMITOHEHTAMU (HYKIEOIIPOTEUI).
DTOT HYKJICONPOTEU/T SIBJISIETCS OCHOBHBIM BEILECTBOM 3YKAPHOTHYEC-
KOW XpOMOCOMBI, KOTOPOE 33 CROIO CIIOCOOHOCTH N30MpaTEIbHO OKpa-
LIIMBATLCST ONpPEICIEHHBIMU KPACHUTEISIMHU TIOJYYMJIO Ha3BaHHUE XPO-
MaTuHa. B CBSI3U ¢ TeM, YTO XPOMOCOMBI 3YKAPUOTHYECKOMN KIIETKU
MOXHO MHTEHCUBHO OKpalllMBaTh Ha 3Tare €e MUTOTHUYECKOTO Jeje-
HUSI, 3TH CTPYKTYpHbIC 00pa3oBaHUA M3YYaloT ¢ TTOMOIIBIO CBETOBOM
MHKPOCKOIIUM U PSAA APYTUX METOIOB HUCCIIEOBAHUSI.

2.3.1. XpOMOCOMHLIA KOoMMAreKke (KapuoTun) opraHuM3ma

OnHa U3 0COBEHHOCTE IYKAPHOTHUECKHX OPraHM3MOB COCTOMT B
TOM, 4TO B XPOMOCOMHOM KOMIDIeKCe (KapHOTUIIE) UX COMATHUECKUX
KJIETOK, T.€. BCEX KJIETOK WHAWBHIAYYMa 32 MCKITIOUEHUEM ITOJIOBBIX,
COIEPXHUTCH YETHOE YHUCIO0 XPOMOCOM (IUIIONIHBIM Habop, 0bo3Ha-
YaeMblif CUMBOJIOM 2#). JIMIDIOMAHAs KIIeTKA MMEET MO JIBE KOIMH
KaXN0# XpOMOCOMBI, KOTOpPBI€ HA3LIBAIOT TOMOJIOTMYHBIMU (Mapoi
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FOMOJIOTMYHBIX XPOMOCOM), TOTAa Kak XPOMOCOMBI M3 pasHBIX Iap
SIBJISTIOTCST HETOMOJIOTHYHBIMH (IeTeposIoTHIHBIMU). YTO KacaeTcs 1mo-
JIOBBIX KJIETOK (raMeT), TO OHM COIepXaT MOJOBUHY XPOMOCOMHOTIO
Habopa COMaTHYeCKON KJIeTKU (110 OTHONW XpOMOCOME U3 KaXIoM
Iapshl), T. €. UMEIOT TaIIONIHBIM Habop XpOMOCOM, 0003HAYAEMBbIl CHM-
BOJIOM 4, KOTOpHI hopMUpyeTcs B Ipolecce MEHOTHYECKOTo Hese-
HMS KJIETOK Ha 3Tare co3peBaHus raMmeT (cM. takxke . 3). Crnegosa-
TETBHO, 3PEble TAaMETHl MPEICTABASIOT COOOM TanOUIHbIE KIETKH
oprasmsma.

Kapuotun toro wid MHOro HHIWBUAYYMA Yallie BCErO UCCIACAYIOT
B CTanui MeTadasbl MUTOTHUECKOTO ACeHUS eT0 KIIETOK, KOTa KaxX-
Jasi XpoMOCOMa COZEPXUT YIABOEHHOE KOJHMYECTBO XpOMATUHA U CO-
CTOUT M3 JBYX MIEHTHYHBIX CTPYKTYp (XpoMarund), COeIUHEHHBIX
B 00JIACTH TIEPBUYHOI TepeTsDKKX (LeHTpoMepbl). B 3aBucUMOCTH OT
MeCTa pacItojoXeHWs: LIeHTPOMEDPH! BO3MOXHBI pa3Hbie MOpPHONIOTH-
yecKue BapHaHTHl XPOMOCOM — MeTalleHTpUuecKue (LIEHTpOMepa Ha-
XOAWTCA TOCPeddHe, pa3aesisis XpOMOCOMY Ha JBa paBHBIX Iuleya),
cyOMeTalieHTpUYeCcKye (LIeHTpoMepa CABUHYTA OT LIEHTPA, TJIEYH pa3-
HOM JUTMHBI) U aKPOLIEHTPUYECKME XPOMOCOMBI (LIEHTpOMEpa pacro-
JIOXEeHa Y Kpast XxpoMocoMEI) (puc. 2.9). Hekoropsle XpOMOCOMBI UME-
IOT TaKXe BTOPHUYHBIE TIEPETSIKKU, a AKPOLEHTPUUYECKHE XPOMOCOMBI
MOTYT collepXaThb CIYTHUKM (ManeHbKue (hparMeHTbi, COeIUMHEHHEIC
¢ OCHOBHOI1 YacTbI0 XPOMOCOMBI TOHKOI XpOMaTUHOBOH HMTBIO).

XpOMOCOMBI TOMOJIOTMYHOM Maphkl UMEIOT OAWUHAKOBYIO JIMHY
M OTHOCSITCS K OZHOMY M TOMY Xe€ MOp(dOJIOrMyecKoMy THITY, TOTKa
KaK HETOMOJIOTHYHBIE XPOMOCOMEI MOTYT pa3nuyarhbesl M0 3TUM IpH-
3HaKaM (XOTS M He BO Bcex caydyasx). bosiee yeTkue pasnuuus Mexay
TOMOJIOTUYHBIMH M TeTEPONIOTMYHBIMU XPOMOCOMAMM TTO3BOJISIET BbI-
SBUTb MeTod IUddepeHUHaTbHOTO
OKpalUMBaHUS XPOMOCOMHBIX ITpena-
paToB, KOTOPHIM OyAeT pacCMOTpPeH
B 1. 7. Kpome Toro, napa roMoyiornd-
HBIX XPOMOCOM COJEPXHT OJUHAKO-
BBl HA0Op F€HHBIX JIOKYCOB, COCTaB-
JISIOIIUX OXHY TPYIITY CLIETIJICHUS, a
HETOMOJIOTMYHBIC XpPOMOCOMBI HUMe-
10T OTJIMYAIOLIHMECS JIOKYCHl U TIpe.i-
CTaBJISTIOT PAa3HBIC TPYIIBI CHEIUIE-
Hust (DoJsiee MOAPOOHO 3TOT BOIIPOC
Oynet o0cyXnatThCs MO3XeE B CBSA3H C
MPUHIIAINIAMHU NeHETUYECKOMH OpraHu-
311U XPOMOCOM). Puc. 2.9. Tunsl cTpoeHHst XpOMO-

KaproTHILI OPraHU3MOB pPa3HBIX COM HejloBeka.

1 — MeTaleHTpUYECKas XpPOMOCOMA;
CUCTEMATHUUYECCKUX TPYNII MOXHO 2 — CcyGMeTaLeHTPUYECKas XPOMO-

A bEepeHIIMPOBaTh KaK TI0 Pa3ME-  coma; 3 — akpOUEHTPUYECKAs Xpo-
paM M IpyrUM MOpPQPOJIOrM4YecKuM Mocoma

KopoTkoe 1we4o
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OCOBEHHOCTSIM MX XPOMOCOM, TaK U Ha OCHOBAHHHM TTOCTOSTHHOTO YHC-
JIa 3TUX CTPYKTYPHBIX 00pa30BaHUIA, SIBISIONIETOCS BULOBBIM ITPHU3HA-
KoM (Tabi. 2.1 u puc. 2.10).

Kak BUIHO U3 TaGNMUIIEl U PUCYHKA, YHCIO XPOMOCOM B TUILIOWI-
HOM HabOpe OPraHu3MOB Pa3HBIX BHIOB MOABEPXEHO 3HAYUTETHHBIM
KOJIeOaHMsAM, HO TIPM 3TOM UX MMUHUMAIbHOE KOJIMYECTBO HE MOXET
6bITh MeHee 2 (OIHOII ITaphl TOMOJIOTMYHBIX XpoMocoM). Crenyer, of-
HaKo, 3aMETUTb, YTO U3BECTHHI CJIy4Yal OIMHAKOBOM YUCJIEHHOCTHU
XPOMOCOM B KapHOTHIIax HEPOIACTBEHHBIX BUIOB OpraHU3MOB U, Ha-
000pOT, 3HAUMTEJIBHBIEC PA3TUYHS JIJIT HEKOTOPBIX OJIU3KHMX BUOOB. TeM
He MeHee, BCe KJIETKH OPTaHU3MOB, OTHOCSIUMXCSA K OTHOMY BUAY,
Kak TpaBUJIO, UMEIOT BIIOHE OIpeAeIeHHOE U ITOCTOSIHHOE JJIs1 3TOr0O
BUIIa YUCIIO XPOMOCOM.

Y MHOIMX OpraHu3MoOB, pa3MHOXKAIOIUXCS TOJOBBIM ITYTEM, BBI-
SIBJICHBI Pa3jIAiUs B XPOMOCOMHBIX Habopax MHIWBUAYYMOB Pa3HOTO
nona. Tak, B ciaydae Apo30(UiIbl, MASKOIUTAIOHIMX U YETOBEKa 3TO
KacaeTcsi OMHOM rapbl HETOMOJIOTMYHBIX XpOMOCOM (TTOJIOBBIX XPOMO-
cOM), 0003HaYaeMbIX CHMBOJIaMHU X 1 Y, TOra KaK Bce IpYTHe XpoMo-
COMBI KapUOTHUITA HA3BIBAIOT ayTOCOMAMHU.

B kapuorune fioncH, ABISIIOUIUXCS JTMIAMUA MYKCKOTO 110fIa, uMe-
10TCA 44 aytocoMbl (22 mapel TOMOJIOTHYHBIX XpOMOCOM) U 2 TeTepo-
JIOTUYHBIE TTOJIOBBIE XpoMOcoMbl (X 1 Y), a coMaTUuecKue KIeTKH
WHIMBUAYYMOB XEHCKOTO T0j1a cofepXaT 44 ayrocoMsbl U Mapy roMo-
JIOTMYHBIX TTOJIOBBIX XpOMOCcOM (XX) (cM. Takke tioapasn. 7.1). Kak 6y-
JET MOKa3aHo B JATbHEHIIIEM, pasIndusd KacalTcs He TOJIbKO Mopdo-
JIOTUYECKUX OCOOEHHOCTEN XpoMocoM X U Y, HO TakXe U UX TeHeTU-
YECKOI OpraHu3alVi.

Tabauna 2.1

Kosnnyectso XpPOMOCOM B THUIIONIHBIX KJIETKAX
HEKOTOpPbIX BHI0B OPraHu3mMoB

Buas! opraHu3MoB UKC)I0 XpOMOCOM

Topox (Pisum sativum) 14
Jlyk (Allium cepa) 16
MansipuitHeiit rnasmonwuii (Plasmodium malariae) 2

ITnonosas myuika (Drosophila melanogaster) 8

Komnarnas myxa (Musca domestica) 12
Ca3zan (Cyprinus carpio) 104
3eneHas asrywka (Rana esculenta) 26
Tony6s (Columba livia) 80
umnause (Anthropopithecus pan) 48
Yenosek (Homo sapiens) 46
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Puc. 2.10. Mopdonornyeckne oco6e HHOCTH XPOMOCOMHDBIX KOMILUIEKCOB CO-
MAaTHYECKMX KIIETOK HEKOTOPBIX OPraHU3MOB (B cTaauu metadasbl):

I — xapuotun xabnl (2n = 22); 2 — KapuoTHN silepulbl (2n = 140); 3 — KapuoTvn
JecsiTiHororo paka (2n = 208); 4 — KapuOTHI yenoBeka (2n = 46)

Ba3ucHble TepMAHbI M MOHATHA: AKPOLIEHTPUYECKUE XPOMOCOMbI; ayTOCO-
Mbl, TAIUIOMIOHBIC KJIETKH; rarlOMAHBIA HaGop XPOMOCOM; reTepOJIOrMYHbBIE
XPOMOCOMBbI; TOMOJIOTHYHBIE XPOMOCOMBI; JUTUTOMAHbIE KJIETKH; AUILTOMIHBIHA
Habop XpOMOCOM; KapHOTHUI (XPOMOCOMHBLI1 HA60P); METALIEHTPUUECKHUE XPO-
MOCOMbI; HETOMOJIOTUYHBIE XPOMOCOMBI; MOJIOBbIE KJIETKH (raMeThl); MoJyo-
BBIC XPOMOCOMEI; COMAaTHYECKHE KJIETKH; CYOMETALEHTPUYECKHE XPOMOCO-
MBbl; XpOMaTHA; XPOMATHH, XpPOMOCOMa; LIeHTpOMepa.

2.3.2. CTpyKTypHas OpraHm3ayus 3yKapuoTu4eckor XpOMOCOMbI

Kak yxe oTMeyasoch, XpOMaTHH, T.e€. BEIIECTBO, U3 KOTOPOTO I0-
CTPOEHA 3YKapHOTHYecKas XPOMOCOMa, TIPEICTABJISET CODOH CIOX-
HBII HYKJIEONPOTEUAHbIH KoMILUIeKe. [Tomumo monexkyas JTHK B co-
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CTaB 3TOT0 KOMIUIEKCA BXOASIT TAaKXKe T'MCTOHOBBIE U HETMCTOHOBHIE
Oenku.

I'vcTOHOBEIE GeJTKM (TMCTOHBI) BCTPEYAIOTCS B XPOMOCOMAX BCEX BUIOB
3YKAPUOTUYECKMX OPraHN3MOB, HO OTCYTCTBYIOT Y OPOKapuoT. OHU siB-
JISTIOTCS YHUBEPCANbHBIMU OeIKaMu, He 00JIafaloliMMK BUIOBOM CIle-
LUPUYIHOCTRIO, U TIOAPA3NEIISIOTCS Ha MATh OCHOBHBIX KJIACCOB, KOTO-
pble TIpuHsSITO 0003HavYaTh cuMBonamu H1, H2A, H2B, H3 n H4.

Paznuyasicb Mexay coboif 110 aMUHOKUCIIOTHOMY COCTaBY U psiy
(GU3UKO-XUMUUECKUX U UMMYHOJIOFMYECKUX CBOMCTB, TMCTOHBI BCEX
YKa3aHHBIX KJIACCOB INpPEACTABISIOT CO00i1 HeOOMBIINE IO pa3zMepaM
OCIKOBBIE MOJIEKYJIBI, B CTPYKTYpE KOTOPBIX COAEPXUTCS 3HAUUTENb-
HOE KOJMYECTBO OCHOBHBIX aMMHOKHCIIOT apTMHMHA U JIU3WHA, YTO
ofecTieunBaeT X TIOJOXUTEIBHBIN 3JIEKTpHUecKHit 3apsia. brarogaps
3TO OCODEHHOCTU OHU MOIYT COEAMHATLCA C OTPULATENIBHO 3aps-
xeHHor JHK, obpasys JTHK-rucToHOBBIIT KoMITIEKC. TakuMm oGpa-
30M, TUCTOHBI BBITOJTHSIOT BaXHYIO (GPYHKLMIO, CBSI3aHHYIO CO CIELM-
(dbryecKoil ynakoBKOM OrpoOMHOI 110 pa3Mepam monekynel JJTHK B Bechb-
Ma KOMIAKTHYIO CTPYKTYPY XPOMATHIIBI.

HerucroHoBble GelKy, MPHUCYTCTBYIOUIME B COCTaBe XpPOMATHHA,
pa3HOOOpPa3HbI MO CBOEH CTPYKTYPE U BBHIIONHSIOT pa3Hbie PYHKLUH,
obecnieunparolue npoueccs perytnkauuu JHK, TpaHckpumnuuyu, Boc-
CTAHOBJIEHMUS MOBPEKACHUU re HEeTUYECKOTo MaTepUaa 1 Ip. Dtu Gen-
KW MOTYT UMETb OTJIUUUS Y OPTAHU3MOB Pa3HBIX BUIOB, T.€. XapaKTe-
PU30BaThCSt BUAOBOU crieuuPUUYHOCTEIO. [lonaralor, 4To HEKOTOpBIE
HETHUCTOHOBBIE 6eJIKU Orarogapsi KUCJIOTHOMY TUITY UX CTPOEHHUSI (371K~
TPOOTPULIATENIHFHOMY 3apsifly) COCOOHBI B3aWUMOIEHCTBOBATb C FMCTO-
HaMHM, U3MEHSISI CYMMAapHBINA TOJOXUTENbHBINA JEKTPUYECKUI 3apsif
Y IpyTUE CBOIICTBA NOCIeTHUX. Takne MOIU(UKALNU TUCTOHOB, B CBOIO
oyepenb, IpUBOIAT K u3MeHeHH o JIHK -rcTOHOBBIX B3aMMOOTHOLIE-
HMIi B T€X WJIH WHBIX y4acTKaX XpOMOCOMBI.

JHK-rucToHOBBIE KOMIUIEKCHI 3YKAPHOTUYECKO XPOMOCOMBI (hop-
MHUPYIOT XPOMAaTUHOBBIE BOJIOKHA, BHEIIHE HATTOMUHAIOLIME HUTKH 6ycC,
3JIEMEHTApHbIE CTPYKTYPHBIC €NMHHIIBl KOTOPBIX OJYYHUIM HA3BaHHE
HyksieocoM. Hyriieocoma npeacrasisieT coboil 06pasoBaHue, COCTOS-
utee u3 ¢pparmenTa JTHK Benmunnoi nopsaka 140 — 160 map Hykieo-
TUIOB, KOTOPBIM OOBUBAETCS BOKPYT GEJIKOBOTO OKTaMepa (HYKJICO-
COMHOTO KOpa), UMEIOILEro auaMeTp okono 10 HM ¥ comepxkaluero 8
TUCTOHOBBIX MOJEKYJ (ITO IBe MOJIEKYJIBI KaXAOr0 U3 TUCTOHOB H2A,
H2B, H3 w H4) (puc. 2.11).

B npoMmexyTkax Mexjy OTAEIbHBEIMU HYKJIEOCOMaMU HAXOMSTCS CO-
enuHuTensHple ydacTku JIHK, HaskiBaemble JHMHKepamu (crieiicepa-
MHU), JUTHHA KOTOPBIX COCTABIISIET B cpegHeM 50— 60 map HyKIeOTHIOB.
C NMHKEpHBIM YYacTKOM CBSI3BIBAeTCS MoJjieKyna ructoHa H1, obec-
NeYyuBast COeRMHEHME IBYX COCEIHHNX HYKJIeocoM. Llerouka coequHeH-
HbIX TAKMM 00pa3oM HYKJIIEOCOM (TIOJIMHYKIIeocoMa) GOpMUPYET BUH-
TOOOPa3HYIO MEPBHUUHYIO CTPYKTYpY (cM. puc. 2.11). ITocnenyroias
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" IByXuenoyeyHas

JHK, o6BuTtast BOKpyr

CTPYKTYDBI, COaepXallei
8 MOJIEKyS THCTOHOB —
1o 2 Mostekynsl H2A,

w 128, H3v H4

T'ucroHoBas
cepaUeBUHA
(xop)

I Hl
HUCTOH 10 1

CrieiicepHblit
yuyactok JJHK

Puc. 2.11. CxemaTnyeckoe uzobpaxe-
HUE BBITAHYTOTO y4acTKa MepBUYHOI
CMMpa XpOMaTMHOBOTO BOJIOKHA,

Puc. 2.12. Monenb KOMIIaKTHOM yna-
KOBKM HYKJIEOCOM B BUHTOODPAa3HYIO
CTPYKTYpPY (COJICHOMI), BXOISULYIO

COCTOSALLETO H3 TPEX HYKJIIEOCOM B COCTaB XpOMaTHUbl
MHOTrOCTYIIeHYaTasl KJIaaKa TaKuX CTPYKTYp NTPUBOJIUT K BECbMa CIIOXK-
HOW MPOCTPaHCTBCHHON MX YNMOPsINIOYEHHOCTH, OINpPENEIISIOLEe KOM-
MAaKTHYI YMAaKOBKY FeHeTHYECKOro Marepuana B COCTaBe XpOMaTHHa
(puc. 2.12). Tak, Hanpumep, B CPeAHIOO 1O pa3MepaM MeTadasHylo
XPOMOCOMY Y€JIOBEKA, COCTOSIIYIO M3 JBYX WAEHTHYHBIX XPOMAaTH[I
JUTMHOM mopsinka 4 MKM, YKJIaabIBalOTCsl IBE ONMHAKOBbLIE MOJEKYJIIBI
JHK (no ogHoit Ha xpoMatudy), Kaxaasi U3 KOTOPBLIX MMEET IUTHUHY
npumepHo 40 000 MxM (4 cM).

Heo6XonMMo OTMETHTD, YTO TUIOTHOCTh YIIAKOBKH (CTETIeHb KOH-
JIEHCAllMM) XpOMaTHUHA SIBISIETCS HEOOWHAKOBOM B Pa3HBIX yJacTKax
OMHOM M TOU Xe XpOMOCOMEI. I1JI0THO ymakoBaHHBIN (KOHAEHCHUPO-
BaHHBIM) XpOMATUH TMOJYYMJI Ha3BaHHE reTepoxXpoMaTWHa, a cjabo
YITAaKOBaHHBIH (I€KOHAEHCUPOBAHHBIM) Ha3bIBalOT 3YXPOMAaTHHOM.
C noMOLLBI0 CeLMATBHBIX METOAOB OKpPAalllMBaHUSA MOXHO OUpde-
PEHLUHPOBATH TETEPOXPOMATHHOBbIE U 3YXPOMATHHOBEIE yJaCTKU TOM
WUITH UHOH XpOMOCOMBI.

B OKO/MOLIEHTPOMEPHBIX palfoHaxX Pa3HBIX XPOMOCOM U B KOPOTKHX
TUIeYax aKpoLeHTPUYECKHUX XPOMOCOM IPUCYTCTBYET FETEPOXPOMATHH,
Ha3bIBAEMbIH CTPYKTYPHBIM (KOHCTUTYTUBHBIM), KOTOPBIA [TIOCTOSTHHO
BBISIBJISIETCA KaK BO BpeMs MHTOTHYECKOTO NEJICHUS KJIETKH, TaK U
B uHTepdasHoM sape. CyutecTsyer runoresa, yro B JIHK cTpykTtypHOro
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reTepoxXpoMaTiHa JUOO OTCYTCTBYIOT Ie€HBI, KOHTPOJIUPYIOLIUE CUH-
Te3 MeTabOIMUECKY 3HAYUMBIX OeJIKOB, THOO B HElt comepXUTCsI OYEHB
MaJIo TaKMX TeHOB. XOTS HET TOYHBIX JaHHBIX O POJIM 3TOTO XpOMaTHHA
B KJIETKE, TeM HE MeHee, MpPenrnojaraeTcsi, Y7o OHa MOXET ObITh CBsI-
3aHa C MpoUEeCcCaMM CTAOWIM3aUWM XPOMAaTHHa B COCTaBE XPOMOCO-
MBbl, pa3aeieHUsA XPOMATUI U TEHETUYECKOrOo OOMEHA MEXIy HUMU Ha
3Tanax MMTOo3a M Merosa (cM. 1. 3).

B pasnnyHBIX XpOoMocoMax uMeeTcsl Takxke (haKyJIbTaTHBHbIN reTe-
POXpPOMATHH, KOTOPBIH BO3HMKAET ITPH HEKOTOPLIX YCIOBHUSIX IMyTEM
KOMITAKTH3aUUW 3YXPOMAaTUHOBBIX PAOHOB U CONEPXUT 3HAUUTENb-
HO€ YUCJIO (DYHKLIMOHANBHO 3HAYMMBIX CTPYKTYPHBIX r¢HOB. OIHAKO
TaKas reTepoOXpOMaTHHU3ALNST TOTO WIM WHOrO pailioHa HOCUT obpa-
TUMBIN XapakTep, T.€. COXPAHAETCS BO3MOXHOCTh MOBTOPHOU JEKOH-
JIeHCcalWy €T0 XpOMaTHHa.

OcHOBHBIC HaHHblE O (GAaKyTbTATUBHOM TETCPOXPOMATUHE ObLUIU
MOJYYEHB! MPU U3YYEHUH THUTAHTCKUX (MTOTUTEHHBIX) MHTepda3HbIX
XPOMOCOM KJIETOK CJIFOHHBIX XeJe3 JJMUNMHOK Apo30(huibl, Kaxaas U3
KOTOPBIX COAEPXKUT HECKOMbKO THICSY KOTINP HEPA3/ICAMBILUXCS XPO-
MaTHIHBIX CTPYKTYp. TeM He MeHee, eCTb OCHOBAHMS CUUTATh, YTO
TETePOXPOMATUHU3AUUS MOXET U30MpaTeibHO 3aXBaTLIBATHL Pa3iavy-
Hble palfOHBI XPOMOCOM BCEX BUIOB 3YKAPHOTHUECKUX OPraHU3MOB.
TpuMepoM (hakyAbTATUBHOIO reTepOXPOMATHHA Y MJEKOMUTAIOILMX
Y YENIOBEKa SIBJISICTCS KOMIIAKTH3AlIUsT OMHON U3 JABYX X-XpOMOCOM
B COMATHYECKMX KJIETKAX OPraHM3MOB XEHCKOTO TIojia, PUBOAAILAs
K (OpPMHUPOBAHMIO TEJIblLIA MOJIOBOTO XpOMaTHHA MHTEepda3HBIX siaep
(cM. Takxke rogpasi. 7.1).

B oTnauuue OT 3yXpOMATMHOBBLIX PallOHOB TETEPOXPOMATUHOBLIE
YYAaCTKU XPOMOCOM SIBISIOTCS TEHETM4YECKM HEaKTUBHBIMU (nu1bo0
MAJIOAKTUBHBIMU), YTO CBA3aHO CO CMIOCOOHOCTBIO THCTOHOB, (OpMHU-
PYIOLIMX HYKJIC€OCOMHBIN Kop (H2A, H2B, H3, H4), nonaBnsiTh
(VHrUOMpPOBaTh) TPAHCKPUITLIMIO TECHO CBSI3aHHBIX C HUMM YYacTKOB
mMonexynsl JJHK. CrenoBaTeNnbHO, B FETEPOXPOMATHHE MOXET UHIHOU-
pOBAaTbCSl TPAHCKPUITUUS LIEJIOM TpyNIbl T€HOB OJHOBPEMEHHO, T.€.
B 3TOM CJIy4ae TIPOSIBASETCS MPUHLMIT TPYIITOBOM peryssililui aKTUB-
HOCTH TeHOB (CM. TaKXe riogpasi. 1.6).

ECTb OCHOBaHUS CYUTATH, YTO IS BOCCTAHOBIEHUS MATPUIHOUN
aKTMBHOCTU TUIOTHO yIakoBaHHBIX ¢parmeHTtoB JJHK He Tpebyercd
MOJIHOTO YOANEHUSI THCTOHOBOTO KOpPa, HO IOCTATOYHO 3HAYUTEILHOTO
ocnabnenus npoctpaHcTBeHHOM cBsI3v JIHK ¢ yKazaHHbIMW THCTOHAMU
(ocnabnenust JTHK-rucToHOBBIX B3auMooTHOUIeHUH). Kak yxe orMeua-
JIOCh, (PYHKIINIO, CBSI3aHHYIO C IEKOHIEHCALIMeH TUTOTHO YITaKOBaHHBIX
paliOHOB XPOMOCOM, MOTYT BBITIOHSATh HETMCTOHOBBIE OENKU-PETYIISITO-
PBbl, CIIOCOOHBIE U3MEHSITH 3JIEKTPUYECKUI 3apsii U Apyrie CBOWCTBA I'1-
cToHOB. Takue 6eaKu CrIOCOOHBI AKTMBUPOBATH PAGOTY ONPEAENEeHHEIX Te-
HOB, y3HaBasi COOTBETCTRYIOIIME y4acTku JJHK B 1MonmMHyKiieocOMHOM
CTPYKTYpE, K KOTOPBIM OHU creuudrdecky npukperusores. [Ipeano-
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naraetcs, uto cBaseBalolnuecs ¢ JJHK peryasitopHbie 6en1Ku y3HAIOT
He TOJILKO ee CrelMpUUEcKre HYKIEOTHIHBIE MOCIeI0OBaTC/IBHOCTH,
HO U T€ WU MHBIC TCOMETPUUYECKHE BapUAHTHI OTIACHBHBIX YUAaCTKOB
9TONH MOJIEKYJIbl, — HaIpumep, ¢GparMeHThl MOAEKYIbI, (hOPMUDPYIO-
LIMe IEBO3aKpYUYEHHYIO cniupans (Z-dhopmy) HHK (cMm. mompasa. 1.1).

Ha oCcHOBaHUHN U3JIOXEHHOTO BLIILUE MOXHO 3aKITIOUMTh, UTO TIPe-
crapieHus: o nuddepeHIMATLHON reTepOXpOMaTUHHU3ALNUH OTAEbHBIX
pPalfiOHOB 3YKAPUOTUYECKOM XPOMOCOMBI MO3BOJISIIOT OOBSICHUTL BO3-
MOXHYIO TIPHYUHY pas3Tuunii B QYHKIMOHAIBHOM aKTUBHOCTHU TEX MIIU
VIHBIX TPYIT T€HOB 3TOH XpoMocoMbl. [Ipu 3ToM MHaKTUBaLUs JMOO
aKTHUBALMS TAKMX FeHOB Ha pa3HbIX 3Tarnax MHAUBHIAYAJILHOTO pa3Bu-
TSI opraHn3Ma (OHTOTeHe3a) MOXeT OBITh CBSI3aHA ¢ MI3MEHCHUSIMU B
CTPYKTYDHOU OpraHu3auuu (CTeNEeHU KOMIMAaKTU3auWM) XpoMaTHUHA
COOTBETCTBYIOLLErO palloHa XPOMOCOMBI.

ba3sucHble TEPMHHBI M TIOHATHA: TETEPOXPOMATHH; TeTEPOXPOMATHHOBLIN
YYaCTOK; TMCTOHOBKIE GCJIKK (IUCTOHBI); AeKOHAeHcaUus xpoMatuHa; JHK-
TMCTOHOBBIM KOMIUIEKC; KOHINEHCALIUS XpOMaTUHA;, IMHKEPHbIE (ClieiicepHble)
YYaCTKH; HETMCTOHOBBIE OEJIKK; HYKJIEOITPOTEU; HYKIEOCOMA; HYKICOCOM-
HBIA KOp; MOJMHYKJIEOCOMa; CTPYKTYPHBIM retepoxpoMartuH; (hakyibTaTus-
HbIi1 TETEPOXPOMATHH ; XPOMATHIA; XPOMATHH; XpPOMOCOMA; 9YXPOMAaTHH; 3yXpo-
MATHUHOBBLINM y4acTOK.

2.3.3. MpuHUMNbI TeHETUYECKOW OpraHn3almm ayTocom

IlpencraBiaeHust 06 O6MX NPUHLIMITAX TEHETHYECKOH OPraHu3alny
3YKapHOTUYECKHX XPOMOCOM, CJIOXUBIIHMECS €lIC B MEPUOJ Pa3BUTHS
KJIACCUYECKOM NeHETHKH, COXPAHSTIOT CBOE 3HAYCHHME U B HACTOSILLIEE BPEMA.
Kaxk yxe oTmeyanock B noapasa. 1.4, B paMKax KJIaCCHUYeCKOH TeHETHKH
eIMHNLA HACIAEACTBEHHOCTH (TeH) pacCMaTpUBAETCsl B KauecTBe dJie-
MEHTAPHOI CTPYKTYPbI, KONUPYIOLIEH OTAENbHEBINM NMpU3HaK (deH) opra-
HU3Ma, a COBOKYNHOCTb F'€¢HOB (T€HOTUI) UHAMBUAYyMa — KaK OCHO-
Ba JUISl TIPOABIEHUS (IKCIIPECCUU) BCEX €T0 MPHU3HAKOB ((heHOTHITA).

CoracHo KJ1acCUYeCKUM TIPEACTaBIEHUSIM, BCE ayTOCOMBI COMa-
TUYECKOH KJIETKU MOTYT OBITh pacripeneeHbl B BUAE 11ap roMOJIOrHy-
HBIX XPOMOCOM, KaXast U3 KOTOPBIX COAEPXHT JIBE OJUHAKOBEIE (MIIEH-
THYHbIC) TTOCIEAOBATENILHOCTH Pa3JIMYHBIX T€HHBIX JIOKYCOB, COCTaB-
JIMIOIUX OOHY Tpynny cuervieHusi. CreloBaTeabHO, TOMOJIOTUYHbIE
XPOMOCOMbBL MIMEIOT MO TIape MAEHTUYHBIX JIOKYCOB KaxX/IOTo obpasua.

Te BapuaHTBI FEHOB, KOTOPBIC 3aHUMAIOT UICHTUUHbBIE JIOKYCHI TOMO-
JIOTUYHBIX XPOMOCOM 1 OTBEYAIOT 32 MPOSIBICHUE B3AUMOUCKITIOYAIOLINX
(a1bTEpHATHBHBIX) COCTOSSHUI OOHOTO NMPH3HAaKa, HA3bIBAIOT AJLIE]Ib-
HBIMHM TeHamu (atensmu). HoBble annend BO3HUKAIOT B pe3ysbTaTe
MYTalIMOHHBIX U3MEHEHUI (TCHHBIX MyTalinii) B paHee CyLeCTBOBaRB-
wrX (MPeaIIecTBYIOLUIMX) aluteNax (cM. Takxke 1. 5). CrnegoBaresibHo,
aJuieJId MOXHO pACCMATpUBaTh KaK pa3Hble MyTAaHTHBIC BApUAHTHI O~
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Horo reHa. Ecnu B reHodoHe BUoa 0OHapyXeHBl BCETO JUIIb ABa ajl-
JIEJIbHBIX BapyiaHTa KaKOro-Jaubo reHa, TO B 3TOM CJIy4ae NpHHATO To-
BOPHTD O CYLUECTBOBAHUHM JUALTEIBHOI CUCTEMBI, €CJIH XKe TAKMX Bapy-
AHTOB GOJIBILIE, TO UCIONB3YETCST TEPMUH «MHOXECTBEHHBIN aJlJIETU3M».

PasHble ajuieiM OAHOTO FeHa Yalle BCero CHMBOJMYECKH O0O03Ha-
4aloT OOHOW U TOW Xe€ MPOIMCHOMN JU00 CTPOYHON OYKBOU JIATUHCKO-
ro (pexe — rpedeckoro) andabura (HanpuMep, 4 wiu a). Muorna nx
0003HavaloT onpeneyieHHoM 6YKBOi ¢ pa3MIMYHBIMU MHIEKCaMU (Ha-
npumep, A%, A°, A° v 1p.). B HEKOTOPHIX CIyYasX CHMBOJOM MOXET
OBITh TIepBast OykBa (HECKONBKO OYKB) CIOBa, 0003HAYAMOIIETO KOHT-
ponupyeMbiii pu3HakK. Hampumep, amienb, KOHTPOJUPYIOWIMHA BO3-
HUKHOBEHME 3a4aTOYHBIX KPbUILeB AP030(Ubl, 6bUT 0603HAYEH CHUM-
BOJIOM Vg (OT aHTA. vestigial wings — pyIAMEHTapHbIE KPbUIbS).

Eci opraHu3M MMeEET JiBa OMMHAKOBEIX AJUTENsI ONpeAeeHHOTO reHa
(Hanipumep AA 16O aa), TO €ro Ha3LIBAlOT TOMO3UTOTHLIM (rOMO3U-
roTOi) MO 3TOMY TeHy. B TOM ciiydae, KoTHa ajule/ii pasHble (Hampu-
Mep, Aa), OpraHU3M Ha3BIBACTCSI reTEPO3UTOTHBIM (TETEPO3UTOTOI).

Mexay pas3nuyalolIMMHUCS a/IelIIMHA OJHOI Mapbl, COAEpXALLM-
MHCSI B TEHOTUIIE TeTePO3UTOTHOIO OPraHM3Ma, BO3MOXHBI OTpene-
JICHHbIC B3aMMOJEMCTBHS, JeXallllie B OCHOBE IIPOSIBJIEHUSI COOTBET-
CTBYIOLIETO TpU3HAKa B deHoTumie. Chelyer 3aMEeTHTh, YTO Hapsiay
€ OOBIYHBIM MCHONB30BAHUEM TEPMHUHOB «T€HOTHUID» U «(DEHOTUID» ISt
00603HaYeHHST COBOKYITHOCTH BCeX T€HOB U MPU3HAKOB MHAVMBUIYYMA
WX YCIIOBHO yNIOTPEOASIOT TAKKe U IIPU aHAJIM3€ OPraHMU3MOB IO BECh-
Ma OrpaHUYEHHOMY YUCIY TEHOB M MPU3HAKOB (HAIpuMep, Wjis 060-
3HAYEHHMsI OJHOM Mapsl ajuieie U KOHTPOIUPYEMOTO UMH MPU3HAKa).

VI3BeCTHBI TpU OCHOBHEIE GOPMEI B3aIMOAEHCTBYS AJIIEABHBIX Te-
HOB — IIOJIHOE JOMUHUPOBAHHE, HEMOJIHOE (JaCTHYHOE) JOMUHUPO-
BaHHE U KOTIOMUHHPOBAHUE.

IIpu nOTHOM ZOMHHUPOBAHMH Y TETEPO3UTOTHOTO OPraHu3Ma ¢ yc-
JIOBHBIM T'€HOTHIIOM Aa 6yaeT HabaomaThCd TOOABJIEHUE OJHUM re-
HOM, Ha3bIBa€MBIM JOMMHAHTHBIM (0003HaY€H MPOMUCHOW OYKBONH —
A), opyroro (peneccuBHOro) reHa (0603HaYeH CTPOYHOI GyKBOM — a).
IToaToMy B heHOTHITIE TAKOrO OPraHM3Ma 3KCIIPECCUPYETCS JIULID IIpU-
3HAK, KOAUPYCMBIII JOMWHAHTHBIM T€HOM (IOMWHAHTHBIA MPU3HAK),
KOTOPBIH TAKXXE MOXHO YCJIOBHO 0003HAYHUTh OHOM OYyKBOii (4). B Ka-
YECTBE KOHKPETHOIO NPHUMEPA MOXHO PACCMOTPETh AUAUIEIIBHYIO CH-
CTEMY, MCIIOJNIb30BAHHYIO B OIbITax I'. MeHIess Ha ropoxe, B KOTOpO#
MMeeTcsl TOMHMHAHTHBIA TeH XeaTod OKpacKM ropolliMH (CMMBOX A)
Y PELECCUBHBIN T'€H 3eJIeHOI OKpacKy (CUMBOJ a). J1ist ymobcTBa Boc-
IoJib3yeMcst Tabnuueit (Tabn. 2.2), B JIeBOI YacTU KOTOPOU NpeAcTaB-
JIEHBl B3aMMOOTHOLIECHMSI MEXIY I'€HOM M TPU3HAKOM, a B TIpaBOH
YaCTU — MEXIY T'eHOTUNOM U (HeHOTHUIIOM (B YCJIOBHOM MMOHUMAHUU
JIBYX MTOCIEAHUX TEPMHUHOB).

B cnyyae HemoMHOro JOMHUHHMPOBAHMS KaXIblil U3 JBYX ajUienei
YaCTUYHO MPOABIAET CBOE AEHCTBME, YTO TPUBOAUT K (PopMupoBa-
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Tabaunuya 2.2

B3auM0OTHOIIEHUS B CHCTEME <«IeH — MPU3HAK, FeHOTHN — QeHoTHII»,
HCNO0Jb30BaHHOM B onbiTax I'. Mennens

I'en [Tpu3Hak [eHoTMII DeHoTnn
A XKentwiit uBeT AA A (KenTblit LIBET)
a 3eneHblit UBET Aa A (KenTbiit LBET)
aa a (3eneHbIi LBET)

HUIO Y TeTePO3UTOT MPHU3HAKA, SIBJISIOIIEToCs MPOMEXYTOYHLIM T10
OTHOLLEHUIO K COOTBETCTBYIOILIMM TIpU3HaKaM y ToMO3UTroT. [Tockonb-
KY TIPA 3TOM HE TIPOMCXOIUT TIOJTHOM 3KCIPECCUU HUA OIHOTO U3 ajlie-
Jie#, TO MCITONIb30BaHMe TIPOITUCHON 1 CTpOYHOIt OYKB s UX 0003Ha-
YeHUs 31eCh HOCUT YHCTO YCIOBHBINM Xapakrep. Tak, HanpuMep, y HO4-
HOI KpacaBHLbI, JbBUHOIO 3¢Ba H HEKOTOPBIX JPYTUX PACTEHUN OBUTO
0GHAPYXEHO, YTO TOMO3UTOTHI C YCIOBHBIM FeHOTHUIIOM AA HaloT Kpac-
HYI0 OKpPacKy LIBETOB, TOMO3MIOTBHI ¢ FeHOTUIIOM aa — 0enylo, a
y reTepo3uroT (Aa) MosBiasIOTCS PO30OBBIE 1[BETHI.

KonoMUHMpOBaHHe 3aKIIOYAETCSI B TOM, UTO KaXIblid M3 TeHOB
aJUIeJIbHOM Maphl MOMXHOCTHIO TIPOSBIISIET CBOE AECHCTBUE, IPUBOLSLIEE
K BO3HUKHOBEHHIO B (peHOTHUIIE ABYX Pa3iM4YHBIX MPU3HAKOB. B Kaue-
CTBE TIPUMEpPA MOXHO paCCMOTPETb TeHOTHTI M (PEHOTHUII JIIOAEH C UET-
Beptoit IV(AB) rpynnoii xpoBu B cucrteMe AB(0. B spurpoumrax
¥ B IPYIMX KIETKAaX TaKUX JIOLeH comepxarca aBa Oenaka (aHTUTreHa),
0003HaYeHHBIX CUMBOJIAMUA A U B, mepBbIif U3 KOTOPhIX KOOAMpPYETCS
reHoM 14, a Bropoit — resom 7Z (ta6n. 2.3). Uto xacaeTcsi TPETHETO
aJUIeNs, UMEIOILETOCs B 3TOM CUCTeMe, KOTOpPbIH 0003HAaueH CHMBO-
JIOM i, TO OH SIBJISIETCSI PELIECCMBHLIM IO OTHOLLUEHUIO K KaXIOMy M3
IBYX YKa3aHHBIX KOINOMMHAHTHBIX TeHOB. [1o 3TOH npuyuHe M0IU
¢ rpyrimamMu kposu 11(A) u I1I(B) Moryt OBITh KaK TOMO3UTOTHBIMH,
TaK YU reTEPO3UTOTHBIMU, T.€. B 9TUX CJIy4yasix HabJodacTcsa B3aUMO-
JeUCTBHE ajUlesied MO TUITY MTOJIHOTO JOMHHUPOBaHUs. Y UHINBULYY-
MOB ¢ rpymnmoit Kpoeu 1(0) orcyTcTByloT 06a aHTureHa (A u B).

Tabauua 2.3

B3auMoOTHOLLIEHH FeHa U MPHU3HAKA, reHoTHNA u denorHna
B TPEXAIIEABHON CUCTEME, KOHTPOAUPYIOLLEll TPYNAbI KPORH YeJIOBeKa

Ten Ipu3Hak IeHoTumn GenotHil (rpynna KpoBH)
i 0 i 1(0)
M A e, i 11(A)
18 B 1818, I8 11(B)
i 1V(AB)
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T'eHBI pa3HBIX ALIETBLHBIX TAp HA3bIBAIOT HeauIeJbHEIMU. OHH MO-
I'YT pacronaratscsi IM60 B HEWIEHTUYHBIX JIOKYCaX FTOMOJIOTHYHBIX XPO-
MOCOM, JIUOO B HETOMOJIOTUYHBIX XPOMOCOMAax U KOHTPOJMPYIOT pa3-
Hbl€ MPU3HAKW opraHu3Ma. Kak U3BeCTHO, HeALIEIbHLIC TeHbl OTHON
rnapsl TOMOJIOTUYHBIX XPOMOCOM HA3BIBAIOTCA CIEIUIEHHBIMHM, a UX
JIOKYCBI COCTaBJISIIOT ONHY TPYIIY CUEIJICHWS, TOrAa KaK I'eHbl Hero-
MOJIOTHYHBIX XPOMOCOM SIBJISIIOTCS HECLEIIEHHBIMMU.

11 0003HaUEHUS HeaJIETEHBIX TEHOB MPUHSITO UCITONIB30BaTh pa3-
Hble OyKBHI adaBuTa (Harpumep, A-B 6o a-b). [eHOTUN OpraHu3-
Ma, COAEPKAIUEero ABE Mapbl HECLIEIUIEHHBIX T€HOB (HanpuMmep, A-a 1
B-b), B cnyyae ero roMO3WroTHOCTH IO 06euM Iapam (IUTOMO3UTOT-
HOCTH) MOXET OBITh CHMBOIUYECKU 0603HaYeH KakK AABB nubo aabb,
TOTJA KaK MpU TeTePO3UTOTHOCTH IO KAXKTON 13 3THX Nap (IUTreTepo3u-
TOTHOCTH) OyIeT chenaHa 3anuch AaBb. JIng qUreTepo3nToTHOTO opra-
HM3Ma, ¥ KOTOPOTO UMEIOTCS IBE Taphl CLIEIUICHHBIX TeHOB (HalpuMep,
A-a n C-¢) menaeTcst HECKOJIBKO MHas 3alliCh BO3MOXHbBIX T€HOTHITOB:
AC//ac (ecnv teHbl A 1 C JIeXar B OMHOM XpOMOCOME rOMOJIOFMUHOM
napel, a TeHH a4 U ¢ — B Apyroit xpomocome) anubo Ac//aC (ecnu
B OTHOM XpOMOCOME PaCHOJIOXEHBI TeHbl A U ¢, a B apyroif — a u C).

Mexay HeaieNbHBIMU T€HAMH MOXET OTCYTCTBOBATh KaKoe-TH0o
B3auUMOICUCTBUE NUOO OHO IPOSBISIETCSI B TOW WJIM MHOH ¢opme.
K uncny Haubosnee uzydeHHbBIX GOpM B3aMMOJEHCTBUSI HEAIENbHbIX
I€HOB OTHOCSITCS KOMIUTEMEHTApPHOCTDb (KOMIDIEMEHTAPHOE AeiCTBUE
TEHOB), 3MUCTa3 (3MUCTATUYECKOe ACHCTBHE) U TOJUMEpUs (TTOJIM-
MEpHOE IeiicTBIE).

KoMrieMeHTapHOCTE TIPOSIBIISIETCSI B TOM, YTO B pe3yJbTaTe CO-
BMECTHOTO IeHCTBUSI TIPOAYKTOB ((pepMEHTOB), KOIUPYEMBIX ABYMS
JOMWHAHTHBIMY HEULNEIbHBIMY TeHaMHW, HaXOASIIMMUCS B COCTaBe
OIHOTO TeHOTHIIAa, BO3HHKAET HOBHIA (D0Jjice CIOXHBIA) MPH3HAK,
KOTODHII HE OOHAPYXUBAETCS TTPY CAMOCTOATENIbHOM (HE3aBUCHMOM)
(GEeHOTUIMNYECKOM MPOSIBIIEHUM KAXIOro U3 3THX reHos. Hampumep,
KpacHasi OKpacka I[BETOB JYIIMCTOTO TOPOIIKa 00YCJIOBJIeHa KOMITIE-
MEHTapHbIM ACHCTBMEM OBYX JOMUHAHTHAIX HEaJUIeNbHBIX T€HOB, KO-
TOPBIE MOXHO YCIOBHO 0603HAYHTh CUMBOJIaMH A M B, TOT/1a KaK Kax-
IBIA U3 HUX B OTHENbHOCTH OOECIeYrWBaeT MOSBJICHME Y 3THX pacTe-
HU OGebIX IBeTOB (Tabn. 2.4).

Ta6nuua 2.4

B3aumooTHomenus MeXAay rcHaMH H NPU3HAKAMH, FT€HOTHIIOM H d)euomnom
NpPH KOMILIECMEHTAPHOM AeHCTBHH Y AYIIUCTOro ropoutka

[eHbl [Tpu3Hakn leHOTHIT Denotun
A GeJblii IBET AABB, AABb, AaBb, AaBB |AB (xpacHblii LIBET)
B OenbIit UBET AAbb, Aabb, aaBB, aaBb |A (Genwlii 11BeT)
A+ B |KpacHbii UBET
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Tabnuua 2.5

B3aumooTHOmIEHMS MEXKIY reHaMH H NPHU3HAKAMH, TCHOTHIIOM H (benowmom
NpH NIOMHHAHTHOM JMNHCTA3E Y Jowanen

I'enbl IpusHaku TeHoTHIT DeHoTUT
C Cepas okpacka CCEFE, CcEe |C(cepast macTb)
E YepHas okpacka CcEE, CCEe |C
C+E Cepas okpacka CCee, Ccee C
cte Poixast okpacka ccEE, ccEe FE (BopoHast MacTh)
ccee ce (pbIXasi MacTb)

Ilpw snucTase OOMH Hea/IeJbHbIH TeH (3MUACTATHYECKHM T'eH)
roaapiisieT GeHOTUMNYECKOE MPOSBIIEHUE APYTOr0 HEAIEbHOTO TEHA.
IIpu 5TOM BO3MOXHE! ABA BapHaHTa — JOMMWHAHTHBIM 31UcTa3 (3nu-
CTATMYECKUM SIBIIIETCST JOMWHAHTHBINA reH aJUleJIbHOW Mapbl) U pe-
LIECCUBHBII 3MMUCTA3 (SMUCTATUMECKMM I€H — PELIECCUBHBIIT).

s meMOHCTpalMy TIOMMHAaHTHOI'O 3TTMCTa3a B TabJ1. 2.5 NpUBOAUT-
¢l HHGMOPMAIIUS O TEHETUMECKOM KOHTPOJIE OKpPacKH LepcTh (MacTh)
nomraneit. Kak BUTHO U3 3TOM TaGNHILIBI, TEH CEpoil OKpackud (CUMBOJ
C) ABnseTCA 3MUCTATUYECKUM 10 OTHOLIEHHIO K TeHY YePHOi (BOpO-
HOI) okpacky (cuMmBoj F£), Torma Kak JUTOMO3UTOTHl IO PEeLECCHB-
HBIM aJlIelisIM (¢, €) UMEIOT PBIXKYIO OKPaCKy LIEPCTH (PHIKYIO MACTh).

IIpuMepoM pelieCCUBHOTO 3M1CTa3a y YeJ0BeKa SIBJISIETCST B3aUMO-
JOeCTBHE pEeLeCCUBHOrO reHa, 0603HaYaeMoro CUMBOJIOM A, C TIOMU-
HaHTHBIMM reHamu J* u 1%, xomupyrommmu cunTtes antureHos A u B
B cucteMe ABQ. JlIoMUHAHTHBIN aMienb 3MACTATUMECKOTO reHa (TreH
H) nerepmuHupyeT pepMeHT, obecrnieunBatomuii popmmpoBaHue 6e-
Ka H, KOTOpblit ABASETCS NpeAlleCTBEHHUKOM KaK aHTUTeHa A, Tak U
aHTUTEHA B, T. €. 3TOT OeJIOK CJIYXHUT CyOCTpaTOM IJIsI ACUCTBUS TIPOAYK-
ta rena [ 6o I8, Y nioneit, sIBASIOIMXCS TOMO3UTOTHBIMU MO PELleC-
CUBHOMY aJuleNio (FeHOTUIT Ah), HE TIPOUCXOAUT 0Opa3oBaHus Oefka
H, 03TOMY UX 3pUTPOLUTHE He MOTYT HMETh aHTHreHOB A U B npu
HATMYUK B X TeHoTHITe reHoB 4, I%. CnenosaTenbHo, B 3TOM Cliydae
NPOHUCXOAUT SMUCTATUYECKOE TI0JABJIEHHUE PELIECCUBHBIM T€HOM A 3K~
CTIPecCHH HeaLIebHOro JOMUHAHTHOro reHa I mubo 12, a coorser-
CTBYIOLUMH WHIMBUAYYM IpU 3ToM Oyaer uMeTh rpynny kpoeu I(0).
Takoe aBIeHYE ITOTYYWIO Ha3BaHUE OoMOeHCcKOro (heHOMEHA, TTOCKOIb-
KY BriepBble OHO OBbIJIO 00HapyXeHO B 1952 r. cpenu moneii, XKUBYLIHX
B okpecTHoCcTSIX bombes (MHous).

Tlonumepus cBg3aHa ¢ KOHTPOJIEM OTHOTO MPH3HAKA HECKOJIBKU-
MU HeaIeIbHBIMY TFeHaMU (C ITOJIMTeHHBIM KOHTPOJIEM TpPHU3HAaKa).
OBBIYHO 3TO KACAETCH PA3TNYHBIX KOJHYECTBEHHBIX TPU3HAKOB (pOCT,
Macca Tejla, HHTeHCHBHOCTD OKPallIMBaHHs U ap.). IlosMepHBIe TeHbl
TIPUHATO 0003HAYaTh OXHOM U TOM ke OyKBOH ajlipaBuTa C pa3HbIMHU
HdpOBHIMH MHAeKCaMH. Tak, HaTTpUMep, MTHTEHCUBHOCTb TUTMEHTa~
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LIMM KOXMU YeJIoBeKa (MAKCUMAaTbHO BO3MOXHOE COIepXaHMe ITUTMEHTa
MeJIAaHKHA) ONPeNesieTCs B3aUMOAeHCTBHEM YCTLIPEX TTap HeaJsleahb-
HBIX T€HOB. Y JIMII HETPOUAHON PAChl, UMEIOLIUX YCIOBHBIA T¢HOTHII
A1A Ay Ay Ar Az Ay A,, cOdepKaHre MeNaHWHA B KOXe SIBIACTCS MaKCU-~
MaJbHO BO3MOXHBIM, TOTJa KaK Yy €BPONEOUIOB C OeJloi KoxXei
W F€HOTHUINOM @,d,a,a,03G304d4 €70 KOJIMYECTBO OYI€T MUHUMATBHBIM.
B ciydyae MynaToOB U KBapTepOHOB, HMEIOLIMX TTPOMEXYTOUHBIN 1LIBET
KOXH MO CPaBHEHUIO € JIIOJIBMU ¢ MHTEHCUBHO YCPHOHN U O€I0M KOXEM,
BO3MOXHBI Pa3Hble BAPUAHTHI TEHOTHITOB (HaTIpUMep, AA,a,a,A3A43A4A,
b0 a,a1AxA,a:a3A4,4a4 M D).

Hapsnay ¢ pasnauabiMu hopMaMul B3aMMOJEUCTBUS aJUIETIBHBIX U
HEAJUIENbHBIX TEHOB, MOXET TakKe HabMoNaThCsi TIEHOTPOTIHOE (MHO-
>KECTBEHHOE) AeiicTBMe ofHOro reHa (mieiiorporusi). B aTom ciyyae
reH OKa3bIBaeT BJIMSIHUE Ha 3KCIIPECCHIO HE OTHOTO, @ HECKOMbKMX
pasHBIX NMpU3HaKoB. Tak, y moaei ¢ cuHapoMoM MapgaHa, 06ycIoB-
JICHHBIM ITOSIBJIEHHEM MYTAHTHOIO aJulefisi ayTOCOMHOTIO T'eHa, BO3HU-
KaIOT HAPYLIEHUS B CTPYKTYPE BOJIOKOH KoJutareHa (BaxkHeHero Kom-
TMOHEHTA COCAMHUTENBbHOM TKaHU), UTO, B CBOIO OY€peAb, NPUBOAMUT
K psiiy U3MeHEHMH B CTPOCHHUM CKEJIeTa, CBSI30YHOTO arnapara, cep-
JIEUHO-COCYIAUCTOM CUCTEMBI U JIP. (CM. TAKXe TIL. 8).

OueHuBasg paccMaTpuBaEMylo TIpoGIeMy B LIEJIOM, HYXHO OTMe-
TUTh, YTO JEHCTBUE U B3AUMOICIHCTBHE PA3IMYHBIX A/UIEbHbIX U HE-
aJUJIeJIbHBIX TE€HOB JIEXUT B OCHOBE (DeHOTHITMYECKOTO MHOTroobpa3us
3YKapyUOTHYECKUX OpraHnu3MoB. BMecTe ¢ Tem, Ha 3KCNpPECCHIO 3TUX
TEHOB Ha BCEX JTafax peajin3ailuM colepXalleiicss B HUX TeHeTUueC-
KOW WMH(pOpMalUMHK TO UM WHOE MOOMGMULIUPYIOIIEE BIUSIHUE MOTYT
OKa3bIBaTh TAKKe (PakTOpbl CpeAbl OOUTAHUSI OPTAaHMU3MOB, AeiCTBHE
KOTOpBIX BoJiee moapoOHO OyneT 06CyKIaThesl B IJI. 3.

Ba3sncubie TepMuMHBI M NMOHATHA: aJUle/IbHBIE T€Hbl (AU1E1K); AYTOCOMBI,
TCHOTHII; FETEPO3UTOTHBIM OPTraHM3M; FOMO3UTOTHBII OPraHKU3M; TOMOJIOT Y-
HBIE XpOMOCOMBI; IpYIIIa CUEIUVIEHUS; JUAJUIEIbHAA CUCTEMA; JUTE€TEPO3UTO-
T4, OJUIrOMO3UIOTa; JAOMMHAHTHBIA TeH (MPU3HAK); NOMMHAHTHBIN SNKCTa3;
KOJOMMWHMPOBaHHE; KOMILJIEMEHTAPHOCTh; MHOXECTBEHHBIN allIeIu3M; He-
aJJIENIbHBIE TEHbI; HETOMOJIOTUYHBIE XPOMOCOMBI; HEITOJIHOE TOMUHUPOBAHHUE;
HECUEIJIEHHBIE IeHbl; TUIEHOTPOIINS; MONMMEpPUS; TTOJIHOE JOMUHUPOBAHUE;
PELUECCUBHBIA IeH (IIPU3HAaK); PELECCHUBHBIA 3I1MCTa3; CUEIUIEHHbBIE TEHbI;
(peHOTHI; ANIUCTA3; BNUCTATUYECKU I IeH (IPU3HAK).

2.3.4. OcobeHHOCTH reHeTMYeCcKOW opraHM3aunu nonoBbIX
XpPOMOCOM

Tlonosas NPUHAJICKHOCTL 3YKApHUOTUYECKOTO OpraHuidMa saBisicT-
CsI FEHETUYECKHU TETEPMUHUPOBAHHOMN. Kak HU3BECTHO, Y MJIEKOINATAIO-
IUX U 4EJIOBEKA NMEPBUYHBIC IMTPU3HAKU MYXKCKOTI'O MO0 XKEHCKOTOo I10J1a
(3M6pI/IOHaJIbHaH 3aKJjiaJKka ¥ pa3BUTHUEC IMOJIOBBIX KEJIE3 ONPEACTICHHO-
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ro TUMNA, T.€. CEMEHHHKOB JIMOO SMYHMKOB) OOYCIIOBJIEHBI TIPUCYT-
CTBHEM B KapHOTHIIEC OJHOTO M3 IBYX BO3MOXHEIX COYETAHUH NMOJIOBBIX
xpoMocoM (XY nubo XX). Xpomocombl X 1 Y IpUHATO paccMaTpuBaTh
B Ka4yeCcTBe TMaphbl TeTePONOIHYHBIX XPOMOCOM, XOTsI KaXmasi U3 HUX
COACPXKUAT HEOONBIION Y4aCTOK B3aHMHOH rOMOMOTHH, T.€. OHU TNpel-
CTaBNSAIOT COOOYM YaCTUYHO TOMOJIOT'MUHBIE XPOMOCOMBI. DTO OIpeac-
JIsIeT ¥ MpUHLMTTHAIBHYIO BO3MOXHOCTb TeHETUUECKOrO OOMEHa MEX~
Iy HUMM B TTpochase MepBoro AeeHus Meitosa (cM. Takxe 171. 3). B cBsi3u
C YKa3aHHBIM OOCTOSITEIbCTBOM CYIIECTBYIOT TPU BO3MOXHBIX BapH-
aHTa FeHHBIX JIOKYCOB MOJOBLIX XPOMOCOM, @ UMEHHO — JIOKYCHI TO-
MOJIOTUYHBIX YY4aCTKOB XpOMOCOM X U Y, JIOKYChl HETrOMOJIOTMYHBIX
YYACTKOB X-XPOMOCOM U JIOKYChl HETOMOJIOTMYHBIX YY4aCTKOB Y-Xpo-
MOCOM.

Ponb Y-xpoMoCOMEI B IeTEpMUHUPOBAHUN MYXCKOTO 110712 Y MJIEKO-
MMUTAIOUIUX U YeJI0BeKa 00yCIoBieHa HAIMYMEM B €€ HETOMOJIOTHYHOM
yuacTke reHa SRY (OT aHI/L. Sex determining region Y — obactTb XpoMoco-
MBI Y, JeTepMUHHUpPYIOIas 110J1), Kotopbli koaupyeT I HK-cBsi3biBa0-
muiics 6enok (benok SRY). [Monaraior, 4To 3TOT 610K, CHHTE3UPYIO-
UIHICS B TEPHOA PaHHETO0 SMOPUOHAIBLHOIO PasBUTUS, PEryJUpYeT
TPAHCKPUITLIMOHHYIO aKTMBHOCTL HECKOJBKHMX Pa3JIUYHBLIX '€HOB, JIO-
KaJTM30BaHHBIX KaK B X-XpoMOCOMe, TaK ¥ B ayTocoMax, o0ecrneynBas
(hopMHUpOBaHUE MONA TI0 MYKCKOMY THUITY.

IIpu orcyTcTBMM Y MHOMBUAYYMA FeHa SRY 6o npu ero MyrauloH-
HOM M3MEHEHWH, IIPUBOSIIEM K MHAKTHBALUH 6eka SRY, cTaHOBUTCH
BO3MOXHBIM Pa3BUTHE T10JIA TI0 XKEHCKOMY THITY, YTO CBSI3aHO, BEPOSAT-
HO, C 3KCIIPECCUEI COOTBETCTBYIONIETO TeHa (IO reHOB) X-XpOMOCO-
MB1. BMecTe ¢ TeM, UMEIOTCS JaHHBIE O TOM, YTO MyTalIMOHHbIE U3Me-
HEHMS B ayTOCOMHOM TeHe YesioBeKa, 0603HaYeHHOM cHMBOJIOM SOX9,
KOTOPBIM pacroioXeH Ha XxpoMocoMe 17 v yd4acTByeT B (pOpMHpPOBa-
HUU TIEPBUYHBIX MPU3HAKOB MYXCKOTO MOJa, MOTYT HEraTUBHO BJlH-
SITh Ha aKTHUBALIMIO €70 TPAHCKPUITLIUHU C yyacTHeM Genka SRY. B sToM
CJly4ae BO3HMKAIOT Pa3jMYHbIE HAPYIIEHUSI B Pa3BUTUH TIOJIOBBIX Xe-
Jie3 U COOTBETCTBYIOLIUX BTOPUYHBIX TMOJIOBBIX MPHU3HAKOB BIUIOTH O
¢popMHUpOBaHUS XKEHCKOro ToJia (peBepcUHr ToJia) Y UHIAWBUAYYMA,
KMCIOLIETO B CBOEM KapWOTUTIE HOPMAJIBHYIO Y-XpOMOCOMY.

IToMuMO T€HOB, AETEPMUHUPYIOIIUX TI0J, B MOJIOBBIX XPOMOCOMAX
HaXOJSITCSl TAKKE TeHBbI, KOTOpbIE KOHTPOJUPYIOT TIPU3HAKH, HE CBSI-
3aHHBIE C OTpeJesIeHHEM IOJIOBOH NPUHAMIEXHOCTH WHAMBUAYYMA.
[eHBl, JIOKYCBI KOTOPBIX HAXOASATCS B TOMOJIOTMUYHBIX YJACTKAX XPOMO-
coM X1 Y, IPUHATO Ha3LIBATh YACTUYHO CLEMIEHHBIMHU ¢ MojioM. UTo
KacaeTcst TeHOB, JIOKYChl KOTOPBIX PacroiOXEHb B HETOMOJIOTHYHBIX
Y4acCTKax 3THX XpOMOCOM, TO OHH U KOHTPOJUDPYEMbIE UMU TMTPU3HAKHU
paccMaTpUBaIOTCSl KaK IMOJHOCTBIO CLEIVIEHHBIE C MOJIoM (COOTBET-
CTBEHHO, 110 X-XpoMocoMe TH60 1o Y-xpomocome).

HauGonee 3nHauutenpbHast MHGOPMAIIUS UMEETCS O TeHaX, MOJHO-
CTBIO CLIETUIEHHBIX C X-XPOMOCOMOIi, TI0O3TOMY manbHeiilee obCcyx-
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JleHue OYACT KacaThCsl B OCHOBHOM JIeTepMHHAHTOB 3TOH KaTeroOpuu.
K HuM, B 4aCTHOCTH, OTHOCSITCS TeHBI, KOHTPOJHPYIOUINE ITPU3HAKU
IanbTOHM3Ma (HECITOCOGHOCTH pa3INYaTh KPACHBIH U 3¢JIEHBIIN 11BET),
reMouaun (HeCBepTHLIBAEMOCTH KPOBHM) M HEKOTOPBIX APYTUX Ha-
CIIEACTBEHHBIX 32001€BaHN YenoBeKa. [T0CKOMBKY B 3TUX CITy4asix Ha-
CJIEOBAaHME COOTBETCTBYIOLIETO TeHA U KOHTPOJMPYEMOTO UM TIpU-
3HaKa CBsI3aHO C TIepeaayueii OT pOOUTENE K JETAM JTUIHDL X-XpOMOCO-
MBI, TO U1 3aMUCU TeHOTUINA UHAUBUIAYYMA MPUHSITO UCNONBE30BAThH
CUMBOJIBI MOJIOBBIX XPOMOCOM C MHAEKCAMU COAEPXAUIUXCS B HHUX
T'eHOB.

B xauectse npumMepa pacCMOTPUM B3aMMOOTHOIICHUSI B CHCTEMe
«T€H — [IPU3HAK, FeHOTUH — ¢GEHOTHUII» TIPU JANbTOHU3ME, OOYCIIOBIICH-
HOM pPELECCUBHBIM I'¢HOM (CUMBOJI ¢), KOTOPBIIT HAXOIUTCSI B HETOMO-
JIOTMYHOM y4yacTKe X-XpoMocOoMBI dejioBeka (Tabi. 2.6).

M3 Tabauubl BUAHO, YTO UHAMBUAYYMBI XeHCKOro nona (XX) mo-
[YT OBITb TOMO3UTOTHBIMM KaK IT0 JOMUHAHTHOMY ajutenio C, KOHTpO-
JIUpPYIOLEMY TIPU3HaK HOPMAIBLHOTO BOCIIPHUSITHS KPaCHOTO U 3CJIEHO-
O 1IBETa, TaK M 110 PELEeCCUBHOMY (MYTAaHTHOMY) ajieNito ¢ (reHy
JaBTOHU3MA) JIN6O SIBNSIIOTCS FeTEPO3UTOTHBIMU M0 3TUM ABYM aJlie-
JsiM. UTo KacaeTcst Ml MYyXKCKOTO Moja (XY), To B UX FEHOTUIIC MPH-
CYTCTBYET NUIUb OIMH aJlJIebHBI BapHaHT yKa3aHHoro reHa (C sunbo
¢). Takoe cocTosiHMe TeHOTHITIA HA3bIBAETCH TEMHU3UTOTHbIM.

Kak ¥3BeCTHO, y MJIEKOITUTAIOLIMX U ¥ YeJIOBEKAa OfHA U3 IBYX
X-XpoMOCOM MHAUBHAYYMOB XEHCKOTO I10J1a OJBEPraeTCs reTepoxpo-
MAaTUHMU3ALUM VXE B PAHHEM 3MOPUOHANBHOM TIEPUOMIE, UTO MO3BONSIET
0OHapy>XKMBaTh €€ B HHTep(a3HOM sIPE B BUJIE TEAbLIA TTOJIOBOrO XpOMATH-
Ha. C apyro# CTOPOHBI, Y MPeICTABMTENEH MYXXCKOTO TIO4 eAUHCTBEH-
Hasg X-XpoMOCOMa UX COMaTUYECKOM KIETKY B MHTEP(haze MUTOTHYEC -
KOO LIMKJIa OCTAeTCsI B 3YXpPOMATHHU3UPOBAHHOM COCTOSTHUU (CM. TaKXKe
noapasn. 7.1).

Buonoruyeckuit CMBICH 3TOTO SIBJEHUS NOAYyYm) OOBbsICHEHHUE
B runiotese M.JlaiioH (M. Lyon, 1962), KoTopast IIpeariongoxuia, 4ro

Ta6nuua 2.6

B3aumMooTHoIeHns B cHCTEME «reH — NpH3HaK, renomn—-d)euomn»
NnpH JaJNbTOHH3ME Yy YeIOBEeKa

I'en IMpu3Hak T'enotun DeHotUn
C HopmMmasibHoe BocTipusiThe X¢X¢ | C(HopmanbHOe BOCTIpUS-
1BETA THE LIBETA)
c JanbToHU3M Xexe C
X°X¢ ¢ (DAJTbTOHU3M)
XY C
XY c
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00pa30BaHUE MOJOBOrO XpPOMAaTHHA CBSI3aHO C MOJIHOW FeHETUYECKON
WHAKTHBAUKEN COOTBETCTBYIOIEH X-XpPOMOCOMBI, T.€. B 3TOM CAy4ac
paboTaeT MEXaHU3M «I030BOUM KOMIICHCAUWH», TIPUBOISILUI B COOT-
BETCTBUE O3Bl TEHOB X-XpOMOCOM Yy OPraHU3MOB Pa3HOro rmojia. JT1a
TUIIOTE3a MOJNyYMUia JabHEilIee MOATBEPKACHUE MTPU aHanu3e 3200~
JIEBAHUM 4€IOBEKa, CBS3aHHBIX C U3MEHEHHWEM HOPMAaJIbHOTO 4uCIia
X-XpOMOCOM B KapMOTHIIE, KOTOpbie OyayT oOcyxaaTbesi B 1. 7.

Takum o6pa3om, B KaXaoi OTAEABHO B3SITOU COMaTUUECKOMN KJIET-
K€ XXEHCKOIO OpraHM3Ma Ie€HEeTHYeCKH aKTUBHOH MOXET OBITH JINIUb
0/THa U3 ABYX X-xpomocoM. OHaKo, B LIEJIOM OpraHW3Me reHeThu4yec-
xue 3G deKTH KaXI0M U3 STHX XPOMOCOM, OJIHY U3 KOTOPBIX UHIANBU-
IyyM TIONIY4MJI OT CBOEro OTUa, a Apyryw — OT MaTepy, OyayT npen-
CTaBJICHBEI B OTHOCHTEJIBHO PaBHOM CTENIEHH. DTO CBSI3aHO C TeM, UTO
caM IPOLECC MHAKTUBALIMA HOCHUT CAy4yalHBIA XapakTep, T.€. B pas-
HBIX KJIETKAX XXEHCKOTOo OPraHMu3Ma MoOTYT OBITh FeTEpPOXpPOMATHHU3N~
POBaHBI pa3Hble X-XPOMOCOMBI U3 OMHOM Maphl.

Crenyer OTMETUTh, YTO C MOMOILBIO Pa3IMuHBIX METOAOB Y XKEH-
IIWH, ABISIOLIMXCS TeTEPO3UTOTHBIMU IO HEKOTOPBIM aJjIEJIbHBIM e~
HaM, CUCIJICHHbIM ¢ X-XpOMOCOMOM, yaaeTcsi BbISIBUTb MO3auUuHbIE
YYACTKU OPTaHM3Ma, pa3vyaroiiecs Mo COOTBETCTBYIOUIUM allbTep-
HATUBHBIM MPU3HAKaM, KOHTPOJUPYEMBIM 3TUMM TreHaMu. Kaxnblil u3
TaKMX YYAaCTKOB COCTOMUT M3 IPYIIIbI KJIETOK, NPEACTABISIIOLIUX COO0H
KJIOH, T.€. TOTOMCTBO OIHOM POIUTEIBCKOM KJIETKM, B KOTOpO# Oblia
MHAaKTMBUPOBaHA omnpeaeaeHHass X-xpoMocoMa (OTUOBCKOro Jubo Ma-
TEPUHCKOIO TIPOUCXOXKACHHUS).

Tak, HanmpuMep, B CETYATKE [J1a3a XEHLIWH, TeTePO3UTOTHRIX ITO
reHy JaibToOHU3Ma (LIBETOBO# CJAENOThI), MOXHO OOHAPYXXUTh MO3aH-
KY Y4aCTKOB ¢ HODMaJIbHbIM U I€(MEKTHBIM BOCIIPUSITUEM LIBETa TPHU
OCBELLEHWH IIa3a OYEHb Y3KMM MyYKOM KpacHOro Jubo 3ejIeHOro 1Be-
Ta. CreaoBare/bHO, TAKUEC Pa3TMYAOLIMECS YYACTKH COCTOAT U3 KIIO-
HOB KJIETOK, B KOTOPHIX MHAKTUBUPOBAHBI pasHbie X-XxpomMocoMsl. Bme-
CT€ C TEM, HYXHO HMETb B BUIY MMEIONIMECS JAHHBIE O TOM, YTO
HeOOJIBIION YUaCcTOK, HaXOASTWMMCS BOJIM3M KOHIIA KOPOTKOTO TUieya
XPOMOCOMBI X, HE BOBJIEKAETCST B MHAKTUBALMIO MTPU TETEPOXPOMATH -
HU3ALUHU BCEIt 3TOI XPOMOCOMBI.

PaccMoTpeHHbIE 0COOCHHOCTH FeHETUYECKOM OpPraHU3alMu IM0JI0-
BBIX XPOMOCOM H€ TOJIbKO JIEXAT B OCHOBE JAETEPMUHHPOBAHUS T0JIa
WHIUBUIYYMa, HO ONPENeIsIOT TAKXKE ¥ XapakKTep HaclnelOBaHUs TeX
WU UHBIX TIPU3HAKOB, CIETUICHHBIX C TIOJIOM. DTOT BapHaHT Hacaeno-
BaHUA OyneT o6CYXIaThCsi B TI. 4.

ba3uchbie TepMHHB M noHsaTHA: OenoK SRY; reMU3UTOTHBII OpraHu3M;
reH SRY; reTepo3uroTHbiit opraHusm; runoresa JIailoH; roMO3UTrOTHBIIA opra-
HU3M; HHAKTUBALMS X~XpPOMOCOMBI; KJIOH KJIETOK; NEPBUYHBIE T10JOBBIE ITPH-
3HaK#; MOJIOBblE XPOMOCOMBI; PEBEPCUS T10J1a; CLIEMJIEHHbIE C OJIOM TE€HbI
(npu3Haku); X-XxpoMocoMma; Y-xpoMocoma.
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2.4. CTpYKTYpHO-reHeTn4YeCcKaa opraHu3sauuvs
MutToxoHapuansHon OHK

MUTOXOHIPUH NMPEACTABIISIOT COO0H HUTOIUIA3MAaTHUECKHE OpTraHel-
JIBI, KOJTMYECTBO KOTOPHIX B 3YKAPUOTHYECKOM KIIETKE MOXET BapbU-
pOBaTh B 3aBUCHMOCTH OT €€ (MDYHKIHUOHATBHBIX ocobeHHOCTe. Ponp
MUTOXOHAPHUH B XKU3HEAESTCITBHOCTH KIIETKH OTPEAEIISAETCS TIPOMCXOIsI-
WHMMH B HUX OMOXMMHYECKMMM TIpoliecCaMy a3poOHOI0 OKUCIEHMS
aMHWHOKUCJIOT, XXUPHBIX KUCIOT ¥ TPAHCIIOPTUPYEMBIX M3 ITUTOIIIa3Ma-
THYECKOrO PacTBopa (LIMTO30JI) MPOAYKTOB, 0Opa3yIoUXCsA PU TITU-
KOJIH3€e YIJIEBOOB. Pe3yIpTaToM 3THUX TIPOLIECCOB, HA3BAHHBIX OKHCITH -
TeAbHBIM (hochopunupoBaHUEM, ABJIAETCS CHHTE3 MOJIEKYJ ajeHo-
3uHTpHudochaToB (ATD), obecrieyNBaOIINX SHEPTHE Bce MeTaboTHye-
CKHWE peakliu¥ OpTaHU3Ma, KOTOPBIE HYXIAIOTCS B €€ UCITOJIE30BAHUH.

Monekynsl JHK, obHapykeHHBIE B MUTOXOHIPHUSAX, OTHOCSTCS
K KaTeropvM 3KCTPaXpOMOCOMHBIX (LIUTOIIA3MaTUYECKUX) rEHETHYE-
CKHX 3JIEMEHTOB 3YKapMOTHUECCKUX KJIeTOK. MuToxoHapuanbHbie JJHK
(MTAHK) mpencraBnsior co60ii 3aMKHYThIe (KOJBLEBBIE) ABYXLEMO-
YeYHBIE MOJIEKYJIBI HEOOJBIIMX Pa3MepOB (INTMHa nopsiaka S — 30 MKM),
HO CoAepXalluecsl B KJIeTKEe B GOJbIIOM 4ucie Komnuil. Tak, Kaxmnast
MHUTOXOHAPUS MJIEKOMUTAIOIIMX 1 YEJIOBEKA COIEPXKUT, BEPOSITHO, OT
2 no 10 xonwuit monekyinsl MTIITHK miuHoit okono 5 MkM (purc. 2.13),
TOrAa KakKk B OJHOM KJIETKe MOXeT IpucyrcrBoBaTh oT 100 mo 1000
u 6oJiee MUTOXOHAPHI. B oT/IMYME OT 3yKapHOTUYECKHX XPOMOCOM B
COCTaBe MUTOXOHAPHI OTCYTCTBYIOT THCTOHOBBIE GEJIKHU, T. €. B HUX HE
npoucxoaut obpazoBanus JJHK-rucTOHOBEIX KOMILIEKCOB.

B MUTOXOHIPHATHLHOM reHOME YeJIOBeKa, MPeACTABIeHHOM KOJiblie-
Bo# mosnekyoit JIHK, conepxanieit npumepno 16 500 map HyKJIeoTHIOB,
UAIEHTUGHULIMPOBAHBI CTPYKTYPHBIE TEHBI, KOHTPOIMPYIOIINE CHHTES JBYX
pasnuyanoumxcs monekyn pPHK, 22 BapuantoB TPHK u 13 pa3nuyHbIx
6eJIKOB, BKITIOYAsT HEKOTOPBIE U3 (hePMEHTOB, YIAaCTBYIOUIUX B MTPOLIEC-

Puc. 2.13. BnexrponHas Mukpodororpadus asyx Mojekya MTIHK 13 kietok
MBILIH (KaXasi JUIMHON OKOJIO 5 MKM)
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cax okucauTesnpHoro dhochopunupoBaHusi. TakuMm 0o6pasoM, B MHUTO-
XOHAPHSIX YETIOBEKaA, KaK U APYTUX IYKAPUOTHUECKHUX OPTaHU3MOB, UMEET-
¢s1 cOOCTBEHHAs TeHEeTHYeCKasl cUcTeMa, B KoTopoit yuacTtByroT MTIHK,
MUTOXOHIpHaANBbHbIE pubocoMsl, TPHK 1 6enku, obecrieyuBaroLye npo-
11eCChl TPAHCKPHUIILIMM, TPAHCISIINU U peruinkauuu MTIHK.

U HTepeceH TOT (akT, 4TO puOOCOMBI MUTOXOHIPUIA UMEIOT pa3Me-
pol 708 (cyonrennuunnl 505 u 30.5), KOTOphle XapakTepHb! Wi 6aKkTe-
pUANBHBIX PUOOCOM, OTJIMYASICh OT COOTBETCTBYIOIUMX LIMTOIUIa3Ma-
THYECKHX OPTraHe/UT 9YKapUOTHUYECKOMN KITeTKH ¢ pasmepamu 80.5 (cyon-
ennHUIEL 605 1 40S).

B ¢Bs13M ¢ MaIbIMK pasMepaMH MUTOXOHAPUANTBHOTO reHoMa MTIHK
MPaKTUYECKH HE COAEPXKUT HEKOAUPYIOUIMX Y4acTKOB, B IpOLECCax
TPAHCKPUNILUMHK U TPAHCASIHW y4aCTBYIOT 00€ HUTU 3TOH MOJEKYIBI,
a Habop mutoxoHapuanbHbiXx TPHK cBenen no HeoOXoauMoOro MUHU-
Myma (22 pasnuyaimomnecs MoaeKyianl). [Ipy 3ToM crenyeT 3aMeTHTB,
41O Gostee 95 % MUTOXOHIPHANILHBIX OEJNIKOB KOIUPYIOTCS HE caMoit
MTIHK, a reHaMu SoepHBIX XpOMOCOM 3YKapHOTHYECKOH KIIETKH.

Kak yxe 6bU10 0OTMEUEeHO B noapa3n. 1.3, reHeTHUECKU M KOJ MUTO-
XOHAPWI UMEET PAX OTIMYHI OT YHHBEPCATLHOTO KOAA xpoMocoM. Tak,
Hampumep, B MUToxoHaprainsHeix MPHK yenmoreka tpumietsl ATA n
ATIT aBnsaioTCca cTON-KogOHaMH (B YHUBEPCAIBHOM KOJE 3TO TpHILIe-
THl aprUHMHA), TOrIa KaK XPOMOCOMHBIM CTOM-KomoH YI'A B MHUTO-
XOHAPHAX BBINOJHSET (PYHKIHIO KOAHPOBAHUS TpuIitodaHa.

'YKazaHHBIE BbIIIIE OCOOEHHOCTH CITYXKAT apTyMEHTaMH B TIOJIb3Y TUIIO-
T€3bl, COINIAaCHO KOTOPOH 3BOJIIOLIMOHHOE IPOUCXOXAEHHE MUTOXOHI-
pHit CBSI3BIBAIOT C OCTATKAMM XPOMOCOM KaKUX-TO JIPEBHUX 0aKTEPUOIO-
JOOHBIX OPraHM3MOB, NMTPOHMKILKX B IIMTOIUIA3MY SyKapMOTHYECKOH KIeT-
KU U CTAaBUIMX UCTOPUUYECKUMM MpeallleCTBEHHUKAMHM 3THUX OpraHes.

MyrtaumonHble uamMeHeHust B MTJIHK MoryT npMBoauTb K BO3HUK-
HOBEHUIO MHUTOXOHIPHAIbHBIX HACJIEACTBEHHBIX OONE3HEN UEIOBEKA,
CBSI3aHHBIX C HAPYLIEHUSIMM NIPOLIECCOB OKUCIMTENBHOTrO dochopu-
JIAPOBAHUS U DHEPreTHYECKOro oOMeHa B KJIETKaX, KOTopble OyIyT
paccMOTpeHsbI B Il 9.

ba3ucubie TepMunbt B noHaTHA: ATD; reHeTHYECKHA KOJ MUTOXOHIPMH;
konbueBsle Moyiekyabl JHK; MutoxoHapuanbHble OeNKW; MUTOXOHAPHUAJb-
Hble pubocoMel; MuToXOHApUanbHble TPHK; Muroxonapuu; MrIAHK; okuc-
nuresibHoe GochOopUIrPOBaHNe; OPraHeUIbl KJICTKHU.

3adanun 0aa camocmosmenvHoii pabomeot

2.1. WUcnonb3ya naHuble Taba. 2.7, paccuMraitTe nmokasarenm, HeobXoun-
MBI€ [UJ151 33a110JTHEHUS YCTHIX KOJIOHOK Tabnuubl. [1pu pacueTe caelyeT UMeTh
B BUAY, yTo | MKM JjuHeitHo#l mnnHel JHK cooTBetcTBYeT MOJieKyasipHOit
macce 2- 10 manbToH, T.e. 2 Merananbrona (MJ1), ¥ IpuMepHoO 3,2 ThiC. nap
HYKJIEOTHIOB (3,2 T.II. H.).
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Tabnauua 2.7

Pa3zMepnl XpOMOCOM BUPYCOB W NPOKAPHOT

Hdnvna Momixym)l MonexynspHas Benuuuna
OpraHu3ambl xpoMocomHoit JHK, wacca JTHK, ML XPOMOCOMHOTO
MKM reHoMa, T.IL. H.
®ar X174 1,7
®ar T7 11,6
®ar A 15,6
®ar T4 55
E. coli 1300

2.2. Ha ocHOBaHUM JAHHBIX, MOJYYEHHBIX BAMU MPU BLIMOJHEHUH [pe-
IbIIYLIETO 3alaHUsl, ONpeAeTUTe WHEOOPMALIMOHHBIE BO3MOXHOCTH XPOMO-
COMHBIX F€HOMOB {BO3MOXHOE UMCIO CTPYKTYPHBIX [€HOB CPEAHEro pa3Mme-
pa) COOTBETCTBYIOLIMX OPraHW3MOB. BejlMUMHY CpelHero reHa MOXHO CUM-
TaTh paBHoO# | T.M.H.

2.3. YcTaHOBUTE NPUOIM3UTEIBHYIO KPATHOCTh HEOGXOAMMOTO YMEHbILIE-
HUSA NEPBUYHON IMHBI MOJIEKYJIBI HYKIEUHOBON KHUCIOTHI 34 CYET €€ CyNep-
CIIMpAJIM3aLUM Y OPraHU3MOB, YKa3aHHBIX B 1abn. 2.8, And pa3MelUeHUs UX
XPOMOCOMBI B COOTBETCTBYIOLLEM CTPYKTYPHOM 00pa30BaHMM (B BUPHOHE 100
B KJIETKe). BHecHTe nonyyeHHbIe AaHHBIE B TabJIHULLy.

2.4. Ha ocHOBaHUM uMeolleics Yy Bac MHGOPMALIMK U OOLIEero NpyMHUK-
na, fpeiCcTaBleHHOTO Ha pUc. 2.3, COCTABBTE CXEMY BO3MOXKHBIX MyTeil pas-
BUTUS peTpoBUpYyca (Ha npuMepe BUpyca uMMmyHogeduuura, PHK xoroporo
normajia B JUMGbOUIHYIO KJIETKY YeJIOBEKa).

2.5. B COOTBETCTBUM C OJHOI M3 COBPEMEHHBIX MMIIOTE3 TIPOMCXOXICHHE
IJIa3MUJL CBA3BIBAIOT C BUPYCAaMU, KOTOPHIE B IIPOLIECCE IBOIOLMU YTPATHIU
CNocoOHOCTh pa3pyilarh (TIM3UPOBATh) DaKTepHaNbHbie KJIETKH, HO NpHOG-
PENTU TEHETUYECKYIO CUCTEMY, OOECIEYMBAIOLIYI) UX KOHBIOTALIMOHHBIM Me-

Taonuua 2.8

Crenenb KOMIAKTH3AUNHA TEHETHYECKOTO MaTepuana
B XPOMOCOMAX BHPYCOB M DaKTepuii

Hyxeun- Jnusa JnuHa KpatHocTE HEOOXOOHU -
OpraHu3Mbl HOBast | MOJEKYNbI, | BUpHOHA TGO MOTO YMEHBIIEHHS

KUCIIOTA MKM KIIETKU, MKM pa3MeEPOB MOJIEKYTbI

Bupyc tabau- PHK 2 0,3

HOI1 MO3auKM

®ar ¢ X174 JHK 1,7 0,018

AIEHOBUPYC OHK 11 0,07

®Dar A JHK 15,6 0,12

Dar T4 JHK 55 0,2

E. coli JHK 1300 2
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PEHOC M pacnpocTpaHeHHe cpean 0akTepuid pasHblX BUIOB U ponos. [Ipube-
JIUTE CBOU apTYMEHTHI B MOJIb3Y TOM TMMOTE3BI.

2.6. HekoTopble KOHBIOTATUBHbIE R-ITTa3Mu/bl MIPH TIEPEXOAE B KIETKH
6aKTepuit Ipyroro BUJa CrocOOHBI pacraaarbcsi Ha IB€ aBTOHOMHbIE KOJb-
uesbie Mosiekyabl JJHK («umcTelii» ¢hakTop nepeHoca ¥ HEKOHBIOTaTUBHYIO
R-minazmuny). Jlaiite CBOIO OLIEHKY 3TOTO SIBJICHUSI.

2.7. PaccMoTpuTe 3ICKTPOHHO-MUKPOCKOMUYECKUE M300paxeHUs1 KOH-
TYPOB OTKPHBITHIX KOJblieBbIX MoJiekyn JJHK HekoHBlOraTUBHOW MMIa3MUibl
R-SmSu (Manple pa3smepbl MOJIEKY/IBI) ¥ KOHBIOraTMBHOU Hly-mnasMuist
PAP20 (Gonblume pazMeps! MOJIEKYIIBI), TIPEACTaBIEeHHbIE Ha puc. 2.5. C momo-
UIbl0 KYpBUMETpa (1160 OGBLIYHON HUTKU M JTUHEHKHU) TIpOBEIUTE U3MEpE-
HUS YBEIMYEHHBIX hoTon3o0pakeHuit 3Tux Mosiekyn (B cM). Paccuuraiire rep-
BUYHYIO IUIMHY (B MKM) ¥ Moa. Maccy (8 M) JHK nnasmuns pAP20, nc-
TOJIb3Y4 B KAUECTBE CTAaHAAPTa M3BECTHBIE pa3Mepsl IasMuabl R-SmSu (A1MHa
2,25 MM, MoJ1. Macca 4,5 M]I).

2.8. O6cynuTe BO3MOXHOCTb 3aKJIIOYEHHUs] O BUAOBOI MPUHALIEXKHOCTH
9YKApHMOTHUYECKOro OPraHM3Ma Ha OCHOBE JIAHHBIX O ero kKapuorune. Kaxue
MeTOoOMYECKHE NPOOIeMbl MOTYT 3aTPYAHSTh pellicHUe 3TOro Bonpoca?

2.9. Vcnonbays nHpopManuio tabn. 2.1, onpeneaure YMCiIO ayToCOM
Y TIOJIOBBIX XPOMOCOM, COAEPXALIUXCH B COMAaTUUECKUX KJIETKAX U B 3PEJIbIX
raMeTax CleyIoIIMX OpraHu3MoB: 1) IIofnoBoi MyiUKH Apo30dhuisl, 2) 3ese-
HOU narywku, 3) ronybs, 4) wmMMnaH3se, 5) yenoBeka.

2.10. B ciyyae yenoBeka, MMEIOLLENO B COMaTHYECKMX KITETKAX 46 XpoMOCOM,
MOXXHO YCJIOBHO 0003HAYUTH XPOMOCOMHBIH HAabOp JIKLL XXeHCKOro nona hopMy-
Joit 444 + XX, a nuu Myxckoro nosa — 444 + XY (cumBoJ1 A 0003HAYaeT «ayToco-
MbI»). [1osb3ysich 3TOI CHMBOMMKOIA, 3aNMUILNATE (hPOPMYJIbI IJ1s1 XPOMOCOMHBbIX Ha-
6GOpPOB 3peJbIX ITONOBLIX KJIETOK (raMeT), 0OpasyIoLIMXCsl Y KEHLUUH U Y MY>XK4YHH.

2.11. [To aHanorvu ¢ NpeAbAYLIUM 3aaHUEM CAeNaliTe CUMBOJUYECKUE
0003HaUEHUsI XPOMOCOMHbBIX HAOOPOB COMAaTUYECKHUX KJIETOK M raMeT CaMOK
Y CAMLOB CHEAYIOUIMX MICKOTTHUTaOLKX: 1) cBUHBU (2n = 40), 2) cepoii Kpbi-
cel (2n=42), 3) kpoaunka (2n =44), 4) wrMmnauH3e (2n = 48).

2.12. CymmMapHas ginHa JIHK Bcex XxpoMOCOM cOMaTUYeCcKO# KIeTKH ye-
J0BeKa cocTasisieT npumepro 1,8 - 108 mxm (180 cM). Onpesenute pasmepsl
atoit AHK B mapax HyKIeOTHAOB, UCIONb3Yd U3BECTHYIO BaM MHGOpMaLHIo
o ToM, 4T0 | MKM wiuHb JIHK cootBercTBYET nprMepHo 3,2 T.M.H.

2.13. Paccuwmraiite yucio HYKJ1€0COM, HeobX0auMbix wis yrnakoskn JHK
TeHa, KOAUupyoLero 6e10K cpeaHero pasmepa, cocrosiuuii u3 400 aMMHOKHUC-
JIOTHBIX ocraTkoB. Bemuyuny ¢parmenra JHK onHoit HykieocoMbl (BMecTe
C JIMHKEPHBIM YYAaCTKOM) MOXHO CYUTaTh paBHOM 200 nmapaM HyKJIEOTHIOB.

2.14. AHaJOrH4YHEIM 00pa3oM paccuMTaiiTe KOJIUYECTBO HYKIEOCOM, He-
00XONMMBIX [UISt TUIOTHOH YMAaKOBKH BCETO TFAaIUIOMAHOrO reHoma uesionexa
(3- 10° nap HyKI€OTHIOB).

2.15. Ha ocHoBe uMclowlelics y Bac MHPOPMALIMH OOBSICHUTE TPHUYMHBI
TeHeTUYECKON aKTMBHOCTU (HEAKTHBHOCTU) 3YXPOMATUHOBBLIX U [ETEPOXPO-
MAaTHHOBBIX PaHOHOB XPOMOCOM.

2.16. OObsiCHUTE OMOJOTMYECKHI CMBICH SIBJICHHUS reTepoXxpoMaTHHHK3a-
1IMM OZHOM U3 JBYX X-XpOMOCOM XEHCKOI'0 KapMOTUIIa Y YEJ0BeKa U MJIEKO-
MMUTAIOLLKX.

81



2.17. Ha arane co3peBaHus raMeT Y 36MHOBOIHBIX B MX OOLMTaxX HabIIIo-
naercss o6pa3soBaHUE XPOMOCOM THIIa «JIAMIIOBBIX IIETOK» (HAMTOMMHAIOT €p-
LIVKY 1S MBITBS ocyanl). [1pn 3ToM Kaxaas XpoOMOCcOMa YIUTUHSIETCS! B COT-
HHU pa3 U U3 HEe BbICTYNAIOT MHOFOYMUCIEHHBIE TNETIH AeCMUpaTU30BAHHOMN
JAHK, Ha BceM OPOTAXKEHUN KOTOPhIX AKTUBHO MAET TpaHckpuuys. Kak mox-
HO OOBSICHUTH MEXaHU3M TAKOTO SIBJIEHUS?

2.18. PaclumndpyiitTe CHMBOAMYECKYIO 3alIMCh Cleaylolmux reHotunos: CC,
Ce, cc, AACC, AaCC, AACc, AaCc, CE//ce, Ce//cE, CE//cE, ABE//abe,
ABe//aBe.

2.19. Y kponukoB ren C, KOHTPOJUPYIOLLMI CIUTOLIHYIO YEPHYIO OKPAcKy
WEePCTH (YEPHYIO MacTb), IOMHUHAHTEH TIO OTHOLUEHMIO K aJIe/IbHbIM TeHam
CTUIOLUHOM cepolt (IUMHINMLIOBOI) oxpacku (c) 1 Genoit MacTH (c), a reH ¢
JOMHHMpYeT Hag ajtesieM ¢. CocTaBbTe [UIst 3TOW TpeXaIeIbHON CUCTEMBI Tab-
JIMLYy, COAepxKaulylo MHGOPMALIMIO O B3aMMOOTHOLUEHUSAX MEXAY reHOM U MpH-
3HAKOM, FEHOTUIIOM U (heHOTHIIOM (B KayecTBe obpasia cM. Tabi. 2.2 u 2.3).

2.20. CocrtaBbTe aHANOTUYHYIO TabAMLY IUIs TPYTIN KPOBU YEJIOBEKA CUC-
TeMbl MN, B KOTOpO# UMeloTcst ABa amnensHbix reda (LM w LY), xonrtponu-
pyloLIMe CUHTE3 aHTUIeHOB M 1 N (COOTBETCTBEHHO). YKa3aHHbIe reHbl B3au-
MOZIEHCTBYIOT I10 THITY KOOOMUHUPOBAHMA.

2.21. ¥ yenoBeka reH HOPMAaTbHOM PB-I106MHOBOI LIEMOYKM (CUMBON §)
obecnieyrBaeT 06pa3oBaHUE HOPMAILHOTO reMorIo6uHa (HhA) U HOpMaJIbHBIX
SPUTPOLUTOB. BO3ZHUMKHOBEHUE MYTAHTHOTO aJUTes 3TOTO reHa (S) NpUBOaUT
K GOPMHUPOBAHUIO aHOMAJILHOrO remMorioouHa (HbS) u apUTpoLIMTOB, UMe-
IOLUMX CEePIIOBUAHYI0 KOHGUrypailnio (ITpU3HAK CEPHOBUIHO-KJIETOYHOCTH).
Y romMo3uror ¢ reHoTUNOM SS pa3BUBAeTCs TSKeNas CeplOBUAHO-KIIETOUHAs
aHeMusi, OOBIYHO 3aKAHYMBAIOLUASICH CMEPTHIO MHAMBUAYYMAa B JIETCKOM BO3-
pacre, TOFAA KaK y rerepo3uror (Ss), UMEIOLNX MMPU3HAK CEPIIOBUIHO-KIETOY-
HOCTH, aHeMHUs1 He Habmonaetcst. CocraBbTe TabaULly, AEMOHCTPUPYIOLLYIO B3a-
MMOOTHOIIECHUSA MEXAY FeHOM U TIPU3HAKOM, FEHOTHIIOM Y (PEHOTHIIOM.

2.22. Y Kyp OOMH U3 NOMMHAHTHBLIX TeHOB (CUMBOJI A) KOOMpyeT 06pa3o-
BaHue rpedHa pPO30BUAHONA GOpMBI, a ApYroit TOMUHAHTHEIR reH (B) obec-
NeYUBAET Pa3BUTHE NOPOXOBUIHOIO rpedHs. [Ipy HAMTMYKMK B TEHOTUIE IBYX
JOMMHAHTHBIX HEAJUIEJBHBIX TeHOB (A + B) nosBisieTcs OpEeXOBUAHbBIN Tpe-
OeHb. Y AUIOMO3UIOT MO PELECCUBHBIM allensM (reHoTun aabb) rpebeHb
JIMCTOBUIHOM popmbl. Onpeaenute Gopmy B3aUMOICICTBHUS HEAJUICAbHBIX re-
HOB M BHECUTE B TabyMlly MHGOPMALIMIO O B3AHMOOTHOLLEHUSIX TE€HOB U MPU-
3HaKoOB, reHoTHNa U (eHoTHNa (110 aHaoruu ¢ 1abn. 2.4, 2.5).

2.23. Onpeaenure ¢eHOTUNBI JTOACH (rpynibl KpoBu cucteMbl AB0) ripu
cnenywownx renotunax: HHIMi, Hhi®I18, Hhii, HHI'I®, hhI2 T4, Bhi?1®, hhii.

2.24. YcraHosure GopMy B3aMMONENCTBUS HealeabHbIX FEHOB P Clie-
nymouei 3anucu redotunos: C,C,C, GGG, CCie6, GG

2.25. Paciundpyiite CUMBOIMYECKYIO 3aMHCh CICAYIOLMX [EHOTHITOB: XAX4,
X4xe, X°x°, XY, X°Y.

2.26. Y MICKOMUTAIOWMX U Y YEIOBEKA KEHCKMIT IO Ha3bIBAIOT FOMOTa-
METHBIM, @ MYXCKO# — reteporaMeTHbuIM. Mcronb3ysi npelioxXeHHBIE paHee yc-
JIOBHbIE O0O3HAUYCHUSI KAPUOTUIIOB JIIONEH XeHcKoro mnona (444 + XX) u
MyxcKoro nona (444 + XY), coenaiire CMMBOJHYECKYK) 3alIMCh COOTBETCTBY-
IOLLUX TAMET, OTPAXKAIOLLYIO NPUBEIEHHbIE Bbillle HA3BAHUS.
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2.27. Y denoBeka JOMUHAHTHLIA reH (cuMBON H') HErOMOJIOMMYHOTO YYacT-
Ka X-XpOMOCOMBI KOHTPOJIMPYET CUHTE3 aHTUTeMOoUInyecKoro 6elika, ABjiso-
LLErocs OJHMUM M3 KOMITOHEHTOB CMCTEMbl CBEPThIBAHUSA KPOBU. MyTaHTHBII
pELECCUBHBIN ajUIesIb 3TOro reHa (h) oOyCcnoBIMBaeT CUHTE3 1e(eKTHOTO Oell-
Ka, YTO MPUBOAUT K BO3HUKHOBEHUIO 60s1e3HM (reModunmuu). CoctaBere Tabd-
ULy, cOAepXkawy HHGOPMALIMIO O B3aUMOOTHOILLIEHHUAX B CUCTEME MeH-IIPH-
3HaK, FeHOTUI-DEHOTUTT JUIS JIMII XKEHCKOTo ¥ MYKCKOTO TIoja (Mo aHaJIoTuu
¢ Tabi. 2.6).

2.28. Y uesnoBexa JOKYC reHa, KOHTPOJHPYIOLLErO I'PYNNY KPOBU CHUCTE-
MbI Xg, cLeieH ¢ X-XpOMOCOMOI M pacnoioXeH BOJIM3M KOHLIA €€ KOPOTKOIo
mnevya. O6pacHUTE TOT PakT, YTO B 3TOM CJydyae HE MOATBEPXKAAETCS Ipel-
cKa3zaHue, BhITEKallee U3 KOHUeTLuY JIaiioH, T.€. y XeHIUUH, ABISIOLNINX-
Cs TeTEPO3UTOTHBIMU M0 YKa3aHHOMY I'eHY, HE YAAeTCA BBISIBUTH ABYX I10I1y-
JSAUMA 3PUTPOLIUTOB, UMEIOLLHUX COOTBETCTBYIOIIME AHTUIEHHBIC PA3TUYMA.

2.29. CyuTaoT, YTO Yy YeJOBeKa JIOKYC reHa, KOHTPOJMPYIOLIEro THIIEP-
TPHUX03 (BOJIOCATOCTh) VIIHOW PAKOBUHBI, HAXOAUTCSI B HETOMOJIOTHYHOM y4a-
CTKE Y-XpOMOCOMBI, T.€. UMEET MECTO MOJHOE CLETUIEHME YKa3aHHOIO reHa
¢ 3TOl XpoMocoMoi. OripeesinTe reHOTUIT 1 MOJ1 MHOUBUAYYMA, KOTOPbIit MMeeT
Takoi NMpU3HaK, U cAeaifTe CUMBOJIMYECKYIO 3aTUCh reHOTUNA U (heHOoTHNA.

2.30. OGbsicHUTE, MPU KAKUX YCJIOBUSIX BO3MOXHA 3KCIIPECCHS MpHU3HA-
Ka, KOHTPOJIUPYEMOTO PeLeCCUBHBIM aJlIeNIEM, BOSHUKILMM B PE3yJibTaTe My-
Tauuu JoMuHaHTHOro reHa Mmt1HK.

2.31. IlpuBenuTe apryMeHThbl 32 M MPOTUB TMIIOTE3bI O TOM, YTO MUTOXOH-
JIpUM TIPOMCXOAAT OT ApeBHUX OaKTEPHil, BCTYIIMBIUUAX HA PAHHHMX 3Tafax 3BO-
JIIOLUMHM B CHMOUOTHYECKHE B3AUMOOTHOLUEHHMS C 3YKAPHOTUUYECKON KIIETKOM.

2.32. TpoaHanu3npyiiTe naHHbIC, MPUBEICHHBIE B Ta0x. 2.9. Onpenenure
pa3sMepbl TEHETUYECKOr0 Marepualla MUTOXOHAPUATIBHOrO KOMIUIEKCa (CyM-
MapHylo WIUHY Bcex Mojiekya MTIHK) B kaxnoi kieTke ykasaHHbIX opra-
HHM3MOB, cooTHolleHHe (B npoueHTax) MTIHK u Bceit JHK kieTku u 3ano-
HHUTE NYCThbIe KOJOHKM TabauLbl.

Ta6bnuua 2.9

Pasmeps MTAHK coMaTuyeckoi KieTKH HEKOTOPBIX 3YKAPHOTHIECKHX
opranu3Mos (T.IL. H.) M J0JI8 3THX MOJieKya (B %)
B o0uem conepxanuu JHK knerku

Pa3meps! o- Ywucno Yucno CyMMa Beero | ITpoueHT
Oprammsm HOi1 Mone- Moniexyn | opranenn | mtHK JHK MTIHK
P xynsi MTAIHK,| B onHoO#M B onHoi | xmetku, | B Kiaetke,| oT Bceid
T.II. H. opraHene | KJIETKe T.11. H. T.1.H. AHK
Jpoxxku 84 4 22 4,2.10
Mulip 16,2 2 500 6,0.10°
(kyneTypa
KJIETOK)
Yenosek 16,6 8 800 6,1-10¢
(kynbTypa
KJIETOK)
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IlpencraBieHuss 0 XpOMOCOMHBIX OCHOBAaX HACHEICTBEHHOCTH,
CJIOXXUBLLIUECS €1E B PAMKAaX KJACCUYECKOM reHeTUKY, MOITYIMITH 3Ha-
YUTEILHOE Pa3BUTHUE B CBA3M C MOSBIEHUEM HOBBIX JaHHBIX O CTPYK-
TYpHOM M TE€HETUUYECKOW OpraHu3amui XpoMocoM. Bo3HWKIA Takxke
COBpeMeHHas 00JacTh 3HAHUI 00 IKCTPaXPOMOCOMHOMN HACNIENCTBEH -
HOCTH MPOKApPHUOT U 3yKaproT. Mcroib30BaHNE pa3iuIHbIX LIUTOICHE -
TAYECKUX U MOJIEKYNAPHO-TEHETUYECKHX METOIOB IO3BOJTMIIO pacilug-
pOBaTh TEHETUYECKYIO CTPYKTYPY XPOMOCOM U 3KCTPaXpPOMOCOMHBIX
Monekyn [IHK MHOrUX opraHusMoRB, BKIIIOYas Yyesiopeka. B pesysbrare
NOSIBUJINCH NTPUHIIUITUATIEHO HOBBIE BO3MOXHOCTH JJISI pEHIICHHUS pa3-
JIMYHBIX MTPAKTUYECKUX 3a7a4, B TOM YKCJIE CBI3aHHBIX C BOIIPOCAMU
HaCNeICTBEHHOU MaTOJIOTHH YejIoBeKa.



naea 3

UMTONOMMMYECKME OCHOBbL! HACNEQOBAHUA N'EHOB

OnHo U3 GyHAAMEHTATBHBIX CBOMCTB XUBBIX OPTAHU3MOB COCTOUT
B UX CITOCOOHOCTH K Pa3MHOXEHHUIO (PEMPOAYKIIMM), 00eCreunBao-
1LIEMY T€HETUYECKYIO HEeIpephIBHOCTh XU3HU. PasMHOXEHKE 111060ro
MPOKApPUOTHYECKOTO JIUGO 3YKapUOTHYECKOTO OPTaHM3Ma CBS3aHO C
rpoLeccaMy pasMHoxeHust (mpoaudepaunn) KIeTok. B ocHoBe aTHX
MPOLIECCOB JIEKUT KOMUPOBAHMUE TeHETUUYECKOW UHGOPMALUU POLU-
TEJIbCKUX KIIETOK U ee mepeaayda (GopMUPYIOILEMYCs KJIETOUHOMY I10-
TOMCTBY.

I1pu GecrioIoM pasMHOXEHHH ¥ POCTE SYKAPUOTHUECKUX OpraHUu3-
MOB TPOUCXOONUT MUTOTUUYECKOE MCJACHME MX COMATUYECKUX KIIETOK
(MuTO03). Ha sTtame co3peBaHUsl MOJOBBIX KJIETOK (raMeT) y 3yKapuoT
HabJ1I01al0TCs 1BA MEMOTHYECKHUX JeJIEHUs KIIeTOK (MenHo3), paccMmart-
pUBAaeMbIC B KAYECTBE LIUTOJOTHUYECKOH OCHOBBI MTOJIOBOTO Pa3MHOXE -
HUs 3THX OpraHu3MoB. OCOOGEHHOCTH ITOJIOBOTO PAa3MHOXEHMS CBsI3aHa
TaKXe C TIPOLIECCOM OIUIOAOTBOPEHUS, B PE3yLTATe KOTOPOro IPOUC-
XOIUT CIyJYaHoe O0beIUHEHNE XPOMOCOMHBIX KOMILIEKCOB (T€HETH-
YECKOTO MaTepruaia) MYy>XXCKMX U XKEHCKUX raMeT.

3.1. MutoTuyeckut umkn. Munrtos

ITpu MUTOTHUYECKOM lIeJIEHUH UMEET MECTO PABHOMEPHOE pacnpe-
JejeHWe TeHETHYECKOro Marepuana poIUTEIbCKON (MaTepUHCKOMN)
KJIETKH MEXJIy ABYMsS NOYepPHUMM KJIETKaMHM, KaxXaas U3 KOTOPbIX I10-
JIy4aeT OAHY KOMWIO T€HHBIX JIOKYCOB BCEX MATEPUHCKHUX XPOMOCOM.
Hpu 3TOM modepHssT KiIeTKa COXpaHseT YUCIEHHOCTh TUIIOUIHOIO
Habopa xpoMocoM (2n), XapaKTEPHYIO JJIsi MATEPUHCKOM KIIeTKU. B cBOtO
ouepenb, JOUYEPHSS KJIETKA Iocje YABOCHUS ee XpoMaTuHa (CUHTE3a
JHK u rucToHOBBIX 6€7IKOB) CTAHOBHUTCSI CTIOCOOHON K CIEayIOLIEMY
IENEeHUI0, MPUBOISLIEMY K 0OpPa30BaHUIO IBYX HOBBIX KJIETOYHbBIX KO-
nuii. HHTEepBan MexXIy OKOHYaHMEM JE/IEHUS POIUTENBCKON KIETKU
Y 3aBepIICHHEM IeJIEHUsI €€ JOYEPHEN KJIETKU NIPUHSITO Ha3blBaTh MK-
TOTUYECKUM (KJIETOYHBIM) LIUKIIOM.

MUTOTHYECKHMIA UMK MONPA3NEISIOT Ha YeThipe nepuona (dasbi):
TIPECUHTETHYECKHI niepuon, 0603HaYaeMblii CMMBOJIOM Gy (aHTIL. gap —
VHTEPBAT), CUHTeTHYeCcKui nepuon (S), MOCTCUHTETHYECKUN (TIpe-
mutoTueckuit) mepuon (G,) U cCOBCTBEHHO HelieHUe KIIeTKH (MH-
103, unu nepuon M ). [MocaeaoBaTebHOCTh 3TUX IIEPUOIOB MOXET ObITh
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G, NpeacTaBieHa CaedyIHuM obpa3oM:
G,— 5> G,— M (puc. 3.1). OTHOCHTEb-
s Murros Hasl PONOJKUTEIbHOCTD YKA3aHHHIX I1e-
DHMOJIOB pa3jiinyacTcsl y OpraHu3MoB OT-
JeBHBIX BUAOB M B KJIETKaX pa3HBIX TKa-
HEH OZHOTrO MHIANBUAYYMA.

Ilepuonsl Gy, S u G, OPpUHATO 00BE-
Puc. 3.1. Mutotnueckuit uukn  AMHATH TOJI Ha3BaHUEM <«HMHTepdasa».
Crnenyer, oJHAKO, 3aMeTUTh, YTO 3TOT
TEPMUH BO3HUK €1l1€ JO OTKPHITHS caMUX TiepuoaoB. [TepBoHayansHO
noJ uHTepha30il MOHUMANY TIOATOTOBUTEILHEBIM 3Tall (ITPOMEXYTOK),

CYLIECTBYIOUTUI MEXIY OIBYMSI MUTOTHYECKUMH JIeIeHUSIMMU.

Kak OblJ10 OTMEUYEHO B Ipeiblaylieil Iiiase, BO BpeMs MHTO3a
(B mepuone M) HabmomaeTcs 3HaUUTe/bHAS KOHAEHCALIUsI XpOMaTH-
Ha, YTO ITO3BOJISIET MACHTU(DUIIMPOBATD OTACIBHEIE XPOMOCOMBI B KJIET-
K€ UHAWBUAYYMA C TIOMOILIBIO CBEeTOBOH MUKpocKonuu. Ilpu 3ToM B
3aBHCUMOCTH OT CTEIEHM KOHACHCAUUHM XPOMAaTUHA, PAaCIOOXEHHUS
XpPOMOCOM U Ipyrux ocobeHHocTel nuddepeHIIUpYIOT CASIYIOLNE IPYT
3a I[pyroM OTHOENbHBIE CTaAUN MUTO3a, a HUMEHHO, — rnpoda3y, MeTa-
dazy, aHadasy u renodasdy. Uro KacaeTcs MHTep(a3HBIX AAep, TO B
HUX TPOUCXONUT oOLIast JEKOHAEHCALMS XpOMaTHHA, TO3TOMY IIpU
KCTIONIb30BAHUU YKAa3aHHBIX METOIOB B 3TOM CJiy4ae HE YyIaeTcs Bbls-
BHUTb KaKUX-THU00 0OPMIIEHHBIX XPOMOCOMHEBIX CTPYKTYD (32 UCKJTIO-
YEeHHUEM YYACTKOB CTPYKTYPHOTO TeTEPOXpPOMATHHA U TEJell TIOJI0BOro
XpOMaTHHA).

ITockONBbKY 2YXpOMaTHHU3AIIMSA 3HAYUTEIBHOM YacTh WHTepdas-
HOH XpOMOCOMBI COINPOBOXIAETCS MOBBIIIIEHUEM TPAHCKPHUIMLIMOHHOK
aKTUBHOCTHU COOTBETCTBYIOLIMX TCHOB, TO B MHTep(daze MUTOTUIECKO-
ro UMKJIa MeTaboauuecKass aKkTUBHOCTDb KJIETKH SBJISETCS ropasno 60-
Jiee BBICOKOM, YeM BO BpeMsl caMoro Murosa. Tak, B nepuone G| mpo-
HWCXOIWUT aKTUBHBIN cCHUHTe3 MoJiekysr PHK, pasnnunbeix 6enkoB, ATO
1 JpYyrux BELIECTB, YTO CBI3aHO, B TIEPBYIO ouepelib, € MOATOTOBKOM
KJIETKU K nocnenyiomen pervmukauuu JHK v cuHTe3y rMCTOHOBBIX
0€IKOB, OCYHIECTBIAEMEIX B S-IIEpHOJIE.

K KOHIly CHHTETHYECKOrO IepHoda KaXxaasg XpoMOCoMa KIIETKH,
OCTaBasICh B IEKOHICHCUPOBAHHOM COCTOSTHUM, UMEET YIBOEHHOE KO-
JINYECTBO XPOMAaTHUHA U MPEACTABISIET COOON CTPYKTYPY, COCTOSIILYIO
M3 IBYX OAWHAKOBBIX XpOMATHA, OObe IMHEHHBIX LIeHTpoMepoit. Takue
XPOMATUABl MPUHSITO HA3BIBATE CECTPUHCKVIMHM, TOCKOJBKY OHM CO-
JepXar 110 UICHTUYHON Konuu oxHout Moiekynsl JHK (uaeHTUYHBIE
HabOPEI CHETVIEHHBIX TEHOB).

Takum 06pasom, B neproae G; Kaxaass XpoOMOCOMa COMAaTUYECKOM
KJIETKH COCTOMT U3 OOHOH XpOMaTHUAH (COHEPXKHUT OXHY MOJIEKYTY
JJHK), a obliiee KOTMYECTBO T€HETUUECKOTO MaTepHaIa JUTIOWIHOIO
Habopa XxpoMocoM (2#) TakoM KIIETKH 0003HayaroT cuMBooM 2¢. ITocie
3asepuieHus cuHTe3a JJHK u rucronoB (B xoHIe S-mieprona) Konu-
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YeCTBEHHOE COIEPXKAaHHE IBYXPOMATUIHBIX XpPOMOCOM M TEHETHYECKO-
TO MaTepuaa KJIETKH MOXHO 0603HaYuTh hopmymoit 2n4c. Takoe Ko-
JINYEeCTBEHHOE COOTHOLIEHHE coXpaHsercs B nepuone G,, KOraa B KIET-
K€ UAYT MEeTaboJIMUYeCKHe NMPOLECCHl, CBS3aHHBIE C €€ IOATOTOBKOM
K JeJEHHIO, 2 TaKXKe B npodase U MeTadase MUTO3A.

B aHagaze MuTO3a NPOUCXOAUT pacUIeIZIeCHUEe LEHTPOMEPHOTO y4a-
CTKa KaXJIo# M3 IByXpPOMATHUIHBIX XpOMOCOM, IIPUBOIsIIICE K pa3le-
JICHWIO CECTPUHCKUX XPOMATHUI Y TIPEBPALUCHUIO UX B CAMOCTOATENb-
Hble XpOMOCOMBI ((hOpMaNTbHOE COOTHOILIEHNE KOJIUUYECTBA XPOMOCOM
u moniexyn JIHK — 4n4dc). Tlocne 3aBepilieHUsT pacxOXIEHUAS! XPOMO-
COM K TIOJIIOCaM MaTepUHCKOM KJIeTKH B TeJodaie HopMUpYIOTCS JBE
IOoYepHHUEe KJIETKU, KaXHass U3 KOTOPBIX MONY4aeT MOJHBIA Habop On-
HOXPOMATHIHBIX XPOMOCOM MATEPUHCKON KIIeTKY (hopMyna 2n2c s
KaXIo# U3 JOYEPHMX KIIETOK).

Kak BugHo u3 puc. 3.2, 6UOJOTHYECKMIA CMBICT 00CYKIaeMBIX TIPO-
LIECCOB CBSI3aH C PEIUIMKauMen (YIBOEHHEM) TeHETUYECKOTO MaTepHraa
XpOMOCOM MaTepPHHCKOM KJIEeTKH (B S-riepuone MHTepdaspl) U ¢ Io-
CJIENYIOIIMM TOYHBIM pacrpejie/icHUeM 00pa30BaBIUMXCH PEHETHYEC-
KUX KOTNUH B JBE TOYEPHUE KIIETKU (B aHadasze u Tesodase MUTO3a).
CremoBareIbHO, KaXmas M3 JOUYEpHUX KJIETOK, BO3HUKAKIIUX B pe-
3y/bTATE JeJIEHUST MAaTEPUHCKOM KJIETKH, IMOJIydaeT TOT e Habop Xpo-
MOCOM (M TOT X€ HabOp TeHOB), KOTODPHIM MMeENICA B MaTEePUHCKOM
knerke. TakuMm obpa3oM, ¢ MOMOUIBID PACCMOTPEHHOIO MeXaHU3Ma
obecrieyuBacTcsl FreHeTUYEeCcKas NMPeeMCTBEHHOCTD KJIETOUHBIX MOKOJIE-

Pooutensckas Kierka
(npecHHTETHYECKMI TTEpHOT)

PoauTensckas Kierka
(xoHe1
CHUHTETHYECKOTO
nmepHoaa)

HouepHss xierka HouepHss KieTKa

Puc. 3.2. PactipeaeneHue roMOJIOTMYHbBIX XPOMOCOM M COIEPXKALIMXCA B HUX Ie-
HOB BO BpeMSI MUTOTUYECKOTO LIMKJIA Y TMITOTETUUECKOTO Oprauusma (2n = 2)
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HUH U TEHETUIECKas HCNPEPBIBHOCTD XKM3HHU B ClIy4yae OecroJioro pa3-
MHOXCHHUA OPraHU3MOB.

Basucuble TePMHHBI M MOHATHA: aHada3a; NOYEPHSs KIETKA; UHTepdasa;
MaTepuHCKas (poAUTENbCKas) KJIeTKa; MeTadaza; MUTo3 (Tiepuoa M ); MUTO-
THYECKUH (KJIETOUHBII) UMK, MOCTCHHTETUYECKUM Tiepuoll ( G,); IpecuHTe-
TidecKuit nepuon ( G)); npodasa; CeCTPUHCKUE XPOMATUIBI, CHHTETHYECKUI
nepuos (.S:); Tesiohasa; XxpOMaTHAA; XPOMATHH; XPOMOCOMA; LIeHTpOMEpa.

3.2. NameToreHe3. Meio3. OnnoagoTeopeHue

ITpouecc obpa3oBaHus raMeT (TaMETOTeHE3) Y MACKOMUTAIOWIUX 1
YyeJ0BEKa UIET B COOTBETCTBHH CO CXeMOIi, MpUBeaeHHOM Ha puc. 3.3.
Ilpu 3TOM y OPraHU3MOB XEHCKOTO T10J1a, 0003HAYAEMBIX CUMBOJIOM
(%), pasBUTHE MONOBHIX KJIETOK (OOT€He3) HAauYMHAETCs B SMYHUKAX
Ha OCHOBE MEPBUYHBIX NATIOMIHAIX KIIETOK, HA3biBAEMbIX OOTOHUSIMH.
B ceMeHHMKax WHAMBUIYYMOB MYXCKOro Tona (d") mpolecc o6pa3o-
BaHUA raMeT (CrepMaToreHe3) TakkKe HAYMHAETCA W3 WCXOMHBIX MMII-
JIOUIHBIX KJIETOK (CIEPMATOTOHUM).

HepBriit aTanm ooreHesa M CrepMaroreHe3a CBA3aH ¢ pa3MHOXe-
HUEM YKa3aHHBIX MMEPBUYHBLIX KJIETOK C ITOMOIILLIO MEXaHHU3Ma MHUTO-
TUYECKOTO AeeHUs (CM. BEPXHIOIO YacTh puc. 3.3). Ha BropoM aTane
NPOUCXOIUT POCT (YBEJIUUYECHUE PA3MEPOB) 3THX KJIETOK, B pe3yjIbTare
YEro OHM IIpeBpallaloTCsl (COOTBETCTBEHHO) B OOLMTHI IEPBOro IIO-
psanka (oouMTsl 1) M criepMaTOLIMTHI IEPBOTO MOPsiAKa (CIepMAaTOLIM-
1ol 1). Hanee cremyeT TpeTwif (3aBeplUAIOLIWii) 3TAll raMeToreHesa,
KOTOPLIA 3akaHuuBaeTcss GopMUPOBAHUEM 3pEJIbIX TAMET (3Tar co3pe-
BaHUS).

Ha srame co3peBanus raMeT HaGmI0JA10TCS IBa MOCTIEXOBATENLHBIX
MEHOTUYECKNX ACNCHUS, MPUBOASIINE K YMEHBIICHHIO (pPEenyKLIMU)
YHCJIA XPOMOCOM B KaXIOW JOoYepHEH KIIeTKe B ABa pa3a Mo CpaBHE-
HHUIO C UCXOOHOW MATEPUHCKOM KIIETKOM, T, €. UMEET MECTO TraruIOUIH -
3alUs XpOMOCOMHOTO Habopa 3TUX KJIETOK (CHMBON # IS 0603Haye-
HHUSA YUCITEHHOCTHU XPOMOCOM TaIlJIOMJIHOrO Habopa).

B cny4ae ooreHesa pyu 3TOM NPOUCXOAUT HEPABHOMEPHOE Pacripe-
JeJIeHVe UTOIUTA3Mbl MATEPUHCKOM KIJIETKHM MEXIY ABYMS IOYEpHU-
MU KJIETKAMU, NTO3TOMY TOCJe TIEPBOTO NejieHMst Melo3a BO3HMKAET
KPYNHBIH OOLUMT BTOporo nopsaxka (oomut II) m mameHbKOE TepBoe
TNOJAPHOE TeJblie (KJIEeTKa C OYeHb HEeOOJBIINM KOMNYECTBOM IIMTO-
r1asmbl). Ilociie BToporo aeneHust Meitosa popMHUpyeTcst GoblIas Mo
pasMepam gileKkiieTka U MaJleHbKOe BTOpOe TIONSIpHOE Tenmblie (CM.
HWXHIOW YacTb puc. 3.3). B nanpHelIeM ITpOUCXOOUT fereHepalus 110-
JISIPHBIX TeJIell U OKOHYATENIbHOE CO3peBaHMe SIHIIEKIIETKH, KOTOpas
NIOMUMO TalJIOUAHOro Habopa XpOMOCOM COAEPKHT TakkKe OOJBIIOoe
KOJTMYECTBO LIMTOIUIA3MAaTHUYECKOTO MarepHayia, HeOOXOIUMOTO st
pa3BUTHs Oyaoyliero 3MOpHOHA.
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YTto KacaeTcst cliepMaroreHesa, TO NMpU JIEJIEHUSIX MeNWo3a 3JECh
HaOMIOOAETCA PaBHOMEPHOE pacripefeieHHe LIMTOILIa3Mbi MEXIY I0-
YepHUMHU KJIETKaMHU, TIPUBOISILIEE K 00Opa30BaHUIO TAITTOUIHBIX CTIep-
Marto30MI0B ¢ ONMHAKOBLIM M HEeOGOJNBIIMM TI0 pazMepaM COACPXKAHU-
€M LIMTOILJIa3MaTUUECKHUX KOMIIOHEHTOR (CM. puc. 3.3).

Meit03 COCTOMT M3 ABYX CHASAYIOIIMX IPYT 32 APYIOM KJIETOYHBIX
LIMKJIOB, KOTOpPbIEe MPUHATO 0003HayaTh Kak geneHue I u nenexue I1.
B unTepdase nepsoro AeneHust meitosa (MHTepdase 1), Kak U B MHTEP-
haze MUTOTUYECKOTO IIMKJTA, B KIIETKE YABAUBAETCS KOJIMYECTBO XpPO-
MaTHHA, MTO3TOMY KaXIas XpoOMOCOMa MocJIe 3aBepllieHnus S-neproaa
OyHeT COCTOSITh U3 ABYX XPOMATU/, 4 Nlapa TOMOJOTMYHBIX XPOMOCOM
COIEPXUT B cymMe vethipe mosekynsl JTHK (dopmyna 2n4c).

ITpodaza nepBoro neneHus Meiosa (rpodasa 1) sBiasiercs: Gonee
TIPOAOIIKUTENBHOM’, YyeM npodaza MATO3a, U OTIIMYAETCSA OT HEe Mpo-
eccamMu, B KOTOPBIX YYACTBYIOT TOMOJIOTHYHBIE XPOMOCOMbI IHUILIO-
MIHOTO Habopa KIIeTKH. DTH NTPOLIeCCH HAUMHAIOTCS ¢ IMTONapHOTo CONMM-
XKEHMSI TOMOJIOTHYHEBIX XPOMOCOM M UX TIOCJIeAyloUle KOHBIOTALIUMA.
[Tpu 3TOM IPOUCXOTUT COETMHEHNE TIOBEPXHOCTHBIX CTPYKTYD OTAEC/Ib-
HBIX XpOMATHI M3 JBYX KOHBIOTMDYIOLIMX XPOMOCOM B OZHOM HJIU

OoroHuu
\ > CriepMaTOTOHUH

1-e monsipHOe
TesbLe

CriepMaTo30UAbl
2-e TIONSIPHOE TEJIbLIE \'

Co3speBluas SMLEKIETKA

Puc. 3.3. Oorenes (a) u criepMaToreses (6) v MIEKOMUTAIOWIMX U UEJOBEKA
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A a a A A a a A Puc. 3.4. OtaenpHble BapUaHThI
OAMHOYHOIO U IBOHHOIO KPOCCHH-
B b B b B b B p  TOBEpA C YYACTHEM ABYX XPOMATHA.

I — ucXoaHbie XpOMaTHABl M BapUAHT
0e3 KpOCCUHIOBepa; 2 — ONMHOYHbLIN
KPOCCHHIOBEpP Ha yyacTke A— B u
KPOCCOBEpPHbIE XpOMAaTHABI; 3 — ONH-
& * ; ¢ HOYHBIM KPOCCHUHIOBEpP Ha YYacTKe
B— C n XpoccoBepHble XpOMaTHIbL;

% a a 4 a A @ 4 — [BOIHON KPOCCHHTOBED M KPOC-

COBEPHLIE XPOMATHIbI
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HECKOJIBKMX PA3HBIX YYACTKAX HA OCHOBE TOMOJIOTHYHOCTH TEHETUUECKOTO
MaTepuaia 3TUX y4yacTKoB. IToaraoT, 4To ¢ KaxXIol CTOPOHBI B TIPO-
Liecce KOHBIOTAUUK MOTYT YYaCTBOBATh JIUGO OHA U3 ABYX CECTPHHC-
KMX XpOMaTHi COOTBETCTBYIOLIEH XpOMOCOMBI IMOO 00€ XpOMAaTHIbI.

Bo3HwuKIue rrepexpecThl (XHa3Mbl) ABYX B3aUMOJIEHCTBYIOIIMX XPO-
MaTHJ «Y3HAIOTCSI» ONPEIEICHHBIMU (bepMeHTaMH, MO3TOMY B TOHKAX
TEePEKPECTOB MTPOUCXOINUT (PePMEHTATHUBHOE «pa3pe3aHue» ITUX CTPYK-
TYp C MOCNEAYIOUINM BOCCOEAMHEHUEM 00Pa30BaBILINXCS (PparMeHTOB.
B 60/bIIMHCTBE CITYYaeB YKa3aHHbIE MPOLIECCH HE MTPUBOIAT K KAKMM-
JN6OO0 HapYLIEHUSIM B TEHETHYECKOM CTPYKTYPE TOMOJIOTHMHBIX XpOMO-
COM, T. €. [IPOUCXOIUT IPABUABHOE COEIMHEHNE (DparMeHTOB XpoOMaTHI
¥ BOCCT@HOBJIEHWE UX TMEPBOHAYAJIBHOTO CTpoeHUsl. OQHAKO, BO3MO-
XeH U apyroii (6onee peakuit) BapuaHT COOBLITHI, KOTOpPLIA CBsSI3aH
€ OUIMOOYHBIM BOCCOEMHEHNEM (PPAarMEHTOB pa3pe3aHHbIX CTPYKTYP.
ITpu 3TOM MPOMCXOMUT B3aUMHBIH OOMEH yJaCTKaMHU I€HETHUECKOTO
MaTepuania MeXAy KOHDBIOTHPYIOIMMEI XpoMatuaamu (TeHeTuuecKas
pPEeKOMOMWHAIMS), MEXAHU3M KOTOPOTo TMOJYYWJI Ha3BaHHE KPOCCUH-
rosepa (0T aHTH. crossing over — 0Opa3OBaHKE TIEPEKPECTa).

Ha puc. 3.4 npuBeaeHa yrpollieHHas cXeMa HEKOTOPBIX BO3MOXHBIX
BAPMAHTOB OAUHOYHOIO JUOO ABOWHOIO KPOCCUHIOBEPA ¢ yYacTUEM
JBYX XpOMaTH/ U3 I1apbl TOMOJIOTUYHBIX XxpoMocoM. Heobxonumo rnoa-
YEpKHYTh, YTO KPOCCHUHITOBEP MPEACTABIISET COOOU CclydyaitHoe coObI-
THE, KOTOPOE C TOM WM UHOHN BEPOSATHOCTBHIO MOXET BOZHMKHYTh Ha
J0060M y4acTke (JTMOO0 Ha IBYX M 6OJIbILIEM YHCIIE YYAaCTKOB) TOMOJIOTHY -
HBIX XpoMOCOM. CleIoBaTeIbHO, HA 3Tare CO3pEBaHMS TAMET 3YKapUo-~
TUYECKOr'o OpraHu3mMa B npodase nepBoro AejJeHUs Meo3a elCcTByeT
YHUBEPCAJIbHBIA NMPUHLIKN CiydyaliHOro (CBOOOMHOTO) KOMOMHUpPOBA-
HUS (PEKOMOWHALIMY) TeHETHUECKOTO MaTepHalia FrOMOJIOTUYHEIX XPO-
MOCOM.

B anacdaze | nmpoucxonur pacxoxigeHue ABYXpPOMATHIHBIX XPOMO-
COM M3 KaXI0M Mapsl IMIUIOMAHOTO Habopa K pa3HbIM II0JI0CaM KJIET-
KU 6€3 pacuieryieHusI IIEHTPOMEPHOTo yJacTka. B Tenodase I mpouece
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3aBeplIaeTcsi 00pa3soBaHHEM JABYX JOYEPHMX KJIETOK C TaruiOMIHBIM
HabopoOM XpoMocoM (r2c), comepXallluM T0 ONHON ABYXPOMATUIRHON
XPOMOCOME U3 KaX/XOM MMapsl TOMOJOTHYHBIX XPOMOCOM MAaTEPUHCKOM
KJIETKHU.

YHUBepCaNbHBIA TIPUHIUIMII TATUIOWIU3AIIHN XPOMOCOMHOI'O Habopa
Kak pe3yJibTaTa I[epBOTO IelIeHUs Mello3a NMpeAcTaBicH B BUJIE CXEMBI
(puc. 3.5) Ha npuUMepe pacrpeaeIeHUss XxpOMOCOM TOMOJIOTMYHOI Mapbl
(¥ comepxauleiicsi B HUX Iaphl aJUleIbHBIX reHoB). CrienyeT 3aMeTUTD,
4TO 3Ta cXeMa (KaK M cCXeMbI Ha pHc. 3.2 U 3.6) HOCUT YCJTOBHBIN Xa-
paKTep, NOCKOJIBKY B MHTepga3e XpOMOCOMbBI He UMEIOT YETKOW CTPYK-
TYPHOW OpraHu3alyH, NO3BOJSOLIECH UICHTUMULUPOBAThL UX C ITOMO-
1{bIO CBETOBOIT MUKPOCKOTIUH.

Oco0eHHOCTEL BTOPOIO JAENEHUs] Mei03a COCTOUT, IPEXIE BCEro,
B TOM, 4TO B UHTepdase Il He NpoMCXOAUT yOBOEHUS XPOMATHUHA,
[TO3TOMY KaXaast KJIeTKa, BcTynaioniasi B mpoca3sy I, coxpaHnsiet npe-
XHee cooTHolueHue n2c. B aHadasze BTOporo xeneHusl HabaooaeTcs
pacllieTuieHue LeHTPOMEPHBIX YJAaCTKOB XpPOMOCOM (Kak MpU O6bIY-
HOM MHTO3€) M IpeBpallieHHe COOTBETCTBYIOLMX XPOMaTHIX B CaMO-
CTOSITEJIbHBIE XpOMOCOMEI (¢(popmyna 2n2c). Tenodasa 11 3aBepiuaercs
¢opMupoBaHHUEM ABYX JOUEPHUX KJIETOK, UMEIOILIMX IAIUIOUAHBIA Ha-
60p OMHOXPOMATUAHBIX XPOMOCOM, T.€. MUHHMAIbHO BO3MOXHOE CO-
OTHOLUCHUE YHUCJICHHOCTH XPOMOCOM M TEHETUYECKOro MaTepuana
B KJIETKE, BeIpaxaeMoe GhopMyJon xc.

Poautennckast KieTka
(IpeCHHTETHYECKHUH TIEpHOL)

Ponourensckas KieTKa
(xonHel
CHHTETHYECKOTO

nepuojaa)

JouepHss KieTka JovepHsst KJIeTKa

Puc. 3.5. PacnpeneneHue XpoMOCOM rOMOJIOTMYHOM napel U COAEPXKALLIMUXCH
B HUX QJUIEJIbHBIX TeHOB KaK pe3yAbTaT MMepBOro ACJeHUS Meio3a (TIpUHLHMN
rarIouan3alnu)
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1-nenenune

meiio3a
AiiA
2-neneune\24¢2

HexpoccorepHnie rameTst Hexpoccosephble i XpoccoBepHBIE

rameThl

Puc. 3.6. [Ipa BapraHTa pacrpeieaeH st XxpOMOCOM TOMOJIOTHYHOM Napbl U CO-
IEPXKALLUXCSA B HUX HEAUIENBHEIX TEHOB KAaK PE3YIIbTAT ABYX AeHeHUH Meifo3a

O6u1as cxema pacripenejieHUsI XpOMOCOM TOMOJIOPMYHOM Mmapbl 1
COIEPXKALIMXCSA B HUX IBYX TIap pa3INyalolIUXCst aJUUIe/IbHBIX FTEHOB BO
BpeMsI IBYX OeNieHUH Meifo3a mpuBemeHa Ha puc. 3.6. Kak sunHo u3
3TOU CXeMBI, BO3IMOXHBI [iBa MTPUHLMITHANEHO Pa3HbBIX BapHaHTa TaKo-
ro pacnpeneneHus. [lepsolit (6ojiee BepOSTHEHIN) BapuaHT CBSI3aH
¢ obpa3oBaHMEM ABYX THUIIOB I€HETHYECKM Da3TUYaIOLUXCAd TaMeT
€ XpOMOCOMAaMH, He TNpeTepreBIHUMH KPOCCUHTOBEPOB HA yYacTKax,
e JIOKaJMU30BaHbl paccMaTpUBaeMble reHbl. Takye rameTsl IPUHSTO
Ha3bIBaATHh HEKPOCCOBEPHBIMMU. [IpH BTOpOM (MEHEEe BepOSITHOM) Bapu-
aHTe Hapslly C HEKPOCCOBEPHBIMH BO3HMKAIOT TaKXKe KPOCCOBEpHbIE
raMeThl KaK pe3yjbTaT FeHETUIeCKOro ooMeHa (TeHETHYECKOM peKOM-~
OMHALIMK) B YYacTKaX FOMOJIOTHYHBIX XPOMOCOM, PAaCIIOIOXEHHBIX
MEX]Y JIOKyCAMHU IBYX HeaJlJIeTbHBIX T€HOB.

PaccmarpuBas pacnipeiesieHus XpoMOCOM TIPpY Meiio3e B CIy4asix ¢
0oJiee 3HAYUTETEHOM UX YMCTEHHOCTBIO B IUITIOMIHOM Habope (2n = 4
U bosee), caenyeT UMETh B BHAY, YTO KOJIMYECTBO BO3MOXKHBIX BapH-
aHTOB HEKPOCCOBEPHBIX TaMET OYAET OIpeHessiThCSI B COOTBETCTBUM
¢ dopmynoit 2" (uudpa 2 o3HavaeT AMIVIOMIHBIA XapaKTep KapHOTH-
1a, a 7 — YUCAO TIap XPOMOCOM B 3TOM KapWOTHIIE).

Kaxk BUAHO U3 YIIPOIIEHHOM CXeMBI Ha pHcC. 3.7 B cliy4yae ruioTeTH-
YECKOI0 OUIeTepO3UTrOTHOTO OpraHM3Ma, MMEIOLIETO IBEe IMaphl To-
MOJIOTUYHEBIX XpOMOCOM (2n=4), BO3MOXHO 00pa3oBaHUE UYEThIPEX
BAPUAHTOB F€HETUYECKU Pa3IUYalOLIMXCsA raMeT (KaXIOoro C BEPOSIT-
HOCTBIO 1/4, vmu 25 %). DT0 CBA3aHO CO CIYYaiiHBIM (CBOOOIHBIM)
pacnpeneneHueM XpOMOCOM U3 Pa3HBIX Map U COOTBETCTBYET TEOPETH -~
YeCcKH OXHaaeMoji senruuauHe (2°=4). Jns yenosexa (2n=46) coor-
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BETCTBYIOLUAsS] BeIMYMHA OymeT onpelesiThes 1o dopmyne 2%, T.e.
MoxeT hopMUpoBaThes 60Jlee BOCBMU MUJITHOHOB Pa3HBIX BAPUAHTOB
HEKPOCCOBEPHBIX TaMET.

PaccMoTpeHHBIE TPUMEPBT CBUACTENBCTBYIOT O CYLIECTBOBAHUH €11E
OMHOI0 YHUBEPCANIBHOIO MPHHLIUIA, COTJACHO KOTOPOMY BO BpeMs
Meito3a HaGMOgacTcs ciayyaliHoe (CcBOGOAHOE, HE3aBUCHMOE) KOM-
OUHMPOBAHKE HETOMOJIOTMYHBIX XPOMOCOM, YTO SIBISIETCS ONHOM M3
OCHOBHBIX TIPUYUH T€HETHYECKOTO pasHoobpasusi HOpMUpPYIOLLIUXCS
ramer.

Taxkum o6pa3oMm, 3pernble TaMeThl, BO3HUKUINE B pe3yNlbTare ABYX
MEUOTUUYECKUX JICEHUM, TPEACTAB/ISIIOT COO0M reHETHYECKH YHUKANb-
HBIE CTPYKTYPHI, Pa3HOOOPa3ue KOTOPBIX o0ecieunBaeTcs CydyaiiHbIM
KOMOGUHUPOBAHMUEM T€HOB TOMOJIOTHYHBIX XPOMOCOM (CIIyJailHBIM Xa-
paKkTepoOM KPOCCHUHIOBEPOB) M HE3aBUCHMBIM pacnpelecHUeM HEro-
MOJIOTMYHBIX XPOMOCOM,

[lpu mocneayloleM OIUIONOTBOPEHUM IMPOUCXOAUT OOBEAUHEHUE
TAIJIOUIHBIX XPOMOCOMHBIX HAbGOPOB CliepMaTo3ouia U AMLIEKICTKH,
IIpuBoasiee K GOpMUPOBAHUIO JUIIIOMAHOTO KOMIUIEKca 00pasyio-
eifcst 3urotsl (cooTHoiueHue 2in2¢). CaM npouecc onIoa0TBOPEHUSs
TaKXKe OCHOBAH Ha MPUHLMIE CIy4aWHOTO (CBOOOXHOT0O) KOMOWHU-
POBaHUST XPOMOCOMHBIX KOMIIEKCOR (M TEHETUYECKOTO Marepuana)
raMmeT, 4TO SBIACTCS HONOJHUTEABHBIM (DaKTOPOM B OMpEAeCHUU
TeHETUYECKOrO Pa3HoOOpa3us 3UTOT U pa3BUBAIOLLIMXCS U3 HUX UHIU-
BUIYYMOB.

OueHuBasi OUONIOTUMECKUIT CMBICA MeH03a U OILIONOTBOPEHUS,
CAeNyeT, MPeXIe BCEro, UMETh B BUAY 3HAYEHUE OTMEYEHHBIX BBILIE
YHUBEPCANbHBIX MPUHLMUIIOB, MPOSIBJSIOMIUXCS BO BpeMsl 3THUX IIpo-
ueccos. [TpuHUMN rammonaMaanuy (peayKuuuM XpoMOCOMHOTO Habopa

Ponutenbckast kiuerka

25% 25% 25% 25%
YeTipe BO3MOXHBIX BADUAHTA raMeT

Puc. 3.7. MpuHuun cBoGOAHOrO pacnpeacieHus HErOMOJIOTHYHBIX XPOMOCOM
Y CONEPXAIMXCS B HUX HEALIEIbHBIX TEHOB NpU Mefo3e
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KJIeTKM) JIEXKUT B OCHOBE TOANEPXKAaHMS BUIOBOIO MOCTOSHCTBA YHC-
JIEHHOCTH XPOMOCOM B KapHOTHIE UHAUBHIYYMOB B YCIOBHUSX MX IIO-
JIOBOTO pa3MHOXeHHUs. YTo KacaeTcsl MpUHIIHUIIOB CBOGOIHOTO KOMOH -
HUPOBAHUS HETOMOJIOTHYHBIX XPOMOCOM M TeHETUYECKOTO MaTepuana
TOMOJIOTMYHBIX XPOMOCOM, a TAKKe IIPUHITUIIA HE3ABUCUMOTIO KOMOWHH -
pOBaHUA MaTepuana raMeT NpU OIUIONOTBOPEHUH, TO B COBOKYITHOCTH
OHM COCTaBJISIOT LIUTOJIOTMYECKYIO OCHOBY Hac/IeOBaHHS HECLETUIEH-
HBIX U CLETJIEHHBIX T€HOB MPU TIOJOBOM Pa3MHOXEHHWH 3YKapHOTH-
YECKUX OPraHU3MOB, KOTOpoe BoJiee 1oapoOHO OyAeT paccMaTpUBATLCST
B CJIEAYIOUICH IJ1aBe.

BasucHble TepMHHBI M MOHATHA: BTOPOE HeJeHHME Meilo3a; raMeroreHes;
TaMETHI; MATUTOVAN3ALKMST;, TATNIOUAHBIA HAGOP XPOMOCOM; FEeHETUYECKAsi PEKOM~
OMHaALMS; AMMIOUAHBIH HabOp XPOMOCOM; 3Ur0Ta; KOHBIOTAlUsS XPOMOCOM;
KPOCCHHIOBED; KPOCCOBEPHBIE TAMEThI; Mei03; HEKPOCCOBEPHBIE FAMEThI; OOre-
HEe3; OOTOHMU; OOLMUTHL; OIUIOAOTBOPCHME; liepBOe AeJIcHHE Meito3a; crepma-
TOTeHE3; CIIEPMATOTOHMH; CIIEPMATO30U; CIIEPMATOLUTHL; AHLIEKIIETKA.

3adanus ora camocmoamenvroii pabomot

3.1. CocraBbTe IIPOMOPLIHOHATBHYIO CXEMY MUTOTUYECKOro LIMKJIIA TS TH-
MOTETUYECKON KIIETKH HPH CJEAYIOLIEH MPOAOIKUTENLHOCTH €ro MeprHoaoB
(M): G, — 18, 5—6, G, — 3, M—1,5.

3.2. BHecuTe B COCTaBJIIEHHYIO CXEMY JAHHBIE O COOTHOLUEHUH YUCICHHO-
ctu xpoMocoM U Mostekyn JHK Ha KaxaoMm U3 3TaroB UMKIA M B KaXno#
¢aze MUTO3a C UCMOJIBL30BAHUEM COOTBETCTBYIOLIMX CHMBOJIOB (212¢ U Ap.).

3.3. OObsicHUTE, NOYEMY P CBETOBOI MHUKPOCKOIMUM XPOMOCOMBI HE
BUIHBI B UHTepda3e, HO OOHAPYXMUBAIOTCSA BO BpeMs MUTO3a.

3.4. Ha ocHose umeloieiics y Bac MHPOpMaUKKU O POJIH I'MCTOHOB B pe-
TYJISILIMU 3KCNPECCUU MEHOB OOBbACHUTE MPHUUUHY BBICOKOI e HETUUECKOMN aK-
TUBHOCTH KJIETKH BO BCEX MePHOAAX MHTepdha3bl MUTOTHYECKOTO LIUKJIA M HU3-
KO aKTMBHOCTH BO BpeMsi MUTO3A. ,

3.5. llpoaHanu3upyiite COCTOSHUE XpOMOCOM B pa3HbIX ¢a3ax MHTO3a
M clenaiTe 3aKTIOUEHHE O PA3IMYMSAX B CTEMEHM KOMITAaKTU3aUUKY XpOMaTHHA
U1l OTAENBHBIX (a3.

3.6. ITo aHaioTMH CO CXeMOM Ha pUC. 3.2 coCTaBbTe COBCTBEHHYIO CXEMY
pacnpenesieHust XpoOMOCOM (M COXEpXKalUUXCsl B HUX TEHOB) BO BPEMsI MHTO-
THYECKOTO LMKIA JJIS1 TUIIOTETUYECKOM KIETKH, CoIepXKallel JABe maphl ro-
MOJIOTUYHBIX XpoMOocoM (2n =4). ['eTeponoruyHble XpOMOCOMBI M306pasute
TaK, YTOObI ObUIM BUAHB UX MOP(ONOrHYECKHE pa3Iudus, U MapKUpyiiTe UX
CUMBOJIaMH Pa3HBIX BApMAHTOB reHoB (A-a u B-b).

3.7. Haiite 060CHOBaHME IS 3aKJIIOYEHHS O pOJIM MUTOTHYECKOTO LIMKJIA
KaK UMTOJIOTMYECKOl OCHOBHI POCTA 3YKApPMOTUUECKUX OPraHu3MOB, Hacje-
JIOBaHUsl T€HOB MpU UX OEeCNONOM pa3MHOXEHHHM, a TAKXe MPOLIECCOB BOC-
CTAHOBJIeHMs (penapaiyin) yTpaueHHbIX yacTei Teja.

3.8. O0BacHUTE, MOYEMY ARUEKIIETKA U CIIEPMATO30MIbI COAEPXAT B ABA
pa3a MeHblle JTHK, yeM coMaTruyeckue KJICTKM OpraHH3ma.
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3.9. [Ipoananu3upyiiTe, B Y4eM COCTOUT IIPUHLUMUNUATBHOE CXOACTBO OOre-
HE3a ¥ CIIEPMAaTOreHesa U B UeM HX pasjihdue.

3.10. Onpenpenure, CKONBKO CMEPMATO30MIOB U C KAKUM YHCIOM XPOMO-
COM MOXET OOPa30BaTLCS U3 OJHOH CIIEPMATOTOHUM Y CaMLOB MBILLK (217 = 40),
Kponuka (2n=44) u Mopckoit cBUHKM (2n = 64). CKOJbKO SILIEKNETOK U C
KaKMM YHCIIOM XPOMOCOM MOXET 06pa30BaThCsl ¥ CAMOK 3THUX XXMBOTHBIX U3
onHO# ooroHun? CKOMBKO ayTOCOM M TMOJIOBBIX XPOMOCOM OyAEeT HAXOAUTHCA
B OXHOM ramMere caMiUa M CaMKH MBIIIK, KPOJIMKA, MOPCKOI CBUHKH?

3.11. OnpenenuTte YUCI0 ayTOCOM U MOJOBBIX XPOMOCOM B COMaTH4eCKOHR
Y 3peJIoi MOJIOBOM KIIETKE MYXYHMHbBI M XEHILUMHBI (Y uenoBeka 2n = 46). Yc-
TAHOBUTE BEPOSTHOCTE CYLIECTBOBAHMSA HOPMAIbLHBIX XXEHCKHX U MYXCKHX ra-
MET, coiepXallux X-xpoMocoMy JIubo Y-XpoMOCOMY.

3.12. ITpoBenuTe CpaBHUTEJIBHBIA AHAIN3 CXEM KJIETOYHbIX LUKIOB NpPU
MHTOTHYECKOM M MEMOTHYEeCKOM AEJICHUM U Ha €r0 OCHOBE COCTaBbTE Tabnu-
uy, Mmo3sosiomyio nudgdepeHUMPOBaTh OCOGEHHOCTH 3TUX (OpPM LeneHUs
KIIETOK.

3.13. YcraHOoBUTE BO3MOXHbIE BADUAHTHI TAaMET U UX BEPOSITHOCTD y opra-
HU3MOB CO CNEAYIOLUMMMU renoTunaMu: AA4, Aa, X'X4, X*X°, X'Y, AaBB,
AaBb, AaX*X°, AaX"Y, AABBEE, AaBBEe, AaBbEe.

3.14. Cpenaiite CMUMBOJIMYECKYIO 3aITUCh TEHOTHITA XEHIIMHbI M BO3MOX-
HBIX BapMaHTOB €€ raMeT, eC/Ii OHa uMeeT rpynny kposu MN (KOHTponupy-
€TCsl AyTOCOMHBIMM KOIOMHHaHTHbIMM amtensmu LY u LY) u asnserca re-
TEPO3UTOTHOM HOCHUTEIbHULEH PELECCHBHOrO reHa remopuauu (h), aoxa-
JIN30BaHHOTO B HETOMOJIOTMYHOM Y4acTKe X-XpoMocoMbl. OnpenenuTe Bepo-
SITHBIE KOJIMYECTBCHHBIE COOTHOLUEHUS Pa3HbIX TEHOTUIIMYECKUX BAPUAHTOB
ramer.

3.15. CocraBbTe CXEMBl BO3MOXHBIX KDOCCUHTOBEPOB ¥ YCTAHOBUTE Bapu-
aHTBI raMeT (HEKPOCCOBEPHBIX M KPOCCOBEPHBIX) Y OPraHU3MOB CO CJIELYIOLIN-
mu redotunamu: AC//AC, AC//ac, Ac//aC, AX*//aX®, aX"*//AY, ACK//ack,
AcK//aCk, AC//ac Ef/e.

3.16. Y uyenoBeka peLieccMBHbIE reHbl remModuanu (h) U ganbToHM3Ma (c)
MOJIHOCTBIO CLIEIUIEHBI ¢ X-XpOMOCOMOi1 (JIOKAJIM30BaHbl B €6 HEFOMOJIOTHY-
HOM yuyactke). ChoesnaiiTe CUMBOJHYECKYIO 3aMHCh T€HOTUIIOB ¥ BO3MOXHBIX
BAapUAHTOB raMer (HEKPOCCOBEPHBIX U KPOCCOBEPHBIX) IS XEHUIMHbI, ABJIA-
ollefics IMreTepoO3UroTHON MO yKa3aHHbIM [€HaM, M 1A FeMU3UTOTHOIO
MYXUYUHbI, KOTOPBII UMeeT JOMUHAHTHbIC a/UIeNI 3TUX I'EHOB.

3.17. o aHaNOrUM €O CXeMoif Ha pUC. 3.6 COCTABbLTE YIPOIIECHHYIO CXEMY
pacnpeneicHust XpOMOCOM (U COIEepXallMXCsi B HMX FEHOB) AJISI TUIIOTETU-
4eCcKOro OpraHu3Ma, UMEIOLIETO JIBe Napbl TOMOJIOTMYHLIX XpoMocoM (2n=4).
Kaxayio napy XpoMOcoM MapkUpyiiTe CUMBOJIAMU BYX TNap pasinyalolimxcs
AJUIENIbHBIX TeHOB (A-a, B-b — nnsa onHo# napbl xpoMocoM U C-c¢, E-e — nist
npyroii napel). M306pasuTe Bce BO3MOXHBIE BADUAHTBI (POPMUPYIOIIUXCS ra-
MeT (HEKPOCCOBEPHRIX U KPOCCOBEPHLIX).

3.18. CocTaBbTe CXEMBI, WITIOCTPUPYIOUIME TEHETHYECKOE 3HAYEHWNE MPUH-
LUIOB ranjiouAn3aluu, CayyailHoro KoMOMHHPOBAHKS TEHOB TOMOJIOTHYHBIX
XPOMOCOM H CBODOIHOrO pacrpeleneHusi HErOMOJIOTHYHBIX XpPOMOCOM B Meii-
03¢, a TAKXe MPUHLIMIMA HEe3aBUCHMOTO KOMOMHHPOBAHUS IalyioMAHbIX XpO-
MOCOMHBIX KOMIUIEKCOB T'aMET IPU OIMJIONOTBOPEHUU.
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QyHIaMEHTaJIbHbIE MPEACTABIEHNS O LIATOJIOIMYECKUX OCHOBaX
HacJIeAOBaHUS TEHOB U KOHTPOJIMPYEMbIX UMW MTPU3HAKOB Y 3YKApHOT
cpOpMUPOBATUCE B CBSA3M C MTIOHUMAHHEM T€HETHYECKOTO CMEICTIA TIPO-
LIECCOB MUTOTUYECKOIO U MEOTHYECKOTO JeICHUS KIIeTOK. 3HAYUTENb-
HBI [IPOrPece B Pa3BUTHY COBPEMEHHBIX 3HaHMI B 3ToM obyacTy oGyc-
JIOBJIEH, B IIEPBYIO O4YepeAb, YCIEXaMH B M3YUYeHWH MOJEKY/IAPHBIX
MEXaHU3MOB YKA3aHHBIX MPOLECCOB U FeHETUYECKOM peryJsiiiiy KiIe-
TOYHOTO LUMKIIa. B pe3ynpTaTe Takux UCCIICIOBaHUIA CO3MaeTCa HaydyHast
OCHOBA [UISI HAIIpaBJICHHOTO BMEUIATENbCTBA B MUTOTUYECKYIO (IIPO-
nudepaTUBHYIO) aKTUBHOCTH KJICTOK B UENAX NMPAKTHYECKOro peilie-
HUSI psifia 3a1a4 COBpEMEHHONW MEAULIMHBI (TTPOOJIEM 3JT0KaYeCTBEHHO-
To pOCTa KJIETOK, pereHepaluuyn TKaHeid M OpraHoB YeJIoOBeKa M JIp.).



lnasa 4

3AKOHOMEPHOCTU HACNEOOBAHUA NEHOB
N KOHTPONUPYEMbIX UMU NPU3HAKOB

IpuHuMTIBI HACEXOBAaHUA TEHOB M KOHTPOJMPYEMBIX UMHU IIPU-
3HaKOB MPU MOJOBOM Pa3MHOXEHHUY 3YKAPUOTHUYECKHMX OPraHU3MOB,
BIIEPBBIC YCTAaHOBNEHHbIE . MeHaeneM, MoayduIu BceoOdlliee Npu3Ha-
HUe MOC/Ie UX NOBTOPHOTO OTKPbITHA B 1900 1. [TpoBeneHHEIN Menne-
JIeM aHaJIu3 FeHETUYECKOro oOMeHa y 3YKapuoT ObUT BBINOJHEH Ha
OCHOBE OIBITOB C BEICUIMMM PACTEHUSIMU (TOPOXOM) C MCIOJIb30Ba-
HUEM TMOPUIOIOIMYECKOro METOAAa UCCISAOBAHMIl. DTOT METOA COCTO-
UT B 9KCIIEPUMEHTANIEHOM T10JJOBOM Pa3sMHOXEHUHU OpPraHU3MOB, TNpU
KOTOPOM ITPOBOIUTCS NpeABapUTENbHbI NOAGOP WHAUBUIYYMOB (OCO-
Ocit) KaXImoil pOIUTEeNbCKOM Mapbl, UMEIOLIUX OTNpeae/eHHbIC TeHe-
THYECKHE DPasINyus, MPEIACTABSIONINE UHTEpEC M1 UCCIIEA0BATENS,
U mocjeayloliee uU3ydeHUe (PeHOTUTIOB IMOSIBUBUIETOCS TMOTOMCTBA.
IMpUHUMTIMANBHBI CMBICK BLIBOIOB MeHnaensi (B COBpPEMEHHOM MX
TIOHUMAHUM) 3aKTIOYaeTCd B TOM, YTO DPAcIpele/ieHUE HECLEIUIEH-
HBIX [€HOB POJUTEJILCKUX OPraHU3MOB Ha 3Tane CO3PEBAHMSI TaMeT
HOCHUT CJIy4alHbI (HE3aBUCUMBII) XapakTep, a B Mpoilecce OIUIONOT-
BOpPEHMSI MPOMCXOAHUT ClIyvyaiiHoe (He3aBUCHMOE) OOBEeoUHEHHE I'eH-
HBIX KOMITJIEKCOB MYXKCKHUX U X€HCKHMX TaMeT, [pUBoasLIee K (hOpMU-
POBAHMIO YHUKAJIBHBIX TEHOTUMOB OYAYILETO MOTOMCTBA.

CrpaBeTMBOCTb YKA3aHHBIX BLIBOIOB B JaJibHElLLieM Ob1a 1oATBep-
>XIeHa HabJToAeHMSIMH, B KOTOPBIX YETKO NPOCIEXXUBATIACH B3aUMOCBSI3b
pacripeie/IeHUsi pOIUTENBCKUX TEHOB B ITOTOMCTBE C pacrpeic/ieHUeM
COOTBETCTBYIOILMX XPOMOCOM, COIEPXAIUX 3TU TeHBbI (IIPUHIIMIT LU-
TOTEHETUYECKOTO Tapajyienu3Ma). B MccnenoBaHusIX, BBINOJIHEHHBIX
T.MopraHoM u €ro coTpyiHUKaMy Ha IUIOJOBOU MyILIKE Apo3odue
(1910—1915), 6bUIM YCTAHOBJIEHBI TaKXe 3aKOHOMEPHOCTH Hacnedo-
BaHUS HEAJIENbHBIX T€HOB, PACIOJIOXKEHHEBIX B OJHOI Mape ToOMoJo-
THYHBIX XPOMOCOM, T.€. CLEIIeHHBIX TEHOB.

Y npokapuoT (6akTepHii) aHaIU3 HACJICAOBAHUSI TEHOB M NPU3HAa-
KOB CTaJI BO3MOXHBIM JIMILIb TIOCJIE OTKPBITHS Y HUX K Havany 1950-x rr.
TeHEeTHYECKOoro obMeHa B (popMe KOHBIOTALIMM KIETKU-IOHOpa U KJIET-
KU-peliunueHTa. Kak oTMeyanoch B Il. 1, y 3TUX OpraHu3MoB Cyllle-
CTBYET M IpyTas hopMa Tiepeiau reHeTUUeCKoil HHOpMaLUM, Hasbl-
BaeMasi TpaHcdopMaliei, KoTopast CBsi3aHa ¢ IPOHUKHOBEHUEM MOJIEKY-
aul JHK, BEIIETHBLIEHCS NpH pa3pylUeHUW OTHOMH KJIETKH, B APYIYIO
(ku3HecrocoOHY10) BaKTepuaNbHYIO KIETKY. Bo3MOXeH Takxe nepe-
Hoc HeOonpux ¢parmeHtoB JHK (oToenbHBIX FeHOB) OHOU OakTe-
PHH B IPYry0 GAaKTEPHIO C MMOMOILIBI0 YMEPEHHbiX GaKkTepuodaros,
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CITOCOOHBIX BKJIIOYATh B CBOM F€HOM Yy4YaCTKH XPOMOCOMHOTO MATEpH-
ajla KJIETKU-XO3SIMHA NPU HENPaBUJILHOM «BbIpe3aHMHU» Mpodara
B [IpoLecce Iepexosia OT JU30TeHHOTO K TUTHYECKOMY BapUaHTy pas-
BUTHS (cM. monpasy. 2.1). Takas hopMa reHeTHUECKOTO MePeHOCca Ha-
3bIBAETCS TPAHCAYKIIHECH.

4.1. Ocob6eHHOCTM HacnegoBaHWUS FEHOB y MPOKapuoT.
MpUHUMNDBbI FEHETUYECKOTO KapTMPOBaHUA GakTepun

HaubGonee yHuBepcanbHast hopMa nepeiayu reHeTUYeCKoro marte-
pUasia OT OOHOM GakTepuM K JAPYroil cBA3aHa ¢ KOHBIOralMel IBYX
KJIETOK MU HOCHUT OJHOHAIpaBJIEHHBIN XapakTep (TIepeHOC reHOB TOJb-
KO OT IOHOpa K peuunuenTy). Kak usBecTHo, CItocoOHOCTh OaKTepu-
ANbHBIX KJIETOK OBITH JoHopamu JHK koHTponupyercst fra-reHamMu
KOHBIOTATUBHBIX MIazMuN (paKkTopos nepeHoca), HaXOAAUIMXCS B 3THX
KJIeTKax (CM. roapasn. 2.2).

B npoiiecce KOHBIOTALMH IIPOUCXOIUT IIEPEHOC ABTOHOMHBIX KOHDb-
I0TaTUBHBIX MIa3MUI U3 KJIETOK-JTOHOPOB, 0003HAYaEMbIX CUMBOJIOM
F*, B pelnueHTHBIE KJIETKH (F7), xoTopble MpUOOPETAIOT CBOMCTBA
JOHOPOB TCHETUUYECKOTO MaTepuaia. BMecte ¢ TeM, KOHBIOTaTHBHbIE
TUIa3MMABI CITIOCOOHBI ¢ HU3KOM 4YacTOTOM BKITIOYATHCS (MHTETPH-
poBaThbCsI) B padjIMUHBIE (HO CTPOrO OIpEAcHCHHBIE) YYaCTKH KOJb~

LIEBOH OaKTepUaNBHONH XPOMOCOMBEI

0 C TIOMOIBIO OOCYXIABLIErOCs BbI-
1ie MexaHu3Ma caiiT-cneuupuyec-
F KON pekoMOuWHanuu. B pesynbraTe

aTOro npoiecca odpasyrTcs J0HO-~
pui Tunia Hfr (ot anTi. high frequency
of recombination — BBICOKasl 4aCTO-
Ta peKOMOMHAIIMM), B XPOMOCOME
KOTOPBIX Ha TMPOTIKEHUH MHOTHX
KJIETOYHBIX MOKOJIEHUI MOXET CO-
XPaHATHCS HHTETPHUPOBaHHAS TUIa3-
ot i fac Ty muaa (puc. 4.1).
0 [TockOMbKY MIa3MUIHBIH Y4aCTOK
XpOMOCOMBI Hfr-TOHOpa COHEpPXUT
/ > CalT «pa3pe3aHusi», y3HaBaeMbIil
ot o SHIOHYKJI€a3aMU, KOIUPYEMBIMH
fra-reHaMH (akKTopa mepeHoca, TO
Pyc. 4.1. MnTerpauns mnasmuapr F B 9TOM YHACTKE MOXET ITPOUCXOLUTD
B YYaCTOK KONbLIEBOH XxpoMocombl ~ PEPMEHTATHBHbII PA3PhIB KONBLIEBOM
E.coli MeXy 10KYCamu reHoB fon XPOMOCOMBI, YTO TIPUBOIUT K (op-
(4yBCTBUTENLHOCTD K dary T1) u lac  MUPOBAHMIO €€ JIMHEWHOM CTPYKTY-
(YTWIM3aLUs NAaKTO3bI), NpUBOMAILEH  Pbl, HEOOXOIUMOM [UTS MOCTENYIOLIe-
K o0pa3oBaHuio IoHopa TMna Hfr ~ TO NepeHoca. TakuM oOpa3oM, CalT
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paspe3aHusi OINpelnessieT Ty TOYKY, Hfr F- 3uroThl
C KOTOPO HAYMHAETCs] KOHBIOTAI[MOH-

HBIl nepeHoc xpomocomHoi JIHK B pe- AL |G A b
LIMITMEHTHYIO KJIETKY M KOTOpasl TIoNy- DC ¢ | —> ¢
ywa HasBaHue O-TyHKTA (cM. puc. 4.1). E a a
Bo BpeMs mepeHoca XpOMOCOMBI U3 £
KJIeTKU-JIOHOpa TUMa Hfr B peuunu-
€HTHYIO KJIETKY BO3MOXEH ee CIIyJai- 4 1a m
HBIl (CIMTOHTAHHBKIM) pa3pbiB, MOITO- DC b BI b
MY BEPOSITHOCTD TIepeJauy OTACIBbHBIX E Sl — g
T€HOB CHWXAETCSI B 3aBUCHMMOCTH OT £ e e
CTEHeHN YOAIEHHOCTH MX JIOKYCOB OT U
O-nynkra. OOmMiI MPUHLMIT TaKOTO
NPepBIBUCTOTO TEHETUYECKOro Iepe- S ata m
HOca, NMPY KOTOPOM BEJIMYMHA ¢hpar- E/NCh Ic’ B f
MEHTa XPOMOCOMEI IOHOpPA, TTOTIaBIIe- £ a | 7 |cla
r0 B PEIUTIMUEHTHYIO KJIETKY, 3aBUCUT e

€

OT HauaJia ¥ HampaBJicHUS TiepeHoca
JVHENHOM CTPYKTYPHI, & TAKXKE OT BpE-
MEHH, TIPOLLEIIEro ¢ MOMEHTa Haya-
JIa KOHBIOTAllUY ABYX KJIETOK, TEMOH-
CcTpupyeTcst Ha puc. 4.2.

Ilepenoc ¢parmenta xpoMocomHoit JIHK kneTku-goHopa B rarmio-
UIHYIO PEUMITHEHTHYIO KJIETKY Ha HEKOTOPOE BPEMSI MIPEBPAlLacT €€ B
YAaCTUYHO AUTUIOWAHYI0 (MEPOAUTUIONIHYIO) 3UTOTY, BCE] 32 YEM MO~
KET MPON3OMTH peKOMOMHAIIMA (KPOCCUHTOBED), IIPUBOMASILIAS K TEHE-
TUYECKOMY OOMEHY MEXIY JIBYMST CTPYKTypaMu (XpOMOCOMOM peLUIH -
eHTa ¥ (parMeHTOM XPOMOCOMBI IOHOpa). B pe3ynibrarte mocieayouero
KJIETOYHOTO OEeHUST MPOUCXOAUT (POPMUPOBAHUE TAIUVIOMAHBIX KJIE-
TOK T'€HETHUYECKUX PEKOMOHMHAHTOB, XpOMOCOMAa KOTODLIX COHEPXHT
KOMOWHALIMIO POAMUTENBLCKUX FeHOB (TEHOB IOHOPA U PELIMITUEHTA).

151 yCTaHOBJICHUS TMOCEIOBATEBHOCTH PACIIONOXEHUS TeHHDBIX
JIOKYCOB Ha 0akTepualbHON XpoMocoMe (TeHeTMYeCKOro KapTuposna-
HUsS OakTepuit) OOBIYHO MUCMOJB3YIOT MpephIBaéMble KOHDLIOTaiHOH-
Hble CKpPEILMBAaHKS reHeTHYECKN pasnyalolmxcsi Hfr-ToHOpOB U pe-
LIMIIMEHTHBIX KIIETOK (CM. puc. 4.2). IIpy 3TOM KOHBIOralMio UCKyCCT-
BEHHO IPEPBLIBAIOT Yepe3 CTPOro ONpele/ieHHbIe HHTEPBaJlbl BpeMEHHU
¢ ITOMOILBIO CHJIBHOIO MEXaHUYECKOTO pa3MELIUBaHUSI CMECU KOHBIO-
THpPYIOLINX OakTepuit nmbo o6paboTKy 3TOi CMECU aHTMOMOTUKAMH,
yOHUBAIONIMMM TOHOPOB, HO HE BIMSIOIIMMU HAa XWU3HECIIOCOOHOCTH
PEUUIIMEHTOB. 3aTeM OMpPeeIsIOT Nepeaady TeX Wi UHbIX FEHOB XpO-
MOCOMBI HOHOpa 10 06pa3oBaHHIO COOTBETCTBYIOLIMX PEKOMOWHAaH-
TOB, CTIOCOOHBIX PACTH Ha OTIPEIEICHHBIX MUTATEIbHBIX Cpeaax.

C TIOMOIIIbIO YKa3aHHOTO METOMIA COCTABJICHBI TEHETHYECKIE KapTh
XPOMOCOM PA3IHYHBIX OaKTEPUil, B TOM YHCIIE UMEIOILIMX OTHOLIEHHUE
K UHGEKLMOHHOM TaTOJOTHY YesioBeKa. Takue KapThl 0OBIYHO U300-
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Puc. 4.3. YnpolueHHast reHeTuueckas
KapTa KoJIbLIEBOI XpOoMOCOMbI E.coli.

Lndpsl BHYTPH KOJIbLIA 03HAYAIOT MUHY-
Tbl. CHMBOJIaMH 0B0O3HAYEHbI IOKYCHI re-
HOB, KOHTDONMPYIOLINAX CUHTE3 TPEOHM-
Ha (thr), nefiunHa (leu), 6uotuna (bio),
tpuntodaua (#rp), ructnavua (his), um-
creuHa {cys), u3ojecitunHa-pasuHa (ilv),
apruHuHa (arg), a TakXe YTHAM3AUUIO
apabuHo3Bb! (ara), naxroswl (lac), ramak-
T03b1 (gal) v mamwTO3BI(Mal)

paxarot B ()opMe KOJIbIIa, YTO COOTBETCTBYET CTPYKTYpE caMoit 6akTe-
PUATBHOH XPOMOCOMBI, a PacCTOSIHUS MEXAY JOKYCAMU OTIEIbHBIX
reHoB 0003HAUalOT B eIMHUIIAX BPEMEHH, T.€. KaK YHUCIIO MUHYT, He-
O0BXOMMMBIX IS Mepesayd 3THX JIOKYCOB OT JIOHOpa K DPELUIIUEHTY
110CJIe Hayala KOHbIoTalMy. B KauecTBe npuMepa Ha puc. 4.3 npvBsene-
Ha yNpollleHHasl TeHeTHUYECcKast KapTa XpoMocoMhbl E. coli (monmHast Xxpo-
MOCOMHAs1 KapTa 3TUX OaxTepuii BKmioyaeT Goyee 650 reHHbIX JIOKY-
coB). Kax BUIHO U3 3TOH CXEMBI, V1Sl IEPeNady BCEil XpOMOCOMBI KH-
WeyHoM manoyku Ttpebyercsi 100 MUH HemnmpepbIBHOU KOHBIOTALIUA
B CTPOrO CTaHJAPTHBIX YCIOBHUSIX 9KCHEPUMEHTA.

B uensix yTouHeHMus: JTOKAJIU3alUy OTACAbHBIX TECHO CHEIJICHHbIX
TEHOB UCIOJB3YIOT TaKXe DKCIIEPUMEHTEI 110 TPAaHCAYKLMHU U COBpe-
MEHHBIE MOJIEKY/ISIPHO-TEHETUUECKHE METOJbI, CBSI3aHHBIE C KJIOHU-
POBaHUEM IreHOoB (cM. nioapasa. 1.4).

Ba3xcHbIE TepMHHBI H OHATHSI: [EHETUYCCKAsA KapTa; FEHETUYECKUE PEKOM-
OGMHaHTBI; TEHETHHECKH MMEPEHOC; FEHETUYECKOE KapTUPOBAHUE, IOHOPHI TUNA
Hfr; KOHBIOTALMOHHBIE CKPELIMBAHHS; KOHbIOTallus OakTepuil; O-TyHKT repe-
HOCa; MpepbiBAEMble CKPCLUUBAHUS; PELMIIMEHTHBIE KJIETKH; TPAHCAYKLMS;
TpaHchopmalus.

4.2. 3aKOHOMEPHOCTU HacreaoBaHUs FEHOB Y 3yKapuoT

Kax yxe Ob1J10 OTMEYeHO B Hayajle 3TOi TMaBHl, MPU MOJOBOM pa3-
MHOXEHUU YKapUOTHYECKNX OPraHU3MOB HacjleIOBaH1e MTOTOMKAMHU
TEHOB (¥ COOTBETCTBYIOILMX MPU3HAKOB) POAUTENEH NMPONCKXOIUT Ha
OCHOBE 3aKOHOMEPHOCTEM, oOHapyxXeHHBIX I'. Mennesnem u T. Mopra-
HOM C COTPYAHUKAMH, UCHOJIb30BABUIMMU TUOPUIOIOIrHYECKUl Me-
TOJ UCCAEHOBAHUNA. DTH 3aKOHOMEPHOCTH ABISIOTCS YHUBEPCATbHDI-
MH, T.€. OHU paclpOCTPAHSIOTCS Ha BCE BUIBI OPTAHU3MOB, BKJIIOYas
4YeJI0BEKA, UMEIOLIMX TUTUIOWIHbIE COMAaTUUECKUE KITCTKH.

Crnenyer, OgHAKO, 3aMETUTH, UTO TIPH PeHETHYECKOM aHajuse ue-
JIOBEKA HE MOXET OBITh HCIIOIb30BaH KJIACCHUECKMM THOPUIOIOTHYe-
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CKUIT METOJ, OCHOBAHHBIM Ha 9KCIIEPUMEHTAIBHBIX CKPEUIMBAHMSIX OCO-
6¢it. B aToM cnyyae o xapakTepe HacaeIOBaHHS OTHENbHBIX FEHOB (ITpH-
3HAKOB) CYAAT, TIPEXIE BCEro, HA OCHOBAHUM Pe3yabTaToB (HeHOTH-
MUYECKOT0 aHaAJIN3a TTIOTOMCTBA TEX POAUTENE, KOTOPhie UMEIOT TeHe-
TUYECKHE OCOOEHHOCTH, MHTEpecylolue uccienoparens. [lpu 3Tom
MOTYT HCCIIENOBATHLCS AETH KaK OJHOI OpauHOMW IMaphl, TAK U M3 pa3-
HBIX CeMEN, B KOTOPBIX HAC/IEAYETCST AHATH3UPYEMBLH reH (MMPU3HAK).

HyxHo Takxke UMeTh B BHILYy, YTO KJTACCHIECKUE 3aKOHOMEPHOCTU
HACJIEAOBaHUS YAAETCS JOCTATOYHO YETKO TIPOCEANTD JULIEL B OTHO-
IIEHUM CPABHUTEIbHO IIPOCTHIX MPU3HAKOB, B KOHTPOJE KOTOPHIX yya-
CTBYET OTpaHMYEHHOE YHCIO TEHOB, U MPU YCIOBUH, YTO MOAUPULI-
pywouiee BAMsiHME (HAKTOPOB Cpelbl Ha WX SKCIIPECCHUIO HE SIBIAETCA
CIMLIKOM 3HAYUTENBHBIM (CM. TaKXe moapasi. 5.1).

4.2.1. HacnegoBsaHne annenbHbIX FEHOB ayTOCOM

[IpUHUMUIIBI HACTIEAOBAHMSI aJlJIEAbHBLIX TEHOB M KOHTPOJIUPYEMBIX
VMU TIDU3HAKOB OBUIM ycTaHOBNeHBbI . MeHaeneM npu aHanuse pe-
3y/NIbTaTOB MOHOTMOPUIHEIX CKpelIMBAaHUI ropoXa. MOHOrMOpUAHBIM
Ha3bIBAETCS CKPEUIMBAHME, B KOTOPOM YYAaCTBYIOT POIAMTENIBCKHE Op-
TAHU3MbI, UMEIOILME pa3NUyUsl, Kacarolliecsi OMHOI Mapbl ajienei.
Ha ocHoBe Takoro aHanusa Opu1 chopMyIHpOBaH 3aKOH paclieruie-
HUS1, HA3bIBAEMBbIN MEePBBIM 3aKOHOM MeHaens (MepBbIM 3aKOHOM Ha-
CNEACTBEHHOCTH).

CoriacHO 3TOMY 3aKOHY, MPHA MOHOTUOPUIHOM CKpEUIWBAHHU
B MIOTOMCTBE HabogaeTcsl MOsSBIEHHE ABYX IM00 OOMBLIETO YHCIa pas3-
HBIX TeHOTUITMYECKUX BAPUAHTOB (pacllefIeHHe Mo TEHOTUITY), KOTO-
POE MOXET COMPOBOXIATLCH BOZHUKHOBECHUEM Pa3MyatoOUINXCst pU-
3HaKoOB (pacuierieHueM 1o ¢eHoTHny). [TockonbKy Bce aliebHbIE
T€Hbl, UCCIENOBAHHEIE B onbiTax MeHaens, HaXoAWIMNCh B rapax ro-
MOJIOTHYHBIX XPOMOCOM, TO HaOJMIoaBllMecss UM OCOOEHHOCTHU pac-
LICTUICHUUN SIBJISIIOTCS] XapakKTePHBIMU JUIsl TTPU3HAKOB, KOHTPOJINpYe-
MBIX TeHaMH ayTocoM. IHBIMU ClIoBaMU, B 3TUX ciydasx He oOHapy-
XHBaeTCs KaKoW-JINOO 3aBUCMMOCTH pacrpelefeHUs] POAUTEIBCKHUX
TEHOB ¥ NMPU3HAKOB CPCAH TTOTOMKOB OT MoJia NOCAEXHUX.

Jnst neMOHCTPAallMU 3aKOHA paclIeIUIEHUsT MOXET OBITh UCITOIL30~
BaHAa CUMBOJIMYECKAs 3alIUCh F€HOTHUTIOB CKPEUIMBAEMBIX POAUTETD-
CKUX OpPraHW3MOB, BapMaHTOB MX raMeT, FeHOTUNOB U (PEHOTUIIOB
BO3HHMKAIOILETO MOTOMCTBA B COOTBETCTBUHU C U3BECTHBIMHU MpaBuiIa-
MU (cM. moapasn. 2.3.3 u 2.3.4). [IpuMeHstoTCS TaKXKe cnielinajibHbie
CHMBOJBI ISl 0003HaveHusi poguteneii (P), rameT (G), NOTOMKOB
(F) v ckpewvBaHuit ocobeit (x). [IpuMeHNUTETbHO K YEJIOBEKY MOCTER -
HUH M3 YKa3aHHBIX CUMBOJIOB O3HauaeT OpauHyIo CBSI3b JIML, MyXCKOIo
Y KEHCKOTO TioJ1a. [Tpu HeoOXOAMMOCTH MYXKCKOW WIIN XEHCKUH IMoJ
VHIVBUAYYMA TaKXKE MOXET ObITh 0003HAYEH COOTBETCTBYIOLIMM CUM-
BosoM (& wn 9).

101



B xauecTBe nprMepa paccCMOTPUM TPU THTIA MOHOTHOPUIHBIX CKPE-
WHWBaHUH, NIPUBOAAIUMX K TTOSIBACHUIO Pa3HbIX MEHOTUTIMYECKHUX Ba-
PHMaHTOB B NOTOMCTBE:

P Aa x AA Aa x aa Aa x Aa

G A, a A A, a a A, a A’ a

F AA: Aa Aa: aa AA:2A4a: aa
BeposiTHOCTH

Pa3HbIX BApUAHTOB 1/2:1/2 12:1/2  1/4:1/2:1/4

Kak BUJHO M3 3TOTO IpUMepa, BEPOSTHOCTH PA3HBIX T€HOTHUITH-
YECKHX BapraHTOB B ITOTOMCTBE OIIPeEIsIeTCss OCOGEHHOCTIMHU T€HO-
TUIIOB COOTBETCTBYIOIUIUX pomuTeneil. C mpyroil CTOpOHBI, XapakKTep
paclieruieHus o GEeHOTUITY (BEPOSITHOCTb PAa3HBIX COOBITUU) OyAeT
3aBUCETDb TAKXKeE U OT (hOPMBI B3aUMOIEHCTBUS aJICJbHBIX TeHOB. Tak,
B (heHOTHUIIEe IOTOMKOB M3 CKPEILUBAaHNs THIIA Aa X Aa B ClTyyae MojHo-
ro JOMUHUPOBAHHS OXXKHMIAETCS pacllieyieHre B COOTHOLUeHMH 34 la,
T.€. BEPOSATHOCTb OCOOEH C HOMUHAHTHBIM Tpu3HakoM A coctasut 3/4
(75 %), a ocobeit ¢ pelleccMBHBIM TIpu3HakoM a — 1/4 (25 %), Torna
KaK [MPH HEMOMHOM IOMUHUPOBAHNY U KOTOMUHUPOBAHUY BO3MOXHBI
TPU pasHbIX (PEHOTHUITMYECKHUX BapHaHTa B COOTHOLIEHUHU 1:2: 1 (c Be-
pPOATHOCTBIO 1/4:1/2:1/4, wnu 25 % :50 % : 25 %). Cnenyer, oIHaKo,
UMETb B BUIY, YTO TeOpeTHYECKasl BEPOATHOCTD JIOOOro U3 yKa3aHHBIX
BbILIE COOLITMI OyIET MMEThb NPaKTUYECKOE ITOATBEPXKIEHME NULUL MTPH

HUIMYUU JOCTAaTOYHO OOJBILOTO

CTATHCTHYECKOTO Matepuana (Mpu

Pomurenu (P) HCC/IENOBAHMU JOCTATOYHOIO YUC-
A'U” X 'U Jla aHATU3UPYEMBIX NTOTOMKOB).

LiuTomoruyeckue OCHOBBI 3aKO0-

TaMeTsr Ha pacleTUIeHUs CBSI3aHbI C pac-

XOXIEHHEM XPOMOCOM TOMOJO-

. ‘ . ’ TMUYHOI1 Mapbl, HECYLIEH COOTBET-

CTBYIOLIME aJUIeJIbHBIE TEHBI, B

TaneTss S pa3Hble raMeThl B Ipolecce MeHo-

TUUYECKOTO IeIEHUS KNETOK (TIpUH-

S?r UM TaTUTOWIU3AIMHU), & TAKXKE C

HE3aBUCHMBIM XapaKTepOM KOM-

A. .A Al U a 6VIHI/IpOBaHI/ISI FCHETHYCCKOro Ma-

TepHajia My>XXKCKHX U XKCHCKHKX ra-

@ MET TIpM OIUIOAOTBOPEHUH (CM.
A aja a
' U U U noxpaza. 3.2).

CxeMa, DeMOHCTpUpYyOIUas

Totomcrso NapaJuIeu3M B paclipeneIeHu
Puc. 4.4. Tlapannenusm B pacrnpe- XpOMOCOM M TCHOB IIpU MOHO-
JeJIeHHU XPOMOCOM M I'e€HOB MpU THOPUIHOM CKpeLIMBAaHUM TUIIA
MOHOTUOPUIHOM CKPELIMBAHUHN AaxAa, nipuBeaeHa Ha puc. 4.4.
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BasncHble TepMUHBI M HOMATHA: A/UIEJbHBIE FEHBI; BEPOITHOCTh COOBITHIA;
rUOPUIONIOrMMECKUI METO/; 3aKOH PaclleruieHrs, MOHOTHOPUIHOE CKpELLH-
BaHME; MEPBBIH 3aK0H MeHes; pacilenjeHue [0 TeHOTUITY; paclleljieHue
o ¢eHoTHny; GopMbl B3aUMOICIICTBUS reHOB; LIUTOJOTMYECKUE OCHOBbL pac-
LIEMIeHUS.

4.2.2. HacnegoBaHve Nona v annenbHbiX FEHOB,
cuenneHHbIX € NONOBbLIMW XPOMOCOMaMH

B ocHoBe nosioBoit gudepeHIMAlMM HHIUBHIYYMOB Y OOJIBIUIMH-
CTBA KUBOTHBIX U Y UeJIOBEKA JieXXaT 0COOEHHOCTU TeHeTUYEeCKOit opra-
HM3AIIUHY UX MTOJIOBBIX XpOMOcoM (cM. Trompasy. 2.3.4). B ciryyae MHOTHX
IT03BOHOYHBIX X HACEKOMBIX (Harpumep, Jpo30duibl) TOMOraMeTHbI-
MU SBJISIOTCA OPTAHH3MBI XEHCKOIO 10J1a, COMaTUYECKUE KIIETKH KOTO-
PBIX TIOMUMO ayTOCOM COJAEPXAT TAKKE JABE TOMOJIOTMYHBIE MOJIOBHIE
XpPOMOCOMBI (Kaxkaasi 0003HauaeTcsi CUMBOJIOM X), TOTAA KaK MYXKCKOMR
moj — reteporaMereH (reTepoJOrHuHbIE MOJOBhIE XPOMOCOMbL X U Y).

Ecau xpoMOCOMHBIN KOMITJIEKC YeJJoBeKa 11 JIMLL XXEHCKOro oJia
yCJI0BHO 0603HA4YUThH B Buae GopMmyinl 444 + XX (cumBon A o3HavyaeT
«ayTOCOMBI»), a I MyXcKoro — 444 + XY, To Torna NpuHUMNAAIB-

P 444+ XX X d'444+ XY
G A+ X D2A+X,22A+Y
F Q444+ XX d44A4 + XY
BeposiTHOCTL COOBITHIA
B NTOTOMCTBE 1/2 (50 %) d'1/2 (50 %)

Hasg CXeMa HacJielOBaHMs 1MoJia MOXeT ObITh TMpeAcTaBleHd Cleaylo-
1AM 00pa3oM:

Kak BumHO U3 3TOit cXeMbl, TEOPETHUYECKH OXUAAEMOE COOTHOILIC-
HME TOJIOB B MOTOMCTBe Oynet 1:1 (BEepOSITHOCTB POXAEHUS AE€BOUYKHU
nubo manbuuka — 1/2, wn 50 %).

ITpu paccMoTpeHUr 0cOGeHHOCTEl HacaeNOBaHUS TEHOB [IOJIOBBIX
XpPOMOCOM MJIEKOTIUTAIOUIUX U YeJIOBEKa CIAeAyeT UMETh B BHAY, 4YTO
TTOJIHOM FoMoJIorreit obaamaeT AL [Mapa X-XpoOMOCOM XEHCKOro Ka-
puoturia. Yro kacaercst X- 1 Y-XxpoMocoM (B MYXKCKOM KapHOTHIE), TO
OHH UMEIOT JTIUIUB HEGOJIbIINE YIACTKH B3AUMHOU TOMOJIOTHH, B KOTO-
PBIX MOTYT HAXOOUThLCH OOWHAKOBbIE (TOMO3UTOTHOCTb) JTUOO pasHble
(reTepO3UrOTHOCTDL) aJlIENbHble BApUAHTBI OTAEJBHBIX TeHOB (TEHBDI,
YACTUYHO CLIETUTEHHBIE C MOJNIOM). TTOCKONBbKY B 3THUX YJaCTKaX, BEPOSIT-
HO, MOXET NMPOUCXOIUTH TEeHETUUECKUIT OOMEH MeXITy XpoMocoMaMu X
U Y Ha OCHOBE MeXaHM3Ma KPOCCHHIOBEPa, TO XapaKTep HacJieA0BaHUS
TEHOB Y TPU3HAKOB, YAaCTHYHO CLETUIEHHBIX C [T0JIOM, HE JOJIKEH HMETh
TIPUHUWTHANTBHBIX OTIMYHUH OT ayTOCOMHOTO THTIa HACJIEIOBaHMSI.

BMmecte ¢ TeM, X~ 1 Y-XpoMOCOMB! YKa3aHHBIX OPTaHU3MOB HECYT
TaKXe FeHBl, MOJIHOCTBIO CUEIUIEHHBIE C ITOJIOM, JIOKYCBI KOTOPBIX
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Haxo#ATCA B y4aCTKaxX, HE MMEIOLLMX B3aUMHOI rOMOJIOTUH (CM. TIOH-
pasa. 2.3.4). B My:XCKOM reHOTHIIE KaXIblif U3 FEHOB HErOMOJIOTMYHOTO
y4yacTKa X-XpoOMOCOMBI OyIIET NPeaCcTaBiaTh COO00M AMIlb OAUH U3 BO3-
MOXHBIX aJIJIENBHEIX BAPHAHTOB (TEMU3UTOTHOE COCTOSTHUE) U TOITOMY
CIMOCODOEH TPOSIBUTHCA (IKCIPECCUPOBATLCS ) HE3aBUCHMO OT CBOETO J0-
MMHAHTHOTO U060 PEelleCCUBHOIO Xapakrepa. [ €HBl HErOMOJIOTHYHOTO
Y4acTKa Y-XpOMOCOMEI MepealoTcs TOJNBKO MO MYXCKOH JUHWU (OT
OTL@A K CBIHY), 2 KOHTPOJUPYEMbIC UMK MPU3IHAKK, HAa3BaHHBIC TONAH-
JPUYECKUMU, BCTPEYAIOTCS TOIBKO Y MHAUBUIYYMOB MYXCKOTO TMOJA.

BrniepBrie 0COGEHHOCTH HACHEIOBAHUSA TE€HOB, INOJHOCTBIO CUEM-
JIEHHBIX ¢ X-XpOMOCOMO#, OBITH TIpoAeMOHCTpUpOBaHsl T. MopraHom
u K. bpukecom (1910—1916) Ha nmpyuMepe TOMUHAHTHOTO I'eHa Kpac-
HOTO LiBeTa 171a3 Apo3oduiibl (CUMBON W) 1 eTo peliecCUBHOTO aje-
Jst (w), IETepMUHHUPYIOLLIEro NMpu3Hak 6eoro nBera rina3. B xauecTse
TaKOW JEMOHCTPAIIUU PACCMOTPHUM CXEMY CKPEILIMBaHUS [eTePO3UTOT-
HOU caMKU apo30dWibl, UMeIOIEN KpacHbIE I1a3a, U TeMU3UTOTHOTO
CcaMUa C KpaCHBIMU IJIa3aMH, COCTaBJIEHHYIO C UCMONb30BaHUEM 00-
CYXXOABUIMXCS] paHee TIPaBUJT 3aIIUCH COOTBETCTBYIOLIUX TE€HOB, TEHO-
TUIIOB ¥ IpU3HAKOB (CM. noapasn. 2.3.4):

P XX X gx¥y

G X%, xv XYy

F XYY XWX gxX¥y: xvy
Pacuernnenue
1o gpeHoTHITY W—1,0 TW—12:w—1/2

Kak BHIHO U3 3TOro npumepa, Cpeau moJydeHHOTO MOTOMCTBA BCe
0cobu keHckoro moJsia (caMku) ¢ BepositHocthio 1,0 (100 %) Oymyt
MMETb JOMUHAHTHBINA TIPU3HAK KpacHBIX m1a3 (W), Torma Kak y caM1IoB
IMPOUCXOIMT PaCUICIUICHUE MO (heHOTHITY B COOTHOLUEHUH 1 : | (TosiBnie-
Hue ocobell ¢ KpaCHBIMM ¥ ¢ GeJIBIMU TIa3aMU, T. €. C JOMUHAHTHBIMU U
C PELECCUBHLIMU TTPU3HAKAMH, TIPHUEM BepOATHOCTb KAXIOTO BApUAHTA
cocrasnsiet 1/2, wi 50 %). CiienoBaTeibHO, B OTIMYUE OT AyTOCOMHOTO
THIA HACTIENOBAHUST AJUICIBHBIX TeHOB (M COOTBETCTBYIOLIMX ITPU3HAKOB)
B 3TOM ciy4ae HabJIoJaeTcsl 3aBUCUMOCTD XapakTepa pacIipeleneHust
POAVTEIbCKUX TEHOB (MPHU3HAKOB) OT TIOJA TIOSABISIOIIMXCS] [TOTOMKOB.

Ins neMoHCTpalimm ocoGeHHOCTEN HACAeJOBaHUS JOMUHAHTHOTO
reHa (Ipu3Haka KpacHBIX IJ1a3) y 3THX OpraHu3MOB MOXHO pacCMOT-
PETH ellie ABe CXEMbI CKpEINBAHUIT:

P XX IXY  2X"X¥x IXVY
G xv XY xv X7y
F XWX . SXYY  XWXY:.SX*Y

Kak BUIHO 13 nepBoit cXemsl (C/ieBa), MPU CKPEIIMBaHUH TOMO3H-
TOTHOM CaMKM C KPacHBIMM IJ1a3aMH U TeMMU3MTOTHOTO 0esnoria3oro
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camMila HaGmonaeTcs nepejada X-XxpoMOCOMbl CAMKH, HecyLLEel JOMU-
HAHTHBIA reH KPacHBIX TJia3, TIOTOMKAaM KakK XeHCKOro, Tak U MyXc-
Koro nojia (¢ paBHOM BEPOSITHOCTBIO). B NMPOTHBOMNOJIOXHOCT 3TOMY,
Ipyroe cKpeuinBaHue (rpasasg cxeMa) ¢ y4acTueM TOMO3HTOTHOM Oe-
JIOTNIa30i caMKM M TeMU3UTOTHOIO caMlia, MMEIOLIEro KpacHble I1asa,
ITOKA3BIBAET, UTO riepeaya X-XpoMOCOMBI camiia (M COOTBETCTBYIO-
LIETO JOMMHAHTHOTO IeHa) TIPOUCXOJUT TOJBKO K MTOTOMKAM >XXEHCKO-
ro (HO He MYXCKOT0) Tioja.

Takum 06pa3oM, xapakTep pacrpelejJeHUH B MOTOMCTBE KaK pe-
LIECCUBHBIX, TaK ¥ JOMUHAHTHBIX POAUTEILCKUX ajUlesiei, TTOIHOCTHIO
CLETUIEHHBIX ¢ X-XpOMOCOMOM, OT/INYAEeTCST OT aHAJOTUYHBIX pacripe-
JeNIeHUH Mpy ayTOCOMHOM THIIE HACJIEOBAHUS B COOTBETCTBHH C pac-
CMOTpPEHHBIM paHee MepBbIM 3aKOHOM MeHens. Brillle 66U11 oTMede-
HBI TaKXe OCOOEHHOCTH HACJIEOBAHUS TeHOB U NMPU3HAKOB, MTOJIHOC-
THIO CLIEIUIEHHBIX ¢ Y-XpOMOCOMOIA.

Bazucubie TEPMUHBI M MOHATHA: F€MU3UTOTHOCTb; I€TEPOTAMETHBI MO
reTePO3UTOTHOCTD; FOMOIAMETHbI [10J1; TOMO3UTOTHOCTD; HacleA0BAHUE 110118,
Hac/ledOBaHue, CLEMJCHHOE C M0JIOM; MOJHOE CLEMIEHUE C T0JI0OM; MOJIOBbIE
XPOMOCOMBI; YACTUYHOE CUETUICHME C NOJIOM; X-XpoMocoMa; Y-xpoMocoMa.

4.2.3. HacnenosaHne HeannesbHbIX FreHOB
HErOMOMNOTUYHbLIX XPOMOCOM

3aKOHOMEPHOCTH HacneJOBaHWUST HeaJIJISJIbHBbIX T€HOB, JIOKAJIU30-
BaHHBIX B Pa3HBIX MMapax OMOJIOIHYHBIX XPOMOCOM (HECUEIUIEHHbIX
reHOB), BRIIBJIIEHBl MeHIeneM npu aHajiu3e pe3yabTaToB JUTHOpUA-
HBIX CKpPEIMBAHUI rOpoxXa, T.e. CKpeUWUBaHUN, B KOTOPBIX POOUTE/b-
CKME 0COOM MMENM pa3fIMuMs, Kacalolpecs AByX map auieneil. OTH
3aKOHOMEPHOCTH COXPAHSIIOT CBOE MPUHIUIIUAIBHOE 3HAYeHUE U B
ciyyae TMOJMIHOPUAHBIX CKPELIUBAHUIl (IIpU UCCIEIOBAHUU TpeX
1 OOJIBIIETO YUCHA Map HeclIeTUTEHHBIX TEHOB).

Ha ocHoBe npoBeieHHOTO aHaju3a ObIT YCTAHOBJIEH BTOPOW 3aKOH
Mennenst (BTOpOit 3aKOH Hac/IeCTBEHHOCTH), COTJIaCHO KOTOPOMY IpH
IUTUOPUAHBIX (U NOJUTHOPUAHBIX) CKPEeLIMBAaHUSAX 0coOeil B MOTOM-
CTBe HaONIONAETCss HE3aBMCUMMOE pacnipeleserHne (KOMOUHUPOBaHUE)
HeaJlNIeJIbHbIX TEHOB HETOMOJIOTUUHBIX XpOMOCOM POJUTENILCKUX Opra-
HU3MOB. B Haubosiee nMpocTOM BapHaHTE 3TOT 3aKOH MOXHO Npojae-
MOHCTPUPOBATh HA TMPHUMEpE CIEAYIOLIETO CKPCIIUBAHHUSA:

P ? AaBb x  J aabb
G AB, Ab, aB, ab ab
F AaBb: Aabb : aaBb: aabb
BeposiTHOCTh pa3HbIX
TEHOTHUIIOB 1/4 :1/4 : 1/4:1/4
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Kak BUIHO U3 3TOro npuMepa, B COOTBETCTBAN C ITPUHLIUIIOM CBO-~
OOMHOrO pacnpeae/eH|ss HETOMOJIOTHYHBIX XPOMOCOM U COAEPXKAIIIMXCST
B HUX TeHOB BO BpeMsl Meit03a, KOTOphI o0CyKaancs B noapasi. 3.2,y
JIUTE€TEPO3UTOTHOTO OPraHU3Ma XeHCKOTO T10J1a BO3MOXHO HOpMUpO-~
BaHME YEThIpEX BAPMAHTOB raMeT (KaxIoro ¢ BeposiTHOCThIO 1/4, unu
25 %), Torna Kak y JUTOMO3UTOTHOM MYXCKOI 0COOHM TIOSBIISICTCS UL
ONMH BapUaHT rameT (BepositHocTs — 1,0, mnm 100 %). I1pu omnonot-
BOPEHUU BO3HWKAIOT YETHIPE PABHOBEPOSITHBIX I'€HOTHUITHYECKUX Ba-
puaHTa 3urot (nmotomMkoB). CremoBaTenbHO, paclUerUICHHE B NTIOTOM~
CTBE 11O TEHOTHTY OTIPEAEISIETCS OCOOEHHOCTSIMM FEHOTUIIOB CKPEII-
BaeMbIX POOUTEIIEH.

Uto xacaeTcst paculelIeHUsI B MOTOMCTBe MO GEHOTUITY, TO OHO
OyneT 3aBUCETh TaKXKe OT OPMBI B3aUMOAEHCTBUS T€HOB KaXIoH aJ-
JIENBbHOM Mapsl ¥ OT BO3MOXHOIO B3aMMOJEHCTBUS HeaTeIbHbIX Te-
HOB (1160 ero otcyrcTBUst). Tak, B cjiydae MOJHOIO JOMHUHUPOBAHUS B
aJJIeIbHBIX Napax A-a M B-b v Npu OTCYTCTBMU KaKOTO-JIMOO B3aUMO-
NeUCTBUS MeXy HeaUTeIbHBIMU TeHaMu (A-a u B-b) B paccMarpusa-
€MOM CKPELIMBAHNY MOXHO OXMIATh paclleIlieHHe Mo )eHOTUITY B
cooTHouieHuu 14AB:1A4b:1aB: 1lab. OpHako, npu apyrux ¢opmax
B3aUMOIEHUCTBUS ajuiesieit (HenmoJHoe JOMUHUPOBAHHUE, KONOMMHU-
pOBaHUE), a TaKXKe MPU HATUYMKA TOTO WAM MHOTO B3aUMOAEUCTBUS
HeaJIENBHBIX TEHOB (KOMILJIEMEHTAaPHOCTD, 3TTMCTa3, T0JIMMEpPHUs) pac-
LCTIeHHEe OyIeT UMETb UHOM Xapakrep.

[pu npakTU4eCcKON OLIEHKE TIPOrHO3UPYEMBIX PACIIETUICHUI CleayeT
TAKKE UMETD B BUILY U POJTb CTATUCTUYECKOM JTOCTOBEPHOCTU aHAJTM3HPY-
€MOT0 MaTepuaiia (IOCTATOYHYIO BEIMYMHY NCCeIOBAaHHOTO NOTOMCTBA).

bornee cioxHble paciieruieHus 6yayT HaGmoaaThCsd B CKpeLVBa-
HUSIX JIBYX DUIETepO3UTrOTHBRIX ocobeil TMma AaBbx AaBb. Tlpu stom
TIPOMCXOJUT 00pa3oBaHUE YETBIpEX BApPUAHTOB KaK KEHCKUX, TaK U
MYXCKMX TaMeT (€ paBHOW BEPOSITHOCTBIO [UTS KAXKIOTO M3 Huix). B aToM
cllyyae JUIsl OL@HKH BC€X BO3MOXHBIX TEHOTUTIMYECKHUX U (DEHOTUIN~
YECKHUX BAPUAHTOB B IIOTOMCTBE, BO3HUKAIOILEM HA OCHOBE HE3aBUCU-
MOTro KOMOMHUPOBAHUSI TCHOTHIIOB XXEHCKUX M MYXCKHX TaMeT, 11eTe-
co00pa3HoO UCMONK30BaTh pelueTKy [TenHera (Tabin. 4.1).

Ta6nuua 4.1

TI'enoTHnMYecKHe BAPHAHTHI MOTOMCTBA, HOABIAIOUIEr0CH
B CKpellMBaHHH THNA AaBbx AaBb

G% AB Ab aBB ab
G
AB AABB AABb AaBB AaBb
Ab AABb AAbb AaBb Aabb
ab AaBB AaBb aaBB aaBb
ab AaBb Aabb aaBb aabb
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Puc. 4.5. TlapannenusM B pacrpeneieHUY XpOMOCOM W TEHOB [IPY JUTMOPHUAHOM
CKpEeUIMBAHUU

OueHuBas pe3ynabTaThl TAKOTO CKPEIIUBAHUS [1IPU YCAOBUM MOJTHO-
TO IOMUHUPOBAHMUSI B AUTEILHBIX MAPAX U OTCYTCTBUS B3aWMONEHCTBUS
MEXIY HEea/UIEIbHBIMU TCHAMH, MOXHO OXHWIATh PACLIEIJIEHUE TI0
eHOTHITY NOTOMCTBa B cooTHOouIeHUM 9AB: 3A4b:3aB: 1ab, T.¢e. c Be-
posiTHOCThIO 9/16, 3/16, 3/16, 1/16 Wia KaXnoro mu3 yeTblpex HeHo-
TUMNWUYECKHUX BAPMAHTOB (COOTBETCTBEHHO). BMecTe ¢ TeM, KaK U B Ipe-
IBIIYLIEM CKPEelIMBAHUH, HApyLIeHUE YKA3aHHOTO YCJIOBUS MIPUBENET
K MOSIBICHUIO WHOM (HOpMYJIbI pacilleTIeHUsI.

[IuTonornyeckme oCHOBB!I BTOPOTO 3akoHa MeHIens cBA3aHbI C He-
3aBUCHMBIM XapaKTEPOM pacIpeac/ieHUs] HETOMOJIOTUYHBIX XPOMOCOM
Y COAEPXKALIMXCSE B HUX HEaUIeJbHBIX TeHOB B Pa3Hble raMeThl B MPo-
ecce MEMOTHYECKOro ACNEHUS KIETOK POAUTENILCKUX OPTaHU3MOB,
a TAKXe CO CIyYahHbIM KOMOMHUPOBAHMEM FEeHETUUECKOro MaTepuaa
MYXCKHX Y KEHCKHUX TaMeT MpU OIJIOAOTBOPEHUH (CM. moapasn. 3.2).
CxeMa, DeMOHCTPUDYIOLLAsI Tapa/ijie;iu3dM B pacnpefesleHUd XpoMo-
COM U T€HOB TPH AUTHOPUAHOM CKpellluBaHuM ThNa AaBbx AaBb, npu-
BelleHa Ha puc. 4.5.

Ba3ucHbie TEPMHHBI M NOHATHA: BTOPOM 3akoH MeHaens; OIUrMOpUIHOE
CKpellMBaHKe; Healle/IbHble TeHbl; HETOMOJIOTHYHBIE XPOMOCOMBI; HE3aBU-
CUMOe pacrnpefie/iecHUe TeHOB; HE3aBUCUMOE PacCIIpene/ieHUe XPOMOCOM, 10~
JIUTUOPUAHOE CKpelliMBaHHWE; paclUerieHUe 10 TeHOTHUITY; pacllellIEHUe 110
peHoTUY; (POPMEI B3aMMOJENCTBUSA reHOB; LUTOJOTMYECKHE OCHOBbI 3aKOHa
Menaens.

4.2.4. HacnegoBaHme cuenneHHbIX reHoB

OcobeHHOCTH HAC/eJOBaHMSI HeallJIeJbHBIX TEHOB ONHOM Taphl ro-
MOJIOTUYHBIX XpOMOCOM (CUETTIEHHBIX TeHOB) ObUIN M3yueHsl T. Mop-
TaHOM M €r0 COTPYAHUKAMU C TTOMOILBIO JUTHOPUAHBIX U TPUTHOPUL-
HBIX CKpelllMBaHUM Apo3oduiibl. Takue reHbl XapaKTepU3yloTCs TEH-
JIEHUIMEH HacAedoBATbCS COBMECTHO (CLEMNJIEHHO) APYr C IOPYToM,
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OZIHaKO 3Ta TEHACHLMS C TOM WJIM WHOU BEPOSITHOCTBIO MOXET Hapy-
LIATBCA 3@ CYET KPOCCUHTOBEPOB, MPUBOMAIINX K FEHETHUYECKOMY 006~
MEHY Ha PAa3HBIX y4acTKaX FOMOJOTUYHBIX XPOMOCOM.

Bo3MOXHB! NIBa THIA CLETUIEHUs] TEHOB — TIOMHOE U HEIOJHOE
(uactuunoe). [ToaHoe cuemieHue, oOHApPYXKEHHOE B JabOpPaTOPUU
T. Moprana y caMi10B Apo30] I, CBA3aHO C OTCYTCTBUEM KPOCCUHTOBE-
POB IIPH KOHBIOTAalIMA TOMOJIOTMYHBIX XpOMOCOM B mpodase nepBoro
JeNIeHMs Meo3a. B 3ToM ciiyyae y IMTETEPO3UTOTHON 0COOH C YCIOB-
HBbIM T€HOTHNOM AB//ab npoucxomut obpa3oBaHue ABYX BApHAHTORB
HEKPOCCOBEPHBIX raMeT (AB u ab) ¢ paBHOM BepOATHOCTBIO (1/2, unu
50 %) s xaxnoro u3 Hux (puc. 4.6). [TonHoe cuenieHue GOMKHO Ha-
OMIOIATHCS TAKXKE B OTHOLIEHUY HEANIEIbHBIX FEHOB HETOMOJOTHUHBIX
YYaCTKOB IOJIOBBEIX XPOMOCOM y OPTaHU3MOB IeTePOTaMeTHOIO MOJa.

ll'opazmo yalle BCTpeyaeTest HEMOAHOE (UaCTUUHOE) CLETUIEHHE Te-
HOB, B OCHOBE KOTOPOTO JIEXUWT reHeTHUecKasi peKoMOuHauus (Kpoc-
CHHIOBEPBI) Ha TeX WJIH UHBIX YYACTKaX TOMOJIOMMUHBIX XPOMOCOM BO
BpeMsi MEMOTUUYECKOTO AeJeHUs KiaeToK. Kak BUaAHO Ha puc. 4.7, npu
3TOM Y UHAMBUIYYMA C TEM Xe YCJIOBHBIM reHoTunom AB//ab dhopmu-
PYIOTCS YETBIPE BapUaHTa raMeT — HEKpoccoBepHbie (4B, ab) u xpoc-
coBepHbie TaMeTsl (Ab, aB). TTocKoNbKY KPOCCUHIOBED NPEACTABISIET
COOOM cnyyaitHOE M OTHOCUTENLHO pelikoe coOniThe (CM. moapasn. 3.2),
TO KOJIUYECTBO 00Pa30BABIUIMXCS € Cro y4acTHEM KPOCCOBEPHbBIX raMeT
OyINCT MEHBLIUM, YeM KOJHYECTBO HEKPOCCOBEPHBIX raMmeT. B cymme
BEPOSITHOCTH MOCJHEAHUX B KAXJIOM OTIEILHOM cjlyyae Bcerja Gonblie,
yem 0,5 (50 %).

B cooTBeTCTBMHM C MpaBHJIOM, YCTAHOBJIEHHBIM MOpraHoM, KoJu-
YeCTBO KPOCCMHTOBEPOB HA yYyacTKax MEXAY JIOKYCaMHU ClIEMJIEHHBIX
FCHOB TMPOIOPLIMOHAILHO PACCTOSIHUSIM MEXAY 3TUMM JIOKYCAMM Ha
xpomocomax. CrenoBaTebHO, YeM GObile PACCTOSIHIE MEXIY ABYMS
KOHKPETHBIMHU JIOKYCAMU, TeM OoJiee 3HAUUTENILHBIM OYAET YUCAO pas-
JIMYHBIX KPOCCUHTOBEPOB Ha YY4aCTKaxX ABYX FTOMOJOTHYHbBIX XPOMOCOM,

Ponurenbckas kierka

Porutensckas KieTka

A a
B b
‘ A a
B b b B
50% 50%
HekpoccoBepHbie HexpoccopepHble Kpoccor-prsie
TraMeThbl TraMeThbl TaMCThl
Puc. 4.6. O6pazoBaHue ramer Puc. 4.7. O6pa3zoBaHue raMeT py HeToJ-
MPY MIONHOM CLETUIEHUY TEHOB HOM CLEMIEHHH reHOB
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PaCIOIOXEHHBIX MEXIY 3TUMHU JIOKYCaMU, U 60/ee 3HAUUTETBHBIM KO-
JIMYECTBO COOTBETCTBYIOLINX KPOCCOBEPHBIX raMeT.

HyxHo, omHako, UMeTh B BUay, 4TO Ha 3(POEKTUBHOCTb CamMOTo
TIpolIecca peKOMOMHALMU Y Pa3HBIX OPTAHU3MOB MOIYT OKa3bIBATH BN -
HHE KaK MX T€HEeTHYecKre 0COOEHHOCTH, TaK UM HEKOTOpPBIE (HhaKTOPH!
cpenpl. [To3TOMY BO3MOXKHBI, HANIPUMED, T WK UHBIE pa3iyyuis B 4acTo-
Te KPOCCMHTOBEPOB HAa OJHOM Y TOM XC XpPOMOCOMHOM yYacTKe IUIst
WHIAWBHIYYMOB, OTHOCSIIIIMXCST K OJHOMY BHIY, HO MMEIOLIUX PA3HYIO
TIONIOBYIO TIPUHAIEXHOCTb. TIpu 3ToM Goslee HU3KAs YacToTa OOLIYHO
XapakTepHa Uil ocobeil reTeporaMeTHOTrO MoJja, a 'y CaMlioB JPO30MUII,
Kak ObIJI0 OTMEUEHO BHILIE, KPOCCUHTOBEPHI BOOOIIE HE TIPOUCXOINAT.

s KonmuyecTBeHHOM OLEHKH KPOCCHHTOBEPOB MEXIY JIOKyCaMU
KOHKPETHBLIX TEHOB Y COOTBETCTRYIOLUMX KPOCCOBEPHBIX TAMET MPOBO-
AT aHATM3UPYIOIIHE CKpelIWBAaHUs ocobeil ¢ omnpeleNeHHbIMUA pa3-
JUYUSIMU TI0 OBYM JINOO TPEM I1apaM CUEIIEHHBIX ayneneil. B Takux
CKpPEIUMBAHMIX aHaNIU3y TIOABEPTraeTCs reHeTHYecKas CTPYKTypa On-
HOTO M3 POAMTENEN, UMEIOIIEro IOMUHAHTHBIE reHbl (IPU3HAKK), UH-
TEpecyIOLINE UCCIeAoBaTeNd, TOTAA KaK BTOPOW POAMUTENb SBJSETCH
TOMO3UTOTHBIM I10 PEUECCUBHBIM QJUTENISIM U3Y4AEMBIX F'€HOB.

B kadecTBe TIprMepa PaccCMOTPUM IUTHUOPUIHOE aHATM3UPYIOLlee
cKpemnBaHye Jpo3odui, nposeaeHHoe T.MopranoM U ero corpyn-
HUKAMH C HCIONBL30BAHUEM JUTETCPO3UTOTHOU CaMKU, B TE€HOTHITE
KOTOPOIt UMEIUCH AOMHHAHTHBIE TEHBI cepoil okpacky Tena (ycaos-
HBI CUMBOJ A) U JUIMHHBIX (HOpPMaJbHBIX) KPBUIbEB (CHMBON B),
W TUTOMO3MTOTHOrO CaMId C PelIECCHUBHBIMU AJUIEISIMU YepPHOH OK-
packu (@) ¥ KOPOTKHUX («3a4aTOYHBIX») KpblIbeB (h). DTO CKpeluusa-
HHUE MOXHO MPEICTABUTL B BUAE CXEMbI:

P RAB/fab % dab//ab
G AB, ab, Ab, aB b
F AB //ab - abj/ab - AbJ/ab - aB//ab

[Ipu uccienoBaHUM MOJIYYEHHOIO MOTOMCTBA OBLIM OOHApPYXEHDI
qeTbipe (PeHOTUITUYECKMX BApMaHTa CO CIEAYIOLIUMHU YacToTaMu: AB
(cepblil UBET, MWIHHHBIE KpbUIbst) — 41,5 %, ab (uepHBI LBET, KO-
poTkue Kpblibsd) — 41,5%, Ab (cepblif 1IBET, KOPOTKHME KpbUIbs) —
8,5% v aB (4epHbLIT LBET, IUHHbBIE KpbUibs) — 8,5 %. Takum obpa-
30M, CYMMapHasl 4acToTa KPOCCOBEPHBIX (GeHOTHIIOB B MOTOMCTBE
(Ab + aB) B 3T0M CKpelnBaHuK coctasuna 17 %. CienopartesbHO, KOJIN-
YECTBO COOTBETCTBYIOLLMX KPOCCOBEPHBIX TeHOTUIIOB JIOTOMCTBA U KPOC-
COBEPHBIX TAMET CAMKH TAKXKE€ MOXKHO OLEHUTD SeMunHoi B 17 %.

ITo npennoxenuto T. MopraHa npu COCTaBlIeHUH TEHETUYECKUX KapT
JIpo30GYUTLI PACCTOSHUA MEXAY JIOKYCaMU CUEIUIEHHBLIX FE€HOB CTUIU
0003Ha4YaTh B BHJE KOJWUYECTBA MPOLUEHTOB PEeKOMOMHALIMOHHBIX CO-
OBITHI HA yYacTKax XpOMOCOM MeXIy 3TUMHU Jokycamu. Tak, B pac-
CMOTPEHHOM TIPHMEDPC PACCTOSTHUE MEXIY JIOKYCaMW T€HOB OKpPacku
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T€Jla U JUIMHBI KPbUIbEB ApO30¢hUIBI HA XPOMOCOMHON KapTte Oyaer
OTpeNessAThECS BeNUUUHOU B 17 % pekoMOMHaIMK. B nanpHeieM enyi-
HUILY, paBHYIO 1 % peKOMOMHALMH, CTAIM HA3bIBATh TAKXE MOPraHM-
IOU (CaHTUMOpPTaHUIOMN).

HuTosnorniyeckre OCHOBBI HACHEHOBAHUSA CLEMIEHHBIX T€HOB H
KOHTPOJIMPYEMBIX UMM ITPHU3HAKORB CBA3aHBI CO CIyYallHBIM XapakTe-
POM TE€HETUYECKOTO OOMEHA MEXIY I'OMOJOIMYHBLIMM XpPOMOCOMaMH
B Npodaze NepBoro AeNeHUS Me03a U UX PACXOXIEHUEM B PasHbie
raMeThl, a TaAKXe €O CBOOONHBIM KOMOWHWPOBAHUEM TI'€HETHYECKOIO
MarepHasna MyXKCKUX U XXKEHCKHX FaMeT MPpHU OIIOIOTBOPEHUM (CM. TaK-
Xe nogpasm. 3.2).

Basucueie TEPMHHBI H MOHATHA: AHAUIUIUDYIOILEC CKPECLUMBAHUEC, TCHETU-
4Ye€CcKana Kaprta, reHeTU4YeCKas peKOMﬁHHauKﬁ; rpynfa cuenicHudg, KpoCCHuH-
FOBEP; KPOCCOBEPHBIC raMeThbl, HeaJlIeJIbHble I'€Hbl; HEKPOCCOBEPHbLIE raMe-
Thl; HEIIOJTHOE CUEIUICHUE,; TTIONTHOE CLHEIVIEHUE,; CUCIJICHHDBIE TEHbLI; LUTONO-
TM4YE€CKHUE OCHOBHBI HAaCJI€NOBaHHA.

4.3. NMpUHUMUNBLI reHeTUYecKoro aHanusa
3YKapuoTUYeCKUX OPraHM3mMoB

Kitaccnueckuii reHeTUUeCKUI aHANMN3 SYKAPHOT, CBSI3AHHBIN ¢ U3Y-
YEHUEM HX T€HOMHOM OpraHu3alvu, BKIIOYAET PSA NMOCIeA0BaTeNb-
HBIX 3TaroB:

1) nonenTndUKaUUS aiebHbIX BApHAHTOB TeHOB Ha OCHOBE MOJY-
YEHUS PAVIMYHBIX MYTAHTHBIX BAPHAHTOB COOTBETCTBYIOILMX MPU3HAKOB,;

2) ycTraHOBJleHUE NMPUHALIEXHOCTH I'€HHBIX JIOKYCOB K TeM HJIH
VHBIM TPYIIIaM CHETIJICHUS

3) onpegeneHre MOCIENOBATEILHOCTH JOKYCOB B KaXIOH IpyIlme
CHETUTEHWSI ¥ PACCTOAHUUN MEXIy HUMM C COCTaBIE€HHEM TeHETHUEC-
KUX KapT, T.€. CXeM PACITOJO0XEHUS JIOKYCOB KaXXIOi mapsl TOMOJIO-
TMYHBIX XPOMOCOM.

Jns pelreHMs 3amad BTOPOTO U TPETETO ITAIIOB HCIONB3YIOTCS
MHOTI'OYHUCJIEHHDBIE aHAIM3UPYIOLINE CKPEIUMBAaHUS 0CObeiH, MMEIOIIUX
COOTBETCTBYIOLUE T€HOTUMHYECKUE U (DEHOTUITMUECKHUE pa3TUUML.
TakuM nyreM B paGotax T. MopraHa 1 ero COTpyaHUKOB ObIIH MOJy-
YEHBI JaHHpIE, MTO3BOJUBILUE COCTAaBUTh MEPBbIE XPOMOCOMHbBIE Kap-
TBI IPO30(UJIIbI.

Crnenyer, ogHako, 3aMETHUTb, YTO paspellarollas CrocobHOCTh (agh-
(PpeKTUBHOCTB) THOPUIOJIOTHYECKOTO METOLA OITPENEISIETCH MAaKCHMATTh-
HO BO3MOXHBIM YUCJIOM MTOTOMKOB, KOTOPBIE MOTYT OBITh MCCIEIOBA-
Hbl B aHAJIU3UPYIOLUUX CKpeLUBaHUsIX. [T03TOMY nepBoHaYabHBIE YC-
TEXHU B TEHETUYECKOM KapTUPOBAHUU 3YKAPHUOT ObUIH JOCTHTHYTHI TIPH
HU3YyYEeHHU IPO30(UILI, KYKYPY3bl, MBIIIM U HEKOTOPBIX IPYTHX BHIOB
OpraHHU3MOB, XapaKTepPU3YIOIIUXCS OTHOCUTELHO BHICOKOM pa3pelia-
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1ouIel criocoOHOCTHIO aHanu3a. BMecTe ¢ TeM, KIIaCCUYECKUU reHeTH -
YECKHUIl aHaIU3 MPaKTUYECKH HEBO3MOXEH ISl OPTAHU3MOB, 3KCIIe-
PUMEHTAIBHOE Pa3MHOXEHWE KOTOPHIX B JIOCTATOYHBIX KOJMYECTBAX
CBSI3aHO CO 3HAYMTENbHBIMM TEXHHYECKUMU TpyaHocTsMU. Kak yxe
OBbUIO OTMEUYEHO, TMOPMIOIOTUYECKMI METON He TPUMEHUM TaKXke
K YEJIOBEKY, 3a MCKIIOUYEHNEM BO3MOXHOCTH MPOBOAUTHL rMOpuamn3a-
LHIO €r0 KYyJBTUBUPYEMBIX COMaTHYECKUX KIICTOK.

CoBpeMEHHBIM TeHETUYECKMM aHaIN3 3YKAapUOTHYECKUX OpPraHu3-
MOB OCHOBaH Ha MCMOJIb30BAHKH, B TMEPBYIO OYEPEAb, MOJIEKYISAPHO-
TeHETUYECKHUX METOAOB MccaenoBaHUM. Takoi aHanu3 oObIYHO HAYH-
HaeTCs ¢ MOJIEKYJISIDHOIO KJIOHUPOBaHMUSA (HparMEHTOB M3y4yaeMOu
JHK, cogepXallyx ofUH WX HECKOJBKO FreHOB, B BEKTOPHBIE MOJIEKY-
ael (JIHK mnasMun, BUPYCOB) € MOMOILUBIO TeHHO-MHXEHEPHBIX TEX~
Hosoruit (cM. noapasn. 1.4 u puc. 1.12). K HacrosiieMy BpeMEHU TAaKUM
Croco0OM CO31aHbI MHOTOUMCIIEHHbIE «OMOJIMOTEKH» KIIOHUPOBAHHbBIX
TeHOB (KJIOHOTEKH) Pa3HBIX OPraHU3MOB, BKITIOYas YejIOoBeKa.

B panbHeHIeM, UCIoNb3ysl KIIOHUPOBAHHBIH reHETUUECKU It MaTepu-
a7, IPOBOJAT U3YYEHHE TOHKOH MOJIEKYISIDHOM CTPYKTYPBl OTHENbHBIX
T€HOB, YCTAHABIMBAIOT YUCIEHHOCTb U HYKJICOTH/IHBIE MOC/IEA0BATE b=
HOCTM MX 3K30HHBIX U MHTPOHHBIX YYACTKOB, UCCIECAYIOT CTPOCHUE
COOTBETCTBYIOILMX IIPOMOTOPHEIX PAIIOHOB, TEPMUHATOPOB, TOBTOPSIIO-
LIMXCS TeHOB U TocnemorarenbHocTed JIHK u npyrue ocoGeHHOCTH
TeHOMHOU OpraHMu3aLlUu.

ITocnenyrotiiee KOMPOBaHWE UCCACAOBAHHOTO I'eHa, HaXOAALIEro-
Csl B COCTaBe MCXOIHOM MONEKYIbl XxpoMocoMmHoi mnau mHoit THK,
BO3MOXHO € IIOMOILBIO MOJIMMepa3Hoii tenkoit peakunu (I1LIP), xo-
Topast boJiee TIOAPOOHO OyaeT paccCMOTpeHa B T. 8.

OnHa U3 ocobeHHOCTEH 3YKapHOTUUECKMX FTEHOMOB, BBISIBIEHHDIX
METOaMU COBPEMEHHOTO aHAJIN3a, COCTOUT B CYLLIECTBOBAHUH OTAE/Ib-
HbBIX IpynI (ceMeicTB) OIM3KOPOACTBEHHbIX T€HOB, PACIONOXEHHBIX
pPAIOM APYT C APYTOM H Ha3blBa€MbIX M€HHBIMHU KjlacTepaMy (OT aHTIL
cluster — tpynmna). B xauecTBe mpuMepa MOXHO PacCMOTPETh CXEMY
OpTaHU3aLIUY TPYIIL! TEHOB, KOHTPOJUPYIOUIMX POACTBEHHBIE OEJIKU
0-TIOOMHOBOTO CEMENCTBA (Q-TJIOOMHOBOIO KjiacTepd), pacilooXeH-
HBEIX Ha XpoMocoMe 16 vemoBeka, a TakXe P-IIOOMHOBBIM KiacTep
TEHOB, JIOKaJIM30BaHHBIX Ha XpoMmocoMe 11 (puc. 4.8).

Kak BUIHO U3 CXEMBI, B G-IJIOOMHOBOM KJIACTEPE XPOMOCOMBI 16
WMEIOTCS ABA MAEHTHUYHBIX FeHa, 0003HAYEHHBIX KaK O U Oy, DTH FeHbl
KOAMPYIOT O-IJIOOUHOBBIE LIETIOUKH, YHAaCTBYIOUINE B (POPMUPOBAHUU MO-
JIEKYAbI HOPMaJIBHOI'O reMOJIOOMHA B3pocrioro yenobeka ( HbA), koto-
past COEePKUT ABE O~ U IBE B-1ICMOYKH, T. €. MIPEACTABsIET COOOi TeTpa-
MEp THUTIA ¢, (cM. purc. 1.21). CrenoBaTeNbHO, B Mape YKa3aHHBIX I'o-
MOJIOTUYHBIX XPOMOCOM HaXOHATCSl YEThIpE ONMHAKOBBIX 3K3EMILTISApa
0~T€HA, TOHKAs CTPYKTYpa KOTOPOro obcyxnanack paHee (cM. puc. 1.13).

B a-kjacTep BXOAAT TAKKe JBa TICEBIOTeHa, MapKMPOBAHHBIX OYK-
BOW Y, KOTOpbIE KOrAa-TO OBUIM, BEPOATHO, (PYHKIIMOHUDYIOLLIHUMH,
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o-Knacrep reHos

g do o
: S o Xpomocoma 16

B-Kunacrep reHos
£ A ¢ 5
—n:l————cGYu—n\;——c_—[i)——n]——nﬁl——— XpoMocoma 11
Puc. 4.8. OpraHu3auus reHoB o- U 3-II0GHHOBOro ceMeiicTsa Ha xpomocoMax 16
u 11 yenosexa

HO 3aTeM B IPOLIECCE IBONIOLIUY MPOU3ONINA UX MHAKTHUBALIUST OXHOM
WIIK HECKOJABKMUMM MYTallMUsIMHU, U TeH {, npoaykT Kotoporo (L-6e-
JIOK) CUHTE3MPYETCSI TOJBKO B IMOPHMOHAJIBLHOM IEPHOAE Pa3BUTHS
(oHTOreHe3a) U y4yacTByeT B (hOPMUPOBAHUM SMGPUOHATBLHOTO reMO-
100uHa yenoseka (cM. puc. 4.8).

B -rnmobunoBoM kjactepe xpoMocoMmbl 11 comepxurcs ren f
(cMm. puc. 1.13), KOHTPOMUPYIOLIME CHHTE3 -IJIOGHHOBBIX LENo4eK Hop-
MaJibHOro remMorno6una ( HbA), onvH ICeBOOTeH M YeThipe (PYyHKUUO-
HaJIbHBIX FeHa, 0003HAYEHHBIX CUMBOJIaMU €, G, A, 1 8 (cM. puc. 4.8),
KOTOPBIE TaKXe KOJUPYIOT 6€JIKH reMOorIoOMHA, HO 3KCIPECCHPYIOTCS
Ha Pa3HBIX 3TAanax OHTOTeHe3a. Tak, reH £ obecreYnBaeT CUHTES LIEMO-
yek £-0eNKOB 3MOpHOHANIBHOrO remMomnio6MHa (Terpamepa THHa (e,
NGO 0,€;), a ABa y-reHa (G, U A,) AETEPMUHUPYIOT 6JIM3KUE T10 CTPO-
eHuto y-Oesiku reMornoOuHa miona, win deTarbHOro remMorioouHa
(Terpamepa tumna Cyy, TU60 OLY,).

Tlocne poxneHus yesoBeKa ero HOpMalbHBIE SPUTPOLUMUTHI COmEP-
xat okoso 97,5% HbA (a,8,), okono 2 % MUHOPHOTO TeMoriobuHa,
oGo3HavyaeMoro Kak HbA, (a,8,), u okono 0,5% derasbHOrO reMo-
106uHa, unu HbF (oyy,).

MoHO 11051arath, YT0 UASHTH(GUIIHPOBAHHBIE B HACTOSIICE BPEMSI
pasJIMYHbIE CEMEHUCTBA POICTBEHHBIX I¢HOB (IeHHBIE KJIACTEPhl) TEX
VJIM UHBIX 3YKapUOTHYECKUX OPTAaHH3MOB SIBJISIIOTCS OTPAXEHUEM UC-
TOPHUU UX IBOJHOUMOHHOTO Pa3BUTHS.

ba3suchbie TEPMHHDBI H NMOHATHA: AHAIN3HUPYIOILECEe CKPCIUUBAHUE, TCHETHU-
Yeckass MHXCHEpUs; ICHeTH4YeCKast KapTa, TEHETUYECKUIM aHaNIM3; TEHHBIN
KJacTep, reHOMHAas opraHusauud, FMGPPLHOHOFH‘XCCKV[ﬁ METOHA; KJIOHHMpOBa-
HHE I'€HOB; MOJIEKYJIIPHO-TCHETUYCCKHE METObl; pa3pellalonias CrNOCOBHOCTh
aHaJv3a, TOHKasl CTPYKTypa reHa; 3Tarbl reHeTUHUECKOro aHanu3sa.

3adanus dan camocmosmenvHoi pabomoi

4.1. [IpoaHanu3upyiite YepThl CXOACTBA M PAIMUYHSA MEXIy JOHOPAMMU,
06o3HauaeMbIMu CUMBOIAMU F* u Hfr. B uem coCTOAT 0COOEHHOCTH CKPEIiu-
BaHUH GakTepuii THIIOB F™x F~ u Hfr xF~?
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4.2. YV E.coli n3BeCTHO HECKOJILKO BapUAHTOB JAOHOPOB TUNa Hfr, pasnua-
IOLIMXCS] MECTOM MHTErpalny IUIasMMabl F (I0710Boro ¢akropa) B KOJbLEBYIO
6aKTepHAIBHYIO XPOMOCOMY. DTH JTOHOPBI XapakTePU3YIOTCSl TAKXKE Pa3HBIMHK
O-TIyHKTaMU MePEHOCa JIMHEIHOM CTPYKTYPhI UX XPOMOCOMBI, a MHOTAA OCy-
HIECTBJASIIOT Nepefavyy TeHHBIX JIOKYCOB B PELMITMEHTHBIE KJIETKW B Pa3HbIX
HanpasieHusIX (O4HU — B HalpaBlIeHUU 10 XORY YaCOBOH CTPEJIKH, IpYIHe —
B [IPOTUBOIMOJIOKHOM HanpasieHuu). [TocTpoiite KONBLEBYIO T€HETHUECKYIO
KapTy XPOMOCOMBI YKa3aHHEIX OakTepuit 1o pesynbTaTaM CKpellnBaHUil 10-
Hopa Hfr-1 ¢ cooTBeTCcTBYIOLIMMM peLiMnueHTaMu (Tab. 4.2), npegsapuTenb-
HO CIeJIaB e€ rpajyupoBKy B eIWHULIAX BpeMeHM (MUH) MO aHaJIOTUU C Kap-
Toit Ha puc. 4.3. B Touke 100/0 momecTHTE JTOKYC reHa thr, KOHTPOJUPYIOLIEro
CHHTE3 aMHHOKHCITOTH TPEOHHHA.

Ta6nuua 4.2

DKCnepHMEHTANIbHBIE JaHHble 0 BPEMEHM KOHbIOrAHOHHOM nepesayu JOKYyCOB
XPOMOCOMHBIX T€HOB, KOHTPOIHPYIOUIMX CHHTE3 B KJIeTKEe HEKOTOPbIX aMHHO-
KHCJIOT, 11 Tpex pa3amynbix Hfr-nonopos E.coli

CHUMBOJIDI Bpemsi (MHH) nepenaud reHHbIX
AMHHOKUCIIOTa COOTBETCTBYIOLIIUX JIOKYCOB OT pa3HbIX AOHOPOB
T¢HOB Hfr-1 Hfr-2 Hfr-3
ApryHHH arg 88 48 32
TuctuauH his 44 4 76
Inuuun gly 54 14 66
JleiumnH leu 2 62 18
MeTHOHUH met 5 65 15
IMporun pro 9 69 11
TpeoHuH thr 0 60 20
Hucreun cys 59 19 61

4.3. Y6eauTech B MPaBMJILHOCTU NMOCTPOCHHOW BaMU KapThl, CPABHUB 110~
JIOXEHHUE YK€ HAHCCEHHBIX HA Hee JIOKYCOB C AaHHBIMU, MOJYYeHHBIMU NIpH
CKPELLMBAHUSX ABYX IPYTHX JOHOPOB — Hfr-2 v Hfr-3 (cM. Taban. 4.2). Onpene-
JITEe Haualio M HanpaBjlieHUEe XPOMOCOMHOTO MepeHoca U3 KIIETOK 3THX ABYX
JIIOHOPOB, CAENAB COOTBETCTBYIOLIME MOMETKH Ha KapTe B BUAE CTPEJIOK.

4.4. TIpoaHaIM3MPOBaB MOJYYeHHbIE BAMM pE3yNbTaThl, IPUBEIUTE apry-~
MEHTBHL B [10J1b3Y TOTO, UTO XPOMOCOMA GAKTEPUANBHBIX KJIETOK AEMCTBUTEN b~
HO UMEET KOJbUEBUAHYIO CTPYKTYpPY.

4.5. CpenaiitTe CHMBOJIMYECKYIO 3aMMCh MEHOTUIIOB WHIAWBHAYYMOB TIpYU
CIEAYIOIIMX COCTOSHUSIX aJUIEJIBHBIX M€HOB ayTOCOM: 1) TOMO3UTOTHOCTL 1O
JIOMUHAHTHOMY TeHY A; 2) reTepo3uroTHOCTb Mo nape B-b; 3) roMo3uror-
HOCTb MO PELECCUBHOMY TeHy c¢. OnpenesiuTe BO3MOXHbIE BApPUAHTHI raMeET
Y UX BEPOSITHOCTD I KAXKIOTO M3 3TUX MHAWBUIYYMOB.

4.6. CocTaBbTe TOJHYIO CXeMY CKpellMBaHUs (C yKa3saHMeM TFeHOTHUIOB
POAMUTENILCKUX OPraHU3MOB, BADMAHTOB UX IaMeT M TeHOTUIOB MONYYEHHOIo
MOTOMCTBA) IABYX IreTePO3MTOTHBIX PACTEHMI1 ropoxa C XeJThIM LBETOM CE-
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MSH (CUMBOJIBI TEHOB, F’eHOTUIOB M PEHOTHNOB CM. B Tad. 2.2). Onpenenure
BEPOSATHOCTD Pa3HbIX FEHOTUITMYECKUX U (HEHOTUITHYECKUX BAPUAHTOB B IO-
TOMCTBE.

4.7. I'eH, KOHTPOJIUPYIOILUMIT YEPHYIO OKPACKY ILEPCTH Y KPOJIMKOB, IO-
MHUHAHTEH IO OTHOLIEHHMIO K aJUIE/sAM LUHHILUMLIOBOH U 6eNoit MacTu, a reH
LIMHILIMJUIOBOM OKpAacKH NOMMHUPYET Haj ajiieseM 6esloil MacTu (CHMMBOJIbI
COOTBETCTBYIOLIMX F'€HOB CM. B 3a0aHuH 2.19). CocTaBbTE NOJHBLIE CXEMbl CKpEe-
LWIMBAHUI C yKa3aHMEM TI0J1a POAMTENLCKUX OCOOEH U YCTAHOBHMTE BEpOSIT-
HOCTb pDa3HbIX BAPUMAHTOB F€HOTHNOB W (PeHOTHUNOB BO3MOXHOIO NMOTOMCTBA
y CHEeAYyIOUIUX POAUTENBCKUX nap: 1) reTepo3UroTHasl CaMKa LUWHLIAJUIOBOM
MacT U caMell Oenoro 1Bera (aJbOUHOC); 2) reTepo3UTrOTHLIE CaMKa M ca-
Mell ¢ WMHIUMIIOBOK oKpackoii; 3) yepHas caMkKa, OAWH U3 poauTenei Ko-
TOpON ObUT aNbOMHOCOM, W IeTEPO3UTOTHBIM camell WIMHIUIMJUIOBOH MacTH;
4) camka U caMmel aTbOMHOCHI.

4.8. Hcnonb3ys MHPOPMALIMIO O FEHETUYECKOM KOHTpOJIE Ipynn KpPOBU
cucteMbl AB0 y yenoseka, coaepxaiuyiocs B Taba. 2.3, COCTaBbTE CXEMbl BO3-
MOXHBIX pacrpelesieHHil TeHOB B raMeTax poauTeel M reHOTHUIAX NMOTOM-
cTBa (10 @aHIOTKMHU CO CXeMaMHU TMPEAbIAYIIEro 3aaHus) A CACAYIOUHX po-
ANTeNbCKUX map: 1) XeHiuuHa ¢ repsoit (0) rpynnoil KpoBH M MyXuuHa
¢ 4eTBepToil (AB) rpynnoit KpoBU; 2) reTepo3UroTHbIE POAUTENU C IPyIIoi
kposu [I(A); 3) rereposurorHas xeHiimna ¢ rpynnoit xposu 11{4) 1 rere-
PO3UTOTHBIIN MyXuuHa ¢ rpynnoi kposu III(B); 4) oba poautesnss UMEIOT
rpynny kKpoBHu IV(AB). B xaxa0oM ciiyyae yCTaHOBUTE BEPOATHOCTD POXACHUS
JleTel C pa3HbIMM BapuaHTamMH reHotuna u ¢genoruna. [Ipu peweHuun 3Toit
3aayy CHUTANTE, YTO BCe MHAMBUIYYMBI UMEIOT Haubosiee 4acTo BCTpeyaio-
wuics renotun HH, obycioBnuBawiumit obpasopaHue 6enka H, KoTopblit
SIBJISIETCS MPEALIECTBEHHUKOM aHTUTeHOB A U B (CM. Takke noapasf. 2.3.3).

4.9. 1o aHanoruu co cxeMoil HacjaeoBaHUs 110JIa y YeSOBEKa, IIPUBEICH-
HOM BbILLE, COCTaBLTE CXEMY HACAEHOBaHUs Mona y Apo3odunsl (2n = 8, xeH-
CKM{ MOJI — roMOraMeTHbIN, MYXKCKOI — reTeporamMeTHbIit).

4.10. Y nTvU ¥ 6a60ueK rOMOTAMETHLIM SIBJISICTCS MYXKCKOM 1os1 (CMMBO-
JIMYECKOE 0003HaUYeHUE Maphbl MOJOBLIX XPOMOCOM — ZZ'), a XKEHCKHU non —
rereporaMeTeH (1oj10Bble XpoMocombl — Z W), CocraBbTe CXEMY HacCleno-
BaHHs 1oja y roaybeit (2n=60) no aHaJIOrMU CO CXeMO TMpeAbIAYLIEro 3a-
NaHus.

4.11. Y KollIeK B HErOMOJIOTMYHOM pailoHe X-XpOMOCOMbI HAXOAMUTCS JIO-
KyC TreHa, KOHTPOJIMPYIOIErO YEPHYIO OKPAacKy LIEPCTH, U €ro ajlle/IbHOro
BapUaHTa, JETEPMUHUPYIOLIETO PhIXXKKUI LIBET WiepCTH. [ €TepO3UTroTHBIE OCO-
0¥ UMEIOT TPEXLBETHYIO OKpacKy. COCTaBsTe CXEMbl CKpPELiMBaHuii U onpe-
IEJIUTE BEPOSITHOCTb POXKACHUSI KOTAT MYXCKOTO M XXEHCKOTO 110712 C Pa3Hbi-
MM BapHaHTaMHU TeHOTUIA U (HeHOTMIIA AN CIEAYIOUIUX POAUTENLCKUX Map:
1) TpexuBeTHast KOLIKa M PBIKMA KOT; 2) TpeXLBETHAst KOUIKA M YEePHBII
KOT; 3) yepHasi KOLIKA U PhIKUN KOT; 4) pbIXas KOLIKA ¥ YePHbII KOT. OObsic-
HUTE, MOYEMy He ObIBAET KOTST MYXCKOTO MoJia ¢ TPEXUBETHOM OKPACKOIA
LIEPCTH.

4.12. Vicnonb3ys MHPOPMALIMIO ¥ CUMBOJBI Tabn. 2.6, COCTaBbTE CXEMbI
HaceJ0BaHUA TEHOB M NPU3HAKOB (MO0 aHAJIOTHKU CO CXEMaMH TMPEABIAYIIEFO
3a4aHKNA) M YCTAHOBUTE BEPOSITHOCTbL POXACHHA IeTed (MaqbuuMKOB M N€BO-
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YeK) C pa3HbIMH BAPMAHTAMH T€HOTHUNA U (DEHOTUIIA B CJACAYIOLINX CEMbSIX:
1) My>X U XeHa 3[IOPOBHI, HO OTEL XeHbl MMeJ TIPU3HAKU LBETOBOM CJIEMNO-
TH (Ha1bTOHU3MA); 2) OTLBI OGOUX poiuTesel, oblafaolyX HOPMANLHbBIM
3pEHHEM, CTpajaly JaJIbTOHU3MOM; 3) MyX OONeH AaJIbTOHMU3MOM, a XECHa
310pOBa, HO MMEET OTUA, CTPAJalLIEro 3TUM 3a00JIeBaHMEM.

4.13. Y uyenoBeka JIOKyC Te€Ha, ACTEPMMHUDYIOLIErO MOSIBJIEHUE TUNEP-
TpUXx03a (BOJIOCATOCTH) YIUHOW pPaKOBWUHbI, HAXOOUTCS B HETOMOJIOIMYHOM
y4yacTKe Y-xpomocoMbl. COCTaBbTE CXEMY HACIEAOBAHMS 3TOTO I'eHa B CEMbBE,
rIe OJMH M3 CYNPYroB MMeEET YKa3aHHBIA TIpU3HAK, U OMNpPELEIUTE BEPOAT-
HOCTb THIIEPTPUXO03a y OyNyLIMX AeTEH PAa3HOro Moa.

4.14. Crenaiite CMUMBOIMYECKYIO 3aMUCh FeHOTHITOB MHIWBUIYYMOB M yCTa-
HOBUTE BEPOSITHOCTb PA3HLIX BADHAHTOBR MX raMeT MPH CACAYIOLIHX COCTOSHU -
AX Hea/UIeJIbHBIX HECUEMJICHHBIX TeHOB: 1) IUFTOMO3UTOTHOCTDb 10 JOMUHAHT-
HbIM reHaMm A U B; 2) AMreTepO3UroOTHOCTE Mo reHaMm A u B; 3) Tpurerepo3u-
FOTHOCTSD 110 reHaM A, B, C; 4) AMreTepo3nroTHas XeHIIMHa N0 ayTOCOMHOMY
reHy A v reHy H, CUEIUIEHHOMY C X-XpOMOCOMO#; 5) MyXuMHa, reTepo3u-
TOTHBI 110 AYyTOCOMHOMY I'eHy B M reMU3UTOTHBIH 110 JTOMUHAHTHOMY QJUIEJTIO
C, CUEIUIEHHOMY € X-XpOMOCOMOIi.

4.15. B onbitax Menzaens no aMruGpuIHbIM CKPELIMBAHUSAM ropoxa aHa-
JIM3UPOBAIMCH HBE MApbl HEANIENbHBIX '€HOB — JOMHHAHTHBIA rcH (A),
KOHTPOJMPYIOLIMIA XENThIi HBET CEMSIH W €ro peueccuBHbIM amiens (a),
OTBETCTBEHHBIM 3a 3eJICHYI0O OKPACKY TOpPOLUMH, 8 TaKXe AOMHHAHTHbIH
M pPeLECCUBHBIN TeHbl (B-b), onpeaensiote, COOTBETCTBEHHO, MKyl U
uiepoxoBatyio dopMmy ceMaH. CocTaBbTe CXeMY CKPELUMBAHUS IBYX AUFETEPO-
3UTOTHBIX PACTEHMI ropoxa U ONpeNeUTe BEPOSTHOCTb Pa3HblX FE€HOTUIH-
YeCKUX M (heHOTHNMHYECKHUX BAPHAHTOB B IOTOMCTBE.

4.16. Y co0ax uBeT LIEPCTH (MACTh) ONpeAensieTcsl B3aMMOIEHCTBUEM ABYX
nap HeaieJbHbIX reHoB. OIMH JOMHMHAHTHbII reH (A) KOHTPOAUPYET Oebiii
LBET LUEPCTH, a Apyroit (B) — yepHblit user. [1py HanMYUK B FEHOTUIIE ABYX
JOMMHAHTHBIX HealleIbHLIX reHOB (A U B) y cobak Habmonaercs 6e1as MacCTb.
JIMroMO3UroThl N0 PEUECCHBHBIM ajuiensiM (aabb) UMEIOT KOpHYHEBBII LBET
urepcT. COCTaBbTE CXEMbI CKPELLHBAHUI W ONPEACIUTE BEPOSITHOCTh Pa3HbIX
(heHOTUNUYECKHUX BAPUAHTOB B MOTOMCTBE ILJIS1 CICAYIOLLMX POAUTEIbCKUX Map:
1) JBe AMreTePO3UroTHLIE Oesbie cODakM; 2) aBe YepHble COOaKY, Y KaXmou
U3 KOTOPBIX OAWUH POLUTEb Obl1 YEPHBIM, a APYroit — KopuuHeBbIM; 3) Oe-
nast cobaka, OOUH U3 poiuTeieil KOTOpOoH O6blT KOPUYHEBBIM, & JApyro — U3
YHUCTON JUHUU Oenbix cobak, ¥ yepHass cobaka OT YepPHOro U KOPHYHEBOTrO
poautesieit. [1pu HEOOXOAMMOCTH MOXHO UCTOIb30BATh COCTABJICHHBINH paHee
BapuaHT peiueTky [leHHeTa, KOTOPLIM NpUBOAUTCS B Tad. 4.1.

4.17. ¥ yenoseka rpynnel KpoBu cucreM AB0 u MN KOHTPOJIMPYIOTCH
HecLerJIeHHbIMUA ayTOCOMHBIMM reHamu (eM. tabir. 2.3 u 3aganue 2.20), ane-
am B mapax [*-1% n LY-LY B3auMOmeiCTBYIOT 10 TUMY KOJOMMHMPOBAHHS.
CocTaBbTe CXE€Mbl HacjiefIoOBaHHUsI TEHOB M YCTAHOBUTE BEPOSITHOCTb Pa3HBIX
deHoTHTIOB V HeTeil B CleAyOIMX CeMbsX: |) y OAHOro U3 poauTesieil rpyr-
bl kposu [(0) u MN, a y apyroro — IV(AB) u M, 2) oba cynpyra ¢ rpyn-
noit kposu 1V(AB), HO B 3pUTPOLIMTAX MYXa UMEETC aHTUreH M, a y XXeHbl —
aHtureH N; 3) MyX U XeHa ABJSIOTCA AMIETEpO3UroTaMy, OAMH M3 HHUX
¢ rpynnamu KpoBu 11(4) u MN, a apyroin — I1I(B) u MN.
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4.18. Cpenaiite nojsHy0 CUMBOJIMYECKYIO 3aMUCh ABYX aHAJM3UPYIOLINX
CKpeLUMBAaHUU U CpaBHUTE (POPMYJIHI BOZMOXHBIX PacCLICIUIEHUNA B MMOTOM-
CTBE IO FeHOTHUIY M peHoTHNny: 1) aurubpuiHoe cCKpelliuBaHue ocobeil THu-
na AaCcx aacc Ansi aHaliu3a HEeCUCIJIEHHBIX [€HOB; 2) CKPCLLUMBAHUE TUIIA
AB//abx ab//ab nist anaM3a CUETUIEHHBIX FeHOB. YC/IOBHO CUMTANTE, YTO YacTOTa
KPOCCHHTOBEPOB Ha yuacTKe MeXay JoKycaMyu retoB A u B coctaBnsier 10 %.

4.19. CocTaBbTe XpOMOCOMHBIE JHArPAMMBL IMTMOPUIHBIX CKPELIMBaHUIA,
OOBACHSIIOLIHME LMUTOJOTMYECKHE OCHOBBI HAcJel0BAHUS CUETJIEHHbIX FEHOB
(1151 TOJIHOTO 1 HEMOJIHOFO CLEIIEHUS).

4.20. OObsICHUTE NPUUYMHBI TPEX B3aUMOMCKIIIOUAIOIIUX PACLIEUICHHI B
MOTOMCTBE 1O (DCHOTHIY, KaX/I0€ U3 KOTOPBIX MO0 Obl HAGIOAATHCH KaK pe-
3YJBTAaT AMTHOPUIHOrO aHAIU3MPYIOLIEro cKpeluBanus: 1) AL : Ae:aF :ae =
=25%:25%:25%:25%; 2) AE:Ae:aE:ae = 40%:10%:10 % : 40 %;
3) AE:ae=50%:50%.

4.21. Onpenenure BepPOATHOCTh BO3MOXHbBIX FEHOTUMHYECKHUX U (DeHOTH-
MUYECKUX BAPUAHTOB B NMOTOMCTBE JUIsl CKpeluuBauust AB//abx AB//ab, ecnu
4acToOTa PeKOMOHHALMOHHBIX COOBITHII Ha ydacTKe MexXay JlokycamMu A U B
coctasiseT 20 %. [1pu pelieHuH 3aa4u MOXHO TIOCTPOUTH pelleTKy [leHHe-
T4, 4 PAcUEThl MPOBOIUTEL B COOTBETCTBUM C MPABUIOM CTATUCTUKH, coraac-
HO KOTOPOMY BE€pPOSATHOCTb OJHOBPCMCHHOFO BO3HMKHOBEHUS ABYX (K 6OMb-
HIEr0 YMCJIa) HEe3aBUCHMBIX COOBITHIT paBHAa TIPOMU3BEACHMIO BEPOSITHOCTEMH
KaxI0ro u3 3THX cOOBITHI B oTaeabHOCTH. ClienoBaTeabHO, BEPOSITHOCTh MO~
SIBJIEHUS] 3UTOTHI (M COOTBETCTBYIOLUETO MOTOMKA) C ONpPeACJEHHbIM [€HOTH-
noM OyneT paBHa NPOU3BEAEHUIO BCPOSITHOCTEN MeHOTHUITOB MYXCKON U XEH-
CKOWM rameTsl, 11py¥ 00beIMHEHUH KOTOPBIX (GOPMUPYETCS 3TA 3UTOTA.

4.22. Y yenoBeKa peleCCUBHBIE MeHbl reMOMUINM U JAIBTOHU3MA JIOKA-
JIN30BAHBI B HEFOMOJIOTMYHOM yYacTKe X-XpoMocoMbl (cm. Tabn. 2.6 n 3ana-
Hue 2.27), a 4acToTa KPOCCHMHIOBEPOB Ha YYACTKE MEXIY JOKYCaMM 3THUX
F€HOB y TOMOIaMeTHOrO MoJia coCTaBisieT okoo 10 %. YcraHOBMTE BEPOSIT-
HOCTb pa3HbiX (eHOTUITHYECKMX BAPUAHTOB Y JeTeil pa3HOro mnosja (Majlbyu-
KOB M I€BOYEK), KOTOPbIE MOT'YT POAUTLCS B CEMbE, IMI€ XKEHA SIBIASETCS AUre-
TEPO3UIOTHON (OJMH U3 PEUECCUBHLIX T€HOB OHA TOJYYMIIA OT OTUA, 4 ApY-
roif — OT Marepu), a MyX 310pOB.

4.23.. ChopMyaupyiite OCHOBHbIE MPUHLMITH KIACCHYECKOTO TeHETHYE-
CKOrO aHaNM3a 3YKapUOTUIECKHX OPraHU3MOB M Ha30BMTE ero aTansl. Tpeano-
JKUTE CXeMbl AHATM3UPYIOLIMX CKPEIIMBAHWHA AN KapTHUpOBaHUS YCJIOBHBIX
CUEIIeHHBIX reHoB A, B, C.

4.24. TToctpoiite GparMeHT reHETHUECKOM KapThl TMNIOTETUYECKOTO dyKa-
PUOTUYECKOIO OPraHMU3Ma, €CJIM MO pe3yabTaTaM aHATM3MPYIOIUX CKpeLLU-
BaHUI OBINY YCTAHORJEHB! ClENYIOUIHE YAaCTOThl KPOCCHHTOBEPOB Ha y4yacT-
Kax MeXIy rnapaMy yCJIOBHbIX T€HHbBIX TOKycoB: Au B— 3%, Au C— 4%,
AuK—6%, AuM—8%, BunC—7%, Bu K—9%, BuM—5%, Ku M—
14 %.

4.25. CocraBbTe NPUHLMITHAIBLHYIO CXeMY KJIOHHpoBaHus ¢dparmenTta JJHK
3YKapHOTHUYECKON XPOMOCOMBI B TUIa3MHUAHBII BEKTOP, UMEIOLIMI OJHY TOY-
Ky (cafiT) pa3pe3aHusi BbIOpAHHOM PECTPUKTA30if, C MOCNEAYIOLIMM BBEIE-
HMEM C IOMOUIbLIO TpaHc(hOpMallMK NMOJYyYeHHO THOPUIHON (peKOMOUHAHT-
HOM) TUIa3Muibl B GaKTEPUASIBHYIO KIIETKY.
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OTKpBITHE 3aKOHOMEPHOCTEM HAacHeZOBAHUSL €HOB U KOHTPOJIH-
PYEMBIX UMHU TPU3HAKOB HA OCHOBE TMOPUAOJOTrHMUYECKOr0 METOda
HWCCIeIOBAHUUN MPUBENO K pa3padoTKe NPUHLUUNUAIBHBIX MOAXONOB
K TeHETMYECKOMY aHAIM3Y pa3iIMYHBIX OpraHu3MoB. B Hacroswiee Bpe-
MST M3yUe€HHE TEHETHYECKOW CTPYKTYpPbl MHIMBUILYYMOB MPOBOIUTCS
C UCTOJB30BAHMEM TPEUMYILUECTBEHHO MOJEKYAAPHO-TEHETHYECKHX
METOJIOB, CBA3aHHBIX C FeHHO-UHXEHEPHBIMU TeXHOJIoTUsAMHU. Pazpabo-
TaHbl TaKXe HOBbIE METOJBI WCCAEHOBAHMSI TEHOMHOM OpraHu3aluu
yesopeka. BMecTe ¢ TeM 3aKOHOMEPHOCTH HACIENOBaHYsI, YCTAHOBJIEH-
Hble B paMKax KJIaCCUYECKOU Te€HETHMKM, COXPAHSIIOT CBOE 3HaYyeHUE
MpH aHaiu3e 0coOEHHOCTEN pacnpoCTpaHEeHHsI TEHOB U MOHOI€HHbBIX
3a00/IeBaHU I B CEMBAX MIOJEH, a TAKXKe TIPU OLIEHKE PUCKaA POXIACHUS
JeTe ¢ HACIEHNCTBCHHOW MaTONOTHCHl y poauTesied, ABJIAIOLINXCA
HOCUTEIAMY COOTBETCTBYIOLIUX Fe€HOB.



FnaBsa 5

LUTONOMMYECKUE U MONEKYNAPHDBIE
OCHOBbl UI3MEHYMBOCTU OPFrAHU3MOB

N3MeHYHBOCTE — 3TO CBOMCTBO OPraHU3MOB, CBSI3aHHOE C HX CIO-
COBOHOCTHIO TIPHOOpPETATh HOBBIE COCTOAHUS FeHOTHIA U (PEHOTHIA Ha
TOM WJIM MHOM 3Tafe CBOei XHU3HeAesaTeIbHOCTH. Bo3HUKIIIME U3Me-
HEHUSI MOTYT 3aKJIIOUaThCsl B HAPYHICHUSIX CTPYKTYPBhl UMEIOLIETOCs
reHeTUYEeCKOro MaTepuana MHINBUAYYMa, TIPUBOASILLMX K TOSIBACHUIO
COOTBETCTRYIOWIMX (PEHOTUNHUYECKUX BapMaHTOB, IUOO 3aTparmBarh
TONBKO MEXaHWU3M SKCIPEeCCHHM IpU3HaKa (Mpu3HakoB) Oe3 Hapylle-
HUA reHoTUIa. BO3MOXHBI TAKXKE U3MEHEHUS HYKICOTUIHON noche-
nosatenbHocTH JJHK OTmeNbHBIX TEHOB, He CONPOBOXIAIOLIHECS UX
MPOsIBJIEHHEM B (PEHOTHUIIE.

HoBble TeHOTHITMYECKHE BapUaHTHI, BOZHUKAIOLIME B Pa3JIMUHBIX
cooOllecTBax (MOonyasuMsix) OpraHU3MOB KakKoro-jiubo BUOa, Mnpen-
CTaBJISIIOT cOOOU MEPBUYHBIA MaTepuas sl NeMCTBUSA €CTECTBEHHOIO
oTOOpa U, CAEOOBATEJIbHO, SIBASIOTCS OJHWUM U3 00S3aTEJBbHBIX KOM-
MTOHEHTOB 3BOMIOLIMOHHOTO Mpotiecca. C Apyroil CTOPOHBI, U3MEHEHUS
B FCHETUUYECKOM MaTepuasie YeJoBeKa U XHUBOTHBIX MOTYT IPHUBOAUTH
K TIOSIBJIEHMIO HEHOPMAIbHBIX MPU3HAKOB B UX (peHoTUNE, T.€. chy-
XHUTb NPUYMHON HACJIEICTBEHHOMN NAaTOJI0THH (OT Ipey. pathos — cTpa-
naHve, 6one3Hp + /ogos — TOHATUE, YUCHUE).

5.1. PopMbi U3MEHYUBOCTU OPraHU3IMOB U ee NMPUYMKHbI

B 3aBHCHMMOCTH OT yKa3aHHOFO BBIlIE XapaKTepa H3MEeHYMBOCThb
MOXHO KJ1acCU(HUUPOBATh HAa (DEHOTHITUYECKYIO, T.€. HE CBSI3aHHYIO
C HapyLUEHHUSIMH B TEHETMYECKOM MaTepuaje UHIUBUIYYMOB, U T€HO-
TUITHYECKYIO, OOYCIOBAEHHYIO U3MEHEHWSIMU TeHOTUNA (T€HOB, XpO-
MocoM). B cBow ouepenb, GEHOTUINYECKYIO U3BMEHUYMBOCTD MIPHUHSTO
NOJApa3aesisiTh Ha MOTU(PUKAIMOHHYIO (BapUALIMOHHYIO) M OHTOI€HEe-
THYECKYIO (3IMUTCHETUYECKYI0), a FT€HOTUIINYECKYI0 — Ha KOMOWHa-
TUBHYIO (PEKOMOWHAIIHOHHYIO) ¥ MYTAaLIMOHHYIO.

Modugukayuonnas usmenuueocms COCTOUT B MOABIEHWH pPasiny-
HBIX BapuaHTOB (MOIM(HKAIMII) TOr0 WM MHOTO IpH3HaKa (J1u6o
KOMIUIeKca TMPU3HAKOB) B (DEHOTHME OpraHu3Ma oI BO3dciiCTBUEM
MEHSIOILUXCS YCIIOBU Cpenpl 00UTaHus. B KauecTBe MOAUDULIMPYIO-
IUUX MOTYT BBICTYNATh (bAaKTOPHI OKPYXaWUIeH cpeapl, M3MEHEHUS
KOTOPBIX CITOCOOHBI MOBJIUSTh HA MPOLECCHI XXU3HEAEATCIbHOCTH UH-
JUBHUIOYyMa (TeMIlepaTypa, CBeT, BJIAaXHOCTb, XMMHYECKUI COCTaB
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[IOYBBI, BOABI, BO3AYXa U Ap.). B ciyyae yenoBeka CyileCTBEHHYIO POJIb
WUIPaIOT TaKXe COLMaNbHBIE (HAKTOPhI (XapakTep TPyAa ¥ OTabixa, 00-
pa3 XU3HU, YCJIOBUS TIMTAHUSI M IIPOYEE).

Te wnu vHBle MOmUULMpPYIOUITE PaKTOPBl MOTYT CYILECTBEHHO
W3MCHUTH CTEIEHb BBIPAXEHHOCTH TPU3HAKA BIUIOTh JO €ro MOJIHOMI
MoTepU B QEHOTHTIE TTPU HAMMYUU HEOOXOAUMOTO reHa (TeHOB) B Te-
HOTHUIEe. B CBI3M ¢ 3THM I XapaKTepUCTUKU MHTEHCUBHOCTU TIPOSIB-
JIEHUs TIPU3HAKA (M KOHTPOJNMPYIOILIEro €ro reHa) B pa3HbIX YCJIOBUSIX
CpeIbl UCIONB3YETCS TEPMUH «3KCIPECCUBHOCTh». KOJMHMUYeCTBEHHBIM
rnokasaTejieM TNposIBJISEMOCTH (HENpPOSIBIIEMOCTH) reHa (NMpU3HaKa)
SIBJISIETCS] IEHETPAHTHOCTD, T.€. YAaCTOTa (B MPOLIEHTAX) 0cobeil, y Ko-
TODPBIX HAOMIOAACTCS DKCIIPeCCHsl TeHa B PEHOTUTIEC TIPU OINPEHETCH-
HBIX YCJIOBHUSX cpedsl. Tak, HaTrpuMep, e HeTPaHTHOCTh AOMHHAHTHO-
TO TIpY3HaKa, cocTapngouasa 80 %, oszHavaer, yro aniub 80 % obcne-
MIOBAHHBIX WHIMBHUIYYMOB, XUBYLIMX B KOHKPETHBIX YCIOBUSIX CPEAbI
OOUTAHUS U ABISIOLIMXCA HOCUTEISIMH COOTBETCTBYIOLIErO JOMUHAH -
THOIO I'eHa, UMEIOT 3TOT NMPU3HAK B cBOoeM (eHOTHUIIE.

ITpenens MogMUKALIMOHHON U3MEHUNBOCTH OTNIPEIESIIOTCS FEHO-
TUTIOM OpPraHu3Ma U OrpaHu4eHbl HOPMOU peakuuu. B reHetuke non
HOPMOMI peakiluu MOHWMAIOT IpaHulibl (IMaras3oH), B paMKax KoTo-
DBIX MOXET MEHATBCS KOHKPETHBIM NMpU3HaK (IUb0 (eHOTUIl B Le-
JIOM) B PasHBIX YCJIOBMSAX cpeabl. [Tpy 3TOM Te WM MHbIE TTIPU3HAKU
MOTYT XapaKTepu30BaThCs HEOXMHAKOBOI (IIMPOKOA, cpelHei, y3-
KOi1) HOpMO# peakUMu B 3aBUCHMOCTH OT BHIOBBIX U MHIANBHUIAYaJIb-
HBIX TEHETUYECKUX OCOOEHHOCTENW OpraHn3Ma.

MexaHu3MBl M3MEHEHHST MPU3HAKOB B paMKax HOPMBI PEaKIIHU
CBSI3aHBI C MOAMDUUMPYIOLIUM BAUSSHUEM (AKTOPOB Cpelbl Ha Bce
2Tanbl peaju3aluy reHeTHYeCKoH MHbopMauuy (cM. moapasn. 1.5 u
puc. 1.14), a Takxe Ha MeTabOJUUYECKHUE TIPOLIECChl, B KOTOPBLIX y4ya-
CTBYIOT OCAKHM-(PEepMEeHTbI, CUHTE3UPOBAHHLIE MO KOHTPOJEM COOT-
BETCTBYIOIUX MEHOB.

OnmozeHemuueckas UMeHMU8ocmsb 3aKIIIOYACTCST B MOTU(DUKALIUAX
¢eHOTHIIA MHOTOKJIETOUHBIX SYKAPHOTUUYECKUX OPFaHU3MOB Ha TeX WIK
MHBIX 3Tanax UX UHIUBUIYaIbHOIO pa3sBUTUsL (OHTOTeHe3a). B ocHOBe
3TOI (POpMBI M3MEHYMBOCTH JIEXHT IOC/IEI0BATEIbHAS peannu3alus
reHeTUYECKOM MPOorpaMMbl MHAUBUIAYYMa Ha pa3HBIX CTAAMSIX OHTOre-
He3a MyTeM aKTUBaUMM (MHAKTUBALMK) paboThl ONpEeae/IEHHBIX TPYIIIT
TeHOB. J{OCTaTOYHO CIOXHBIE MEXaHH3MbI TAKHUX MPOLIECCOB paccMar-
PUBAIOTCS B paMKax CIIELAATLHON HAayKU — TEHETHKU Pa3sBUTHSL.

3HaueHUEe penomunu4eckol uUzMeHHUBOCMU OTIPEICIIICTCS] MPEXIe
BCETO TEM, YTO B Ipeae/iaXx WHANBUAYAIbHON HOPMBI peakunu obec-
MEYUBAETCA Ta UM MHASA BO3MOXHOCTD (PHU3HONIOTHYECKHX afjafiTalni
OpraHu3ma K MEHSIOUIUMCS YCJIOBUSIM CPENbl, B TOM YUCJIE UHIVUBH-
OyaJbHasi BO3MOXHOCTh aKKJIMMATH3alUN YeJoBeKa, ero MpUCIocot-
JIEHUSL K Pe3KO MEHSIOLIMMCS YCIOBUSM Tpyna, 6eita u ap. Crenyer
YIUTBIBaTh TaKXKe POJib GJIArONPUSATHBIX YCIOBUI cpeabl B (OpMUPO-
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BaHUM HOPMaJIBHOTO )eHOTHTIA YejioBeKa, T.€. UX BIMSHUE Ha Ipo-
LIECChI pOCTa M Pa3BUTHS HHOIWBUAYYyMa, 0COOEHHO B JOPOIOBOM (Ipe-
HAaTaJbHOM) IEpUOAe U B AETCKOM BO3PAacCTe.

- Kombunamuenas uzmen4ueocms CBsI3aHa C IOSBJIEHUEM HOBBIX CO-
YeTaHUI TEHOB Y XPOMOCOM, TTOJTYYeHHbIX MHAUBUAYYMOM OT POAUTE-
Jeil, npn GopMUPOBAHUM €ro COOCTBEHHBIX raMeT Ha OCHOBE ITPUH-
LIUIIOB CBOOOAHOTO pacnpencyieHUs] HETOMOJOTHYHBIX XPOMOCOM
U CIIy4aiHOTO TE€HETUYECKOro 00MeHa MeXIy XpOMOCOMaMK FOMOJIO-
FMYHBIX Map B Meio3e (cM. mogpasa. 3.2). Kpome toro, B mniporiecce
OILUIONOTBOPEHMS IIPOMCXOAUT HE3aBUCUMOE KOMOUHUPOBAHUE MaTe-
pHaia pa3HOOOPa3HBIX MYXKCKHX M XXeHCKUX raMeT, IPUBOIsILIEE K BO3-
HUKHOBEHUIO FE€HETUYECKU YHMKATBHBIX 3UTOT U pa3sBUBAIOLLIMXCH U3
HUX OPraHU3MOB.

v Mymayuonnas usmenyueocms OCHOBAHA HA BOZHUKHOBEHUM CTOI-
KHUX HapyUIEHUH B IEPBUYHOM T€HETHUYECKOM MaTepuase (reHax, Xpo-
MOCOMax) MHAWBUAYYMOB TIOX BO3iueiicTBreM (DakTOpOB cpejibl, Ha-
3bIBAEMBIX MyTareHaMu (MyTareHHBIMU (akTopaMu). [Tossasitolumecs
IIPY 3TOM U3MEHEHHs Ha3bIBAIOTCS MYTALIMSIMU.

MytareHHsie ¢akTopsl (MHOrma UX HasbiBaloT Takxe JJHK-tporm-
HBIMMY areHTaMM) NMPEeACTABASIOT co0O¥ BeChMa LIMPOKMIT Habop Be-
LLIECTB U BO3ACHCTBUI, CITOCOOHBIX TEM WIH UHBIM 06pa3oM UBMEHSTh
MaTepHasl HacJIeACTBEHHOCTH. YCJIOBHO MX MOXHO TMOApa3nenuTh Ha
3HAOreHHble ((PaKTOPHI BHYTPEHHEN Cpedbl OPraHu3Ma) U 3K30TeH-
Hble (HaKTOpbl OKpYXKaIoIIeH cpeab).

B kauecTBe NpUYMH SHOOIEHHOI'O XapaKTepa paccMaTpHBaloT, Ha-
TIpMMeEp, ONHOLIENOYEYHBIE Pa3pbIBbl JHMOO chayyaiiHble OHIMOOYHbIE
BCTPaUBaHUS HEKOMIUIEMEHTAPHLIX HYKJIECOTHIOB, KOTOPBIE MOTYT
TIPOU30HWTU BO BpeMsi perutukauuu mojekynst JHK. OOpiuHO Ttakue
HapylUeHUst YCTPAHSIOTCS (PEMapupyloTcs) ¢ MOMOINBIO «peIaKTUPY-
ounx» pepmenton (JIHK-nmomumepassl [, JIHK-muraset), T.e. nMeeT
MECTO MCIIpaBJI€HUE HAPYUIEHHOM CTPYKTYpPHl ¥ €€ BO3BpaT B MCXOI-
Hoe cocTosiHue. OTHaKo, B pe3y/IbTaTe BO3MOXHBIX PEIKMX OLIMOOK B
paboTe caMoil cUCTEMH perapaliM IIpY 3TOM IOABIAIOTCI Te WIH
MHbIE MYTALIMOHHBIE U3MEHEHUSI B HYKIEOTUIHOMN MOCAEA0BATEIbHO~
ctu JHK. [Tpennonaraercsi Takxe, 470 B PEAKUX CIIy4asix MOXET Mpo-
HCXOIHUTh XUMMUYECKasi MOIUGMUKALMA OOBIYHBIX (HOPMATBHBIX) My-
PUHOBBIX U MUPUMUANHOBBIX OCHOBaHH, MPUCYTCTBYIOIIUX B KJIETKE.
OTO NMPUBOAUT K MOSIBIEHUIO UX BAPUAHTOB C U3MEHEHHBIM XapakTe-
pPOM KOMIUIEMEHTAPHOTO CHAapUMBaHHUSI C OCHOBAaHUSMU MaTPUYHOI
uenoyku JAHK, yro yBequuyuBaeT yHCIO OLUMOOK IPH PEIUIMKALUH
(cM. moapasm. 5.3).

B 3aBMCHMOCTH OT MX TIPUPOABI MYTAreHbl OKPYXalolIed Cpeibl
MPUHATO KilacCUbULMPOBaTh Ha (PU3NYECKHUE, XUMUUYECKHE U GO0~
TUYECKUE.

K ¢usnyeckum MytareHaM OTHOCAT BCE BHIbI MOHU3UPYIOILUX U3-
JIy4eHUH (PEHTTCHOBCKHME JIYYH, Y-JIYUH, HEUTPOHBI, IIPOTOHBI U 1p.),
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ynsTpaduoseTorsie ay4H (¢ anuHo# BOMHB 200 —400 HM) 1 HEKOTO-
pble UHBbIE BO3ACHCTBUA. MIOHU3UPYIOILHE HU3TYYEHUST CHOCODHBI Bbi-
3pIBaTh pa3HOOOpa3HbEIe M3MEHEHUS TEeHETUYECKOro MaTepuana, CBs-
3aHHBIE C Pa3pbiBaMU U MEPECTPONRKAMU OTACABHBIX XPOMOCOM H MO-
nexyn JHK, momudukauueit XuMU4eCcKoil CTPYKTYpPBl HYKJIEOTHUIIOB
¥ IPYTUMU TMOBPEXICHUIMU.

B axcrieprMeHTax Ha BUpycax, 0aKTepusIX U KyJIbTUBUPYEMBIX KJIETKaX
KVBOTHBIX OBIJIO TOKAa3aHO, HAIMPUMEP, YTO HacTOTa BO3HUKAIOLINX
MYTal# i IPOMOPUHOHAIBHA 103¢ PEHTTEHOBCKOTO 00IyYeHMsi. Bmec-
T€ C T€M, OLUEHMBasl MyTareHHbIH 5hGEKT NOHU3UPYIOIIUX U3Jyye-
HUIA, ClIeayeT UMETh B BHAY, UTO B 3TOM ClIydae HeT MUHUMAIbHOIT
TIOPOTOBOM 03Bl MyTareHa, T.e. Jaxe HeOOnblIoe 00IYyYeHHE MOXKET
npubecTH K HapymieHusiM B JIHK, a cam addekt HoCUT KyMy/IATHB-
HBIH xapakTtep (Mpyd XPOHHUYECKOM OOJyYEeHUUN HeOOJIBIIMMH 103aMU
WIET JJOCTENEHHOEe HAKOIIJIEHWE YUCia MyTalluit).

B otnyue 0T HOHM3UPYOLLEH pagraliiy yabTpa)MoNeTOBbIE JTyYU
He NPOHMKAIOT B IIYOWHY TKaHell MHOTOKJIETOYHBIX OPraHU3MOB, Mo-
3TOMY MHAYUMPYEMbIE UMW MYTAlMH 3aTPAruBaOT JIKLIb KICTKH MO-
BEPXHOCTHBIX TIOKPOBOB.

XUMHYECKNE MYTAareHbl TIPEACTaBIeHbl GONBIINM YMCIOM PA3HO-
00pa3HbIX COeINHEHUI, CITOCOOHBIX BO3ICHCTBOBATEL HA CTPYKTYPY e~
HOB M XpoMocoM JIMOO Ha anmapaTr KJIeTOYHOrO JEJeHUsl PacTeHUil,
JKMBOTHBIX M YeJIOBEKA, 00eCTIeYnBaOLINM TIPABWIBHOE PACXOXKICHNE
XpPOMOCOM B MUTO3e K Meito3e. MHorue M3 3TMX MyTareHoB (KakK W
WOHU3UPYIOLIAS PATHALIMST) SIBISIOTCS TAKXKE KAHLIEPOTeHaMH, T.€. OHH
MOTYT UHIYLMPOBaTh pa3BUTHE 310KAYECTBEHHOIrO pocTa KJICTOK.

MyTareHHoe nefiCTBUE XUMUYECKHUX ar€HTOR BIIEPBbIE OOHAPYXKUIIN
1. Ayapb6ax (Sh. Auerbach, 1942), u3yuaBluas HCHUCTBUE A30THUCTOTO
WIIPHTA Ha JIpo3oduily, U oTeuecTBeHHbBIE Uccaenoarenu B. B. Caxa-
poB, M. E.Jlobaumes v U.A.Panonopr (1933—1946) npu u3y4eHUH
HEKOTOPbLIX coneit, hopManmHa U 3TUIeHUMIKHA. K HacTosdieMy Bpe-
MEHHU YCTAHOB/ICHA MYyTareHHass akTHBHOCTb MHOTHMX HEOPTaHUUYECKHX
UM OPTaHUYECKHX COEIMHEHUIA, B TOM YHUCJI€ HEKOTOPBIX KUCJIOT U LEJO-
yei, conel TSKENbIX METAUIOR, TEpeKucel, (PeHOJIOB, ANKWIMPYIOLLHX
BELIECTB M Ap. M3BECTHBI TaKXe COENMHEHHSI, TTIOYUYUBLIXE Ha3BaHKe
CYTIEPMYTAr€HOB, KOTOPHBIE CIIOCOOHBI TOBHILIATE YACTOTY MyTallMi
B THICSIYM pa3 W Oosiee (Hanpumep, HUTPO3OTyaHUIUH, HUTPO3OMO-
YEeBUHA).

K MyTareHaMm, MMEOLIUM GHOJOTHYECKYIO MPUPOIY, MOXHO OTHE-
CTH BUPYCHI, TPAHCHO3UPYEMbIE TeHETUUECKUE 3JIEMEHTHI, (hepMeH-
ThI, C1IOCOOHKIe Hapywiath cTpykTypy JHK (pecTtpuxrtassl u ap.), AekH-
CTBHE KOTOPBIX 0OCYXAaN0Ch B 1. 1.

Cnenyet eme pa3 NogyepKHYTh YCJIOBHBIM XapakTep noipasieie-
HHS MYTareHHbIX (DAKTOPOB Ha 3HAOreHHbIE U 3K30TeHHbIe. Tak, u3Be-
CTHBI HEKOTOPBIE XMMUUYECKHE BEIECTBA, pacCMAaTpUBacMble B Kade-
CTBE MPOMYTAreHOB, KOTOPBIE, TIOTIAAas B OPTaHU3M MJIEKOTIMTAIOUINX
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M YeJIOBEKA U3 OKPYXAKILEH cpeabl, HAUMHAIOT MPOSBJISTH MyTareH-
HYI0 aKTUBHOCTH JIMLIb Tocjie MOAUGUKALIMH HX MOJIEKYJ B MeTabo-
JINYECKUX peaKUUsIX OpraHu3Ma ¢ yyacTueM (pepMEHTAaTUBHBIX CUCTEM
neyeHu. IToMrMMo yKa3aHHBIX BBILIE TIEPBUYHBIX MOBPEXIAIOIHIMX 3 deK-
TOB VIOHU3MPYIOLLee U3TyYeHHEe MOXKET BBEIOMBATH DJEKTPOHBI U3 OT-
JIEIbHBIX MOJIEKYJI, HaXOASLUMXCS B COCTaBE KJIETKH, UTO IIPHUBOAUT
K 00pa30BaHUIO OYEHDb HECTAOMITbHBIX HOHOB (CBOOOIHBIX PAIHKAJIOB),
CTIOCOOHBIX BbI3bIBATh 3MeHeHus B JIHK (BTOpUUHBIH MyTallHOHHbLU
3¢ dekT).

YuuTeiBas xapakTtep AEUCTBUST MyTareHHBIX (aKTOpPOB, MYTAalUK
KnaccuULUMPYIOT Ha CIIOHTAHHbIE U MHAYLUUPOBaHHbIe. CITOHTAHHBI-
MU HA3BIBAIOTCS MYTAllUY, BOZHUKAIOUINE B OOBIYHbIX (€CTECTBEHHbIX)
YCJIOBUSIX, T.€. 6€3 lIeJICHAIPaBJICHHOTO BO3AEHCTBHSI HA OPraHM3MBbl
KakKUM-1ub0 MyTareHoM. B KjlaccnyeckoM NOHMMaHWM B Ty KaTero-
PUIO INOJKHBI BXOAWTb MYTALMM, TIPUUMHOH KOTODPLIX SIBJSIIOTCST THU-
[MAYHbIE S3HIOICHHBIC (PAKTOPHI U €CTECTBEHHBIE MYTareHbl OKpPyKalo-
el cpeabl (HanpuMep, KOCMUUYecKass MOHM3UpYWoUIasi pagualus u
yAbTpaduoJeTOBOE HU3MyUYeHUE COJTHEUHOIO CIEKTpa, JAOCTUralollne
MOBEPXHOCTH 3eMJIH ). MHAYyUMpPOBaHHEIE MYTAlIUM, KaK MPaBWIoO, NOJy-
YarT B 3KCMEpUMEHTAaX C MCIONh30BAHUEM ONpPEHEIECHHOTO MyTareHa,
B TOH WIM MHON Mepe IOBhIIaNIEero (poH CIIOHTAaHHOrO MyTHPOBa-
Husi. CleayeT, ONHAKO, 3aMETUTh, UTO TPAHULILI MEXIY STUMH JBYMSI
MOHATHUAMM TEPSIOT YETKOCTb B CJ1y4YassX MHTEHCUBHOTO 3arps3HEeHUs
OKpPYXarolLeH cpeabl MyTareHaMU Kak pe3y/ibTara JAeaTeIbHOCTH YEeI0BE-
Ka (QHTPOMIOTeHHOM aKTUBHOCTH), a TAKXKE MIPU HEKOTOPHIX TEXHOTEH -
HbIX KaracTpodax.

Posnb eenomunuueckoi usmenuusocmu cBsi3aHa, B IEPBVIO OUEDPEb,
C TeM OOCTOSITENILCTBOM, YTO B PE3Y/IbTaTe MYTALUil TEHOB U XPOMO-
COM BO3HMKAET MEPBUUYHOE TeHeTUYecKoe pazHoobpasue OpraHu3MoB
U TEpBUYHAST TE€HETUYECKasl FeTEPOTr¢HHOCTh (MOJIMMOPPU3M) TIpH-
PONHBLIX MONYASLUUK 3TUX opraHu3MoB. Kax M3BecTHO, TakoW NOau-
MOpP(H3M BBICTYIMAET B KAUECTBE OMHOrO U3 (aKTOPOB 3BOJNIOLIMOHHO-
ro npoiiecca.

KoMGuHaTUBHAasA U3BMEHYUBOCTD OGECITEYMBAET BTOPUYHOE F'eHETH -
YeCKOe pa3HooOpa3ve WHIAMBMIYYMOB (M KX MOMYyAsLMI) HA OCHOBE
(hopMHUPOBAHUA TEeHETUYECKU YHUKAIbHBIX FaMeT M 3UToT. BMmecte ¢
TEM, MyTallUl T€HOB U XPOMOCOM MOTYT TIPUBOAMTL K MOSBACHHIO
HacCJIeACTBEHHBIX O60JIe3Hel UEJIOBEKA M XXUBOTHBIX.

Ba3ncHbie TePMHHBI H HOHATHA: OGUOJIOTMUYECKUE MYTArEHbL; TEHETUUECKUIA
MONUMOpdU3M NMoNynsiunii; reHOTUNUYECKast H3MEHYUBOCTD; U3MEHYUBOCTD;
WHIYUVPOBAaHHBIE MYTALlMK; KAHUEPOTeHbl; KOMOMHATUBHAS (peKOMOUHALIH-
OHHasl) U3IMEHYHBOCTh; MOAUMHUKALMOHHASE U3BMEHYHBOCTh; MOTHDHLHUPYIO-
e (akTopbl; MyTareHHasi aKTUBHOCTb; MYTAareHbl (MyTtareHHble GakTopsl);
MYTalUMUH; MyTaUMOHHAS U3MCHYUBOCTD; HAC/eCTBEHHAs NMAaTOJIOTUS; HopMa
peaKkuMH; OHTOTEHETUYECKAas U3MEHYMBOCTh, MCHETPAHTHOCTL, MpoMyTare-
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HBI; CIIOHTAHHbIE MYTALIUU; CynepMyTareHbl; heHOTUIIMYECKasA U3MEHUMBOCTb;
(pH3MYECKHME MYTAreHbl; XMMHUYECKHE MYTAreHbl; 3K30r¢HHbIe (DAKTOPBI; IKC-
MPECCUBHOCTD; 3HAOreHHBIE PAKTOPHI.

5.2. XpoMOCOMHbIe MyTaLuK

XpOMOCOMHEBIE MyTaHWHM ITOAPA3NESIOT Ha IBe Kateropuu: 1) My-
TallUH, CBA3aHHBIE C UBMEHEHHSIMHM YUCJIa XPOMOCOM B COCTaBe KapHo-
THINAa (MHOTAA MX HasbIBAIOT TaKXe YWCIEHHBIMHU abeppalMsiMi JIMG0
FEHOMHBIMM MYTALMSIMM); 2) MYTallUU, COCTOSILIME B MU3MEHEHMUAX
CTPYKTYPBI OTACIBHBIX XPOMOCOM (CTPYKTYPHBIE abeppaium).

H3meHennsa ynciaa xpomocoM. OHM MOTYT BbIpaXxarTbesi B JobasJe-
HUY K MEepBOHAYAILHOMY AMIUIOUMAHOMY HaGopy xpomocoM (2n) on-
HOTO WJIK HECKOJILKHX FarmiouaHbLIX HAGOpOoB (#), UTO MPUBOIAUT K BO3-
HUKHOBEHHUIO TOJIMILIONANN (TPUIUIOMIKHU, 3#, TETpariouauu, 4n, v
Ip.). Bo3aMOXHBI TakKe 106aBIeHHUs! TOO MOTEPH ONHOM MM HECKOJIb-
KHUX XPOMOCOM, Pe3yJIbTaTOM KOTOPBIX SIBJISIETCS aHEYIUIOUaUs (rere-
portounust). Eciiy aHeyIIouaus cBs3aHa ¢ yTpaToil ONHOH XpOMOCO-
Mst (bopmysia 2n - 1), TO IPUHSTO TOBOPUTH O MOHOCOMMH; BhINIAlIE-
HUWE TIapbl TOMOJIOTHUYHBIX XpOMOCOM (21 —2) NMPUBOAMT K HYJUIHCO-
MUH; TIpA A00aBNeHUH K AUTLIOMAHOMY Ha0Opy OZHONW XPOMOCOMBI
(2n + 1) umeeT MecTo TprcoMus. B ciayuyasix, Koraa npoUCXOOnT yBEJIV-
yeHUe Habopa Ha aBe ¥ GoJbllee YUCTIO XPOMOCOM (HO MEHBIIE, YeEM
Ha TalIoMIHOE YUCIIO), UCTIONB3YETCS TEPMUH «ITOJIMCOMHSI».

[onumronanst oYeHsb paclpocTpaHEeHa B HEKOTOPBIX Ipyniax pac-
teHuit. [TonydeHre NOAUTUTIOMAHBIX COPTOB KYJbTYPHBIX PACTEHUH SIB-
JISIETCS BAXXHOH 3aJa4ch CeJEeKIIMOHHOU NMPaKTUKH, ITOCKONBKY C YBE-
JINYEHUEM TUIOMIHOCTU TOBBILIAETCS XO3sMCTBEHHAs] LEHHOCTb TaKHUX
pacTeHuit (CTaHOBATCS OoJiee KPYMHBIMKU JIMCTbS, CTEONU, CEMEHA,
wtonbl). C npyroit CTOposl, NOJUTUIOUINS JOBOJbHO PEIKO BCTpeUa-
€TCsl Y pasleSIbHOMOMBIX XMUBOTHBIX, TAK KaK B 3TOM CJIy4ae 4acTo
HapyllaeTcs 6anaHc MeXIy MOJOBBIMU XpOMOCOMAaMH U ayTOCOMAMH,
YTO NIPUBOIUT K OECIUIONNIO UHAMBUILYYMOB JIUGO K JeTATBHOCTH (TH-
Oenu opraHusMa). Y MJIEKONIMTAIOIIMX U YETOBEKA BO3HUKIIUE TOJHU-
TJIONABI, KaK MPaBWio, MOorn6aloT Ha paHHMX 3Tarax OHTOreHesa.

AHeYIUTOuIMKA HabMIoAAI0TCs Y MHOTUX BUIOB OPraHU3MOB, OCOOEH-
HO Y pacTeHull. TpUCOMMHU HEKOTOPBIX CEILCKOXO3AUCTBEHHBIX pacTe-
HUIA TakXe UMCIOT OMNpEeAeNIEHHYI0 MPaKTUYECKYI0O LIEHHOCTh, TOTXa
KaK MOHOCOMUHM U HYJJIMCOMUM YACTO MPUBOISAT K HEXU3HECTOCOO-
HOCTH 0COOU. AHEYIUIOUINM YeJIOBEKA SABJISIOTCS NMPUIHHON TAXKEJION
XPOMOCOMHOMI MaTOJIOTNH, KOTOpas MposIBJSISTC B CEPbE3HbIX Hapylie-
HUSAX Pa3BUTUS UHAUBUAYYMA, €r0 UHBAJIUIHOCTH, HEPEAKO 3aKaHYM -
BasiCh paHHEH rHGeNbI0 OpTaHM3Ma Ha TOM WJIM MHOM 3Tarle OHTOreHe~
3a (eTaqbHBIM MCX0HOM). XpOMOCOMHEBIE BOJIe3HH yesoBeka Ooiee
MoApoGHO 6yIyT paccMaTpUBAThCs B moapasm. 7.2.
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TIpyuuHBl TTOMUNNIONINN M AHEYIUTOMINM CBSI3aHbI C HApyLLEHMS -
MU PACXOXIECHUS TUIUIOMAHOTO KOMILJIEKCA XPOMOCOM (JIMOO XpoMo-
COM OTAEJILHBIX 11ap) POAMUTENLCKUX KJIETOK B IOYEPHHUE KIIETKH B NTPO-
Iecce Meio3a Uiy MUTo3a. Tak, HaTipuMep, €CIM y YeJIoBEKa BO BPEMSI
0OreHe3a BO3HUMKHET HEePacXOXAEHUE OTHOM mapsl ayTocoOM MaTepHH-
CKOH KJIETKM C HOpMAJIbHBIM KapuoTuroM (46,XX), To npousoiiuer
oOpazoBaHue SHLEKIETOK ¢ MyTAaHTHBIMM KaphoTunamu 24, X u 22.X.
CrenoBaTesibHO, MPU OIIOAOTBOPEHUY TaKUX SHLIEKIETOK HOPMATh-
HbIMU cliepmaTo3ouaamMu (23,X mubo 23,Y) MOTYT MOSIBUTHCS 3UTOTHI
(uHOMBUIYYMBI) ¢ Tpucomueil (47, XX nu6o 47,XY) u ¢ MoHOocoMHeit
(45,XX mu6o 45,XY) no cooTseTcTRYIOLIEN ayrocoMe. Ha puc. 5.1 mpuse-
JIeHa 0b1liast cxeMa BO3MOXHBIX HapylLIeHUH ooreHesa Ha aTare pa3MHo-
JKE€HUSI IEPBUYHbIX TUIUTIOMIHBIX KJIETOK (ITPH MUTOTHUYECKOM JEJIEHUMN
OOroHM#) nMubo NP CO3PEBAHUU TaMeT (BO BpeMsT AejeHHs Meifo3a),
IIPUBOJSALLUMX K BOZHUKHOBEHNIO TPUIUIOWAHBIX 3UTOT (CM. puc. 3.4).
AHanornuHble 3dexTsl 6yayT HabTIONATECS U TIPU COOTBETCTRYIOLIMX
HApYLLIEHUSIX CTIEpMaTOreHe3a.

Ecnu ykasaHHble BBbILLIE HapylUeHUs 3aTparnBalOT MUTOTHUYECKU
JeJISIILMeEcs] KIETKU Ha paHHUX 3Tarmax SMOPHOHANILHOIO Pa3BUTHS (3M-
OpuoreHe3a), TO MOSABISIOTCS WHAWUBUIAYYMBI C NMpPU3HAaKaMU MO3au-
uu3Ma (MO3aUKK), T.€. UMEIOLUME OTHOBPEMEHHO KAK HOPMajibHbIE
(IMTUIOUIHBIE) KIIETKH, TAK U aHEYINIOUAHBIE (JIUOO MOJHITIONIHbIE)
KJIETKU.

B HacTos111ee BpeMsT U3BCCTHBI PA3IMYHbIE ATE€HTHI, HAMIPUMEp, BbI-
COKME W HU3KHUE TEMITEPATyphbl, HEKOTOPblE XUMHUUYECKHE BElIeCTBa,
Ha3BaHHbBIC «<MUTOTUYCCKUMMU s0aM» (KOJXHUIIMH, TeTEPOAYKCHH, alle-
Ha(pTOM U Ap.), KOTOPbIEe HapyllaloT HOPMadbHYIO paboTy anmnapara
KJIETOYHOTO JEJIEHUS Y pACTEHNH U JKMBOTHBIX, TIPENSITCTBYSI HOPMaTb-

9 OoroHumn IlepBUyHBIC 0OUMTHL BTOpHYHBIE OOUMUTHL  3HroTa
1-e nonsipHOE 2-¢ ToNsSIpHOe
@ @ TeJIblie @ TeJbLIE
o . R ;
Hopmansubiit n fzn\ n)—
OOTeHe3 ) n,

~
@

Mmgf;ltz{eelg(oro e A~ @ v o
(Tengi'IL?IgIl:;l{aﬂ dn \4_'1/ \2nf N @
OOTOHUS) /
()
Lo sigbexT vl N ()
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Puc. 5.1. BoaMoXHbIe HapyllleHUs 0OTeHEe3a, TPUBOASILME K NOSBAEHUIO TPU-
MIOUAHBIX 3UTOT
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HOMY 3aBEepUIEHHIO ITpolecca pacXOXIeHHsI XpOMOcoM B aHadase U
testodaze. C NOMOLLBLIO TAKMX AreHTOB B 3KCIEPUMEHTAIBHBIX YCAOBUSX
MOJYYaOT NMOJUITOUIHBIE M aHEYITIOUAHBIE KJIETKHU pa3HbIX 3yKapHOT.

H3menenust CTpyKTypbt XpoMocoM (cTpykrypubie abeppaunn). CTpyk-
TYpPHBIC abeppalluy MPEACTaBISIIOT COOOM BHYTPHXPOMOCOMHBIE WX
MEXXPOMOCOMHBIE MEPECTPONKU, BOZHUKAIOUINE TIPH pa3pbiBaxX Xpo-
MOCOM IOl BO3AEWCTBHEM MYTAareHOB OKpYyXarolleit cpeanl MO0 Kak
pE3YALTAT HApYILUEHUIA B MEXaHU3ME KPOCCHUHIOBEPA, NPUBOISIUINX K
HEMPaBUILHOMY (HEPaBHOLEHHOMY) T'eéHEeTMUYECKOMY OOMEHY MEXIy
rOMOJIOTHYHBIMU XpOMOCOMaMHU Tocie hepMEeHTATUBHOTO «pa3pesa-
HUSI» UX KOHBIOTUPYIOINX YUYACTKOB.

K uncny BHYTPUXPOMOCOMHBIX TMEPECTPOEK OTHOCITCS HAeJieLUH
(HexXBaTKM), T.€. TIOTEPU OTACTABHBIX YYACTKOB XPOMOCOM, AYILUIMKA-
unM (ny0auMKauuM), CBSI3aHHBIE C YIBOEHHWEM TeX WIM UHBIX ydacT-
KOB, a TAaKX€ UHBEPCUU U HEPELIUITPOKHBIE TPAHCIOKALIMU (TPAHCIIO-
3ULMHK), U3MEHSAIOLIME MOPSNOK PACITONOXEHUS! TEHOB B XPOMOCOME
(B rpynne cueruieHus). FIpuMepoM MeKXpOMOCOMHBIX NEPeCcTPOEK SIB-
JISIIOTCSl PEUMTTPOKHbBIE TpaHCAOKaUUK (prc. 5.2).

Henenyn ¥ fynnyikauyyu MOTYT U3MEHSITh YMCJIEHHOCTb OTAENbHbIX
T€HOB B FEHOTHUIE WHIAMBUIYYMA, YTO TPUBOIWT K HapyllieHUlo Oa-
JIAaHCA UX PEryJISITOPHBIX B3aUMOOTHOLIEHNK M COOTBETCTBYIOLMM (e-
HOTHUIMUYECKUM TIPOSIBACHUSIM. 3HAUMTEIbHBIC 10 pa3MepaM Aejieliuu
O00BIYHO OBIBAIOT NETANILHLIMU B TOMO3UTOTHOM COCTOSIHMM, TOTZIA KaK
OYEHb MEJKME NEIELIMHU Yallle BCETo HEe SIBISIOTCA HeNMOCPeACTBEHHOM
TIPUUWHON TUGENN FOMO3UTOT.

MHBepcus BOZHUKAET B pe3ybTaTe TIOJIHOTO pa3pbiBa JBYX Kpaes
XPOMOCOMHOTIO YY&CTKa C MOCJEAYIOUIMM [OBOPOTOM 3TOr0 y4acTkKa
Ha 180° n BocCOe/IMHEHMEM PA3OPBAHHBLIX KOHIIOB. B 3aBUCHMOCTH OT
TOTO0, BKJIIOUAETCS WIU HE BKAKOUYAETCA LEHTPOMEPA B UHBEPTUPOBAH-
HbIH Y4aCTOK XpOMOCOMbI, HHBEPCHU TOAPA3NESIIOTCI HA [IEPUIIEHT-
pudecKre U mnapaueHTpuueckude (cM. puc. 5.2). TMoapnsiiouiecs: nNpu
3TOM TIEPECTAHORKHU B PACIONIOXEHNUU reHOB OTAEIbHONH XpOMOCOMbI
(riepecTpolKM Trpynmnbl CUETICHMSI) TaKXe MOTYT CONPOBOXAATHCS
HapyIUEHUSIMU IKCIIPECCUH COOTBETCTBYIOIIUX T€HOB.

IlepecTpoiiku, U3MEHSIIOUINE ITOPSIOK M (WIM) COmep>KaHue TeH-
HBIX JIOKYCOB B IPYIaX CUETUIEHUS, IPOUCXOIST U B CIy4ae TPAHCIO-
Kauui. Haubosee 4acTo BCTpevaioTcsl pelMipOKHEIE TPAaHCIOKaUMH,
NpA KOTOPBIX HAOMIOIACTCI B3aUMHBIM OOMEH TpelBapUTENbHO pa-
30pBaHHBIMU Y4acTKaMU MEXIY IBYMSI HETOMOJOTUYHBIMK XpOMOCO-
MaMU. B ciaydae HepeMITPOKHOM TPAHCIOKALMM TTPOUCXOIUT NepeMe-
HIeHHEe (TPAHCTO3NINA) MOBPEXAEHHOTO yUacTKa B Nperenax ToW xe
XPOMOCOMBI JIUOO B XPOMOCOMY ApYroit maphl, HO 63 B3auMHOTO (pe-
HUIIPOKHOTO) oOMeHa (cM. puc. 5.2).

K 0co60ii kaTeropuu XxpoMOCOMHBIX MYTALIAHA OTHOCATCS NEPeCTpoil-
KW, Ha3BaHHbIE pOOEPTCOHOBCKUMU TPAHCIOKALMSIMU B CBSI3U C TH-
note3oit B. Pobeprcona (W. Robertson), ripelinoXeHHON ANt OOBICHE-
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HUS MEXaHW3Ma TaKMX MyTalMil. DTH NepeCTPONKHU 3aKITI0YalOTCs B
LEHTPUUYECKOM CIIMSIHUN JABYX HEFOMOJIOTHYHBIX XPOMOCOM B OIIHY JIUOO
B pa3fciiceHUM ONHOW XpOMOCOMBI Ha JBe B Pe3yibTaTe e€¢ paspbiBa
B 00aacTH ueHTpoMepbl. ClneloBaTe/IbHO, TAKUE [MEPECTPOUKN MOTYT
MPUBOJANATh K U3MEHEHHUIO YUCJA XPOMOCOM B KapHOTHUIIE, HE BIUSISA
Ha oflllee KONMMYECTBO FeHETHUECKOro MaTtepyaia B kierke. Ilonara-
10T, YTO POOEPTCOHOBCKUE TPAHCIOKALWH ABJAIOTCS OMHUM U3 (ak-
TOPOB 3BOJIIOIIVN KaPUOTUIIOB Y pa3HbIX BUAOB SYKAPUOTUYECKMX Opra-
HU3MOB.

) Co— ABCE FGH
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Puc. 5.2. Paznuunble CTPYKTYpHbIE abeppaliuy XpOMOCOM
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Kak 6b110 OTMEYeHO paHee, TOMUMO OUIMOOK B CMCTEME PEKOM-
OUMHALMHU MPUYMHON CTPYKTYPHBIX abeppalldit 00BIYHO ABJISIIOTCS pas-
PBIBBI XPOMOCOM, BO3HMKAlOIIXME TPU IASUCTBUM WMOHHU3UDPYIOIIE
paguanvuM, HEKOTOPBIX XMMHYECKHUX BEIIECTB, BUPYCOB M IAPYIHUX
areHTOoB.

PesynbraThl 3KCIEPUMEHTATBHOIO U3YYEHMSI XUMUYECKUX MyTare-
HOB CBHUIETEJILCTBYIOT O TOM, YTO HauOosee 4yBCTBUTEIBHBIMU K MX
BO3ACHCTBUIO SIBJSIOTCS TeTEPOXPOMATUHOBBIE YYAaCTKU XPOMOCOM
(4alille BCero pa3pbIBBI IPOUCXONST B paiioHe neHTpoMephl). B ciydae
MOHU3UPYIOLIEH panraluy TaKoi 3aKOHOMEPHOCTUA He Habronaercs.

baszucHble TepMHHBI H HOHATHA: a0eppallvsl; aHEYIUIOWIHUS (TeTepPOIUION-
IUsl); aeneuusi (HEXBaTKa); Aynnukauus (1yonvkanusa); J1eTajJbHOCTb, «MHTO-
TUYECKUE Sbl»; MOHOCOMUS; HEPELIMIPOKHASY TPAHCIOKALMS; HYUTUCOMUS;
napaueHTPUYECKAsi MHBEPCUS; MEPUIIEHTPUYECKAS] UHBEPCUS; MOJIUILIONINS,;
MOJIMCOMMSL; PELIMTIPOKHAS TPaHCAOKALMS, poOePTCOHOBCKAsI TPAHCIOKALKS;
TPAHCIO3UIINA; TPUCOMHUS; XPOMOCOMHAST MyTaLiusl.

5.3. N'enHble MyTauum

'eHHbIE MyTaLIMY 3aKJIIOUAKOTCS B U3BMEHEHUSAX HYKJICOTUOHOHN TIOC-
aeposatenbHocTd JTHK (reHeTnyeckoit MH(GOpMaIIMK) OTACIBHBIX Ie-
HOB. MeXaHU3MBl 3TUX MYyTallMit Hanbojee NeTAbHO ObLIM M3YyYEHBI
B 9KCIIEpMMEHTAX C BUpycaMK UM GakTepussMu. B ciryyae yesoBeka Hapy-
IUeHUS, BO3HUKIINE B CTPYKTYPE T€X UAW MHBIX T€HOB, MOTYT IIPHBO-
JUTHb K pa3BUTHIO TeHHBIX O0Je3Hel JTub0 CIYXKUTh OTHOU U3 MPUYUH
MOSIBIEHUS MYJIbTU(hAKTOPUATLHBIX 3a00/ieBaHUl. AHAIU3 TaKUX Ha-~
PYILIEHUH MTPOBOAUTCS C MCITOJB30OBAHHEM COBPEMEHHBIX MOJIEKYSIP-~
HO-TEHETUYECKHX U HHBIX METOINOB UCCIER0BaHMs (CM. TTompasn. 8.1).

MyTralniioOHHblE W3MEHEHUS TEHOB MOTYT OBITh CBA3aHBI C HUX IO~
BpeXIEHUAMHU B OAHOMN Touke (OMHOCATOBbIE MYyTALIMU) JIMOO B ABYX
WM HECKOJLKMX Pa3HBIX TOYKax (MHOrocaiiToBbie MyTanuu). Myra-
LHK, IPUBOAALINE K MPeBPALLEeHNI0 HCXOMHOro (HOPMajibHOTO) TNipH-
3HAKa B U3MEHEHHBIN (HEHOPMAaJIbHBIH), HA3bIBAIOT NMPSIMBIMM MyTa-
LHHUSIMU.

C TOit MM MHOU BEPOSATHOCTHIO BO3HUKAIOT TAKKE 0OpaTHbIe MyTa-
LIUH, pe3yJbTaTOM KOTOPBIX SIBIISIETCS BOCCTAHOBJEHUE Y MYTAHTHOIO
OpraHM3Ma WCXOTHOTO (eHoTHa. MHorma 31o CBSI3aHO C BOCCTAHOB-
JIEHMEM TEePBOHAYANbHONM CTPYKTYphl TeHa (UCTMHHOJ peBepcueit).
OpmHako B HEKOTOPBIX ClIyyasix oOpaTHbIE MYTAlIMM ITPUBOAT K NMOSAB-
JIEHUIO MCXOMHOTO TMpU3HaKa 0Ge3 BOCCTAHOBIEHUS TEePBOHa4YaIbHOTO
COCTOSIHMS CaMOro reHa (CyImpecCOPHBbIE MYTAllUM).

I'eHHBIE MyTallMK MOAPA3AEHSIOT TAKXKE Ha COMaTUYECKME, 3aTpa-
I'MBAIOLINE COMAaTUYECKME KIETKH OpPraHM3Ma, ¥ TeHepaTUBHbIE (MY-
TalUK MMOJIOBBIX KNETOK). MyTallus, NpHBOAS1LAs K ITOTEpE HEZaMEHH ~
MO (PYHKIIMKM OPraHU3Ma, SIBJASETCS JIETATBHOH.
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H3BecTHBI pa3nuyHBIe MOJIEKYJISPHBIE MEXaHU3Mbl T€HHBIX MyTa-
umnii. JIOBOJBHO YaCTO BO3HUKAIOT MYTAllMH, CBI3aHHbBIE C 3aMEHOM
OIHON IMaphl KOMIUIEMEHTAPHBIX HYKJICOTUNOB ABYXUCITOYETHON MO~
sexkyasl JHK Ha mpyryio mapy HYKJIEOTHAOB, YTO MPHBOAMUT K U3Me-
HEHUIO CTPYKTYPBl OTAEeAbHBIX TPUILIETOB KOAMPYIOLIEH HUTH 3TOM
MoneKyabl. I1pu 3TOM BO3MOXHBI MPOCTHIE 3aMeHbI (TPAH3ULIMK), KOT-
Mla ONVH MYPUH 3aMEILAETCS APYTUM MypHHOM, a MUPUMHUANH — TH-
PUMHAMHOM (HarpuMmep, 3aMmeHsl nap tuna: A-T — I'-11 mu6o -1l
— A-T), u nepekpecTHBIe 3aMeHBI (TPAHCBEP3UM), T.€. 3aMELIEHHUS
TIypuHa nupuMuanHoM u Haobopot (A-T — U-T, A-T—>T-A u np.).

B kxayecTBe KOHKPETHOTO MPHUMEPA MOXHO PACCMOTPETh MYTareH-
HYIO aKTHBHOCTH 5-Opomypaumna (5bY), Kotopelit npeacTasisieT co-
6011 MoIMbUUMPOBAHHYIO MOJIEKYIY (aHAJIOr) HOPMAJIBHOIO TIHPU-
MUIMHOBOIO OCHOBAaHMS THUMMHA (3aMeLIeHUE METWJILHOI TpyNIibl
MOJIEKy/Ibl aTOMOM Opoma). Kak ¥ Jpyrue asoTHCTBIE OCHOBaHMS,
5-OpoMypalMi MOMUMO CBoeit 06b1YHOI (HOpMEI (KETO-GOPMBI) MO-
XeT npuodpetaTh 6oJiee penaKylo (3HOMBHYIO) (GOpMY BCIEINCTBHE Tay-
TOMEPU3aLUH (U3MEHEHHS ITOJIOKEHHUs TPOTOHA, MEHSIOILETO CBOIi-
CTBA MOJIEKYJIBI).

TaytroMmepuzanus MoXeKyas SBY (1 1pyrix aHOMa bHbIX aHAJIOTOB
a30THUCTBIX OCHOBAHUIA) [IPOMCXOAUT 3HAYUTEIBHO Hallle, YEM Y OObIY-
HbIX (HOpManbHBIX) MYPUHOBBIX U MUPUMUIHHOBBIX OCHOBAHUIA HYK-
JIEUHOBBIX KHUCJIOT.

Haxonsick B KiieTke B cBOEit Han6onee 4yacToi KeTo-dopMme, Moe-
Kyna 5bY obpasyer nBe BOXOPOAHLIE CBA3W 1 BKJIIOYAETCS B CHHTE3U-
pyemyio HuTh [JTHK BMecTo THMUHA nMpu penavKauuu MOJIEKYJIbI

Ucxonnas monexyna JHK
e PInnuKauVL] ,
2 H—SB ety T Aﬁf

/Pen.rmxaumx
HCMYTaHTHLIe

3 éfrl':‘:‘:':'- I ==='~T-§§ MOJIEKYJIbI

Puc. 5.3. MexaHn3M MyTareH-
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. H na (5bY), npuBoasuiero K 3a-

1 lSBV -": ;’gﬁz};ﬁm meHe napbl A-T Ha napy I'-11.
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Puc. 5.4. Mexanusm Myra- Hcexonnaa monekyna JHK
FEeHHOrO JeHCcTBUS 5-0poM-

ypauuna (SBY), npusoasi- 1

uero K 3amexe mapsr I-11

Ha napy A-T .'. ennm(auu ~
}n
-::v =.=
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ewmxauw\

55_ en e HCMyTaHTHbIC
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MyTaHTHEIE

MOJIEKYJIBI

(puc. 5.3, 1, 2). Bo Bpemst Bropoii perMkanuu SbY MaTpuuHOii 1ie-
royku JJHK MoxeT nepeiiTM B 3HOJBHYIO ¢opMy, (HOPMUPYIOILYIO
TPHU CBOOOAHBIE CBSI3M, M KOMIUIEMEHTAPHO COENMHUTHCSI C TYaHHUHOM
JOYepHEl UEMOYKH, YTO MPUBOIUT B KOHEYHOM UTOrE K 3aMEHE MC-
XOAHOIT mapwl Hyki1eoTunoB A-T Ha mapy I'-1 mipu TpeTheil peruinka-
uuu (puc. 5.3, 3, 4).

Bosmoxna u apyras (6onmee penkasi) curyauus, korga SbY, Haxo-
ICh B SHONBHOM (hopMe, npu perukauuy JHK cnapuBaetcsa He C
aJIE€HMHOM, a ¢ TyaHMHoM MatpuuHoit Hutu JHK (puc. 5.4, 1, 2).
[Tocnenyrounit mepexom MONEKyJIbl MyTarcHa B 00Jiee OOBIUHYIO KETO-
dbopmy O6YIET COTIPOBOXIATLCS €r0 KOMIUIEMEHTAPHBIM COETMHEHHUEM
C aIeHWHOM IPH CIEAYIOIUEeH penIuKaUuK, YTO 3aBEPLUUTCS 3aMEHOMI
ucxoxHoi napel ['-11 Ha mapy A-T (puc. 5.4, 3, 4).

Kak yxe oTMmeuajiocs B moapasi. 5.1, ectb OCHOBAHUS TIONararh,
YTO M3peliKa BO3HMKAIOLIAA TAYTOMEPHU3aLiUsT HOPMAJIbHBIX a30TUCTHIX
OCHOBAaHUI B KJIETKE SIBASETCS ONHOI M3 NMPUYMAH IMOSBACHUS CITOH-
TAHHBIX MYTALIUA, T. €. CIIYKUT IPUMEPOM TUITMYHBIX MyTAT€HHBIX PaK-
TOPOB 3HAOTEHHOTO XapaKTepa.

3amMeHa OHOM Napbl HYKJIEOTHAOB Ha IPYryIO0 MOXET TaK U3MEHUTh
CMBIC COOTBETCTRYIOMIETO TpHILieTa B 3 -5 " ~uutn IHK, uto oH npro6-
peTaeT CIOCOOHOCTh KOAMPOBATH APYryl0 aMUHOKUCIIOTY. Takve MyTalv
4aCcTO Ha3bIBAIOT MUCCEHC-MYyTALMAMM (OT aHIJI. miss — IOTeps, OTCYT-
CTBUE + sence — CMBICI, 3HaueHne). Kak BUIHO U3 cXeMbl Ha pHcC. 5.5,
tpurviet LII'T xonupymoomieit Hutu JJTHK, KoTOpOMY COOTBETCTBYET
tpurier 'HA B monexkyne MPHK u amMuHokucaI0Ta anaHUH B MOAH-
TeNTHIE, MOXeT 6uITh 3aMeHeH Ha TpurwieT HAT (I'YA — B MPHK),
JAETepPMUHUPYIOILINI BaJIMH (CM. CTPYKTYpY reHeTrueckoro kona MPHK
BTabm. 1.2).
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Puc. 5.5. UameHenue dparmenta JHK, nprBossiiee K MUCCEHC-MyTallUU

B Hacrosiiiee Bpemst m3BecTHO, HarnpuMep, dosee 100 MucceHc-
MyTauui B o- U B-TJIOOMHOBBIX FeHax, IIPUBOASILMX K 3aMEHaM pas-
JAYHBIX AMUHOKUCIIOT B COOTBETCTBYIOIIMX TOJUNENTUAHBIX LIENoY-
Kax reMorno0MHa yesaoseka. B 4acTHOCTH, 3aMeHa rIyTaMUHOBOM KUC-
JIOTBI HA4 BaluH B LIECTOM ITOJIOKEHUHU (B-TJIOOGMHOBOM LIEMOYKU MPU-~
BOIMT K IpeBpaLICHUI0 HOpMaIbHOTO reMorinobuHa (HbA) B MyTaHT-
Hblil reMornoOuH (HbS), 4To MOXeT cTaTh TIPHUYMHON CEPIIOBUIHO-
KJIETOYHOM aHEMUH MHAUBUAYYMA. BMecTe C TeM, 3HaUUTeIbHas YacTb
YKa3aHHBIX aMUHOKUCIIOTHBIX 3aMEH HE COMPOBOXIAETCS HApyILeHHWs -
MUY BTOPHMUYHOW U TPETUYHOM CTPYKTYPHI OSNKOBOIl MOJEKYJIbLI U HE
NpOSIBIISIETCS] (PCHOTUNMYECKH B (hOpMe MyTaHTHOTO reMoriioouHa. Cre-
NOBATEJIbHO, TAKUE MUCCEHC-MYTAlIMM MOXHO OTHECTHU K KAaTCrOpuU
HEeUTpajibHBIX MyTallUii.

HelTpanbHbIME SIBISAIOTCS TAKXKE MyTallud, CBSA3AHHBIE C 3aMEHa-
MH Nap HyKJIEOTUIOB, TPUBOIASIIMMU K 00pa3oBaHHUIO KOTOHOB-CHHO-
HHUMOB, KOTOpbIE TETEPMUHUPYIOT T XK€ aMUHOKHUCIIOTHI, YTO K UCXO/I-
HbIe KOAOHBI (HarpuMep, TipeBpallleHne Tpurieta ALLA B Monekyne
MPHK B Tpurutersr AL, ALLL nu6o ALLY, Bce yKasaHHBIE TPUTLIETHI
KOIMPYIOT TPEOHUH).

Kak u3BecTHO, MOTYT He UMETh (heHOTUIIHYECKOTO ITPOSIBJICHUS U
MyTallMy B MHTPOHHBIX y4acTKaX reHoB.

B oTnenbHBIX ciydasx pH 3aMeHaX HYKJICOTUAOB BO3HUKAKOT MyTa-
LM U, Ha3bIBa€Mble HOHCEHC-MYTaLUSIMU (OT aHIJI. nonsense — OeCCMbIC-
JIMUA), TIPU KOTOPBLIX OOBIYHBIN KOMOH TOM MM WHOW aMUHOKHCIIOTHI
MpeBpaLlaeTcsl B CTOM-KOAOH (Hanpumep, 3amMeHa Tpuryera HHAA B
moustekyne MPHK, xoaupyourero muiuH, Ha CTOTI-TPUITIET YAA).
Takast MyTalimsl BbI3bIBACT MIPEXACBPEMEHHOE NMPEKpallieHIe (TepMUHa -
HHIO) Npouecca TPAaHCKPUTIMY MHGOPMALVMK COOTBETCTBYIOILETO TeHA.

IMpuHUMORANBHO MHOW XapakTep MUMEIOT TeHHBIE MYTAlUU, MpH-
BOJSLIME K CABUTY PAMKH CUMTHIBaHUS TeHeTHMYeCKON MH(pOopMalyn.
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Puc. 5.6. U3menenue dbparmenra JJHK, npusomsiiliee K MyTaldy CABMra paMKu
CYMTBIBAHUSI HHDOPMALIMU

G

OHM BO3HUKAIOT TIpH BKJIIOYEHUM (BCTaBKE, MHCEPLMHU) NUOO BBITA-
JEHUN (IeJieLlnH) OXHON WIK HECKOJIBKMX [Tap HYKJIEOTHIOB (pHC. 5.6).
ITpu 3TOM U3MEHSETCS CTPYKTYpaA BCEX TPUILIETOB UCXOAHOM HYKJIEO-
TUIHOI mochemoBarenbHOCTH Kogupymowein HutH JIHK, Hauunas
C TOYKH, B KOTOPOM MPOM3OULUIO HApyUICHHE, U 3aKaH4YMBas CTOII-
KOJNIOHOM Ha 5’-KOHIIE TaKOi ImocnenoBaTesbHOCTH. ClieqoBaTesbHO,
HapyILINTCS U BCA AMUHOKUCIOTHAS TOCIIEA0BATEILHOCTh KOAUPYEMO-
ro MOJUIIENTHIA, T.€. B KJIETKe OYIeT CUMHTE3UPOBATHCS «DEeCCMBICTEH -
HBii» OeNoK.

OOBIYHO TakMe GenKu TnoaBepraloTcs ObICTpOMY HEPMEHTATUBHO-
My paspylleHHIO. AHATOTHUHBII 3(dekT OyaeT HaAOMIOAATHCH U TIPU
BHYTPUTEHHON MHBEPCHU, COCTOosALLE B nosoporte yyactka JJHK Ha
180° kax pesysbTata pa3pblBa MOJIEKYJBI B ABYX TOUKAaX foOJ BO3AcH-
CTBUEM MYTAreHa U MOCeNyIoLero BOCCOeIMHEHUST pa3opBaHHbIX KOH-
1IOB. _

Cnenyer 3aMeTUTb, YTO MPU3HAK, U3MEHEHHBIN B pe3ysbTaTe Npsi-
MO MyTallMH, CBA3aHHOW CO BCTaBKOM (JIMOO ¢ BHIMaAeHHEM) Naphbl
HYKJIEOTUIOB, HHOTIA MOXET OLITh BOCCTAHOBAEH 10 UCXOJHOTO CO-
CTOSTHUSI C TNOMOLUBIO Apyroit (06paTHOI) MyTallMM CYIpPeCCOPHOTO
THIT4, TIPU KOTOPOH MPOUCXONUT BhilTafeHne (TUO0 BKIIIOUEHUE) elle
OIHOM Mapbl HYKJIEOTUAOB HA yJacTKe ¢ HApYIUEHHBIM CUMTHIBAHUEM
HHbOpMaIINH.

BasucHble TepMHHB! H MOHATHA: BCTABKA TMaphl HYKJIEOTUIOB; BLITaACHHUE
napbl HYKJICOTHIOB, I'€HEpaTMBHAsl MyTalusl; reHeTHuecKass uHgopmauus;
reHHas] MyTaLlMs; 3aMeHa 1apsl HYKJIEOTHHOB; nuBepcus ydacrka JHK; ne-
TaJbHasg MyTalMs; MUCCEHC-MYTallMs; HelTpalbHas MyTalMs; HOHCEHC~-MY-
TalKs; HYKJIEOTUIHAS TIOCAEI0BATEIbHOCTL; o6paTHasi MyTauus; NpsiMas My-
TAalUsl; CIBUT PAMKH CYMTHIBAHUA MHGPOPMAaLMK; cOMaTUYeCKasi MyTalus; CyIi-
peccopHas MyTalvd; TayToMepu3allusi; TPaH3ULIUsI; TPAHCBEP3HUsl.
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5.4. MexaHusMmbl penapauun nospexgerHun OHK

DOMBLUIMHCTBO CIIOHTAHHBIX M MHAYIMPOBAHHBIX MyTAr€HAMM I1O-
BpexxaeHuit JHK MoxeT yerpaHATBCS ¢ OMOLIBIO 0cOOBIX hepMeH-
TaTVBHBIX MEXAHU3MOB, NEHCTBYIOUINX B KJIETKAX pPa3iMYHbIX OPraHu3-
MoB. McnpaBienne (pernapaLnio) TaKMX MOBPEXIAEHUI OCYLIECTBIISIOT
ClIeLUaNU3UPOBAHHBIE CUCTEMBI, BO3HHMKIIME B MPOLICCCE IBOTIOLUU
KaKk cnocob noamepxaHusi CTa0UNbHOCTH TEHETUUECKOW CTPYKTYPHI
KJETOK U TeHOMHOHN OopraHu3alny WHAMBUIYYMOB.

HauGosiee onruManbHpiil pe3ynbTar paboThi penapupylouieii cuc-
TEMBI TIPOSIBISIETCS B [TOJHOM JTMKBUAAIIMKM HapYLIEHHS, BBI3BAHHOTO
AHK-tpon#biM (bakTOpoM, T.€. B BOCCTAHOBJIEHUM TIEPBOHAYAIBHOMN
TEHETHYECKOU CTPYKTYpHI. [lpyroit KpaliHUit BapMaHT, CBSI3aHHLIN C
OOJIBIIMM YHMCIIOM U CEPBe3HBIM XapaKTepOM ITOBPEXACHUH, BO3HHK-
wux B Mosnekyaax JHK, npuBomuT K rudean KJIETKH (JIETAIbHOMY
a¢dekry). HakoHelr, B cirydae, KOTJa CUCTEMa pernapaliii He B COCTO-
AHUHN TIOJIHOCTBIO JTMKBUAMPOBAThL BCE ACHEKTHl B CTPYKTYPE [EHCTU-
YeCKOro Marepuana, nubo npu ourndkax B paboTe caMol CHUCTEMBbI
MOTYT BO3HUKATb TC WU UHBIE MYTALMOHHBIE U3MEHEHUS (MyTalKU)
B KJIETKaX UHAMBUAYYMa (MYyTAUMOHHBIN 3¢ dekT).

MexaHu3Mbl Pa3iInuHbIX BOCCTAHOBUTEILHbBIX TIPOLIECCOB Hanbonee
HeTanbHO OBUIM M3y4YeHBbI B 3KCIIEPHUMEHTaX C KjieTKaMu OakTepui.
B kauectBe npumepa paccmoTpuM penapauuio nospexaeHuit JHK,
NOSABJSIIOUIMXCS MMOH Bo3ieiicTBUeM yabTpaduonerosoro ceera (Y-
MOBPEXIECHUN). DTU NTOBPEXKICHUS MOTYT OBITh CBSI3aHblI ¢ 0Opa3oBa-
HUEM KOBAJCHTHOW CBSI3M MeXIY ABYMS COCEIHWMU MUPUMHIMHAMHU
(4aute BCero Mexmy ABYMsS TUMWHaMH) B Tod win uHoi Hutu JHK,
YTO IPUBOAUT K BOSHUKHOBCHHIO IMepa (puc. 5.7). Ecnu Hapylueuue
He OyneT yCTpaHeHO, TO TaKoil AuMep OYIAET CO34aBaTh IPEsITCTBUE
s pa6otel JIHK-nonvmepass! ¥ 3a010KUpyeT peijitKauuio yyactTka
uermouku JHK, Haxonsmierocs 3a aumMepomM.

B nukeumatiuy Bo3HuKuIMx Y®-1i08pexaeHnil MOTYT y4acTBOBaTh
pasJIMyHble KJIETOYHBIE MexaHu3Mbl. OIUH U3 HUX (TIpouecc (orope-
AKTUBAUMHM, WIK CBETOBOU pertapalyu) CBS3aH ¢ JIeUCcTBUEM (pepMeHTa
doToMMasbl, CHHTE3 KOTOPOTO UHAYLUPYETCS BUAUMBIM CBETOM MOC-
Jie nosieieHust B MoJiekynax JIHK nupuMunnHoseix numepos. C ioMo-
B0 3TOrO epMEHTA IIPOUCXOINT OJIHOITAITHOE PACUICTIIIEHUE AUME-
POB B OaKTepHabHBIX KIIeTKaX, KOTOpkIE mociie Y D-obnydeHus Opuu
MOABEPTrHYTHI BO3ACUCTBUIO BUAUMOTO CONHEUHOTO CBETA.

bonee cnoxHBIH (MHOTO3TAMHBIN) MexaHU3M ucrpaBieHus Y-
MOBPEXACHUN, Ha3BaHHBI MEXaHU3MOM 3KCUM3MOHHOW penapaiuy,
He CBsi3aH C MHAYLIUPYIOLINM JeHCTBHEM BUAMMOTO cBeTa (MHOrAA ero
Ha3bIBAIOT TAKXKE MEXaHU3MOM «TeMHOBOM» perrapainu). HavaapHbiil
aTan 3Toro npoiecca (cM. puc. 5.7) 00yCNOBIICH IEMCTBUEM KOMILTEK-
CHOTO (pepMeHTa (Y D-3HOOHYKIIEA3bl), KOTOPHIH CTOCOGEH «y3HaBaTh»
MUPUMUIUHOBBI (THMUHOBLINA) TUMep, CBS3bIBAThCH ¢ HUTHIO JJHK
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Puc. 5.7. Oxcunsnonnas penapauust Gpparmenra JIHK, rnospexaeHHOro yabrpa-
(GHONETOBBIM U3IyYeHHEM (COAEPXKAUIETO THMUHOBLbLIA IUMED)

B y'UacTKe, UMEIOLEM INMEp, U OCYLIECTBISITh «pa3pe3aHue» (MHLM-
31I0) 3TOW HUTH B JIBYX TOUKaX (Ha pacCTOSTHUM B HECKOJILKO HYKJIEO-
TUIOB OT 5'-KOHLia ¥ 0T 3'-KOHLa xuMepa). Chelyolurii 3Tan 3aKkilo-
YyaeTcsa B BBHUEIJIEHUM (IKCIIU3MK) AMMepa M HEKOTOPOTO YHCHa Npu-
JIEraloUIMX K HEMY HYKJIEOTHIOB MOBPEXAEHHOM HUTH ¢ yyactieM Y-
SHAOHYKJIea3bl MO0 HEKOTOPLIX 2K30HYKIIea3. B ganpHelLemM npo1c-
XOOHUT peapaTUBHBIN CHHTE3 viajleHHoro yyactka Huth JJHK ¢ no-
mo1ubio J1HK-monumepassl 1 BOCCTAaHOBICHUE TIEPBOHAYATIBHOW CTPYK-
Typbl (pparMeHTa MoJieKybl npu aeicteuu JHK-nurassi (cM. puc. 5.7).

Cucrema penapalinil YP-TOBPEXIEHNH CY1LIECTBYET B KJIICTKaX pas-
HBIX OPTaHM3MOB, BKJTIOUas yejioBeKa. M3BeCTHO HOBOJBLHO penkoe
HacieacTBeHHoe 3abojieBaHMe YesloBeKa (NMUrMeHTHas KCepoldepMa),
CBSI3AHHOE C TEHECTUYECKUM AeheKTOM, MPUBOAAIIMM K HapylUICHHUIO
GYHKUMOHUPOBaAHUSE HEPMEHTATUBHOIO MEXaHM3Ma UCTIPABICHUS Ta-
KUX nospexaeHnil. Koxa MHINBUAYYMOB, CTPAJAIOLINX 3TUM 3a607e-
BaHMEM, CTAHOBUTCS YPE3BbIYAHHO YYBCTBUTEILHOM K AEHCTBHIO COJI-
HEYHOTO CBETA, UTO HEPEOKO COMPOBOXIAETCH Pa3BUTUEM Y HHX paka
KOXHW. Bo MHOTUX Cly4asix NPUUHMHOU MUTMEHTHOM KCEpOIEPMbl SIBJISI-
eTCst CHUXeHHe (Tubo moTepst) akTUBHOCTH YD-3HIOHYKIIEa3b!.

B HacTositiiee BpeMst MMEIOTCSI TAKXKE CBEIEHK O MEXaHM3Max pera-
pauuy nospexneHunit JIHK, Bo3HMKaIOWKX 104 BO3AeHCTBUEM NOHU~
3UPYOLICH pagualiy U PasTUYHbIX XUMUIECKUX MYTAar€HOB.

Basucubie Tepmunni n noustaa: JAHK-nurasza; JHK-nonumepasa; aerans-
Hblf 3ddekT; MyrarcHHbIM 3¢ deKT; MUrMeHTHAas KcepoaepMa; ITMPUMHI-
HOBBII auMep; pernapauua nospexaenuii JHK; tMMmuHoBblil numep; Y-
nospexaeHus JHK; Y®-augoHykneasa; ¢potonuasa; GoTOpeakTUBALM, IKC-
LIM3UOHHAS pernapauus.
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3adanus das camocmosmenvrnoi pabomot

5.1. CocraBbTe cxeMy Kiaccudukauuu GopM U3MEHYUBOCTH OPraHU3MOB
W JaiiTe XapaKTePUCTUKY KaXIoi U3 HUX.

5.2. Ucnonbays cxemy Ha puc. 1.14, oObsicHUTe MeXaHu3M MOAU(DUKALIM -
OHHOH U3MEHUYMBOCTH (HA CXeME MOXHO OTMETHTb CTPEIKAMH 3Tallbl IPO-
Liecca, Ha KOTOpble BAUAIOT QaKTOPEl CPEIbl).

5.3. CocTaBbTe LMTONOTHYECKUE CXEMBI (XPOMOCOMHbBIE JHATPAMMBI) IS
WTIOCTPALMU MEXaHU3MOB KOMOWHATHBHON M3MEHYMBOCTH OPTAHU3MOB.

5.4. Cuenaitte KraccupUKaLMIO MyTareHHBIX (aKTOpOB OKpyXKaoLeii cpe-
Jbl U TIDUBEAUTE ITPUMEPHI U3BECTHLIX BAM MYTarcHOB.

5.5. ChopmynupyiiTe 3aKTIO4EHUE O XapaKTepe pasfIMuMii MeXIy TKaH:-
MU (OpraHaMH) 4YeJIOBeKa, B KJIETKaxX KOTOPBIX MOTYT BO3HUKHYTh MYTalHH
MO/ BO3AEICTBUEM MOHHM3UPYIOLIEH pamMauMy U NIpu obiydyeHUH yabTpadu-
OJIETOBBIM CBETOM.

5.6. [lepeuncaute U3BECTHBIE BaM Haubosee BEPOATHBIE UCTOMHUKH 3ar-
PA3HEHHUST OKpyxawueil cpeabl GU3MYeCKUMH, XMMUYECKHMH U GUOJIOrU-
4eCKMMH MYyTareHaMH.

5.7. O0wbsAcHUTE MEXaHN3Mbl BO3HWKHOBEHUS M (HEHOTUNUUECKOTO Npo-
SIBJIEHUSI TIOJIUIUIOUINHK U aHEYIUIOMINH.

5.8. 1o aHanorum co cxeMmoit Ha puc. 5.1 cocTaBbTe CXeMBI I OObsICHE-
HUSl BOSHUKHOBEHUS TPUIUIOUAHBIX U TETPATJIONAHbIX 3UTOT (MHAUBUIYYMOB)
KaK pe3yabTara BO3MOXHBIX HAPYIUEHUIT HA pa3HbIX 3Tanax crepMaroreHesa.

5.9. CocTaBbTe LIMTOJOTHYECKHE CXEMBI IIPOIIECCOB FAMETOTEHE3A U OIl-
JIOAOTBOPEHHMSI, OOBACHSIOLLME MEXAaHU3M BO3HMKHOBEHHS Y 4ejioBeka 60-
sne3nu Jayna, wiu tpucoMu 21 (Kapuorun 47,XX, 21+ nubo 47,XY, 21+).

5.10. CocraBbTe XpOMOCOMHBIE AMArPAMMBI ISl MJUTIOCTPALIMM U3BECT-
HBIX BaM CTPYKTYPHBIX abeppalluii U 0ObICHUTE MeXaHU3M HMX BO3ZHHMKHOBE-
HUA U GEHOTUNMHYECKOTO NPOSBICHMUSI.

5.11. Ilepeuncnute U3BECTHREIE BAM MYTareHHbI¢ (DaKTOPEI, SABISIIOLHECS
Hanbonee BEpOSITHON MPUUYMHOM XPOMOCOMHBIX MYTALIMI Y YeJIOBEKa.

5.12. JlaitfTe OUEHKY 3BOJIIOLIMOHHO| POJIM, 4 TAKXE MEJULIMHCKOIO M
XO34ACTBEHHOTO 3HAYEHUS XPOMOCOMHBIX MYTALIMiA.

5.13. CocraBbTe KIAaCCUPUKALIMIO FeHHBIX MYTALUUA M CXEMBI, JEMOHCT-
pypyloLMe pa3siuYHbie MOJIEKYJISIPHbIE MEXaHM3MBl TAKMX MYTALIMIA.

5.14. Ucnonb3ys uHbGOpMaLMIO O CTPYKTYpe reHeTnyeckoro koaa MPHK
(cM. Tabn. 1.2), onpenennTe aMUHOKMCIOTHYIO HOC/IEA0BATENBHOCTE MOJIH-
nenTuaHoro ¢parMeHTa, KOOMPYeMOro claeAylomuM ydactkoM Hutu JHK:
3 - HTTTUTUATATTILUTITI-5 . YcraHoBuTe, KaKMe U3MEHEHMS B CTPOE-
HUM nonumnenTtuaa (6enka) NMPoOU3OMIyT B pe3yibTaTe MYTALIMK, CBSI3aHHOM
¢ BplMageHueM (meieuueit) B Kogupyloueit nutd JHK ngroro Hykieotuna
CJIeBa, coaepxKallero UMTo3uH. Caenaiite 3aKOYeHUE B OTHOILEHUH (QYHK-
UMM MYTAHTHOIO O€JIKa MO CPaBHEHHUIO C HOPMAIBHBIM (TIepBOHAYATLHBIM)
oenkom.

5.15. Onpexaennre, Kak U3MEHUTCS aMMHOKUCJIOTHAS ITOCEN0BATEILHOCTD
MYTaHTHoOro 6ejKa U3 npenbinylieit 3aauu NpyY BOZHUKHOBEHUH HOBOH (BTO-
poit) MyTaltMu, B pe3yibraTe KOTOPOM B MyTaHTHYIO HUuth JHK npoucxonur
BKJIIOYeHHe (MHCEpLMs) AOTIONHUTEILHOIO HYKICOTHIA, COLEPXALIEro ame-
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HuH, Mexay narteiM (T) u wecreim (L) HykineoTunamu ciaeBa. CpaBHHUTE
CTPYKTYPY HOBOTO MOJUIICNTHIR CO CTPYKTYPOM UCXOAHOTO (HEMYTaHTHOIO)
noaunentuaa. Kak MoXXHo Ha3BaTh BTOPYIO (MHCEPUMOHHYIO) MyTaLUIO, eCIN
Y4€CTb, UTO CUHTE3UPYEMBIil ITOC/E €€ BOBHUKHOBEHMS GeJIOK 10 PyHKUMO-
HaTbHOI aKTUBHOCTH MPaKTHYECKH HE OTIMYAETCS OT UCXOAHOIO (HEMYTaHT-
Horo) Gesika?

5.16. Ilpoananu3upyiite faHHble, NPpUBeAcHHbIE B Tab/. 5.1, no nosoay
MUMCCEHC-MYTalui B pasHbix TpurieTax 3'-5'-Hutn JJTHK B-rnobuHoBoro reHa
U COOTBETCTBYIOLMX M3MeHEHMI TpuilieroB 5°-3’-uenoyku MPHK, npuso-
OSIIUMX K TTOSIBAECHUIO HEKOTOPLIX MYTAHTHBIX reMornoOuHOR yenoBeka. [Ipu
pabote ucronbsyiiTe nHGoOpMaLuio o renetuyeckom koge MPHK (tabn. 1.2)
1 o cTpyktype 3penoit MPHK, xoaupywouieit B-ri1oOMHOBYIO LENOYKY
(puc. 1.17). BHecuTe HenOCTAIOLIME NaAHHBIE B TAOJIMILY.

TaGnuua 5.1

XapakTepHCTHK2 OTAENbHBIX MYTaUH# B $-r100MHOBOM reHe, NPHBOASIINX
K aMHHOKHMCJIOTHBIM 3aMELeHHAM B TeMOrJo0HHe YeloBeKa

TMonoxenuwe | HopManbHbIit reMOrobGUH MyTaHTHBI# reMOIJIO0NH
TpUMIETa AHK | PHK | B-rnooun | AHK PHK | B-rnobux Hb
6 LT | TAT Ty LTALL Ban HbS
6 HUTL | TAT ny AAT Jus HbC
7 HUTH | TAT Iny Inu HbG
26 UTL | TAT I'ny TTH HbE
63 I'TA | LAY uc Tup HbM

5.17. Jlaitte oueHKyY poju cuctem penapauuu nospexaeHuit IHK B npo-
{Ieccax XHM3HCeACSATEbHOCTH OPraHH3MOB.

5.18. CocTaBbTe CXE€Mbl 3KCLUM3MOHHON penapauuu Y®-noBpexaeHui
¢dparmerToB AHK B cnyyasx BOZHUKHOBEHUS ABYX MM OOAbLIETO YHCIA TH-
MMHOBBIX AUMEPOB. YKaxXHUTe pojib (PEPMEHTOB Ha OTAEJbHBIX 3Tanax 3TOTo
npotecca.

5.19. CocTaBbTe cxeMy HACNECAOBAHUS U OTIPEACIMTE BEPOSITHOCTD POXAE-
HUS pebeHKa ¢ MMTMEHTHOM KCePOAEPMOIt Y pPOAUTENIEH, SBIAIOLINXCS FETECPO-
3UrOTHBIMHU [0 TeHY 3TOrO 3a00JieBaHUsl (MYTAHTHBII aJl1eb PELIECCUBEH TI0
OTHOLUEHUIO K TeHY HOPMAaJIbHOTO COCTOSIHUSA U JIOKATU3YETCH B ayTOCOME).

B cBs3U CO 3HAUMTENBHBIM POCTOM 3arpsi3HEHHOCTU OKPYXAOLICH
CpENB! PA3IMYHBIMU MYTAareHaMH Kak pe3yJibTaTOM aHTPONOTeHHOH Ae-
SITENIBHOCTU CTAHOBSITCSI UCK/IIOYUTENBHO aKTyaJibHBIMU MEPOTIPUSITHSA,
TPOBOUMBIE B paMKax IMPOrpaMM reHeTHUeCKOro MOHUTOpUHra. B 3a-
Jady TaKuX [IporpamMM BXONIUT BBISIBJIEHUE W CHUXEHHWE YPOBHSA MyTa-
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T€HHOM aKTUBHOCTU B T€X WIM MHBIX MECTax OOHUTAaHUSI MPUPOAHBIX
COOO0ILIECTB OPraHU3MOB U, B TIEPBYIO OYEPENb, B cpele OOUTaHUs ca-
MOTO YEJIOBEKA.

YcraHoBrIeHHE XapakTepa MYTALIMOHHBIX U3MEHEHHI, BOSHUKLUINX
B OpPraHU3MeE 4YeJI0BeKa, X UUTOTEHETUYECKUX U MOJIEKYJISIPHBIX OC-
HOB UMeeT 60bLIOE 3HAYEHHE TS PELIEHUST BOITPOCOB TUATHOCTHUKH,
JiedeHUs U NpoPWIaKTHKHU 3a00eBaHuii, OOYCIOBIEHHBIX 3TUMH H3-
MEHEHUSIMU.

JaHHbIe 0 (PYHKIMOHNPOBAHWM CUCTEM PENapalluM MOBPEXICHUN
JHK cBumeTesbCTBYIOT O TOM, YTO OT YPOBHSI MX aKTUBHOCTH 3aBUCAT
TEMIIL BOBHUKHOBEHHA M HAaKOIUIEHHS MyTallMH B KJIE€TKAX pasiany-
HBIX OPTraHU3MOB. JTO, B CBOIO OYepelb, MOXET OINpeAe/siTh, HarpHu-
Mep, XapakTep BO3PaCTHBLIX UBMEHEHUH, CBSA3aHHBIX C HHAUBUAYAJb-
HBIMU OCOBEHHOCTSIMU MPOLIECCOB CTAPEeHUS Y YETOBEKA.

l1T1poxkoe UCMoONB30BaHUE COBPEMEHHBIX METOIOB MCCeNOBAHWH,
BKJIIOYasi MOJIEKY/ISIPHO-TEHETHYECKUE, ODUOXUMUYECKHE, UMMYHOJIO-
TUYECKHE U APYIUe METOAbl, OTKPHIBAET HOBBIE BO3MOXHOCTHU B MU3Y-
YEeHWHW U3MEHYUBOCTH 4YeJ0BEKA U MHOTHX APYTMX OpPraHM3MOB.



YACTb 2

OCHOBbI MEOULIMHCKON MEHETUKU

Nhaega 6

OCOBEHHOCTWU UYENTOBEKA KAK OBBEKTA
FEHETUMECKUX UCCNEOQOBAHUA

MenuumHcKkass reHeTHUXa TPeICTaBIsieT coboi 06sacTh 3HAHUN O
HacCAeJCTBEHHOCTH M U3MEHUMBOCTH YEJIOBEKA, UMEIOIUX HEIoCped-
CTBEHHOE OTHOLIEHHE K NpobieMaM M 3agayaM MeauluHbl. [penme-
TOM M3YYEHUST MEAUUMHCKOMN reHETUKH SIBSIIOTCSI, B MEPBYIO OYEPEb,
FeHETUYECKUE OCHOBBI HAC/IEICTBEHHOM TaToIOrHy Yesoseka. Kak us-
BECTHO, NMPUYMHON MOABAEHUST HACAECAYEMBIX NMaTOJOTHYECKHUX IIPU-
3HAKOB B HOPMaJIbHOM (eHOTHUIIC MHIWBUAYYMOB CIYXaT MyTalWH
T€HOB MU XPOMOCOM, BO3HMKAIOHUIME ITOJ BO3IEHCTBUEM MYyTAT€HHBIX
GdaxTopoB (MyTareHoOB).

BricTpoe pazBuTHEe MEOIULIMHCKON reHETUKU B 3HAYUTEILHON Mepe
OTpeaesieTCsl TeM OOCTOATENLCTBOM, UYTO AKTUBHOE BMELIATENBCTBO
Y¢JI0BEKA B OKPYXaIoLIylo cpely NMPUBOIUT K €€ MHTCHCUBHOMY 3ar-
PSI3HEHHUIO U MOBHIILEHHWIO YPOBHS MyTALMOHHOW U3MEHUNBOCTH Opra-
HU3MOB. MyTallMy, BO3HUKAIOLIIKME CErOAHsI B TeX WJIW UHBIX MMOMYJis-
LIUASIX JTIIONEN, MOTYT MPOSIBUTBLCS KaK B (peHOTHUIIE COBPEMEHHOTO NO-
KOJIEHUS, TaK U B MOCHEAYIOUIUX MOKONEHUAX, B (popMe pasmUyHBIX
HACNEeACTBEHHLIX Oose3Heil, 3aboneBaHUl ¢ HACHEICTBEHHON Ipen-
PaCIIONOXEHHOCTBIO, B YBEJIMUEHUU NePUHATAIBLHOM U JETCKOM CMep-
THOCTH, CJYYa€B MHBAJIUIHOCTU.

B Hacrosiee spems nuspectHo 6osee 5000 reHeTHYeCKH 00YCIOB-
JIEHHBIX GOJIe3HEei ¥ aHOMAJIMI pa3BUTHSI YesoBeka. CYUTAIOT, YTO B
cpelHeM OKOJIO 5% HmeTeil pOXAAIOTCA C TEM WU UHBIM JedEKTOM,
3aTParuBaoIUUM HUX FeHETHYECKMI MaTepuan. YKazaHHasl BeJIUYUHA
BKJTIOUAET MpUMEPHO 1 — 1,5 % HOBOPOXIEHHBIX C MYTAlIMSIMU B OT-
JEAbHBIX I'eHax, KOTOpble MOTYT NMPOSIBUTECS B BUAE MOHOTEHHBIX 3a-
GoneBaHuil (y HUX aubo y ux Oyayuero noromcrsa), 0,5—0,7% —
C XPOMOCOMHBIMH MYTALMSMH, JIEXKAIUIUMHU B OCHOBE XPOMOCOMHLIX
oonesHel, u okoio 3—3,5% — ¢ gedrekraMy OgHOTO JUOO HECKOJIb-
KHUX TEHOB, COCOOHBIX NMPUBECTH K PAa3BUTUIO Oojie3Heill ¢ Hachen-
CTBEHHOM NpPenpacnoOXEHHOCThIO (MYIbTU(hAKTOPUANBHBIX 00J1e3-
HEl), MpU 3KCIIPEeCCU KOTOPHIX HAOMIOJAETCs COBMECTHOE IeiicTBHE
TeHETMUECKUX (HAKTOPOB M (PAKTOPOB BHEWUIHEN cpelbl. OTH HaHHbIE
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3aCTaBJISIIOT MTO-HOBOMY XapaKTepU30BaTh CTPYKTYPY 3a00JIEBAEMOCTHU
U CMEPTHOCTU, a TaKXKC 3HAYMMOCTh HACJAEACTBEHHOMU MMATONOTUU B
pa3NUYHBIX TPYNTIax HaceaeHUs.

B cBs13M ¢ yKazaHHBIMU MTpOOIeMaMHU B 3ala4¥ MEIUIIMHCKOM reHe-
TUKHM BXOAUT U3YYEHHUE XapaKTepa HAC/IEIOBAHUS W MPOSIBIEHUS (K-
CIIPECCHM) TEHOB TTATONIOIMYECKUX IMPU3HAKOB B OTAETBHBIX CEMBSIX,
PACIIPOCTPAHEHHOCTHU TaKUX I'eHOB B Pa3jTMYHBIX MOMYJISLMIX, a TaK-
Ke pa3paboTKa MPUHUMIOB KJIacCU(UKALUH, TUATHOCTUKH, JIEUCHUS
U MpOMUIAKTUKY HACTEICTBEHHBIX OOe3HeH.

MHreHcMBHOE HaKOIJIeHWe HaydyHOU WHQOpMallMU, BHEAPEHUE
COBPEMEHHBIX MOJICKYJISIPHO-TEHETUUECKHUX METONOB UCCICIOBAHMS,
pa3paboTka HaJeXHbIX CITOCOGOB JMArHOCTHUKU HACJEACTBCHHBIX 3a-
6oneBaHuil ¥ HOBBIX MOIXOMOB K UX JICYCHHIO, a TaKXe MPUHIIMIIOB
NpoGUIAKTUKY 3THX 3a00JeBaHUN HA OCHOBE LIIMPOKOTO UCTIONE30BA -
HUs JOpPOJIOBOH (IIpeHaTalbHOI) HUArHOCTUKHU MPUOIM3UIO MEIU-
LIUHCKYIO TEHETUKY K PEILEHUIO HACYIIHBIX MpobJieM MpaKTUYeCKOro
3IpaBOOXPAHEHUS.

Yenosek mpencTaBnsieT co0OM HOBONBHO CIOXHbBIA OOBEKT reHe-
TUYECKUX UCCIICHOBAHUN. DTO CBSI3aHO MIPEXIe BCEro ¢ OCOOCHHOCTIMM
€ro TeHETUYECKON OPraHu3aluy U CIOXHBIM XapaKTepoM 3KCIIpPeccun
MHOI'MX TIPU3HAKOB.

Kak yxe orMeuanoch paHee, 6OJbIIME pa3Mephl FEHOMA YeTIOBEKA
(okono 3-10° map HYKJIEOTHIOB Ha TaIUIOMAHYIO KJIETKY) MODIH Gbl
00eCcTneunTh MPUCYTCTBHE NMPUMEPHO TPEX MHUJUIMOHOB CTPYKTYPHBIX
TE€HOB CpelHero pasmepa. B aeiCTBUTEIBHOCTH BO BCEX XPOMOCOMAX
YeJI0BeKa yIamoch UACHTUGULMpoBaTh 0KoJio 32000 pasnnyaroimmxcs
T€HHBIX JIOKYCOB MPU HAJTUYMHM B opranuame npumepHo 100000 pas-
HbIX 6esikoB. UMelouieecss HECOOTBETCTBHE, BEPOSITHO, CIEOYET OOBsIC-
HUTb PYyHKIMOHWPOBAHKEM MEXaHM3Ma aJlbTEPHATUBHOTO CIIIaiCHH-
ra (cM. moapasza. 1.6). [IpyuynHEBl Kaxylueiicst U3GBITOYHOCTH F'eHOMA Yye-
JIOBEKA CBSA3aHbI C BEICOKOW CTENEHBIO MHOTOKOTTMIHOCTU HEKOTOPHIX
Kateropuit reHoB (nmosropsitouuxcsa reHos TPHK, pPHK, 6enkoB ru-
CTOHOB U Ap.), MPUCYTCTBUEM TMOBTOPSIIOLIMXCS MOCIENOBATEBHOC-
teit JHK (Hanpumep, Alu-nocinenopateIbHOCTEN), TICEBIOTeHOB, TaK
HasplBaeMoO# «3arouctudeckoih» JHK (JIHK okoioneHTpoMepHbIX U
IPYTUX YYacTKOB, TIPEATIONOXMTEILHO Urpalolieil posib B CTabUIM3a-
LWA U NEPECTpOrKax CTPYKTYpbl XPOMOCOM) M C HEKOTOPbIMH HHBI-
MM OCOOEHHOCTAMU (CM. Takke monpasn. 1.4, 1.7 u 2.3).

Yro kacaercst reHeTHYECKH NeTepMHHHUPOBAHHBIX MIPU3HAKOB Ye-
JI0BEYECKOro (PEHOTHIIA, TO X YCIOBHO MOXHO TIOAPA3AEIUTL HA TPU
KaTeropuy, a UMEHHO, Ha MOHOTEHHBIE, MOJUreHHbIE U MYJbTH(haK-
TopuanbHble (MHOTOMaKTOpHBIE). [TosgBIeHe MOBOIEHHBIX IIPU3HAKOB
OTpedesIIeTCA HEUCTBUEM U B3aUMOJIEUCTBUEM OJHOII Mapbl ajlejib-
HBIX T€HOB, a TAKX€ BO3MOXHBIM MOTUDUIIMPYIOWMUM BiUsiHUEM haK-
TOPOB cpelbl (cM. moapasa. 5.1). [Tonure HHbI IPU3HAK CBSI3aH ¢ eH-
CTBUEM W B3aUMOACHCTBHEM ABYX U OONBUIErO YUCJIA HEAJUIETBHBIX
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reHoB. Ha skcripeccuio MHOTHMX MOJUTEHHBIX TTPU3HAKOB CYILICCTBEH-
HOE BJIMSIHME MOTYT OKa3blBaTh pa3fduyHble (PaKTOPBI OKpYXKarolLei
cpelpl (Hanpumep, NpUpoaHO-KINMATUYECKHE) U CONManbHble (ak-
TOpPHI (YCIOBMS TPpyHa, MUTAHWS, MEAULIMHCKOTO OOCYXMBaHUSA U Ip.),
YTO ITPUBOIUT K (POPMUPOBAHHIO TOCTATOYHO CIOXHBIX (MyJIbTH(hAK-
TOPUAJIBHBIX) MPU3HAKOB YEJIOBEKA.

Crenyer MeTb B BUAY, UTO TCOPETHYECKU OXUAAEMBIE pacrpele-
JIEHUsI T€X WIW MHBIX TEHOB M COOTBETCTBYIOUIUX (HEHOTUTTHUECKUX
BAPUAHTOB B MTOTOMCTBE (BEPOSITHOCTH PACUICIUIEHW MO TeHOTUITY U
¢deHOTUIlY) Ha IMPAKTHKE MOXHO UYETKO HaOII0maTh JUIUbL B CIy4yac
MOHOTEHHBIX ITPU3HAKOB (IPH YCJIOBUH, UTO 6YAET NMpoaHaIN3UpOBa-
HO IOCTATOYHOE YMCJIO IIOTOMKOB).

B oTHOWIEHUN MYNBTU(PAKTOPHUATBEHBIX MPU3HAKOB YesloBeKa (0co-
OCHHO TaKUX CIOXHBIX KaK MHTEJUIEKTYalIbHbIE BO3MOXHOCTH, ITICUX0JIO0-
ruyeckue ocobeHHOCTU MHAUBUAYYMa U Ap.) @. TansroHom (F. Galton,
1865) 6b11 pa3paboTaH TMOXXOM, MOMYYUBILIUIA Ha3BaHUE GUOMETpUYe-
CKOro. B COOTBETCTBUU C 3TUM MOJAXOOM 3aKJIIOUEHHUE O HACTEA0OBAHHUN
TAKOro IPU3HaKa OCHOBAHO Ha €ro CPaBHUTEJIbHOW KOJUYECTBEHHOM
OLIEHKE Y pa3HBIX WICHOB CeMbHU (HampuMmep, Yy POAUTENEH, ACTEH,
BHYKOB) C UCIIOJIb30BAHUEM CTATUCTHUYECKHX MEeTONOB. KONMMYECTBEH-
HBI IIPUHLIMIT OLIEHKY MYJIbTH(AKTOPHUANIBHEIX MTPU3HAKOB YEJI0BEKa
(Kax HOpPMaJIbHBIX, TaK M TATOJOrMYeCKMX), CPOPMYIUPOBAHHBIA
TanbTOHOM, HaxoAWUT NPUMEHEHNE U B COBPEMEHHBIX METOIAX TeHE-
TAYECKOTO aHAJIM3a YeIoBeKa (KIMHHMKO-TeHeaJlorn4eckKoM, Oim3He-
LIOBOM H Jp.) C UCIIOJIb30BAHHEM MaTEMATHYECKUX NMOIXOI0B U KOM-
MBIOTEPHBIX TEXHOJIOTHIA.

CIIOXHBII XapakTep 3KCNPecCHM MHOTMX HOPMATbHBIX U MIAaTOJIOTU-
YEeCKHX MPHU3HAKOB YeJIoBeKa 3aTPYAHSET U NPOLIECC WIEHTU(hMKAUUMN
KOHTPOJIMPYIOIIMX X T€HOB. T1pM 3TOM ciefyeT yIMThIBaTh BO3MOXHOE
CYLIECTBOBAHME TEHOKONMUA, T.€. OMMHAKOBLIX (MJIM CXOIHBIX) COCTOS -
HUH NPHU3HAKA, BOSHMKAIOUIMX IIPY PEATTM3alny MHGbOPpMALMKY pa3HbIX
reHoB. Tak, HanpuMep, aHEMHST MOXET ObITh CUMIITOMOM 3a00IeBaHUH,
MIPUIHHOM KOTOPBIX SIBJISTIOTCS PA3IMYHbBIE MyTaLMY, TIOSIBISIIOILYECS B
reHax KaK o-, TaK 4 (3-TJIO0MHOBOM LIETIOYEK TeMOTIO0NHA (CEPIIOBUA--
HO-KJIETOYHAs aHEMUS, o-TanacceMusi, B-ranaccemus u ap.). C apyroi
CTOPOHBI, B HEeHOTHUIIE HHIMBUAYYMOB MOTYT TOSIBJISITLCSI (DEHOKOITNH,
MIPEACTABMSIOIME CO00I CXOAHbIE MPU3HAKU, BOZHUKAIOWHME TIPH MO-
JTUGUIMPYIOIEM BO3AEHCTBUM Pa3TUUHBIX (PAKTOPOB Cpelbl, a UHOTIA
Y [10J, KOHTPOAEM TeX MM UHBIX MYTAaHTHBIX avtesieil. Tak, npHuHHOI
BPOXIEHHOI'O IIOMYTHEHUS XPyCTAINKA (KaTapakTht HOBOPOXAEHHBIX),
IMOMUMO TIOSIBJIEHUSI B TEHOTHUIIE pebeHKa PeUEeCCUBHOTO MYTAHTHOIO
reHa, MOTyT ObITh pa3Hble (HaKTOPHI HEreHETHUECKOro XapakTepa (Ha-
MpUMep, JeHCTBHE MOHU3UPYIOIUCH pagdauniu JUOO BUpyca KOpEBOH
KPacHYX1 Ha OpTaH13M MaTepy U IUIoNa BO BpeMsi OEPeMEHHOCTH).

OnHUM u3 GaKkTOPOB, 3aTPYIHSIONIMX e HETUUECKUIH aHaIU3 YENo-
BeKa, SIBJISIETCS] TAKXKE HEBO3MOXHOCTb UCIIOJIb30BAHUST KIIaCCHYECKO-
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ro TMOpULOJIOrNYECKOTO MEeTOAa, OCHOBAHHOTO HAa 3KCMEPUMEHTANb-
HBIX CKPELLMBAHUSIX T€HETUMECKU Pa3IMYatoIIMXCst OPraHU3MOB C 11OC-
JIENYIOWUM aHANU30M TNOJYYEHHOrO MOTOMCTRA.

BMecTe ¢ TeM, UMEIOTCSI MYTH IUISl PEIUCHUS HEKOTOPbIX U3 yKa-
3aHHBIX 11po6seM. OTCYTCTBUE IKCIIEPUMEHTATRHBIX CKPELIIMBAHUIH KOM-
TEHCUPYETCS. BO3MOXHOCTbIO aHAJIM3UPOBATh CpeiN 0OJBIIOro Yucia
ceMel Te U3 HUX, B KOTOPbIX HACJEAYIOTCSI UHTEPECYIOIINE UCCIENO-
BaTeJIsl TEHBI ¥ TIpM3HAKW, C TNOMOIBI TPAAHLMOHHOTO KJIMHUKO-
TEHEAJIOTMYECKOTO METOA. YCINEXU B pa3BUTUM METOLOB rUbpuanza-
LUMU KYJIbTUBHPYEMBIX COMATUYECKUX KJIETOK YEJIOBEKA U XXUBOTHDIX,
KJIOHMPOBaHME T€HOB YeJIoBeKa B BeKTopHbIe MoJieKybl JIHK no3so-
JISIOT B OTHAEJBHBIX CJYy4Yasix MPOBOIUTL T€HETUYECKUI aHANU3 ¢ UC-
TONb30BAHUEM KJIETOK UeJIOBEKA, MJICKOIUTAOLUX, OaKTepUil U Apy-
TUX OPraHU3MOB.

BaxXHbIM 06CTOATENLCTBOM B [E€HETHUECKOM WCCNENOBAHUUN Yeno-
BEKa SBASIETCS JOCTATOYHAs N3YYEHHOCTD €r0 (PEHOTUIIA METOOAMH pa3-
JIMYHBIX Hayk (Mopdonoruu, (Gpu3noIoTUHd, OUOXUMHUH H Ap.), UYTO
o0sieryaer perucTpaluio OTAEAbHBIX HOPMIBHBIX M MATONOTUYECKHUX
TIPU3HAKOB U IMarHOCTUKY T€X WIYU UHBIX HACCICTBEHHbIX 3100J1€BAHUA.
OrpoMmHasg paboTa, NpoBeAeHHAas MO TeHETUYECKOMY KApTUPOBAHUIO
BCEX XPOMOCOM YeJIOBeKa, UHTEHCHBHOE pa3BuTHe Metoaos JHK-nu-
4rHOCTHKH (B UACTHOCTH, C UCMOJIB30BAHUEM [1OJTMMEPA3HON LETHOM
peakilmu), No3BOJMBILICE pa3paboTaTh 3(H(HEKTUBHYIO IUarHOCTUKY pa3-
HBIX (POPM HACIEICTBEHHOI MTATOJIOTHM, U APYTUE NOCTUXEHUS B FEHe-
TUYECKOM M3y4eHWM YeNOBEKA ODECTeUWIM MEOULIMHCKONW reHETUKE
HOBBIE BO3MOXHOCTH JUISt PELLIEHUS 3a1a4 NMPakTUYeCKOi MEIUIIMHDI.

Ba3ucHbie TepMHHBI H NMOHATHA: TEHETUYSCKUN aHaliM3; TCHOKOMUK; Me-
JMUMHCKas TeHETHKA; MOHOTEHHbIE TIPU3HAKU, MYJIbTU()AKTOPUANIBHBIE MIPU-
3HAKW; HACJIEACTBEHHAS [ATOIOTHSA; HACICACTBEHHbIC DOIE3HU; HOPMAJIBHbBI
NPU3HAK; NMATOJOIMYECKMH MPU3HAK; NOJUIeHHbIC NPU3HaKU; HEHOKONUH;
aKcnpeccus reHa (IpU3Haka).

3adanua dasn camocmoameasnoi padomot

6.1. Chopmynupyiite OCHOBHbIE 3a1a4H MEANLIUHCKOMN TeHETHKH.

6.2. Jlaiite onpedestieHNe U NPUMEPH] MOHOTEHHBIX, [TOJIUTEHHBIX U MYJb-
TH(PAKTOPUATBHBIX TIPUM3HAKOB Yel0BeKa. B ueM cOCTOUT MPUHUMN KOJNHYe-
CTBCHHON OUEHKU MYABTUHAKTOPUATBLHBIX IPU3HAKORB?

6.3. IpuBeauTe U3BECTHbIE BaM MNPUMEPHI TeHOKOMUI U (heHOKOMui y
yesnoBeka. OOBACHUTE UX MPUYKHBI.



nasa 7

XPOMOCOMbI HYENNOBEKA U NATONOIUA,
CBA3AHHAA C UX HAPYWEHUEM

Kak 0b1710 0TMEYEHO B IJl. 2, XPOMOCOMHBII KOMILIEKC (KAPUOTHII)
HOPMAJIBHBIX COMaTHYECKHX KJIETOK COBPEMEHHOTO HesloBeKa (rpeicTa-
BUTeNS BUuga Homo sapiens) cocTonT U3 46 xpoMmocoM (2n = 46). Tlpu
3TOM B KJIETKaX UHAWBUIYYMOB XEHCKOTO ToJjia ToMUMO 44 ayTocoM
UMeeTcs Iapa MOJOBBIX XPOMOCOM XX, Torma Kaxk y JIML MYXKCKOTO
TI0J1a MTOJIOBBLIMU SIBISIIOTCS XPOMOCOMbI, 0603HAaYaeMble cMMBoiaMu X
1 Y. OpuimanbsHo NpUHSTHIE GOPMYJIBI JUTST U300paXKeHUs] COOTBETCTBY-
IOUIVX KAPUOTUIIOB BHINIANAT CleAyolUM obpasom: 46, XX; 46, XY.

B cnyyae nosiBneHUs KOTUUECTBEHHBIX U3MEHEHMIT B KapUOTHIIE IM0O
HapYUIeHUH B CTPYKTYPE €r0 OTAEABHBIX XPOMOCOM (XPOMOCOMHBIX MY-
TalMi) BO3HHUKAIOT T€ WIM MHbIE XPOMOCOMHBIE OOJIE3HU YeNoBeKa.

7.1. UnToreHeTn4yeckuin meto, B ANArHOCTUKe
HacneacTBeHHbLIX Oone3Hen 4venoeeka

LuToreHeTryeckMil METOA U3YYEHUs] HACIEACTBEHHOCTH ITO3BOJIA-
€T MPOaHaIM3UPOBATh XPOMOCOMHBIN HA0OP KJIETOK YEJIOBEKa, yCTa-
HOBUTb CTPYKTYPHbIE OCODEHHOCTH OTAEIBHBIX XPOMOCOM, a TaKXe
BBISIBUTH HApYILEHUSI YKCIA U CTPOEHUSI XPOMOCOM Y UCCIEAYCMOro
UHIUBKMAYYMaA. Hanuuue cBI3u MeXay OOHApYXXE€HHBIMU HAPYILIEHUsA~
MU U TMOSBIEHHUEM OMpedee HHBIX MATOJOTMYEeCKHX MPU3HAKOB B (pe-
HOTHUIIE YEJIOBEKA AAET BO3MOXKHOCTD IUArHOCTUPOBATH PA3IMYHbIE XPO-
MOCOMHBIE 3a00/1eBaHHUsA. DTOT METOMA NPUMEHSIETCSI TOMUMO JIMar{oc-
TUKN XPOMOCOMHBIX HaCJeACTBEHHBIX OOJIE3HEN YEOBEKA TAKXKE ITPU
U3YYEHUH 3aKOHOMEPHOCTEN MYTALIMOHHOIO Mpouecca 1 XpOMOCOM-
HOTO TToruMopdu3Ma YenoBedeCKuX TIOnyasuni.

Merton 0OCHOBaH Ha MUKPOCKOITMYECKOM UCCAEA0BAHUU XPOMOCOM
¢ WCTOJIb30BaHUEM TeX MJIM UHBIX CriocoG0OB MX oKpawuBaHus. [To-
CKOJIBKY C [TOMOLIBIO CBETOBOM MUKPOCKOIIUM OOHAPYXUThL U UCCIIEN0-
BaTb XPOMOCOMbI MOXKHO JIMIIb BO BPEMS MUTOTHYECKOIO AEJICHUS CO-
MaTUYECKHUX KJIETOK (MpeanoyTuTeNnbHoO B Metadasze MuTo3a), TO Ad
aHaJM3a KapuoTuia oObIYHO UCIOJB3YIOT JUO0 KIIETKU MHUTOTHYECKHU
aKTUBHBIX TKaHed (HanmpuMep, KpaCHOro KOCTHOrO Moara), nubo Te
U3 HUX, KOTOpbIE XOPOWIO Pa3sMHOXAIOTCSl BHE OpraHu3ma 4ejloBeKa,
T.€. KYJIbTUBUDYIOTCSI B MICKYCCTBEHHOMN NMUTATENbLHOM cpele (Hanpu-
Mep, TMM@ONLIMTH KpoBHK). B mocienHeM ciiydae B MUTATENbHYIO Cpely
C KPaTKOBPEMEHHOM KyJbTYypoil IMMMOLIMTOR H00ABASIOT Crelyaib-
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HOE BeuIeCcTBO (HUTOreMarriOoTUHNH), KOTOPOE 3HAYMUTENBHO IOBBI-
1IfaeT MUTOTHYECKYIO aKTUBHOCTE 3THX KJIETOK. TTociie npuroToBieHus
¥ OKpacK{ TIPEIapaToB TaKUX JIMMGMOIUTOB MX MCCHEAYIOT C IOMO-
IIBI0 MUKpOcKona. OGHapYKEHHbIE MUTOTHYECKN ACISLIINECT KICTKH
otorpadupyoT, NOTYyYEHHEBIE U300paXeHHUSI XPOMOCOMHBIX KOMITIEK-
COB TIEPEHOCST Ha (PoTOOYMary, 13 KOTOPOI 3aTeM BHIPE3aIOT OTIENb-
HbIe XPOMOCOMBI IUISI TIOCJIENYIOIIEro aHAIN3a M CUCTEMATH3ALINH.

ARHE R e a
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Puc. 7.1. HopmanpHbiit KapMOTHIT MyXYMHBI (MeTadasHas I1acTHHKA U Kapyuo-
rpamMa)
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B pesynbTaTe npoiesaHHOM paboThl MOXET ObITh COCTaBIEHa KapHO-
rpaMMa MCCIeayeMOoro 4YenoBeka B COOTBETCTBUMU ¢ MeXnyHapoaHOM’
wraccubukauueit, npunstoilr 8 1960 r. 8 CILIA B ropone [leHBepe
(puc. 7.1 u 7.2).

CormacHo JIeHBepcKoi xnaccudrKaluy, mapbl XpOMOCOM KapHo-
THUITA YeJIOBEKA HYMEPYIOT, MOApasiesis UX Ha 7 TPYIIl ayrocoM (A4,

A0 K gx - aK o
CK} £H 8K an & €3 aa
'R0 A6 60 xd xa K
P KX K

an s Y

Puic. 7.2. HopManbHbIA KapROTHI XEHIMHL (MeTadazHast TNIaCTUHKA W KApHO-
rpamma)
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B, C, D, E, F, G) n rpynny 110J10BbIX XpoMocoM (X u Y) Ha ocHO-
BAHUU OTHOCUTENBHOM IUTHHBI XPOMOCOM, TIOJIOXEHUS UX LIEHTpOMEe-
PBI B APYTUX MOPQOJIOTHYECKUX 0cOOeHHOCTEM (cM. mompasn. 2.3.1 u
puc. 2.9). I1py 5ToM BaXHBIM KpUTEPHEM TIDUHALIEXXHOCTH XPOMOCO-
Mbl K TOH WM WHOU Tpyrie SIBISeTcs €€ LIEHTPOMEPHBIM HMHIEKC,
KOTODPBIN ONpefensiercsl Kak OTHONIICHUE (B NMPOLICHTAX) MJIUHBI KO-
POTKOTO IUIe4ya XpOMOCOMBI (p) K JUTHHE BCEH XpOMOCOMBI, T. €. K CyM-
MapHOH JJTMHE KOPOTKOTO U IJIMHHOIO Tuteva (p + q). CBereHUs o 1IEH-
TPOMEPHBIX UHAEKCaX U 0011As1 XaPAKTEPUCTHKA OTACHABHBIX IPYII XPo-
MOCOM 4eJIoBeKa NpuBeAeHHI B Ta0. 7.1.

CreflyeT OTMETHTD, YTO Ha OCHOBE YKA3aHHBIX BBIIIE TIPUHITUIIOR
yIaeTCH OTHOCHTEJILHO JIETKO OTHECTH Ty WIM WHYIO Mapy TOMOJO-
THYHBIX XPOMOCOM K COOTBETCTBYIOILEH rpymnrie. OqHAaKO, MPH UCTIONb-
30BaAHUU OOBIYHBIX METONOB, 0OECHEUNBAIOIIMX HHTEHCUBHOE PAaBHO-
MEPHOE OKpallMBaHWUE KaXIOH XpOMOCOMBI, BO MHOI'MX ciy4dasx
HEBO3MOXHO ITPOBECTH pa3rpaHUYEHHE OTAENBHBIX XPOMOCOM BHYTPU
rpyniel. [ToaToMy B nanbHeilleM 6bLUTH pa3paboTaHbl 60Jee CIOXHbIE
MeToasl I depeHINATEHOIO OKPALIBAHIST XPOMOCOM, YCIOBHO 000-
3HaYeHHbIE KaK R-, G-, O-, C-Meronnl, U criocod nuddepeHunaNb-
HOT'0 OKpalUIMBaHWs XpOMaTHA OPOMIE3OKCHYPHUINHOM, NIPU KOTOPBIX
OKpackKa pacnpenessieTcss He paBHOMEpPHO TIO Bcel IIMHE Mccemye-
MO CTPYKTYpBI, 4 B BUAE OTAEIbHBIX CEPMEHTOB. Takue cerMeHTHI SIB-
JISIIOTCH UIEHTUYHBIMHU B XpOMOCOMAaX TOMOJIOFMYHOM Maphl, HO OT/U-
YalTCs B C/IyYae TeTepOJTOTHYHBIX XPOMOCOM.

Ta6auua 7.1

Kaaccudukauns u ofuas xapakrepucTdka XpoMOCOM YeJOBeKa

Homepa 10
XPOMOCOM- em‘po:
Ipynina MEPHBII XapaKTepUCTHKa XpOMOCOM
HBIX N1ap
uHaekc, %
B Ipynne
A 1 48—49 [CaMble KpyITHbIe METALICHTPUUECKUE
2 38—40 |Camblie KpyrTHble CyOMeTaLEHTPUUSCKUE
3 45 —48 [ KpynHpie METallcHTpHUECKUE
B 4.5 24 —30 |KpymnHble cyOMeTaleHTPUYECKHE
C 6—12 27—42 |CpenHue cyOMeTaLEHTPHYECKHE
D 13, 14, 15| 14—24 |CpenHue aKkpoOLEHTPHYECKHE
E 16, 17, 18] 28—43 |Menkue cybMeTaLIEHTPUYECKHE
F 19, 20 36 —46 |Menxkue MeTaueHTPUYECKHE
G 21, 22 13—33 |Menkue akpoLeHTPUYECKHE
X-xpoMocoma 23 38—42 |Cpenusas cyoMeTalleHTPUYCCKAs
Y-xpoMocoma 23 0—26 |Menkas akpoueHTpHYECKas
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TakuMm o0pa3oM, Kaxaasi U3 XpOMOCOM HCCJIeAyeMOro KapHuoTHIla
MOXeET ObITh CTPOTO MIEHTU(HLIMPOBAHA, a OKPacka OpOMIE30KCHYPH-
JMHOM I03BOJISIET BBISBUTH CECTPUHCKHE XpoMaTUIHbIe OOMeHbI. Jud-
¢epeHIUATBEHOE OKPAIMBAHKE JOCTATOUHO TOYHO BBISIBISIET yTPATy WK
no0aBieHUE OTAEIBHON XPOMOCOMEI IMOO ee (hyparMeHTa, a Takxke 00~
Jiee CJIOXHBIE MEPECTPOMKH B CTPYKTYPHOM OpraHM3allMM KapyvoTHIIA.

Haubornee yacto NpuMeHSIETCSI OTHOCUTEIBHO TIPOCTOM METOM OK-
packu 1o I'um3se ( G-oKpalllMBaHHWE), KOTOPLIK He TpeDyeT UCIIONb30-
BaHUs QuoopeclleHTHOro MuKpockona. Ilpu Q-okpaiinBaHum (iuooo-
PECLIEHTHBIM KpacuTeneM (aKpUXWUHOM, aKpPUXUH-UIPUTOM), C TO-
MOLIbIO YABTPAUONETOBOIO U3JNYYEHUS] MOXHO BbISIBJIATH OTTEHKH
HHTCHCUBHOCTH OKPACKM M YeTKO NUdhepeHLIMPOBaThL Y-XpOMOCOMY.
XapakTep CErMEHTHMPOBAHHOCTH XpOMOCOM Tpu (- U G-OKpalluBa-
HHUAX OOBIYHO SIBJISETCS CXOAHBIM. T1py ucnonb3oBaHUU (HIoopOXpo-
MOB Il R-OKpalllMBaHHS YAAeTCsl YETKO OIpeHensiTh KOHLEBbIE (Te-
JIOMEPHBIE) pailOHbl XPOMOCOM, TPH 3TOM KapTHHA YepeayroUIMXCs]
OKpPaUIEHHbIX U CBETJIBIX CErMEHTOB GyaeT 0OpaTHOMN MO CpaBHEHHUIO C
TOW, KOTOpYIOo Habmoaawt npu G- U @-okpatiuBaHud. st yctaHOB-
JIEHUS JIOKAITU3ALMM OKOJIOUEHTPOMEPHOTO M APYTMX YYacTKOB rere-
POXpOMaTHHA TaKXKe IPUMEHSIETCS CrielMalbHOe oKpauiMBanue — (C-
OKpaluMBaHHKe), TIO3BOJISIOLIEE BBISIBJISTh COOTBETCTBYIOILIMKH XPOMO-
COMHBIH TIOTMMOPGHU3M.

Kaxnmoe nieyo oKpalleHHOH XpOMOCOMBI NTOAPA3neNnsItoT Ha pano-
HbI, HyMepalus KOTOPBHIX OCYIUECTBIISIETCS B HAMPaBJAEHUU OT LEHT-
poMephI K TeioMepe. OTaesibHbIE TUIEYH pa3HbIX XpOMOCOM HMEIOT OT |
J0 4 Takux paitloHOB. BHYTpHU paitoHA BBHIAENSIIOT CETMEHTHI ¢ pa3HOM
MHTEHCHUBHOCTBIO OKPACKU, KOTOPBIE HYMEPYIOTCS 110 MOPSAKY B yKa-
3aHHOM Bbillle HanpaBjieHud. Tak, HalpuMep, CUMBOJIMYECKast 3aMUCh
1p36 o3HauaeT, YTO UMEETCS B BHMIY LUECTOM CErMEHT TPEThero pai-
OHA KOPOTKOro InJjeya nepsoit xpomocoMmbl. CxeMaTHYECKOE U300pa-
XEHHe CETMEHTOB 22 ayTocoM, a Takke X- U Y-XpoMoCOMBI UeIoBeKa,
BBISIBJSIEMBIX NMPU HUX AdddepeHLHanbHON oKpacke B MeTadase U B
npodasze MUTOTUYECKOTO JeJeHUs KJIETOK, MPUBOAUTCA Ha puc. 7.3.

Ha Tlapuxckoit KoHdepeHUINN MO CTaHIApTU3alMU U HOMEHKJIA-
Type XpOMOcoM uesioBeka (1971) ObIM MPUHSTHI NpaBUIa ONACAHUA
¥ CUMBOJIMUECKOTO 0003HaYeHU KapUOTHUTIA YEJIOBEKA B HOPME U NPpH
MIATOJIOTUYECKUX COCTOSIHUSIX, OOYCITOBIIEHHBIX MYTALIUSIMHA XPOMOCOM.
B xapakTepHCTHKE XapyoTHNa, TpeXIe BCEeTo, yKasbiBaeTcst olillee
YUCJI0 XPOMOCOM U Ha0Op MOJIOBBIX XpoMocoM. HannoMHHUM, 4TO HOP-
MaJIBHBIA MYXCKOH KapHOTHUI NPUHSITO 0003HAYaTh B BUAE OpPMYJIbl
46,XY, a HOpMaNbHBIN XeHCKUIT — 46, XX. 3aTeM, npu HATUYHK MyTa-
LIMOHHBIX U3MCHEHMI, OTMEYAIOTCSl JIUILHAS XpOMOCOMa KapUOTUINA
WM HEXBAaTKa XPOMOCOMBI M, HAaKOHeEl, UMeEIoLIMecs CTPYKTYpHBIE
M3MEHEHMS OTAEIbHBIX XPOMOCOM.

Tak, HalpuMep, KapUOTHUIT JIMIIA MYXCKOTO flojla ¢ J00aBOUHOM
xpomocoMoit 21 (tTpucomust 21, unu 6omaesub JdayHa) obozHayaeTes
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Puc. 7.3. TudrbpepeHunansHo oKpaleHHbIE XPOMOCOMBL.
B 1306paxeHnn ofHO! XpOMOCOMBI 06BEMHEHBI ABE CXeMbl. B XPOMATHIE JIEBOM YacTH

Kaxnoi# XpoMOCOMBI H306paxeHbl CerMeHThl, 0OHapyXHBaeMble B MeTacdase. Cripasa

i XpoMocome

TTOKa3aHa cX¢Ma pacrnpenejeHUs CerMeHTOB B ﬂpOd)a3H0
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crenyrowiuM obpasoM 47, XY, 21+, 3amucse 46, XY, 3g+ xapaktepusyer
MYXCKO# KapuoTun ¢ 46 XxpoMOCOMaMH, TI¢ HIMHHOE 40 (g) OTHOIM
13 XpPOMOCOM TPEeTheil maphl ITHHHee, YeM B HopMe. O6o3HayeHue 47,
XX, 14+p+ ykaspiBaeT Ha XEHCKMIT KapuoTWI ¢ 47 XpOMOCOMaMM,
BKJII0YasT JOOABOYHYIO XpOMOCOMY 14 ¢ yIUIMHEHHBIM KOPOTKUM (p)
TUICYOM.

Ipu 3anucy 46, XX, del(1)(¢21) peys UAET O KEHCKOM KapHOTHUIIE
¢ 46 xpoMocoMaMu U ¢ Jeeureil XpoMocoMbl 1 (B MepBOM cerMeHTe
BTOPOro palioHa ee JUTMHHOTO Iuieda).

LluTOreHETHYECKU METON C UCTIONL30BAHMEM MOJHOM CXEMBI Ka-
PUOTUTIPOBAaHMS TIPMMEHSETCS KaK OOUH U3 00513aTeNIbHBIX IMarHoC-
TUYECKHUX TECTOB B CIAENYIOLIMX ciydyasx: 1) ipu oOciieT0OBaHUH AETEN
€ BPOXICHHBIMM TIOPOKAMM Pa3BUTHS; 2) TIPK OOCIeTIOBAaHUM KEHILMH,
y KOTOPBIX HaOMI0AaNMCh NMPUBbIYHBIE BBIKUABILIM WU MEPTBOPOX-
JieHus:; 3) TIipyU NPOBEJEHUM NOPOAOBOI NMWAarHOCTUKHA HACIENCTBEH-
HBIX 3200J1€BaHUI B Cllyyae Bo3pacTa Matepu oosee 35 et nubo npea-
10J1araeMoro HacleJOBAHHS B CEMbE CTPYKTYPHBIX HApYLLIEHWHA OTAENb-
HBIX XpOMOCOM (HEOONBIIMUX AeJIeUri, TpaHCaoKauuil v ap.); 4) wis
TIOATBEPXKIAEHUS TUArHO3a XPOMOCOMHOM TIaTOJIOTUH, TIOCTABIEHHOIO
Ha OCHOBAaHMM MCCIIEAOBAHUS TIOJIOBOTO XpPOMATHHA.

B Tex ciyyasix, Koraa HapyuieHUsI B KapYOTHUITE YeJIOBeKa KacaioTes
M3MEHEHUS YUCJIA TI0JIOBBIX XPOMOCOM, HapsLy C ITOJIHBIM KapuOTH-
MMMPOBAHMEM BO3MOXHO TaKXe TIPOBENCHUE 3HAUUTENIBHO OoJiee Mpo-
CTBHIX LIMTOTEHETUUECKMX UCCEA0BAHU, CBA3AHHBIX C OOHAPYXEHUEM
TeJIbla MOJIOBOTO XPOMATHHA B MHTEPGA3HBIX SIpax COMaTUYECKMX
KJIETOK 4YestoBeka. [TosoBoit xpomaTuH (X-XpoMaTuH, UH Tejble bap-
pa) nmpeacTapiaaer coboi OfHY U3 IBYX X-XpOMOCOM WHIAWBHUIYYMOB
KEHCKOTO TIojla, KOTOpasi B HOPME MHAKTHUBUPYETCS (reTepoxpoMa-
TUHHU3UPYETCS) YXe€ B paHHeM Nepuose 3MOpUOHAIBLHOIO pPa3BUTHS
(cM. noapa3sn. 2.3.4).

HawubGonee npocroii MeTol onpeaesieHUs TOJIOBOTO XPOMATUHA CBS-
3aH C OKpackoil alleTOPCEMHOM KJIETOK CJIM3UCTOU 0BO0JI0OYKM PTa,
NOJIYYEHHBIX IyTEM COCKO0a ¢ BHYTPEHHEH MOBEPXHOCTU 1LUEKU TIPU
MOMOLLH wmaress. Marepuas cockoda pacripefensioT Mo NOBEpPXHO-
CTH IPEAMETHOrO CTEKIa M Ha | —2 MMH HAHOCAT KpAacUTenb. 3aTeM
MOKPBIBAIOT Mpenapar MOKPOBHBIM CTEKJIOM U, CJieTKa HaXumasd Ha
HETOo, YIAJISTIOT OCTATOK KpacuTesist (bHIbTpoBaibHOM OyMaroi. OKpa-
LWIEHHBIA Tpenapat M3y4aloT C MOMOIIBI CBETOBOTO MHUKPOCKOIA
€ UIMMEDPCHOHHBIM OOBEKTUBOM. [IpH 3TOM MONOBOI XpOMATUH BbISIBIIS -
€TCS MO AAepHOM 000M0UKOI KIIETKU B BUIE TJIOTHOTO OOpa30BaHUs
(Tenpua) pasnuvyHoOU hopMbl, yallle BCEro OBaJIbHON WM TPEyrolb-
HoMt (puc. 7.4).

B HOpME 1I0OMOBOIT XpoMaTUH OBOHAPYXKMBAETCs B SApax OOJbIIVH-
cTBa KjleToK (50 —70 %) y nmun 3KeHCKOro ToJja, Toria Kak y MHIUBHU-
JYYMOB MYXCKOTO T0JIa OH BCTpedaeTcs odeHb penko (0—5 % Bcex
KJIeToK). [1pn usMeHeHUH YKciia X-XpoMOCOM B KapuoTHIie UHIUBU-
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