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IMPEAHUCJIOBHUE

Bce wame Ha crpaHuuax ra3er ¥ JAPYTMX IOIYJIAPHBIX H3JaHUH
MOKHO BCTPETUTb TEPMHUHBI: «COBpeMeHHas1 GHOTEXHOJIOTHA» U «TeHeTH-
yeckasd WHXeHepHsA» (WM <«reHerwyeckas MoxuMKalMs, MaHWILYJIs-
LHA» ), «TEHETUYECKH MOAUUIHPOBaHHbIH opranusM» (TMO) uin <re-
HETHYECKH H3MEHEHHBIN (TeHHO-MHXXEHEePHBIH, TPAHCIeHHBIH) OPraHU3M»,
«FeHeTUYeCKH MOAMGMUIUPOBaHHbBIE IIPOAYKTHI NUTAaHUs». Bo BCex 3THX
Iy6aIMKalUsAX pevb MIET IO CYTH 06 OXHOM — IOCJIEIHUX JOCTHIKEHHSIX
reHetukH. IlpuyeM 3TH JOCTHIKEHHSI HE OTPAaHMYMBAIOTCS IIPOCTO NO3HA-
HHEM MEXaHHU3MOB HACJIeJCTBEHHOCTH, a O3BOJSAIOT aKTUBHO B HUX BMe-
IIMBATbCS, H3MEHATb B JXKeJaeMOM HallpaBJIEHUH ¥ B pe3yJbTaTe CO3/a-
BaTh HOBbI€ COPTA pacTeHUH, 06aaloNue NoJe3HbIMM IPUH3HAKaMH, KO-
TOpBIe HEBO3MOXHO OTO6paTh C NOMOIIBI0 TPaAMLUOHHOH CEJEKLHH,
HOJy4aTh HOBble 6osee 3(pdeKTHBHDIE JIeKapCTBEHHbIE MPENapaTsl, CIo-
coGHble JIeYHTh DaHee Heu3jeyuMble 6ojie3HM. Bce 3To crano peanb-
HOCTBIO 6s1arozaps paspa6oTKe TEXHOJIOTHM, MO3BOAAIONIMX BhIAEAITD U
u3y4arb HacaeactBennniit matepuan ( IHK), cosgasaTh ero HoBble KOM-
6HMHAIMY C IOMOIIBIO MAaHUITYJIALMIHA, OCYHIECTBIAEMbIX BHE KJIETKH, U Ie-
PEHOCHTb 3TH HOBbl€ T€HETHYECKNE KOHCTPYKILHHU B KMBble OPraHU3MBbI.
Ilogsunace BO3MOXKHOCTb HCIIOJIb30BATh B CEJEKLUH TeHbI JIOObIX, CO-
BEPLIEHHO HEPOJACTBEHHBIX BUAOB, HAIIPHMED BBOAMTH B COPTA PacTeHUM
onpejesIcHHbIE FeHbl XXUBOTHBIX, 6aKTepHil, BUPYCOB H Jake YeJIOBeKa.

B Hacrosmee BpeMs TpaHCTeHHbIE COPTA CEMbCKOXO03AMCTBEHHBIX KYJIb-
TYp, YCTOW4YHBbIe K repOUIIMaM, BHUpycaM, HaCEKOMbIM-BPEIHTENSAM, C
yJy4UIeHHbIMH Ka4eCTBEHHBIMH XapaKTepucTHKamu (yiydmieHHbI# co-
CTaB PACTUTEJIBHOIO Mac/ja) 3aHHMAIOT OCEBHbIE MIOMAMHM, IIPEBLIIA0-
nrue 60 MuH rekTapoB (s cpaBHeHust: B Benapycu naxoTHble 3eMJIM 3a-
HUMAIOT OKOJIO 5 MJIH reKTapoB). IIpOAyKTbl MUTaHHUs, M3TOTOBJIEHHBIE
H3 TakHUX CODPTOB, Telephb YyXe He PEeJKOCTb HA IPHUJIAaBKaX MarasvHOB
MHOTHX CTpaH MHpa.

Onnako ciexyer NpU3HATh, YTO BOCIIPHSITHE HACEJEHHEM I€HETHYECKH
MOZUPHULUPOBAHHBIX MPOAYKTOB (IIOMyYEHHBIX M3 FeHHO-HHXKEHEepPHBIX
OPraHH3MOB), IPSIMO CKaXkeM, HeOAHO3HaYHOe. JIeMOHCTpalluH, THKETH,
IIyMHas IPONaraHANCTCKAsA KaMIIaHUs B IIpecce, YHHYTO)XXEHHE «IIPHBEP-
’KEHIIaMH OPraHUYecKOTO 3eMJIe/leJIUsI» HOCA0OK TPAHCTEHHBIX KYJIbTYD M
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JAa)ke HallMOHaIbHbIE pedepeHAYMEI O 3allpeTe TeHETUYEeCKOH HHKEHEePHH
CTaJi OOGBIYHBIM /IeJIOM BO MHOTHX CcTpaHax EBpomsi.

B ABcrpun co6paHo 6oJiee 2 MJH TOANMCEH B NOJb3y pPeIIEHHS O
3alIpELIEHUH TOPIOBJM IPOAYKTAMM NMUTAHUS, COAEPKAIIUMU reHHO-HH-
XeHepHble opranu3Mel. IIpaButenbcTB0 HopBerun 3anpeTusio HCIOIb30-
Banre MO, cozepxanux MapKepHbIe TeHbl YCTOHYMBOCTH K AaHTHOHOTH-
KaM. Psj eBponeiickux cTpal no Tpe6oBaHMIO 06IECTBEHHOCTH OTMEHUJT
paHee BblJaHHOE pa3penleHne Ha BbIpAIlMBAaHUE TPAHCTEHHOU KYKYypy3bl,
YCTOMYUBON K HAaCeKOMBIM-BPEAUTE/JSIM. Y4YeHble HEKOTOPBbIX HAYYHBIX
1eHTpoB MTanuu B TeyeHUe ABYX JieT He NOJyYaJd 3apIuiaTy H3-3a TOro,
4YTO MHHMUCTD CEJbCKOTO XO3SAICTBa CBOHMM BOJIEBBIM DeEIIEHHEM DeEIlMJI
«TIPHKPBITbY» HCCJIEOBAHUA B 00/1aCTH TeHeTHYeCKOii nHXeHepun. Ha 3a-
cenanuu IlanaTer 1opaos 6puranckoro IlapiaamenTa npomyu crnenuaib-
Hble CJAyLIaHusl, OCBAILeHHbIe TeHHO-UHXeHEPDHOH JesSTeTbHOCTH.

Oco6blif MeXKZYHAPOAHBIH PE30HAHC MMeJ HAlMOHAJbHBINA pedepeH-
AyM O coBpeMeHHOH 6uorexnosoruy B IlIBeiinapuu, npomegmmuit B 1998
roay. Bompoc cTosis1 He TOJIBKO 0 TIOJHOM 3anpeTre UCIIOAb30BaHUSA, HO U
cospanusg 'MO. B redeHue noayroga Ha CTpaHHUIAX raseT U XKypPHAJOB,
Ha TeJIEBUJEHUY, MHOTOYHUCJEHHBIX COOPDAaHHUAX M KOH(QepeHIUAX U
6ypuble auckyccun. HoGenesckue saypearhbl Ha r1a3ax BCell CTpaHbl 110-
efajy «JaH4Yu», IPUrOTOBJIEHHbIE U3 IeHeTHYeCKH MOAUu(HUIINPOBAHHBIX
NPOAYKTOB, 4TOObI YOEAUTh HaceseHUe B UX 6e30macHOCTH. A 4TO 6bLTO
Adenath? Beap 3ampeT TeHHO-UHXEHEDHOH JEATENBHOCTH YIPOXAT
IIOCJIE[ICTBUSIMH, KOTOPbIE NOCTUTIH B cBOe BpeMs Coserckuii Coio3 B pe-
3yJbTare <«3aKPBITHSI» TeHETUKH M KUOEDHETHKH: pa3pylleHHe HAYIHBIX
IIKOJI, [IBE€ C IOJIOBUHON THICTYH 6e3paGOTHHIX FE€HETHKOB, TEXHOJOTH-
YyecKas OTCTaJocTh crpanbl. K cuacrpio aud lllsefinapun, BocTOpXKeCTBO-
BaJ 37paBblii cMbIicia: Gosiee 2,/3 HacesieHHs IIPOTOJIOCOBAIH TIPOTHB
3arpeTa reHHO-UHXKEHEPHOH JesITeIbHOCTH.

CoBceM uHast KapTHHA HAGJIIOAAETCS 10 APYTYI0 CTOPOHY OKeaHa. B
CIIA, Kanaze, ApreHTHHe TpaHCTeHHBIE KyJIbTYPbl 3aHUMAOT MUJIIHO-
HbI T€KTAPOB, W IJIOWAIH IO STHMH KyJbTYPaMH HEYKJOHHO pactyT (B
1999 roxy 99,5% noceBHBIX IIOWIaJeli, 3aHATHIX FeHHO-HHXEHEPHBIMH
COPTaMH B MHpe, TIPHXOJHUJIOCh HA 3TH TpH CTpaHbi). Pacrer ypoxaii-
HOCTb H IIOTPEOUTENbCKHE KavecTBa CeIbXO3NpOAYKUUH. [IpakTHdyHbie
aMepHUKaHIbl CIIOKOHHO noTpebisawnr <«numy OpanxkenmreiiHa» (rax
Ha3BaJId FeHETUYECKH MOAUMUIUPOBAHHBIE TTPOAYKTHl OCTPBIE HA CJIOBO
KYPHANHUCTBI), TOCKOJNBKY €€ Ge30IacHOCTh TapaHTMpOBaHa TOCYJap-
cTBOM. OHHM HHKaK He MOT'YT NOHSTH CTOJb OYPHOTO HEMPHUATUA TEHETH-
4YeCKOH MHXeHepuH B EBporme. «UTo e Takoe 3HAIOT eBPOTIEHIIbI, YEFO He
3HAeM MbI?» — CIPANIMBAIOT OHH.

ITonpo6yem pa3zobpatbcsa. [Ipeacrasisercs:, 4To 310 6yA€T HHTEPECHO



NPEAVICJIOBUE -« 7

H Aas xutenend benapycu, IOCKONMbKY O TeHETHYECKOH HHXKEHEPUH H
I'MO oHu He 3HaIOT IPAKTUYECKU HHYETO: Koe-KaKas uH(OpMaIlus JHLIb
U3pellKa IOsIBJISETCSA B [Ipecce B BUAE HEBHSITHBIX U CyObEKTHBHBIX OTIO-
JIOCKOB Ha MaTepHaJbl, MHOTAa my6auKyeMble B POCCHACKON mevatu. B
IpeAaraéMOM H3JaHHM C/leJlaHa IONBITKA B OTHOCHTEJIbHO IIPOCTOI
(¢opMe MO3HAKOMHTDH YMTATENS C JOCTHXKEHHUSIMH COBDPEMEHHOH 6HOTEX-
HOJIOTHH, pacCKa3aTh, KaK NOJY4al0T reHHO-WHXXEHEepPHbIe OPTaHU3Mbl U
YEM OHHM OTJIMYAIOTCA OT T€X, KOTOPbIE CO3/IaHbl C MOMOIIBIO TPAAUIHOH-
HOM CeJIeKIMM, B YEM 3aKJIOYAIOTCS OCHOBHbBIE DA3JIMUMSA MEXKIY <«CTa-
poli» M «HOBOH cesexkuueit». [Toapo6HO pacCMaTpHUBAIOTCH PHUCKU IS
3[10POBbsI YEJI0BEKA H OKPY Kalolei cpe/ibl, CBSI3aHHbIE C MCIIOJb30BAHU-
€M FeHHO-MH)XXEHEPHBbIX OPraHU3MOB, ¥ MEPbI, KOTOPBIE IIPHMEHSIOT, YTO-
6b1 u36exarhb aTnX puckoB. Ocoboe BHUMAHHE YAENEHO <HAyYHOMY aHa-
JIN3y» MHOTOYMCJEHHBIX CTPAIIMIOK, nocBamenHbIx TMO. ABTOp BbIpa-
XaeT HaZleXky, 4TO IpeACcTaBleHHas B KHure o6beKTHBHAS HHDOpMaLHA
HO3BOJIUT YUTaTeaAsIM cPOPMUPOBATH CBOE COOCTBEHHOE, HEAHTAXXHPOBAH-
HO€ IpPEeCTaBJIeHHE O TeHHO-HHKEHEDHBIX OpraHu3Max ¥ TOH OINacCHOCTH,
KOTOPYIO OHH SIKOOBI HECYT AJIs1 HBIHEIIHUX U 6yaAymiux noxkonenuid. Bee
3TO JOJIXKHO IIOMOYD UM CAeJIaTh OCO3HAHHBIA BIGOD: MPUHUMATh WU HE
NPHHUMATh TeHeTHYeckylo uHxeHepuio H TMO — oxHo u3 Han6osiee BbI-
JAAIOIUXCA JOCTHXKEHUH NTporpecca YeI0BeYeCKUX 3HaHUM MOCTAeAHUX Jle-
CATHJIETHH.



IT'aapa 1

YTO TAKOE TEHETHYECKH
MOAHDPOHUIITNPOBAHHBIE OPTAHU3MDbI?

Yro6p1 Jyville MOHATD, YTO TaKOe TeHHO-HH)KEHEePHble OPraHM3Mbl H
reHeTH4eCKH MOAMUIIMPOBAaHHbIE NPOAYKTHI, YeM OHH OTJHYAIOTCA OT
OOBIYHbIX OPTAaHU3MOB H IPOAYKTOB, HEOOXOJUMO HMETH Mpe/ICTaBIeHHE
0 TOM, KaK uX nonydamoT. OHaKo, pex/e yeM 00bsICHATD, YTO TaKOe re-
HeTHYeCKasd MH)XXeHEPHs, CJelyeT OCTAaHOBHTbCS HA OCHOBHBIX OMOJIOTH-
YeCKUX MOHSATHSAX.

1.1. Yro Takoe KJeTku?

Knerka — ocHOBHasi CTPyKTypHas ¥ pyHKUHMOHAIbHAS eMHHUIA BCeX
XKHBBIX CyIIECTB, 6YAb TO pacTeHWe, XXMBOTHOe Ui MUKPO6. HekoTopraie
OpraHH3Mbl, HapuMep 6aKTepHH, OTAEJIbHbIE BOAOPOC/H U TPHOBI, SBJIS-
I0TCS OAHOKJIETOYHBIMH: BECb OPTaHU3M LEJUKOM 3aKJII0YEH B OAHY KJeT-
Ky. He/l0BEK, KaK NpeJCTaBUTENb MHOTOKJIETOYHBIX OPraHH3MOB, COAEPKHT
IPUOIU3UTENPHO 3 THICSYM MMJLIHAPAOB KJeTOK. KieTku, coefuHeHHbIE
Mexay co60H, GOpMHUPYIOT ¥ MHOTOKJIETOUHBIX OPraHH3MOB Pa3JIMYHbIE
TKaHH, OPTaHbl WK CTPYKTYPHI (¥ JKHBOTHBIX MO3T, I€4eHb, KOCTH, KOXY;
Y PacTeHHii JHCThsA, KOPHH, IJIOAB H T.IL.).

Kak nmpaBujo, KJeTKH OYeHb MaJIbl, MX JHaMeTp Yallle BCero HaMHOIo
MeHble 1 MM. VX TpyaHO pasanduTh HEBOOPY KEHHbIM I'1a30M. BriepBbie
X yAanoch pasraszerh 6oJiee 300 ner Hasam, BCKOpe IOCJE TOro, Kak
6bLIH CKOHCTPYHUDPOBAHBI TIEPBbIE MHKPOCKOMELI. KJeTKH BBICIIMX Opra-
HU3MOB (pacTeHMi U KHBOTHBIX) UMEIOT caefyiomee cTpoenue (puc.1).
Knerku okpyxxeHst MeMOpaHoii, cocTosmei u3 unugoB. Mem6pana npo-
HHI{aeMa TOJIbKO [JI OIlpeAesieHHBIX MOJIEKYJI IIUTATeJbHBIX BEINEeCTB M
HOHOB. Biaronaps aToMy cofepXUMoe KJIeTKH YAepKHBAETCA BHYTPH M
He BbITEKAaeT B OKPYXXaIOIMyIo cpely. PacTUTe/bHbIE KJIETKH HMEIOT JIO-
TIOJIHUTEJIbHYIO KJIE€TOUHYIO CTEHKY, COCTOALIYIO U3 I€JITI0JI03bI, KOTOpas
NpHJaeT PaCTUTEIbHBIM TKaHAM CTPYKTYPHYIO JKeCTKOCTb. Bo Bcex Kiet-
KaX, KpoMe 6aKTepHaJbHBIX, BHyTPEHHee KJIeTOYHOE MPOCTPAHCTBO Pa3-
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Puc. 1. CxeMa CTPOEHHA KJIETKH pacTeHuid: /| — sapo; 2 — sSAPHILIKO; 3 — siiepHast 06o-
J04Ka; 4 — BakyoJs; 5 — Jjelkomract ¢ o6pa3yiouMMCs B HeM KPaXMaJIbHBEIM 3epHOM; 6
— XJioponnacT, 7 — MuUTOXOHApHsA; 8 — ammapat loabmxku; 9 — sHmoniazmMarHyecKas
ceth; 10 — sAnepHas nopa; 1/ — oboaouka xnerku; 12 — mopa B 060J104YKe KJIETKH

IPaHNYEHO Ha OKPYKeHHOoe MeMOpaHOii cepHyecKoe TeJblle, Ha3bIBae-
MOe A7pOM, W LUTOILIa3My. SIApo — 3TO KOMAaHIHBIA LEHTP KJIeTKH. B
Hem Haxogurcs JHK (me3oxcupu6oHyKIEHHOBAs KHCI0Ta), B KOTODOIA
3aKOAMPOBaHa IOYTH B HEO6X0AMMAs AJIsI AKHU3HH KJIETKH, a TaKXKe Bce-
ro OpraHM3Ma HacJeACTBEHHass MH(pOPMaLWA: HHCTPYKLHH, YIIPaBJSIO-
I{Me POCTOM, AeJIeHUEM U crenuduyecKuMu ocobeqHocrsmu kiaetok. JJHK
B S,IPE HaXOAMTCSA B BH/IE U3BMTHIX TSXKei, H3BECTHBIX II0J Ha3BaHHEM
xpoMocoM. Kierku, umeromue siipo, Ha3bIBAIOTCS 3YKAaPHOTHYECKUMH,
JUIIeHHbIE Sipa KJIeTKH 6akTepuil U CHHe-3eJIEHbIX BOZOPOC/IeH Ha3bIBa-
IOTCSI IPOKapHOTHYecKUMH. 1{UuTon1a3Ma cotlep>XUT pa3idyHble OpraHesi-
JIbl, KOTOPbIE BBITIOJHSIOT QYHKUUHU, aHAJOFMYHbIE (DYHKUMUSAM OTIE/b-
HBIX OPraHOB MHOTOKJIETOYHOTO Opraru3Ma (muieBapeHune, HaKOIJICHHE
M COXpaHeHHe MUTaTeJbHBIX BEIIECTB M SHEPrMM, BbiAejeHue). B xio-
pormracrax (Mecro, rae MpOUCXOAUT GOTOCHHTES), a TAKKE MUTOXOH/IPH-
Ax (OHY OTBETCTBEHHBI 3a 3allacaHHe 9HEPTHH) HAXOAUTCA HeGOIbLIOE TI0
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cpaBHeHHIO ¢ sapoM xoaudectBo IHK (a cinegosaTesnbHo, U reHeTHYEC-
Kol MH(pOpMaMH).

B 6akrepranbHbIX KieTkax ocHoBHas macca JHK coaepxutcs B
OJTHOH 60JIbLION KOJIbLIEBOH MOJIEKYJIe, KOTOPYIO Ha3bIBAIOT 6aKTepHalb-
Holi xpomocomoii (puc. 2). ITomumo Hee y MHOTHX GakTepuit ecTb 60Ib-
I10€ KOJIHYeCTBO OYE€Hb MaJIeHbKHMX KoJIblieBbIX MoJiekya JJHK, nasniBae-
MbIX I1a3MugamMu. [1ma3mMuael cnoco6HbBl pa3MHOXKATHCA M NepeJaBaThCs
ApyruM 6aKkTepHaJbHBIM KJeTKaM He3aBHCHMO OT IJIABHOH XPOMOCOMBI.
Onu 6bLiu BrepBble MAEHTH(UIMPOBAHBl KAaK F€HETUYECKUE 3JIEMEHTHI,
Hecylde reHbl YCTOMYMBOCTH K aHTHONOTHKAaM. BripoyeM, niaasMUabl MO-
I'yT YAEp>XHUBaTb U MHOTHE APYrUe TeHbl.

I'1aBHOE CBOMCTBO KJIETOK — CIIOCOOHOCTb PACTH H AEJHUTHCS ¢ 00pa-
30BaHHEM [JOYEPHHMX KJeTOK. UTOObI BBINOJIHATD 3TH (PYHKUHMH, KIETKH
JIOJKHBI GBITh YCTPOEHbl OYeHb CJI0XKHO. Y nelicTBUTENIBHO, aXke IIPOC-
Teilnne u3 HUX coxepxar MoJekyasl mouytH 1000 pa3HbIx BelnecTs.
KeTk# MOXHO CpaBHHTD ¢ KPOLIEYHbIMH (pabpukaMu, KOTOPbIE, HCIIOJIb-
3y B Ka4eCTBe ChIPbsA, CTPOHTENbHBIX 6JIOKOB OTHOCUTENILHO IIPOCThIE MO-
JIEKYJIbl, IPEBpAlI2IOT UX B MHOTOYHUCJIEHHbIE HEOOXOAUMBIE S POCTa U
Pa3sBHTUS KJETKH CJOXHble MOJIeKyJbl. B mponecce pocra u JeseHHUs
KJIETKH HYXAAIOTCS B 3Hepruu. B G0OBIIMHCTBE C/ryyaeB OHH NOJIY4aloT
ee NPpH paclienyIeHny MOJIEKYJ1, ITIOCTYNIMBIIUX ¢ muied. Knerku pacrenuii,
crnoco6Hble K POTOCHHTE3Y, HCIOIb3YIOT JHEPTHIO COJTHEYHOTO CBETA.

‘Bce Mosiexy b BelecTB B KJIETKE MOKHO Pa3/ie/INTh B COOTBETCTBHH C
HX pa3MepaMH Ha /IBa OCHOBHBIX KJacca. IlepBblif k1acc — Tak Ha3bIBae-
MBbI€ MaJIble MOJIEKYJIbI: IIPOCTEHNINE caXxapa, AMUHOKHC/IOTBI U JKUPHbIE
KHCJIOTBI. BTOpo#t Kaacc KJIETOYHbIX MOJIEKYJ COCTABJISIIOT MaKpPOMoJie-
KYJIbl, KOTOpBIe SBJSIOTCA ITONMMepaMH, 06pa3yolIUMHICS B pe3yJbTaTe
COEIVIHEHHS OTIpe/IeJIeHHbIX MJIBIX MOJIEKYJI (HarpuMep, aMHHOKHCJIOT)

Mnasmuas Xpomocoma PuGocombl

Hapyxxas membpana KneTouHan cTeHka Liutonnasma
Mepunnaamarnyeckoe Mna3MaTuieckan
NpOCTPaHCTBO meMOpaHa

Puc. 2. CxeMma CTpoeHHs KJIETKH GakTepHit
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Puc. 3. Ctpykrypa MakpoMoaekyabl 6eska (depMenTa Hykneasn). Jlus, Iny, Tpe u T.4. —
COKpallleHHble Ha3BaHUSI aMMHOKHUCJIOT JIM3MHA, TAyTaMHHA, TPEOHUHA U T.A. OTAeNbHbIE
MOJIEKYJIbl aMMHOKHCJIOT COEAMHEHbI MEXAY CO60# BOTOPOAHBIMY CBS3SIMH B LEMOYKY —
nonunentua. Mosekyia 6eJIKa MOXKET BKJIIOYaThb IOMUMO aMHHOKMCJIOT M JPYTHE MOJIEKY-
JIbI ¥ aTOMBI, HanpuMep MeTaanos (Kejeza, MarHus, cepsl u T.A.)

B pymHHble Heny (HanpuMep, Genku). Masble MOIEKYJIB OGBIYHO COCTO-
ATt u3 10— 50 atoMoB, CBA3aHHBIX CTPOTO ynopsnodeHHbIM o6pa3oM. [lo-
JIMMepHbIe MOJIEKYJIbI COAePXKaT GOJIBIIOe KOJIUIECTBO MOHOMEPHBIX 3BEHb-
€B U3 MAJbIX MOJIEKYJ U B COTHU-THICSTYH Pa3 IPEBBIMIAIOT X IO CBOUM
pasmepaM. B xaxaoit kneTke MOXKHO O6HAPYXXUTh NPUGAU3UTEIBHO 750
THIIOB MaJIbIX MoJiekyJ U n0 2000 pa3HBIX BHIOB MaKPOMOJIEKYJI.
Kaxnaas n3 MHOTHX THICSIY Pa3/IMYHBIX MOJEKYJ, COAEPKALUXCS B
KJIETKe, NOTEHLHAJbHO CIIOCO6HA BCTYIATh B OYeHb GOJIBIIOE YUC/IO XU-
MMYECKHX peaKLui ¢ APYTUMU KJIeTOYHBIMU MoJeKyaamu. OOHaKO NP
TeMIiepaTypax CyneCTBOBaHUSI KUBBIX OPraHM3MOB NOJaBJistioliee 60b-
IIMHCTBO 3THX DeaKLUMH IIPOUCXOIUT CO CKOPOCTSIMM, HEeJOCTAaTOYHBIMH
JUIs TIOAZEPXKAaHUA XU3HH. B >KMBBIX KJIeTKax Heo6XOOHMbIE CKOPOCTH
peakuuit 06eCNEeYNBAIOT CIELMAIbHbIE KATAIM3aTOPhl — TaK HA3bIBa€MbIE
¢epmenTnl. Kak u Bce KaranusaTropsl, ¢pepMeHTHI B XO€ XUMHYECKHX pe-
aKLIMI He PacXOAYIOTCs, M JAaHHAs MOJIEKYJIa MOXET cpabaThiBaTh THICS-
UM Pa3 3a oAHy CeKyHAy. boabmmncrBo (pepMeHTOB BrlcoKOCTeIM(pHY-
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HBI, M KaXX[bIi M3 HUX KaTaJU3UPYyeT CTPOro OlpelesIeHHYI0O XMMHYEeC-
KYIO peakLHIO.

Kak BbIsICHMIOCH CpaBHMTENbHO HeaaBHo (k 1935 roay), Bce depMen-
TbI )XMBBIX OPTAaHU3MOB 110 CBOEU IIpUpo/e IBASIOTCS 6enkaMu. B ¢Ba3u ¢
3THUM H3y4YeHHe CTPYKTYphl M (PYHKIUH ZAHHOrO THIIAa MaKpPOMOJIEKY.J
npusaexano (¥ nMpojo/rKaer NPUBJAEKATh) HauGoJbliee BHUMAHUE yue-
HBIX. BbL10 ycTaHoBNEeHO, YTO 6€/KM — 3TO MOJTUMEPHBIE MOJIEKYJIbI, 110~
CTpOeHHbIe 3 aMMHOKHUCJIOT. M3BecTHO 20 aMHHOKHCIOT, KOTOpbIE B pa3-
HBIX 6eJIKOBBIX MOJIEKYJaX COeJUHEHbI B LIENIH B CTPOTO OIpeaeeHHOM
nopsiake ¥ cooTHomenuu (puc. 3). ITo o3HaYaeT, YTO JMI06AsA MOJIEKYJIa
6esika MMeeT YHHUKAJbHYIO, XapaKTEPHYIO TOJbKO /s AAHHOro Geska
TOCJIE/[OBATEIbHOCTD aMUHOKUCJIOT. HapylileHHe Takoro nopsiika MOXeT
IPUBECTH K HapyILIEHHUIO KaTaJIUTHYeCKO# cnoco6HocTH (pepmeHTa. XOTs
6eJIKM B OpraHM3Me MOTYT BBIIOJHSTH CaMble Pa3HOOOpa3Hble, B TOM
4HCJle CTPYKTypHble, PyHKuuu (HApUMED, MBIIIEYHBIE TKAHU MTOCTPOE-
HbI U3 GeNKOB), OCHOBHAs UX POJib — KaTalu3 XUMHUYECKUX PEaKUHUi.
MoxHO cKa3aTh, 4To pepMeHTH — OJAWH U3 BaxKHEHIINX, KJIIOYeBbIX 3JIe-
MEHTOB >XUBOH KJIETKH, HEMTOCPEACTBEHHO CBS3aHHBIX CO BCEMH €€ XHU3-
HEeHHBIMU (PYHKIUSIMH.

1.2. Yto Takoe xpomocomsl, [THK, renernueckuii KoJ, reHni?

Nudopmanms o cocTaBe U CTPOEHUH BCeX GeJIKOB KJIETKH, TTOPSIAKe UX
06pa30BaHMs B XO/le Pa3BUTHS OPraHM3Ma, TO €CTb BCA HaCJeACTBEHHAs
uHdoOpMaLa OpraHu3Ma, 3akoJupoBaHa B MoJleKkyJax [JHK. V¥ aykapu-
oruyeckux opranusmoB [[HK coxepxurca B xpomocoMax, B KaXAOH
XpoMocoMe 1o oaHoH MoJekyJie [JJHK. KoanuecTBo xpoMocoM A Kax-
JOTO BH/JA BBICIUMX OPraHU3MOB SIBJSAETCS CTPOrO ONpeAesieHHOH NOoCTo-
sHHOM BeswunHoi. HanpumMep, y yenoBeka 46 XxpoMocoM, y IMUIEHHIIbI —
42. IlossBNneHne AONMOJHUTEIBHBIX XPOMOCOM HJIM OTCYTCTBUE KaKOH-I160
XPOMOCOMbBI MOXKET MPUBOJAUTD K CEPbe3HbIM HapyILIeHUsIM B OPraHU3Me.

BaxHeiilliee CBONCTBO KJIETOK — CHOCOOHOCTH JENUTHCS TaKUM 00pa-
30M, 4TO KaXkgas U3 o6pa30BaBIIUXCS AOYEPHUX KJIETOK HUYEM He OTJH-
YaeTcsl M0 XPOMOCOMHOMY COCTaBy OJHAa OT APYrod M OT MaTepUHCKOH
KJETKH. JTO JOCTUraercsi 6J1arogapsi TOMy, YTO HaKaHYHe JeJeHUus Kax-
Jasi U3 XPOMOCOM YJABauBaeTcs: B HUX oGpa3yeTrcsi BTOpasi MOJEKyJia
AHK, a6coioTHO UIeHTHUHAST UMEIOIEHCcA. ITOT MPOLECC Ha3bIBAETCS
penaukaruen [JHK.

Y BbICIINX OPraHM3MOB, KOTOpBIe Pa3MHOXAIOTCS MOJIOBBIM IYTEM,
KOJIMYEeCTBO XpPOMOCOM, Kak IpaBHJO, 4eTHoe. Bojee toro, xaxzaad u3
XPOMOCOM IIpeACTaBJIeHa B ABYX 9K3eMIISIPAaX: OfHA OT <Mallbl», BTOpas
OT «MaMbl». Takue mapbl XpOMOCOM, KOTOpPble KOAUPYIOT OAHH U Te XKe
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reHbl, Ha3bIBAIOTCA FOMOJIOrMYHBbIMU. B npolecce 06pa3oBaHus MOJIOBBIX
KJeTOK (SHIEKJECTOK M CIEepMATO30MA0B) TOMOJIOTHYHbIE XPOMOCOMBI
COJIMXKAIOTCSA U OOMEHUBAIOTCS] OT/IEJIbHBIMU YYACTKAMH: TIPOMCXOJUT pe-
KoMOuHawust reHoB (puc. 4). B pesyJbrare 1ojioBble KJETKH B CBOMX
XPOMOCOMax CO/Jep’KaT HOBble KOMOMHAILIMM POAMTENbCKUX reHoB. [Ipo-
1ecc JfesieHus Ipu 06pa30BaHUHU NIOJIOBHIX KJIETOK HECKOJIBKO OTIMYAETCS
OT OOGBIYHOTO KJIETOYHOro JAeseHusi. Kaxkaas mojioBas KjeTKa IIOJydaeT
TOJIBKO 10 OAHOU M3 KaKJOH Iapbl TOMOJOTHYHBIX XPOMOCOM. Taxum
o6pa3oM, cliepMaTO30Ubl U SHIEKIETKH YeJOBeKa, HaIIpUMep, COJepKaT
23 xpomocoMbl. OHAKO TI0CJIE OIJIOJIOTBOPEHUS STMIIEKJIETKH CIepMaTo-
30M/I0M HOPMAJIbHOE YHCJIO XPOMOCOM BOCCTAHABIMBAETCS.

Mounekyna JITHK mo cBoeit XUMHYeCKOR CTPYKType IpeAcTaBasieT I10-
JUMEP, COCTOSIINHI U3 IBYX CIUPAIbHO 3aKPYYEHHBIX APYT BOKPYT ApYyra
LleTlel, COeIHHEHHBIX MKy cO60i BOAOPOAHBIMU CBA3AMHU (BCEM U3BeC-
THasl «ABOMHas crMpasb» ). Kaxknas u3s ueneif coqepXurt MHOTHE THICSYM
CO€MHEHHBIX MeXAYy C060H B OINpeneseHHOM IOPAAKE HYKJIEOTUOB.
Kaxxablii HYKJIEOTH B CBOIO OYepelb COCTOUT M3 Tpex 6oJiee MPOCTBIX
MOJIEKYJI: a30THCTOTO OCHOBaHHMS, caxapa [Ae30KCHPHO03bl M OCTaTKa
docdopHoit kucaoTel. HykneoTuas! pasiudaTcs Mexay co60i TOJIBKO
A30TUCTBIMU OCHOBAaHUSIMU: UMEETCS JBa NypHHOBbIX (aJeHNH U ryaHHH)
M [Ba NUPUMUIAMHOBBIX (THMMH M I[MTO3MH) OCHOBaHHA. [eHETHKH

o ) o

1 i m

Puc. 4. YnpolileHHas cxeMa KPOCCHHIOBepa. I — HMCXO/IHblE TOMOJIOTHYHbIE XpoMOcoMbl; JT —
AB€ TOMOJIOTHYHbIE XPOMOCOMBI TpDH KOHDIOTALMY Da3pbIBAIOTCA B TOYKE KOHTAKTA H
YYaCTKH HX BOCCOEAMHSIOTCA B MHOM COYETaHHH, B pe3yJIbTaTe 06pa3yloTcs JABE XpPOMOCO-
Mbl (JIT), kaxaasi ©3 KOTOPBIX COAEPKHUT YUYaCTKH 00EHX MCXOJHBIX XPOMOCOM
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0603HaYaIOT pa3Hble HYKJIEOTH/IBI 110 COLEPKAILEMYCS B HEM OCHOBaHHUIO:
A — a/leHMHOBBIH HYKJEOTHUA, UM aJleHHH, | — ryaHHHOBBIi (ryaHusn),
Il — muro3unoBbiil (uutosun) u T — TUMUHOBBIA (THMHH).

e nenu JHK crtporo xommieMeHTapHBI APYT APYTY: aeHUHOBBIH
HYKJIEOTH/J OJHOMH Lenu COeUHEH BOAOPOAHBIMH CBA3SIMH C THMHUHOBBIM
HYKJI€OTHAOM APYTrON LeMH, COOTBETCTBEHHO LUTO3UHOBBIH HYKJIECOTH]
coequnen ¢ ryanuHospiM (puc. 5). Ilpu yasoennn JHK (pennukauun
JTHK), IpPEeAUIeCTBYIONEM JeJIeHUI0 KJIEeTOK, MPOUCXOAUT CUHTE3 HOBOH
MoJiekyanl JITHK, nenu xoropoit komnaeMeHTapHbI ABYM Il€NSIM HCXOM-
HOM MoJeKyJibl. MeHHO 6s1arofapsi MPUHIMITY KOMIIJIEMEHTAPHOCTH HO-
Bas ¥ crapas moJsekyabl JJHK abcomroTHO HAGHTHYHBI.

ITopsanok pacmosioXeHus 4eThbIpeX pasHbIX HYKJIEOTHIOB B MOJIEKYJIE
JHK omnpeznensier mocienoBaTe/IbHOCTh aMUHOKHCJIOT BO Bcex 6eskax,
o6pasylomuxcs B kjetke. To ectp HacieacTBeHHass uHQPOPMALUs Opra-
HU3Ma 3anucana B mojekynax JHK c moMomipio Bcero yeTbipex «OyKB».
BosHukaer BompoC: Kak ke MOXHO 3amHcaTb HMH(GOPMALHIO O BCeX
CJIOXKHEHIIUX Mpoleccax, IPOUCTEKAOUINX B OpraHu3Me, 4eThIpbMs OyK-
BamMu? OKa3anoch, MOXHO. IIpoCTO 4,151 3TOro HaJI0 MCHOJIb30BATh KOAM-
poBaHHyI0 3anuch. IIpuiyeM npuMeHseMbli B IPUPOJE KO TaK>Ke OKa3aJ-

Puc. 5. Cxema otpeaka aByuuTeBoit Mosekyanl JJHK. Asorucrble ocHoBanusa agenut (A),
ryarnu (T), uurosun (1) v rumun (T) coeuHeHbI BOAOPOAHOH CBA3BIO C CAXAPOM J€30K-
cHpH6030it, aToMBbl 3' ¥ 5’ Ae30KCHPHG03bI coefnHeHbl docdaTHbIME cBA3sMu (D), obpa-
3y LeNOYKH HYKJIEOTHAOB — otjaeibHble HUTH Monekyabvl JHK. Hutu coeanusiorcs
MeXy co60#l BOAODOJHbIMH CBA3SIMHM, KOTOpbIE YCTAaHABJIUBAIOTCA MEXAY OTAEe/NbHBIMH
a30THCTHIMU OCHOBaHMsMHU HuUTed. IIpu atom A Bcerzpa coeaunserca ¢ T (xBoitHo# BoJO-
poaHoi cBa3bo), a T — ¢ 1] (TpoitHoii casbio). TakuM 06pa3oM, coueTaHHE HYKJIEOTHAOB
B HUTAX KOMILIEMEHTapHO ApYT APYTY
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CA HECJIOXKHBIM: KaXKJOHW U3 JBaJllaTH aMMHOKHUCJIOT, M3 KOTODBIX IIO-
CTPOeHbI 6eJIKOBble MOJIEKYJIbl, COOTBETCTBYET ONpENENEHHOE <«CJIOBO»,
cocTosiee U3 Tpex «O6yKB» — HYKJIeoTHA0B. Hanmpumep, aMHHOKHCJIOTE
JIM3MH COOTBETCTBYeT TPUILIET HyKneoTuaoB AAL (ameHuH-afeHUH-Tya-
HUH), a aMUHOKHCI0Te aprutuH — [ITA (uuTO3HH-ryaHuH-aIeHuH) . JTH
TPHUIJIETHI Ha3bIBAIOT KoJoHaMU. Hecn0xHO 3aMeTUTh, 4TO TaKod KOX —
«BBIPOKJEHHBIN» . BO3MOXHBIX COYETAaHWH H3 Tpex «OyKB» HaMHOIO
6o/bire, yeM aMUHOKHUC/IOT. [loaToMy OTAe/NbHbIE AMUHOKUCJIOTBI MOTYT
ObITh 3aKOJUPOBAHBI PAa3HBIMU «CJOBaMH-CHHOHMMaMuy» . Hanpumep, ToT
e apruHuH MOXeT ObiTh 3akofaupoBaH W komoHamu LII'Il, IIIT, ATA,
ATIT. U3 Bcex aMHHOKHCJIOT TOJbKO METUOHUH U TPUNTO(AH HE UMEIOT
«CHHOHHUMOB» . TeM He MeHee KO/ SIBISIETCSA «HeepeKPhIBAIOIMMCS» : KO-
JIOHBI, KOAUPYIOIIHe KaKy0-1u60 aMUHOKKCIIOTY, He MOTYT CJIyXHUTb KO-
JAOM AJS APYro¥ aMUHOKHUCJIOTBI. Biaroaapsg sToMy 3amuchb IMOCJAEAOBa-

Ta6anuua 1
leneTtuveckuil Kox:
aMHHOKHCJOTH H KOZOHHN (TpHnieTn HykixeotuaoB MPHK),
KOTOpble HM COOTBETCTBYIOT

AMHHOKHUCJIOTBI Kononn
Cnunun I'TT, ITA, ITY, ITIH
I'nyraMiHOBast KHCJAOTA AT, TAA, TAY, TAIL
Baaun VI, TYA, TYY, TV
AJTaHUH rar, ruaA, riy, il
JIusun AAT, AAA,
Acnaparu AAY, AAILL
MetuonuH, crapr AYT
Uzoneiinux AVA, AYY
Tpeonun AIIT, AITA, AILY, AL
Tpunrtodan VIT
Hucrenn YIy, ¥In
Tuposun YAY, YAILL
(QDerunalaHuH YVYy, ¥yl
Cepun YU, YIA, YIIV, VI, ATY, AT1L
ApruHHH ‘ “|IIT, 1ITA, LITY, I, AIT, ATA
Tnyramun IIAT, TAA
T'uctuaun HAY, HALL
JleluuH VYT, OYA, IIVY, VYL, YVI, YYA
[Iposnx HIIT, LA, Y, LT
Cron-komonni: YTA, YAT, YAA
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TEJbHOCTH KOAOoHOB B [JHK NMOSTHOCTBIO COOTBETCTBYET IOCJIEA0BATEIb-
HOCTH aMHHOKHCJIOT B COOTBeTCTBYyIomeM Geske (Taba. 1).

Yyactok IHK, Ha koTopoM 3akogupoBaHa HHPOpPMaUUsi O KAKOM-TO
ofHOM Gesike, HasbiBaeTcsa reHoM. Cpemnss mauna JHK, xogupylomas
OJMH TeH, 00bIYHO cooTBeTCTBYeT npubiausureabHo 1000 map Hykaeotu-
noB. Ha oxnoit Monekyne THK, kak npaBuso, pacnoJaraercs 60Jblioe
KOJINYECTBO TEHOB, a TaKXe I10CJe0BaTeJIbHOCTH, OKa3blBAIOLINE BJIHS-
HU€ Ha UX aKTHBHOCTb, H HEKOAUPYIOIIHE I10CIeA0BaTeIbHOCTH, POJIb KO-
TOPBIX TIOKa HesicHAa. PacreHus UMeloT 25— 35 ThICcAY I'€HOB, y Y€JOBEKa
ux okoJjio 70 Toicstd. MoXHO ce6e mpeacTaBUTh, Kakoil 06beM HHGODPMa-
uuy 3anucad Ha JJHK. Janna JJHK oxgHolt KiaeTku yesoBeka — 2 MeTpa,
a obmrast mauHa JJHK omHoro uesnoBeka NMOMCTHHE aCTPOHOMHUYECKAS:
npu6u3uTeAbHO 60 TBICSY MUJLIHADIOB KUJIOMETPOB. JTO COOTBETCTBY-
eT pacctosiHuio oT 3eMuau 10 JIyubl U o6paTHo, yMHOXXeHHOMY Ha 800!
HecMoTpst Ha 5TO, MEXaHM3M HCIIOIb30BAHMS HACAeICTBeHHOM uHdOpMa-
MU paboTaeT UCKJIIOYHTE/IBHO YeTKO U TpaKTH4ecKu 6e3 cboes. Kak aro
JNOCTUTAETCS ?

1.3. Kakum o6pa3om ucnosbayercs undopmaius,
3anmdcaHHas B moJekyaax JJHK?

JHK He MoXeT HeIOCPEACTBEHHO Y4acTBOBAaThb B CUHTe3e OEJNKOB.
OHa sBJIsieTCs TOJIBKO MECTOM, I/le 3amucaHa uH¢popMalus o HUX, no06-
HO XEeCTKOMY AUCKY KomIbioTepa. CuHTe3 6eIKOB IPOUCXOAUT B CIELHaA-
JHM3UPOBAHHBIX PHOOHYKJIEONPOTEMIHBIX YacTHIAaX (TO eCTb COCTOSIIINX
U3 PUOOHYK/JIEHHOBOM KMCJOTbI M GesKa), HasbIBaeMbIX puGOCOMaMH.
[lyist Toro 4To6BI HOCTaBUTb UHMOPMALIMIO U3 «XKECTKOr0 AUCKA KOMIIb-
forepa> (a1pa KJIeTKH ¢ XPOMOCOMAMH) K MECTY COOPKH 6eJIKOB, UCIIOJb-
3yeTcsl <«JMCKETa», B KauecTBe KOTOpOil BBICTyNaeT MH(POPMalHOHHad,
WIM MaTpuiHas, pubonykjennosas kuciaora (MPHK). PHK no cBoeit
npupoje odeHdb 6auska K JJTHK. Ito Toxke nommmep, HO HMEIOIIUH TOJIb-
KO OJIIIy HUTh, U HYKJEOTHAbI BMECTO caXapa /e30KCUPHUO03bI COAEPKAT
pubo3sy. Hykneotuznpi, cocraBistiomue Monexkysty PHK, ananoruynsr co-
nepxxamumcs B mostekynax [JHK: A, T, 1, a Takke ¥ — ypanuJoBbIi
HYKJIEOTH/], KOTOPBIi 6JIU30K 1O CTPYKType T — TUMHUHOBOMY HYKJIEOTH-
ay AHK un kotopsrit Tak xe, Kak U T, kommiementapeH A. «CnucbiBa-
Hie» nHpopMaluu ¢ «xecTkoro guckay (JTHK) Ha «auckery» MpoucXo-
ouT nyteM obpasoBanus MoJekysasl MPHK, xoMniemenrapHoi oqHOHR U3
nuteit JTHK. Takum o6pasoM, nocaeaoBaTeIbHOCTb HYKJIEOTH/IOB B HEU
II0JIHOCTBIO MAeHTHYHa TakoBol apyrod mutu JIHK (puc. 6). Pasymeer-
¢, 3Tol nH(pOpPMALMU BITOJHE A0CTATOYHO AJIST CUHTe3a OeJiKa CO CTPOro
olNpefie/ieHHON TOCIeA0BaTeIbHOCTbI0O aMUHOKHCJIOT B COOTBETCTBUH C
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Puc. 6. Cxema, HJIIOCTPHPYIOLIAsi MEXAHU3M TPAHCKpUOUuH. A — ajeHuH, I’ — ryaHuH,
Il — uurosun, T — tumun. @epment PHK-nonrumepasa npukpensiercss k JTHK B o61ac-
TH IIPOMOTOPA, <«pacIieTaeTy ABOMHYI0 cnupais JHK M, nepememasch BA0JIb OAHOH U3
HUTEH, I10CJIe0BATE/IbHO CTPOUT PALOM C Heil KOMIJIEMEHTAapHYK €# HHUTb MOJIEKYJIbI
MPHK. ITo Mepe nepeasmxennss PHK-nonumepassl pactyumas Hurb MPHK orxoaur or
Matpuibpl M gapoiinas crupanb JHK mosagu c¢epmenta BoccranaBamBaercs. Koraa
PHK-nosmMepasa JOCTUrHET TEPMHHAJIBHON 1oc/ieioBaTebHOCTH reHa, MPHK otaenser-
ca ot JHK

mocJ1e10BaTeIbHOCTbI0 HykJaeoTu10B B JJHK. Ilpomnecc cuutbiBanust MH-
dopmauuu ¢ JHK #a MPHK HaspiBaercs TpaHckpumnnuei, cunre3 6eynka
B pu6ocoMax B COOTBETCTBHH ¢ uH(popMarueii, 3anucantoit Ha MPHK, —
Tpancianueit (puc. 7).

BosbmuHCTBO TeHOB MMeer caeaywomee crpoenue (puc. 8). Ilepex
KaXxabIM reioM Ha MogekyJie JJHK pacnosoxxena nocsefoBaTelbHOCTD
HyKaeoTun0B (0Ha MOXKeT 6bITh JJMHHEE JaXKe CAaMOTo F€HAa), KOTOpas
peryjupyer €ro akKTHBHOCTB: <BKJIOYEHHE — BBIKJIIOUEHHE», HUHTEHCUB-
HOCTb, MecTo (HampuMep, B JIUCTbAX PAaCTEHHs Ha CBETY) U BpeMs pabo-
ThI (HanpuMep, B IEPHO/ LIBETEHHST). DTy PEryJIATOPHYIO NIOCJIEA0BATE b
HOCTb Ha3bIBAIOT IPOMOTOPOM. Koaupymomast 06;1acTh TeHa HaYUHAETCA C
TpumJera HykJ1eotuoB ATT, KoTopbiil yka3bIBaeT MeCTO HavaJja CUMUTHI-
Banusa undopmauuu ¢ MPHK npu ee Tpancasiuuu B ppubéocoMax, 1 3aKa-
yusaercs cron-kogoHoM (TAT, umu TAA, wm TTA), ykasbIBaiomuM MeCTo
okoH4aHus TpaHcaauuu. Caeaom 3a yyactkoM JHK, koTopslit kogupyer
MOCJIe[0BAaTENBHOCT AMHHOKHUCIOT B Gesike (COGCTBEHHO TeH), pacroJa-
raeTcs mocJie[l0BaTeIbHOCTh, o6ecneunBaoas npucoeguaerane k MPHK
TaK Ha3bIBAEMOTO <«II0JIHMA/IEHHI0BOrO XBo¢Ta» (IMOJHA), KOTOPHIH mpe-
noxpansgser MPHK ot paspymianomnero aeicTBus BHYTPHUKJIETOYHBIX
(epMeHTOB TIpU NlepeMelleHUH ee U3 AApa K pubocomaM, U 10CIeJ0Ba-
TEJIbHOCTb HYKJIEOTH/OB, YKa3bIBAIOIIasi MECTO OKOHYAHHUS TPAHCKPUITLIUH.

Tpauckpunuust ocymecrBasercsa caefyouuMm obpasom. B obnactu
MIPOMOTOPa HAXOJUTCS CIeldaJbHAsl IOCJeN0BaTebHOCTb, K KOTOPOH
IIpUCcoeINMHAETCS MOJIeKysia depMeHTa, KaTaausupylollero o6pasoBaHue
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AnTuxogoH TPHK cessbisaerca
¢ xopoHoMm MPHK

AMMUHOKMCNOTHBIA OCTaTOK NPUCOEANHACTCS
K pacTtyuien 6enkoeon Lienn S

3I
Pubocoma nepemeuiaeTcs
K Creayiowemy KOJ0HY

3l
Pubocoma nepemetaerca
K CreayioLemy KOROoHY

Puc. 7. Cxema MexaHH3Ma TpaHcasauuy. TlosicHeHHs B TeKCTe X HAa PUCYHKe
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TepMuHanosHasn

H 7 rn K30H
OHxaHcep CaiinaHcep poMoTOop Ak30H |UHTpOH| AK30 NOCNEAOBATENLHOCTE

Puc. 8. Cxema rena aykapuor. IIpoMorop, suxascep, calIancep — peryJiATOpHbIe IocJe-
JoBatesbHOCTH. Koaupyromas nociefoBaTeJbHOCTh TeHA BKJIIOYAeT 3K30HBI U MHTPOHDI.
WNudopmanusa, s3anucannas Ha MPHK ¢ uHTpOHOB, yjansercs B XOJe <«CO3peBaHHsI»
(nocrrpaHckpunMonHOro npeo6pasosanus) MosekyJibl MPHK. TepMuHaspHble MOCIE10-
BaTeJIbHOCTH FeHa BKJIIOYAIOT KOJOHBI, KOAUpYylowue Mecto oTcoeauHenua PHK-nonume-
pasbl ot Mosiekyabl JITHK u MecTo npucoeauHeHus TaKk Ha3bIBaeMOTO NOJIH A-XBOCTa MOJIe-
xyael MPHK (cocrosiniero us ocTaTKoB afleHMHa )

MPHK. Hutu [ITHK Bpemenno pacnieraiorcsi, u ¢epMeHT, «IpoXoid»
BJI0JIb KoAupYyolleit o6acty onHol n3 Hutell [{HK u ucronn3ys ee B ka-
yecTBe MaTpHLbl, obecrieunsaer cuntes MPHK (cM. puc. 6).

IMonyuyennass MPHK u3 siapa nepexonut B HUTONIa3My, Te HA PUOO-
COMaxX MPOUCXOAUT cuHTe3 6enka (rpancasuus) (cM. puc. 7). Ilpu atom
MPHK BricTymaer B KauecTBe MaTPUIbI, HA KOTOPO! IPOUCXOAUT COOPKa
L[el aMUHOKUCJIOT. B 3TOM Ipolecce yyacTBYIOT Takke MojeKyanl PHK
npyroro tuna — tpancnoptasie PHK (rPHK), KoTopble ¢BA3BIBAIOTCS C
aMUHOKHUCJIOTaMH Tiepel BKJIO4YeHHeM X B Gesok. Paktudecku TPHK
JOCTaBJISIIOT aMUHOKHUCJIOTBHI K MeCcTy cuHTe3a Geska. IIpuyeM kaxaou
aMHHOKHCJOTe OTBevaeT onpenenenHas TPHK, koropas ymeer y3HaBaTh
COOTBETCTBYIOLIMI CBOE aMUHOKUCIOTe KOftoH Ha MoJekyse MPHK. 910
OKa3aJIoCb BO3MOXHBIM 6sarofapsi ysKe HU3BeCTHOMY HaM NPHHIUIY
KOMILJIEMEHTapDHOCTH HYKJEHHOBbIX Kucjor. TpancnoptHass PHK umeer
IIOCJIeJOBATEIbHOCTD U3 TPEX HYKJIEOTHOB, KOMILJIEMEHTapHbIX KOJOHAM
ONpe/IeIeHHbIX aMUHOKHUCJIOT. [laHHbIE IOC/Ie/10BaTe/IbHOCTH HA3bIBAIOT-
ca anTuKooHamMu. B xoxe Tpanciasuun MPHK nporsrusaercsa uepes pu-
6ocoMy TakuM 06pa3oM, YTO I1OCJIeJOBATEIbHbIE KOJOHBI OKa3bIBAIOTCS B
MOJIOKEHUAX, MPH KOTOPBbIX BO3MOXKHO IPUCOEJUHEHUE OIpeieseHHOH
amuHokucnotsl. CoorBeTcTBYIONUe anTuKoAoHbl TPHK y3naoT roToBbit
k c6opke koxoH MPHK u x cobupaemoii mienu 6eska no6aBisieTcs ove-
peaHas aMHUHOKHUCJOTa, KOTOpasi JO0J/DKHAa HAXOAHMTHCS UMEHHO B 3TOM
MecTe IeITH.



20 -+ TJIABA IIEPBASA

1.4. Kak k1eTka y3Haer, KOrAa u Kakoii 6€JIOK CHHTE3HPOBAaTD
H B KAaKOM KoJiH4YecTBe?

Hu oxHa xyieTka HUKOT/AA He MCIOJIb3yeT BCIO #HPOPMALMIO, 3aKOAH-
poBanHy10o B /IHK ee xpomocoMm. KieTku B opraHusMe pasfiensiorT CBOH
006sSI3aHHOCTH — OHM CIlel{aIM3UpoBaHbl. KieTku Mo3ra He o6pasyior
MHCYJIMH, KJIETKH [eYeHH — CJIIOHY, a KJIETKH KOXU — KOCTU. IJTO Xe
OTHOCHUTCS M K PacTeHHsIM: KJIETKH KOPHS He CHHTE3HUPYIOT 3eJIeHbIH
MUTMEHT XJ0pOodUILI, a KIETKH JHCTAa He 06pa3yIOT NbLIbLYY UJIH HEKTAp.
Pa6ota reHoB, OTBETCTBEHHBIX 3a IPOM3BOJCTBO KAaKUX-JAHOO BEILECTB,
3aBUCHUT OT BO3pacra opraHu3Ma. MoJsioable pacTeHHsa He 06pa3yioT Be-
[eCTB, CBA3aHHBIX C IPOLIECCOM CO3PEBaHHUA ILIOAOB, Y HOXHJIBIX JIO-
Jlell, KaK PaBUJIO, HE MOTYT PAacTH HOBBIE 3yObl. KpoMe Toro, peryaauus
aKTHBHOCTH T€HOB TECHO CBSI3aHA C YCJIOBHSMHM OKPYXKAIOWlel Cpenbl.
Hanpumep, oceHpio u3-3a HeJOCTAaTKA TEIJA U COKPAlleHUs] CBETOBOIO
JUHSI B TUCTBSIX J€PEBbEB NPeKpallaeTcss CUHTe3 XJopoduiia, U OHK IpU-
06peTaloT KeJITYI0O MM KPacHYl0 OKPacKy 3a CYeT COXPaHeHUS APYTUX
IIATMEHTOB — KCAHTO(MHJLIOB. |

PaccmotpuM ans mpuMepa, Kak (PYHKIIMOHUDPYET T'eH, KOAUPYIOLIUM
o6pa3oBaHue MHCY/MHA (TOPMOHA, PEryIMPYIONIETO CoJePKaHue caxapa
B KpoBu). CrelMaibHass MOJEKYJa-<«IOChLIbHbINY, HeCyIas CHrHajl O
HeJ0CTaTKe MHCY/JMHA B KPOBU, HAXOUT MPOMOTOP IreHa, KOJUPYIOLEro
UHCYJIUH, U MPUCOEIUHSIETCS B ONpeneIeHHOM MecTe IPOMOTOpa, KOTO-
pPO€ OHa MOJKeT PACIO3HATb. JTO CJHYXXUT CUTHAJIOM K BKJIIOUEHHIO MeXa-
HuaMa pabotbl (axcipeccun) rena. Koraa uHCy MHA B KDOBU CTAHOBUTCS
JOCTAaTOYHO, IIOCTyNaeT CUTHAT O «BBIKJIOYEHUH» TeHa.

CenexunoHep, 3aHUMAIOIUNCS BbiBeieHIEM HOBBIX COPTOB PAaCcTeHMH
HJIM TIOPOJ JKMBOTHBIX, MOXET C MOMOUIBIO MoA60pa POAUTENBCKUX (POPM
NOJy4YUTb THOPUIHOE TIOTOMCTBO, Y KOTOPOTO aKTUBHOCTh OTZEJIbHBIX Te-
HOB BBbIIII€ HJIM HIKE 10 CPABHEHHIO C OOBIYHBIM YPOBHEM, XapaKTEePHBIM
IJIs8 KaKoro-nu6o pacTeHUs] HJIM JKMBOTHOTO. IJTO MOTYT OBbITh COpTa
KapTodensi ¢ MOBBILIEHHBIM COAepXXaHNEM KpaxMaJja HJIHM CopTa parca,
He coJepiKalljie B Macjie TOKCUYHbIE BellleCTBAa TUIA 9PYKOBON KHUCJOTHI.
Ho cenexuuonep He MOXXET 3aCTaBUTH JHUCTbSI TOTO XKe parca 06pa3oBbl-
BaTb MacJo, KOTOpoe OObIYHO CUHTE3UPYETCS B CeMEeHaX, XOTd B XpPOMO-
COMax KJIETOK JIUCTA COAEPKUTCS BCA HYXKHas AJsI 3TOro HHGOpMaIus.
KoneuHo, MOXHO MONBITATbCA <«OOMaHYTb» pacTeHHe, 3aCTABUB €TI0
JIMCTBs1 06Pa30BbIBaTh Macao0. st 3Toro Heo6X0AUMO y reHa, KOAUPYIO-
1iero o6pasoBaHue MacJjo, IOMEHSITh IIPOMOTOP, IIOCTABUB €ro TMoJ IIPo-
MOTOD TOTO T€Ha, KOTOPbI (YHKIIMOHUPYET B JUCTbsAX. OQHAKO 3/leCh
KOHYaeTCsl TPAAUIUOHHAS CEeJIeKIUS M HAYMHAeTCs reHeTHyecKash MHXe-
HEDHSI.
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1.5. Yro Takoe TpagHIHOHHAS CEJEKIHs?

B ocnoBe TpagUIIMOHHOH CeNEKLMH NEKUT IIPEXKIE BCETO ITOUCK OITH-
MaJIbHOI'O COYeTaHUA B OJJHOM OPraHU3Me reHOB, [I0JyYeHHBIX OT Pa3HbIX
poAUTENBbCKUX (PopM. B 3THX Leasx MpoBOAAT rHOPUAM3ALUIO Pa3/INy-
HbIX COPTOB MJIU CeJEeKIMOHHBbIX JUHHH OJHOTO BuJa, 06/IaAI0IINX Ka-
KUMU-JTH60 LeHHbIMU IpU3HakaMu (BBICOKAS IIPOAYKTHBHOCTD, YCTONYH-
BOCTb K 6GOJIE3HAM M BpeAUTENsAM M T.II.). UeM Bblllle TeHETHYECKAST
M3MEHYHBOCTb BHYTPH Buja (IIMPOKUH BBIGOD CeNleKIHOHHO-IIEHHbBIX Ie-
HOB), T€M, KaK IpaBHJI0, Bbie 3¢ deKTuBHOCTD cenekimu. Ho ectb BHU-
JbI CEJIbCKOXO3sIHCTBEHHDIX PACTEHUH, Y KOTOPBIX eCTeCTBEHHAs BHYTPU-
BUI0OBAsT M3MEHYUBOCTDb HeBbICOKa (HampuMep, cBeKJa). MHOrHe 1eHHbIe
TeHB! y BU/IOB KYJIbTYPHBIX DACTEHUI MOTYT OTCYTCTBOBaTh coBCeM (Haipu-
Mep, FeHbl YCTOMYMBOCTH K HEKOTOPBIM GoJe3nsaM, BpeautensaM). Iloaro-
MY B CeJIEKLIUH IOJIYYU/IU MIMPOKOE PaclpoCTpaHEeHUue MeTO/bl, HalpaBs-
JIEHHbIE Ha pacClIMPEHUE reHeTHYeCKOro pasHoo6pasus BUJA C MOMOLIBIO
IKCIEPUMEHTAJBHOTO MyTareHe3a WJIM OTAaJIeHHoOU rubpuausanuu. B
IIEPBOM CJIy4ae OpPraHu3M Io/Bepraercs AedcTBHI0 (PaKTOPOB, BBI3BIBAIO-
IMX pa3anyHble Hapymenus B crpykrype JHK: paguanuu, o6pa6orke
XUMHYECKUMU BellleCTBaMHU, 06JIaJJalolIMMKU MYTareHHOH aKTHBHOCTBHIO.
BospmMHCTBO MHAYIIMPOBAHHBIX TaKUM 00pa30M HapyLIEHHH HMeeT He-
6JIaronpUsATHBIE TOCTEACTBUS A5t opranuaMa. OQHaKO OT/AEe/IbHbIE MyTa-
IIUY MOTYT OBITH BeCbMa IOJIE3HBI C CEJIEKIIHOHHOW TOYKU 3PEHUS.

OtnasenHass THOPUIU3ALUA MeX/y KYJIbTYPHBIMM PAacTEeHUSIMU U POJI-
CTBEHHbIMM JUKUMU BHUJAMH IT03BOJIAET HE TOJBKO PACIIUDUTh FE€HETH-
4YeCKyI0 U3MEHYUBOCTD KyJIbTYPHOTO BH/IA, HO, YTO HAHOOJIee BAXKHO, U IIPU-
BHECTU OTAE/bHBbIE IIeHHbie IreHbl OT JAMKOTO BH/IA, OTCYTCTBYIOLIUE Y
KyJabTypHoro Buza. Ilogo6Hbie ckpentuBanus o6bIYHO SBJISAIOTCS BEChbMa
CJI0KHBIM JIEJIOM, TIOCKOJIbKY MEeXIY BUAAMU CYIIECTBYIOT >KeCTKUE Pernpo-
AyKTUBHbIe 6apbepbl. Halle BCero mbLablA Yy>KOT0O BUJIA HE MOXKET PACTH
Ha IeCTHKe U OIVIOAOTBOPUTH AllekseTky. Ecsu omnosiorBopenue Bce
JKe IIPOU30ILJIO, TO CEMEHA IOJYyYaloTCsd HeXXU3HEeCTIOCOOHBIMM U3-3a He-
JIOPa3BUTOro 3HpocrepMa (TUTAIIIEro 3/IeMEeHTa CEMEHH ), MM U3 CEMEHU
Pa3BUBAIOTCSA CTepUJIbHBIE, He CNOCOOHBIE (POPMUPOBATH KU3HECTOCOH-
HbI€ I10JIOBbIe KJIeTKH rMOpUbl. Mexay BUIaMH CYNIECTBYIOT TAKXKe JKeCT-
Kue 6apbepsl, 3aTPYAHSIONINE eCTeCTBEHHYI0 PEKOMOUHALMIO., JTO O3Ha-
4aeT, 4TO XPOMOCOMBI MEXBU/JOBOTO rH6pHA, MOTYYEHHBIE OT Pa3HbBIX
BU/IOB, MOTYT OTJIMYAThCA MO KoJudecTsy W romosornu (cxozicrsy). OT-
CYTCTBYE FOMOJIOTMHY MEXYy XPOMOCOMaMH MMPUBOIUT K TOMY, YTO OHU He
CIOCOOHBI COMUMKATBCS U OOMEHUBATHCS OTAEAbHBIMU y4acTKaMu (a cie-
JOBaTeJbHO, U OT/IEJIbHBIMH TeHaMu) B mpollecce 06pa30BaHUSA TIOJIOBBIX
KJeTOK. B pesysbraTe cTaHOBUTCS HEBO3MOXHBIM NMEPEHOC HYXKHBIX re-
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HOB OT JUKOrO BH/Ja B reHeTHYeCKUH MaTepuaJ KyabpTypHoro Buza. Ilos-
TOMY OTAaJIeHHAs THOpUAM3AIHA MOXET OBITh 3¢h¢eKTHBHA TOMbKO B TOM
Cay4ae, KOTa CKPEIIUBAIOTCsI OTHOCUTEIbHO OJIM3KHe B 9BOTIOLIMOHHOM
OTHOIUEHUHU BU[HI.

IIpo6siema oTcyTCTBUS PEKOMOHMHAIIMM Y OTAAJIEHHBIX TMOPUIOB MO-
XeT GbITh pellleHa NOCPEACTBOM YABOEHMSI Y HUX KOJHYECTBA XPOMOCOM.
B sTom caydae kaxxgast XxpoMocoMa NOJIY4HuT cebe napy, u npouecc o6pa-
30BaHUS TOJIOBBIX KJETOK Oy/IeT IPOTeKaTh HOpMaibHo. Taxue rU6GpHABL,
06 beIUHSIONIME B CBOEM reHome nosHble (T.e. [BoiiHbIe) HaGOPbI XPOMO-
COM pa3HbIX BHAOB (MX HasbIBAlOT aMUANIJIOMAAMH), BECbMa LIHPOKO
pacnpocrpaHeHbl B npupoze. Haubosiee n3BecTHbIe U3 HUX — IIIIEHMIIA,
cnauBa. CenexuuoHep, 3agyMaBIIui NOTyYUTh aMPUAMILION] C yYacTHEM
KYJIbTYDHOTO M JHUKOTO BHAA, JOJKEH YYHUTHIBATH, YTO Yy 3TOrO rubpusa
IIOMHMO CeJeKIMOHHO-LieHHbIX TeHOB AMKOro BHAa OGyAeT INPHUCYTCTBO- -
BaTh U NOJIHBIH HAab0p HeXxeJlaTeJIbHBIX «ANKAPCKUX» IreHoB. MI36aBuTnCS
OT HUX MOXHO TOJIbBKO ITyTeM BO3BPaTHBIX CKPEIIUBAHUM C KYJbTYPHbIM
BHUJIOM, B XO/ie KOTODBIX T'€HOM JMKOTO BU/JA 3aMeLIaeTCsl KyJbTyDHBIM U
JUIIb OT[eJIbHBbIEe IIeHHbIE IeHbl QUKOTO BHAA COXPaHSIIOTCS Giaropapst
cenexii. OHAKO 3Ta npoleaypa MoxeT 6bITh 3 eKTUBHOU TOJBKO B
CJyyae OTHOCHTEJbHO BBICOKOH IOMOJIOTMH XPOMOCOM CKpeIlMBaeMbIX
BUIOB (TO eCTb OHU AOJIXXHBI GBITH OTHOCHMTEJNHHO GIH3KOPOACTBEHHBI-
mu). Kpyr 3amMknyscs. He cayuaiino mostoMy efHHCTBEeHHBIM aMpuan-
JIOUJIOM, IIPeJCTaBJSIONIUM CeJIEKIMOHHYIO IEHHOCTh H3 YUCJa IIOJIy4eH-
HBIX HCKYCCTBEHHO, OCTaeTCsi TPUTHKANe — THODHI MEXAY JABYMSI KyJIb-
TYPHBIMH BHJaMU: MIIEHULIEH U POXKBIO.

Kak BuauM, TpaiuLMOHHAA ceJeKIUS MMeET Lesblid psg orpaHuve-
HUH, He MO3BOJAMHUX 3(Q@eKTUBHO KUCIIOJb30BaThb BCe MHOT0O6Gpa3ve
T€HOB, CYLIECTBYOIllee B Hpupode. ['eHeTHUecKas WHXXeHepusi JaeT BO3-
MO>XHOCTDb B 3HAYUTEIbHOM Mepe 060iTH Bce eCTeCTBEHHbIe MEXKBU/[OBbIE
PenpoAyKTUBHbBIE U PEKOMOWHAIIMOHHBIE 6aphephbl. OHA MO3BOJISIET Olle-
pupoBarh (KOMOUHUDPOBATD, IIEPEHOCHUTD OT OHOTO BHJA K APYTOMY) JIKO-
ObIMU TeHaMU, NPUHA/IJIEKAIIUME COBEPLIEHHO HE DOJICTBEHHBIM Opra-
HU3MaM MJM JaXke CHHTe3MPOBAHHBIMM HCKyccTBeHHO. Bce aTo crajno
BO3MOXHBIM 6J1arofiapsi BBIAAIOUAMCS HOCTHXKEHUSIM B M3YYEHUH 3aKO-
HOB HACJEACTBEHHOCTH, CDEIU KOTOPHIX Ha NEPBOM MeCTe CTOUT OTKDHI-
THE YHUBEPCATbHOCTH NOCTPOEHUS H (PYHKIIMOHUPOBAHUSA FeHETHYECKOTO
MaTepHaJla KUBbIX OPTaHMU3MOB Ha IJ1aHeTe 3eMJs.

1.6. Yro Takoe reHeTHYECKas HHXKEHEPHA?

Cy1iectByer MHOro onpefie/IeHHH reHeTHYeCKoi nHxenepuu. [1o MHe-
HHUIO aBTOpa, CYyTh 3TOH HOBOM TEXHOJOTHMH MOXXHO BBHIPA3UTD CIeLYIONIUM
o6pa3oM. I'eHeTHYecKast MHXKeHepUs — 3TO TEXHOJIOTHS MOJy4YEHHUS HO-
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BbIX KOMOUHAlUII reHeTHYEeCKOro Marepualja IyTeM NPOBOAMMBIX BHE
KJIETKU MaHUMYJISILUI C MOJIEKYJIaMH HYKJEHHOBBIX KUCJOT ¥ MepeHoca
CO3JaHHBIX KOHCTPYKILUM reHOB B )KUBOW OPraHU3M, B pe3yJbTaTe KOTO-
POro JOCTUrAeTCA UX BKJIIOYeHUE U aKTUBHOCTD B 3TOM OPTraHM3Me U y €ro
IIOTOMCTBA.

IlepBblif 3Tan CO3jaHKS FeHHO-UHXKEHEPHBIX OPraHu3MOB — BbLAEJIEHUE
M uaeHTH(PHUKALUA OTAEJbHBIX FeHOB (COOTBETCTBYWOIUX (hparMeHTOB
JIHK umu PHK), xotopble cOGMpalOTCH NEPEHECTH APYTUM OPTaHU3MaM.
Jlns 3TOr0 M3 OpraHu3MOB, 00JaJaOIUX TAaKUMU FeHaMH, C ITOMOIIbIO
CHenUaIbHbIX XUMUUECKHX METOAOB BBLIEJSIIOT HYKJIeUHOBbIE KUCIOTDL U
pa3pe3aloT UX Ha OTJAe/bHbie )parMeHTHI, HCIIOIb3ys Ha6Gopbl (pepMeH-
TOB — pectpukra3. [lepsrle pectpukTasbl Boleaua B 1970 rogy I'.Cmur
(CHIA). Oka3saoch, 4TO pPasHble PECTPHKTA3bI CIIOCOGHBI IPOM3BOUTH
pa3peiBbl MoJiekyJsibl [JJHK B cTporo onpesieseHHbIX MOCJIeI0BATEIBHOC-
Tax HykJeotunos (13 4 —6 map). Hau6obliee 3Havenne uMesIo BbLjeJIe-
HUe PeCTpHUKTa3, KOTOpble JaloT ()parMeHTHl C TAK HA3bIBAEMBbIMH <«JIMII-
KuMH»> (KOMIIIEMEHTADHBIMU) KOHIIaMHM. B cly4ae MX HCIOJb30BaHUS
paspeiBel JHK npoucxoast B MecTrax, pacHnoJIOKEHHBIX HAUCKOCb: Ha
KOHIIaX KaXKAOT0 U3 NMOJyYeHHbIX (P)parMeHTOB OCTAIOTCSA KOPOTKHE OHO-
IEIIOYEYHbIE «XBOCTBI» U3 HECKOJBKHMX HyKaeoTunoB (tabu. 2).

Ta6auuwa 2

HykaeoTnaHbie NOCNEJOBATEAbHOCTH, Pacno3HaBaeMbie HEKOTOPbIMH
dbepmenTamu pecTpHkIHH, U XapakTep noaydaemnix koHuos JHK

PectpukTtasa Cailr ysHaBaHus Xapaxkrep nonyvaeMbix konnos JHK

EcoRI IVA-A-T-T-11 «Jlunkue» KOHUYI ¢ 5’ -¢ocdarnoil rpynnoi
I[-T-T-A-A$T

BamHI T{T-A-T-1I-11 «JIunkue» koHuB! ¢ 5’ -PocdartHoit rpynnoii
II-1I-T-A-T1T

Pstl L-T-T-1[-AlT «Jlunxue» koHuUb! ¢ 3’ -ocarHolt rpynnod
I'tA-I-T-T-I0

Sau3Al IT-A-T-I1 «Jlunkue» KoHUbI ¢ 5 -docdaTHol rpynmoit

I-T-A-T'}

Notl 4 U-T-T-1-1-T-11 «JIunkue» KoHuUB! ¢ 3' -ocdaTHolt rpynmoi
I-T-1-O-T-T-I$ T

Poull -A-TYI-T-T «Tymbie» KOHI[bI
[-T-111TI-A-1]

Hpal [-T-TVA-A-IT «Tynbie» KOHHBI
H-A-A$T-T-T

Haelll -V I-1T «Tynble» KOHIBI

I-I$T-T
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Ecnu o6beaunnts B ogHoit npobupke ¢pparmerntot JJHK mo6oro npo-
HCXO0XIEHHS, TTOJyYEeHHBIE C MTOMONIBIO OHOM M TOHM >Ke PeCTPUKTAa3bl,
Jaoleil «JunKue KoHubel», U 1o6aButh ¢pepment JHK-nurasy, To atu
(dparMeHThl COEANHATCA Mexxay co6oii. B pesysbraTe MOJyYyuTCs XUMeEp-
Hast (pekom6unantHaa) JTHK, xotopas MoxeT cozepxaTb (pparMeHThHI
JHK, BbiiesieHHble U3 caMbIX Pa3HBIX MCTOYHMKOB MJIM CHHTE3MPOBaH-
Hble UCKyccTBeHHO. OnucanHasA MeTOAMKa IOMYy4YH/ia Ha3BaHUE «TEeXHO-
Jorusi pekoMbunautHeix JHK». Ee mo mpaBy cuMTaOT 11eHTpajbHBIM
3BEHOM reHeTH4ecKOH uHXXeHepuH. I10aTOMy MOXXHO CKa3aTb, YTO rOJIOM
POXIEHNsI TeHeTUYeCcKOoH uHXXeHepuu sBiaserca 1972 r., Korga nossu-
Jlach TiepBas My6JIUKaLHA cOTPyIHHKOB Jaboparopun I1.Bepra (CIIIA),
B KOTOPO# coo61anoch 0 NoJyYyeHHH KoJbleBoi Moyekyan JJHK Bupy-
ca SV40, coxepxameii renn ¢para aam6aa (¢aru — aro BUpYyCH 6aKTe-
puii) U rajakrosusiii onepon (Ha6op reHOB, OTBETCTBEHHBIX 3a pacuIen-
JieHre MOJIOYHOTO caxapa JakToabl) 6akrepuu Escherichia coli (E.coli).

B 1973 roay nosy4yena nepBast (pyHKIMOHAJbHO aKTHBHAsA MOJIEKYJa
pexom6unantroii [IHK. T.Boiiep u C.Kosn (CIIIA) cyMenn «IIpUIIHTD»
k masmuge E.coli dparment JHK niasmuzb! apyroit 6akrepuu 1 o6Ha-
PY>KHJIH, YTO TaKasd XMMepHas IJIa3MUJa MorJjia ycrenHo ¢yHKIHOHNPO-
BaTh B KJeTKax E.coli, paaMHOXKaTbCS M NepeNaBaThcA APYruM KJeTKaM
KaK €CTeCTBEHHBIM ITyTeM, TaK U ¢ [TOMOIIbIO YeJIOBEKAa. JTO O3HAYAJIO,
YTO TaKUM 06pasOM MOXKHO IOJy4YaTh MHOTOYHCJIEHHbIE KOMMH JIIOOBIX
T'€HOB, TO €CTb KJIOHHMPOBAaTh reHbl, HapafaTbIBaTh TpeGyeMble 1JIs1 TOCTe-
AYIOIMX MaHUMYJSIU 06beMbl TeHETHUECKOro MaTeprasa. B reneruyec-
KO MHXXEHEPHH B HACTOsIlee BPEMS HCIIOJAb3YIOT Pa3JUYHble MUKPOOP-
TaHU3Mbl /9 KJIOHMPOBAaHHA TeHOB, HO 4Yallle BCEro A/ 3TOH IeJH
IIPHBJIEKAIOT XOPOIIO H3y4eHHYI0 GaKkTepHio MUIlleBapUTEJbHOIO TPaKTa
yesoBexka — E.coli.

C nomoikio Ha6opa pasHbIX PECTPUKTA3 NOJIY4YalOT MHOTHE THICAYM
¢dparmenroB JHK, cozepxxamux camobre pasHoo6pasHble renbi. Kakum
06pa30M B 3TOi cMecH HAWTH U BbIAEJHUTb OJIMH-€MHCTBEHHBIH, KOTOPDIi
KOAUPYET HY>KHbIH HaM ren? IJTO OZMH M3 HauboJsiee CJIOXKHBIX ¥ AODO-
TOCTOSIIIUX ITAlOB reHeTHYECKOH HHXXKeHepHu. [[/1s1 pelieHHsT Mpo6jeMbl
UAeHTU(HUKALUKY TeHOB paspaboTaHbl M yCIENIHO NPUMEHSIOTCS MHOTHE
MeToAbl. OcTaHABIMBATLCA HA UX ONHCAHUM B paMKaX Hay4YHO-TIOMYJISAp-
HOTO U3/]aHUS He IPeJICTABJIsAETCS 1e1eco00pa3HbIM. 3aMeuy TOJIbKO, YTO
B OCHOBe GOJIBIIIMHCTBA M3 HUX JIEXXUT XOPOUIO U3BECTHbIA HAM NMPUHLHUII
KOMILJIeMeHTapHoCTH HyKJaeotuaoB [JHK.

Y4yennle Hay4YHJIUCh HE TONBKO BHIAENATH M KJIOHUPOBATH HYXXHbIE
TeHbl, HO U BCECTODOHHE MX U3yyaTb: ONIpeeJisiTh MOC/Ie0BATEIbHOCTH
HyKJ/1IeoTH0B B Mosekyne JITHK u amuHokucnor B 6eske, KOTOPBIN KOAHU-
pPyeT TeH, MeXaHU3M peryJslM{d ero akKTHBHOCTH. Bce 3T0 mo3BosmIO
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YCIEIIHO OCYINEeCTBJIATh CAeAYIOIUN 3Tall CO3AaHUS TeHHO-HHXKEHEPHBIX
OPraHM3MOB: MOCTPOEHHE KOHCTPYKIHH I'eHOB, KOTOPbIE IIPEAIOJIaraeTcs
NepeHecTH B FeHOM DeIMIIMEHTHOro opraHu3aMa (110 onpefiesieHHIO TeHe-
THYECKOA MHKEHEPUU — <«II0JIydYeHUe HOBBIX KOMOMHAIIHI reHeTHYEeCKO-
ro MaTepuaJa MyTeM IIPOBOAMMBIX BHE KJIETKU MAHUNYJISLHUNA C MOJIEKY-
JIAMH HYKJIEMHOBBIX KHCJIOT» ). 31eCh He CIydaiino peyb HIET O epeHoce
He OT/IeJbHBbIX T€HOB, a TeHETUYEeCKMX KOHCTPYKIIHI, COCTOSIMX U3 He-
CKOJIbKUX IeHeTHYECKUX 3JIEMEHTOB: F€HOB M PETyJATOPHbLIX MOCJIel0Ba-
TeabHOCTel. Kak mpaBmIO, KOHCTPYKHMM cOOMpPAIOT HA OCHOBe OIpeje-
JIEHHBIX TIJIa3MHU/], K KOTOPBIM <IIPUIINBAIOT» B HY>KHOU IOCJEA0BATEN b~
HOCTU HeOOXOJUMbI€ TeHeTUYECKHUE 3JIEMEHTDI.

Kaxk ormeyasioch Bbiile, KaXK/AbIi reH UMeeT CJA0XKHYI0 CUCTEMY peryJis-
IIMU CBOEH aKTHBHOCTHU, B OTCYTCTBHE KOTOPOH OH IPOCTO He 6yAeT dyHK-
uonupoBarb. ToNbKO a8 TpaHckpunuuu reHa {(o6pasosanus MPHK)
006513aTeJIbHO HAIW4YKMe, HOMMMO KOAUPYIOHEeH 06,1acTH, TakKe IIPOMOTOPA,
nocaesoBaTeIbHOCTH, o6ecrieyuBaromieil npucoegunerne K MPHK nosu
A-XBoCTa, M IOCJIeA0BATEeJbHOCTH, YKa3bIBalolUlell MeCTO OKOHYAHUSA
TpaHCKpUNuuu. B npraady kK aTuM 00s13aTeIbHBIM 37IEMEHTaM TeHeTHYec-
KHe KOHCTPYKIIMHM MOTYT COZep)XaTb TaKXe PeryJsiTOpHble 3JIeMeHTHI,
onpejessioliie MeCTO W BpeMSA AaKTUBHOCTH IIEPEHOCUMOrO TeHa
(tpancrena), apyrue reubt (¢ COOTBETCTBYIOIIMMH TeHETHYECKHUMH 9JIe-
MEHTaMHU ), HalPUMEDP TAK Ha3blBaeMble CeJIEKTUBHbIE TeHbI, C MMOMOIIbIO
KOTODBIX BBLIEJAAIOT TPAaHC(OPMHUPOBAHHEBIE KJIETKH PEUITHEHTHOrO Opra-
au3Ma (knetkd, 8 JJHK KoTopbiX mpoM30lLio BCTpaHBaHHe TPaHCTEHA)
cpeay mnpeobaaonied MacChl HETpaHC(OPMUPOBAHHBIX KJIETOK.

Takue reHeTHueckue KOHCTPYKIMU «cobupalor» u3 ¢pparmentoB JHK,
KOTOpbIE MOTYT NMPUHAAIEXKATh COBEPLUIEHHO Pa3HbiM OpPraHU3MaM, OTHO-
CALIMMCSI K BecbMa OT/[aJleHHBIM CHCTEMaTHYeCKHM IPYIINIaM, M Jaxe C
yuactueM ¢parmentoB [JHK, cuntesupoBaHHbIX HCKyccTBeHHO. Hampu-
Mep, B IUIa3MujJy MouBeHHo# Oakrtepuu Agrobacterium tumefaciens
(A.tumefaciens) scrpausaior ren, seigesennnlil us JJTHK poi6e1 (ren xo-
JIOXOYCTOMYHUBOCTH OT KaMOaJIbl), IIPOMOTOD y STOrO TéHa — OT BUpycCa
MO3aMKH LBETHOW KaIlyCTbl, IOCJeJ0BaTeJbHOCTY IPUCOEIUHEHHUA TI0-
THA-XBOCTA ¥ OKOHYAHHSI TPAHCKpUMUUM (TepMHMHAJbHBIE IOC/IEN0BaA-
TEJBHOCTH) — OT A.tumefaciens, CeIeKTHBHBIA IreH yCTOWYMBOCTH K Ka-
HaMULMHY — M3 TpaHCo30Ha (NMOABMKHbIN reHeTHyecKui ateMenr) E.coli,
IIPOMOTOP M TEPMUHAIbHBIE [T0CJA€0BATETbHOCTH Y 3TOr0 T'eHa Te e, YTO
H y TeHa X0JI0J0yCTOiYMBOCTH. V1 Best aTa reHeTHyecKkast KOHCTPYKIMS IpeJ-
Ha3HayeHa [JIsi IePeHOCa B PAaCTUTE/bHBIH OpraHu3M.

Bri6op nmpomMoTopa npH cO3ZaHUU TPAHCTEHHBIX KOHCTPYKIIMH HMeeT
oco6oe 3Hayenue. CymecTByeT o61ast 3aKOHOMEPHOCTb: IIPOKapHOTHYEC-
KHE IIPOMOTODBI MOryT OGeCIEeYHUTb AKTHBHOCTb JIOGOFO reHa, B TOM
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YHCJIE U DYKAPUOTHYECKOTO, TOJbKO B MPOKapHOTHYECKOM opraHusme (y
GakTepuii, CHHe-3eJEHbIX BOAOPOC/eH). B sykapuoTHYeCKOM OpraHusMe
MOXKeT (PYHKIIMOHUPOBATD TOJBKO I'eH, HMEHUi 3YKapHOTUYeCKHH 1Ipo-
Motop. ITosToMy npu nepeHoce reHoB OT OHOIr0 BUJa pacTeHUH K Apyro-
My MOXHO MCHOJIb30BaTh reHbl ¢ UX COOCTBEeHHbIMM IipoMoTtopamu. Ho
€CJIM B pacTeHue NepeHoCUTCsT 6aKTepHaabHBIN I'eH, TO IPOMOTOP Y HEro
Jlo/KeH ObITh 3aMEHEH Ha PacTHTEJNbHBIH. B nocienHeM ciaydyae 4acTo
HCTI0JIb3YIOT MTPOMOTOPH! OT PaCTHTEJIbHBIX BHPYCOB. Bupychl no cBoeit
NPHPOJEe — CYLecTBa HUCKJIIOYUTENbHO aKTUBHBle. HHYTO MM mpakTH-
YeCKU HUUYTO He MOXKET MX OCTAHOBUTD IIOCJIE TOTO, KAaK OHHM HAILIN CBOIO
xeptBy (x03smua). [Tomas B KJeTKy xossauHa, BupycHast JIHK unren-
CUMBHO Pa3MHOXXAeTCs M, UCIOJAb3Yysl «CTPOUTENbHBIM MaTepUaa U TEXHU-
Ky» (PHGOCOMBI ¥ MOJIEKYJIbI, HEOGXOAUMbIE AJISL TPAHC/ISALMM) KIETKH
X0351MHA, AaKTUBHO BOCNMPOHM3BOAMT cebe I0J00HBIX. ITO MPOUCXOAUT B
CUJTy TOTO, YTO B ITPOLIECCE 3BOJIIOLMY BUPYCHI TTOJYYUIH OYeHb CHJIbHbIE
IIPOMOTOPBI, Crioco6HbBIe (PYHKITMOHUPOBATD B JIIOOOM reHETHYECKOM OKPY-
XKeHUM. /{14 reHeTHYeCKOH MHKEHePUM TaKoe CBOUCTBO BUPYCHBIX IIPO-
MOTOPOB OY€Hb 1[€HHO, TOCKOJbKY ObeclieuuBaeT akTHBHYI0 paboTy Npu-
BHECEHHOTO B OpraHuaM TpaHcresa. IIpaBza, peryaupoBaTh aKTHBHOCTD
TaKOr0 reHa O4YeHb CJIOXKHO: OH paboTaeT MOCTOSIHHO M C OAWHAKOBOMH
MHTEHCHUBHOCTbIO. Bo MHOTHX c/Iyyasix 3TO KakK pa3 To, 4TO M Tpebyercs.
Ecmn uccneposarens craBUT 60Jiee CIOXKHBIE 33/1a4U B IJIaHE PEryJIUPO-
BaHHMA aKTUBHOCTH TPAHCTEHOB, TO B €r0 PacNOpsDKEHUM UMEeTCsl B Ha-
cTosilee BpeMs JOCTaTOYHO HIMPOKUH BbIOOP IPOMOTOPOB U JPYrUX pe-
T'yJISITOPHBIX 3JIeMEHTOB, KOMOMHHPOBAaHHE KOTOPBIX MO3BOJISIET JOCTUYD
6oJiee TOHKOH peryisluu aKTHBHOCTH TPAHCreHOB B mpocTpaHcTse (B
OIpeAeJeHHBIX TKAHAX PAacTeHHs) ¥ BpeMenH (B onpeeneHHbIH TepHOL
Pa3BUTHA).

Cuenyroumii 3Tall cO3/aHus reHeTHYeCKH MOAU(UIIMPOBaHHBIX Opra-
HU3MOB — II€PEHOC TPAaHCT€HHBbIX KOHCTPYKUHUH BHYTPD KJIETKH U BCTPau-
Banue ux B J{HK peuunuentrnoro opraHmusma.

Tyt Hago UMeTh B BUAY, YTO CYLIECTBYIOT OPraHU3MbI OJHOKJIETOYHbIE
M MHOTOKJIETOYHble. B mepBoM ciyyae Bce IIPOCTO: MMEIOTCS XOPOIIO
oTpaboTaHHbIe MeTOJAbl BBeleHHs] peKoM6uHaHTHbIX MoJekya /J[HK B
KJIETKH MUKPOOPraHu3MoB. EcM CKOHCTpYHpOBaHHAas IJIa3MIA CII0CO6-
Ha K CaMOBOCIPOU3Be/JeHUIO, TO OHa OyJeT pasMHOKaTbCsI BHYTPH KJIET-
KU. B cBOIO oyepeab caMu KJIETKM PElUNUEHTHOTO OpraHuaMa OBICTPO
JeJIATCS BMECTe ¢ [IPUBHECEHHBIMU B HUX MJIasMHAaMHu. Tak ocylecTBis-
€TCsl KJOHHPOBaHUE T€EHOB B MUKpoOOpranusMmax. Eciu cTouT 3amayva mo-
JIYYUTb 'eHHO-UH>K€HEPHbIH MUKPOOPraHu3M, To JOOUBAIOTCA, YTOOBI IPU-
BHECEHHAsl B KJIETKY eHeTHYeCKasi KOHCTPYKIIMsA BKJIOYKIach {ycroluu-
BO MHTErpUpOBAjaCh) B XPOMOCOMY PELIAIIMEHTHOTO OPraHM3Ma.
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L nosry4eHus reHeTH4ecKu MOAU(PUIMPOBAHHBIX MHOTOKJ/IETOYHBIX
OpraHu3MOB TOHa4aay TpaHcGopMUPYIOT (TO €CTh BBOASAT HYXKHBIH reH)
JIUIUb OT/eJbHblE KJIETKY, U3 KOTOPbIX 3aTe€M BOCCTAHABJIMBAIOT I[€JIbIH
oprauaM. IIoHATHO, YTO BOCCTAHOBUTH OPraHU3M U3 OTHAENbHOM KIECTKH —
He mpocras 3agavya. OJHAKO y4yeHble HAyYWJIUCh JeJarTh 3T0. Tak, A/
TOJTyYEHHS] TPAHCTEHHBIX >XUBOTHBIX (HANpUMep, MJEKOMHUTAIOMUX —
MblIleif, KPOJUKOB, OBEl, KOPOB W T.J.) Yalle BCErO HCIIOIb3YIOT OILIO-
JOTBOPEHHDIE SUIIEKJETKH, B KOTOpPbIe ¢ IIOMOIIbI0 MHKPOMaHHITYJIATO-
POB BIpbICKUBAIOT npenaparel JHK. 3ateM UMIIaHTHDYIOT SHIEKIETKH
B MAaTKU CYppOTaTHBIX MaTepeH, I'ie U3 HUX pa3BUBaercAd IJIOJ U 3aTeM
POKJAIOTCS MBILIATA, KPOJbYaTa, siITHATA U T.A., YaCTb U3 KOTODbIX MO-
XKeT COJAEPXKATb B CBOeM reHeTUIECKOM MaTepuaJjie IPUBHECEHHBIE I'eHbI.

B orHomenum pacreHui#l cuUTyalMs, ¢ OAHOH CTODOHBI, CIOXHEE, C
apyroit — npoue. CroxHee — MOTOMY YTO KaXkJasd paCTUTENbHAA KJIET-
Ka OKPY’KeHa IUTOTHOM 1e/LTI0I03HON 060104YKO0H, YTO cO3/1aeT IPO61eMbl
c BBefieHueM B KJyeTky uyxepoaHoit /[HK. IIpome — noTtoMy 4To B OT/IH-
Ype OT KUBOTHBIX GOJIBIIMHCTBO PACTUTENbHBIX KJIETOK TOTHIIOTEHTHBI,
TO €CTh M3 HUX MOXHO BOCCTaHOBMTb Iiesioe pacTeHue (y dKUBOTHBIX 3TUM
CBOMCTBOM 006JIaAIOT TOJIBKO OIJIOJIOTBOPEHHBIE AULIEKJIETKH U KJIETKH
3apOJIbIIIA HA CAMBIX paHHUX CTaausax passuths). K ToMy e s pacTi-
TEJIbHBIX KJIETOK pa3paboraHbl 3(pHeKTUBHbIE METOABI X KYJIbTHBUPOBA-
HUSI BHE OPraHU3Ma Ha CIlellUaJIbHBIX MUTATEJbHBIX CpeAax, a TaKxKe
METO/(bl HHAYKIMH y HUX IporieccoB Mopdoreresa (¢ nomoupio puro-
rOPMOHOB, M3MEHEHMs YCJIOBUH KyJIbTHBHPOBAHMS), B pe3yJbTare 4ero
JIOCTHraeTCsl pereHepanus U3 KJIETOK Iesbix pacrenuit (puc. 9).

[Ipo6seMa BBeieHUA B pPACTUTENbHYIO KJeTKy uyXepoanoir [JHK
Tak)Xe B IpUHUHUIE pemieHa. Mcmoap3yorcs Ba OCHOBHBIX INOAXOAA.
[lepBeiit M3 HUX — arpobakrepuanbHas TpaHCopMaiysa. IJTO cJerka
MOAUGULHMPOBaHHbIH €CTeCTBEHHBIH TPOLece FOPH30HTaIbHOrO (TO ecTh
MEX/y OTHAJICHHbIMM B CHCTEMATHYECKOM OTHOILIEHUM TpynnaMH opra-
HU3MOB) IIePEHOCa FeHOB 0T GaKTepHil B pacTeHus. B nipupone cyuiecTsy-
erT 60JIbLIas TPYIIa TOYBEHHBIX H6aKkTepuii u3 pona Agrobacterium. OHu
MOTYT BBI3BIBaTbh y pacTeHuil 60/Ie3HH THUIIA paKa — KOPOHYAaThIA TaJll
(omyxo0Jb) uin «6opojarbie KOPHH» . BBISCHEHO, YTO C TIOMOLIBIO CIIEIH-
aJbHOTO MeXaHnu3Ma 6aKTepuH IepeaaloT B reHeTHYeCKU MaTepuaJ pac-
Tenuii HeGonbuiol ¢parment cBoeit [IHK, comepskamuii reHni, akTuB-
HOCTb KOTOPBIX IPUBOAUT K 06pa30BaHUI0 Y PACTCHUI OIIyXOJH UM MHO-
TOYUCJIEHHBIX KOPHel. B HUX CUHTE3upyloTCS BellecTBAa — OIMHBHI,
SIBASAOLIUECS MUTAaTeNAbHbIM CYOCTPATOM UCKIIOYUTEBLHO A5 arpofaKTe-
puil. Ydennie mpocto BbIpe3anu u3 mnepexHocuMoro ¢parmenrta [JHK
6axTepHajbHbIe T€HbI, BbI3bIBAIOIINE 60JIE3HDb, ¥ 3AMEHUIYN UX HYXKHBIMU
UM T'€HaMU C COOTBETCTBYIOUIUMH DPeTyJSATOPHBIMU 3J€MEHTaMUu. ATpo-
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Puc. 9. KynbTypa nbuibHHKOB Kaprodens in vitro, A — IpH Ky AbTUBUPOBAHMHU TIbLIbHY-
KoB KapTodesisd Ha ClelyaJbHOH NHTaTeJpHOH cpefe OT[e/NbHble KJIETKH MHKDOCIOp
(He3pesble MbUTBLEBBIE 3€pHA) NMEPEXOAAT K HHTEHCHBHOMY [€JEHHIO: 06pasyeTcsi Kai-
Jioc. b — u3 Kannoca MOXHO MHAYIMpOBaTh MopdoreHe3 — o6pa3oBaHue cTe6JIeBbIX NO-
4eK. B — B KOHIie KOHIIOB U3 NoYek o6paayercs pacTeHHe Kaprodeas (¢ KOpHAMH, CTe6-
JieM H JIMCTBSAME), KOTOPOE MOXKHO MEPECAfUTh U3 MPOGHPKHU B MOYBY
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6akTepuu 3aTeM YO6HUBAIOT C IIOMOUIbIO aHTUOMOTUKOB, a U3 TpaHC(POpMHU-
POBaHHBIX KJIETOK BOCCTaHABJIHBAIOT 1I€JI0€ PacCTEHHE.

K coxasenuro, MeTo arpo6akTepuaIbHON TpaHCOpPMallUK OKa3aJICs
HeIOCTATOYHO 3¢ (peKTUBHBIM AJ1s1 GOJNBIIMHCTBA OJHOAOJBHBIX PacTeHHI
(x/1e6HBIX 3/1AKOB, KyKypy3bl, JUIEHHBIX ¥ Apyrux). [loaTomy asis BBe-
nenust yyxepoanoil JJHK B kieTkd Takux pacreHUH yaule BCero UCIoJIb-
3yIOT ApYyroi Mmertoq — G6GOMOApAMPOBKY KJIETOK MUKPOCKOIHMYECKUMH
YacTHLIAM¥ U3 30JI0Ta WJH BoJibdpaMa, Ha IOBEPXHOCTb KOTOPHIX HaHe-
cesa /IHK.

IIpouecc nepeHoca W BKJKOYEHUS] B FeHEeTMYEeCKUH MaTepHas KJeTOK
pacrenuit uyxepoanoit JJHK mpoucxoaur B obiieM ¢ He60IbIION 4aCTO-
TOW: B JIyyuIeM cJy4ae TpaHC(OPDMUPOBAHHOH OKa3blBaeTCs O/HA KJIETKA
Ha Tbicssyy. [loaToMy He06XOAMMO KaKUM-TO OOPa3OM OTAEAUTH TaKue
KJIETKH OT OCTAaJbHBIX, CO3/IaTh JIJISI UX JeJeHus U JajbHellnero passpu-
THSL HauboJjiee 6JIaronpusTHbIe YCA0BHA. B 3THX measax BMecTe C XKesae-
MBIM reHoM (Hampumep, yCTOHYMBOCTH K HACEKOMBIM-BPEAUTENIAM, BUPY-
caM, repOULIHAAM) BBOAAT M BTOPOii, TAK Ha3bIBAEMbIH CEJeKTUBHBIN I'eH.
Yalme Bcero JJisi 3TOr0 HCIOJb3YIOT 'eHbl YCTOWYMBOCTH K aHTHOMOTH-
xaM. Ecin nocie BBegenus uyxxeponsoit JIHK noMecTurb KJaeTKH Ha MU~
TaTeJbHYIO Cpelly ¢ aHTUOMOTHKOM, TO Ha Hel CIOCOGHBI 6yAyT pacTH
TOJIbKO TPaHC(POPMUPOBaHHbIE KJIETKU.

O6bI4HO B reHeTHYECKUH MaTepHaJs KJAeTOK pacTeHUH BKJIIOYAETCA O/1-
HA UJIM JIBe KOMUU NPUBHECEHHbIX FeHOB. MHOTOKOMHHHOCTD, KaK IpaBu-
JIO, COIIPOBOXKIAETCS] MOHNKEHHONH aKTHBHOCTBIO IPUBHECEHHbIX F€HOB, a
TeHOTHIIBI ¢ HECKOJIbKHMH KOIMSIMU TPAHCI'eHOB He 061a/1al0T TpeGyeMbl-
MU IIpU3HAKaMU U BBIOPAKOBBIBAIOTCSI B X0/l CEJEKIIHOHHOro Impoliecca.
[axke B cirydae BCTpaBaHHUS OJJHOM KOMUH TPaHCTeHa ero akTUBHOCTb MO-
XKeT 6bITh HefocTaToYHOH. [l03aTOMY MOJIy4aloT MHOTO TPaHC(OPMAHTOB,
U3 KOTODBIX OTGUPAIOT JIyYlllMe N0 aKTUBHOCTH TPAHCTeHOB M IO KOM-
IUIEKCY XO3SIMCTBEHHBIX IIPU3HAKOB, 6€3 BUAUMBIX MyTallMi U JpyTUX Ha-
PYLIEHUH.

SIBneHue ocsabyieHUs] aKTUBHOCTH reHa IPU YBEJIUYEHUU YUCJA €ro
Kommuii (OHO MOJTyYHJIO Ha3BaHHUE «Cal/IPHCHHI-3aMOJKaHue» ) BeCbMa IIH-
POKO HCIIOJBb3YeTCsI B FeHeTUYECKOU WHXKEeHEepHH [JIs YJAy4IleHus Kauec-
TBEHHbIX XapaKTePUCTUK COPTOB UJH NOPOA. Tak, ¢ HIOMOUILIO IPUBHECE-
HHUS JOINOJHUTEJbHBIX KOIMHWH OTJEIbHBIX F'€HOB PACTEHUH ITOJIy4€eHbl TO-
MATBI C JIJINTENbHBIM CPOKOM XpaHeHUs: (y HHX CHIDKEHA AKTHBHOCTB
(dbepMenTa, pa3pymapIlero B Npollecce eCTeCTBEHHOIO CO3PeBaHUSA IEK-
THH, WJH (pepMeHTa, OTBETCTBEHHOrO 3a 00pa3oBaHue (pUTOrOPMOHA 3TU-
JleHa), KapTogeJIb C MOBbIIEHHBIM Ka4eCTBOM KpaxMaJa (6e3 aMuiosst),
COsl, paIC C yJIy4lleHHbIM KauyecTBOM MacJia, kode 6e3 kodeuna. B rene-
TH4YeCKOH HHXXCHEPUH XUBOTHBIX TaKUM 06pPa3oM CHHXKAIOT aKTHBHOCTD
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TeHOB, OTBETCTBEHHBIX 32 BHIPAGOTKY 6eJKOB-a/lJepreHoB (B KpeBeTKax,
B MOJIOKE KOPOB, K03).

Kak BuauM, reHHO-MH KeHePHble OPraHW3MBbl OTJIUYAIOTCA OT HUCXO[-
HBIX F€HOTUIIOB BECbMa HE3HAYUTENBHO: K 25— 35 ThICSAYAM CYIECTBYIO-
IIUX TeHOB A06aBJISAIOT OAVH-ABA HOBBIX. [Ipu atoM cieadr, 4Tobbl ak-
TUBHOCTb COOGCTBEHHbIX F€HOB pPaCcTeHHs WJIA YKMBOTHOI'O He M3MEHMJIACh
(ecnu 210 U3MEHEHNE He ABJAETCA LEAbI0 TeHeTHIecKoi MoquduKaum),
4TOOB! He YXYAIIUJIHUCH €ro noTpeduTeIbCKUue KayecTBa.



I'aaBa 2

YTO JAET U MOXET JIATbh B BYAYUIEM
TEHETUYECKASA WHXEHEPUSA

M3 npuBeAeHHOro BbINIE ONMUCAHUS TEXHOJIOTHH nosydeHmss MO
BHJIHO, YTO OHA IO3BOJIsIeT 3HAYUTEJbHO PACHIMPUTb BO3MOKHOCTU Tpa-
JULIMOHHOM cesieKiimu. BoJee Toro, ¢ mMoMolbio HOBOM TEXHOJOTUH MOXK-
HO II0JIy4aTh TaKHe OPTaHU3Mbl, KOTOPbIe B IPHHIUIIE HeJIb3S NOJIYYUTD,
HCI0JIb3Ysl OOBIYHYIO cestekiuio. OHa feslaeT BO3MOXHBIM pellleHHe NpPo-
61eM 60pb6BI ¢ 60J1E3HIMH, TOJOAOM, KOTOPBIE CIUTATHCH PaHee IIPAKTH-
YeCKH Hepa3pelINMbIMU.

IlepBble reHHO-HHXeHepHbIe Pa6OTHI OBLIM IPOBEIEHbI HA MHKPOOP-
raHu3Max. JTo BIOJHE OObACHUMO: MUKDOOPTAHU3MBI, KaK IPaBUJIO, OJI-
HOKJIETOYHbIe CylIeCTBa, HUMeIOUIMe OTHOCUTEJbHO IPOCTYI0 OpraHu3a-
IIMIO almapaTa HacJeACTBEHHOCTU. ['eHeTHYeCKHEe MAHUILYJISALUH, B TOM
YHCJIe ¢ IOMOIIbI0 TexXHosoruu pekomMOuHanTHeix JHK, Ha HUX nmpous-
BOAUTb 3HAYUTEJIbHO IPOLIE, YeM HA MHOTOKJIETOYHBIX opranu3Max. He
CJIy4ai{HO MO3TOMY, YTO UMEHHO C TeHHO-WH)XeHEePHBIMU MHKDOOpPTaHU3-
MaMH CBSI3aHbl IlepPBble BbIAAOILUECS NOCTHKEHHUSI COBpEMEHHOM 6HOTeX-
Hosoruu. Cpeu 3TUX JOCTHXKEHUH CIeAyeT Ha3BaTh PEX e BCEro MoJy-
YeHHE XKU3HEHHO BaXXKHBIX /19 4eJI0BEeKa BEIEeCTB C IOMOMIBIO CIeIdallb-
HbIM 00pa30M reHeTHYeCKH MOAM(UIMPOBAHHBIX MHKPOOPraHu3MoB. To
€CTb JIOAN <«HAay4YHJIH»> MUKPOOOB MPOU3BOAMUTH COBEPIIEHHO HECBOMCT-
BEHHbIE JUISI HUX COeIUHEHUsI, KOTOpble HAMHOIO KaueCTBEHHee U JeilleB-
Jle «HaTypaJbHbIX» aHAJOroB. B 4Hc/e TakuX coeqUHEHHUH HauOoJbIlee
3HayeHHe MMEeIOT Te, HeJOCTaTOK MJIM OTCYTCTBHE KOTOPBHIX B YesOBevec-
KOM OpraHM3Me IPHBOJAMT K Cepbe3HbIM 3aGosieBaHUSIM: AuabeTy, reMo-
(pusK, KapJUKOBOCTH, AHEMUHU U AP.

2.1. I'enHO-HHXXKeHepHbIE OPraHU3Mbl Ha COyK0e MeAMIHHBI

B Hacrosimee BpeMsi B Mupe, 1o fanHbiM BO3 (BcemupHoi opranusa-
LMK 3/IPaBOOXPaHeHNs ), HACYUThIBaeTcs OKoso 110 MIH Moael, cTpaga-
fomux auaéeroM. M ata undpa B 6mpkaiiine 25 et MOXET yIBOUTHCS.
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[duaber — crpamHoe 3a60JjieBaHUE, KOTOPOE BbI3bIBAETCS HapYylIEeHUEM
pPaboThl MOMXKEYOYHON KeJe3bl, BhIpadaThIBaloNieil TOPMOH HMHCYJIMH,
HeOOXOJUMBIH /IS HOPMAJbHOH YTUJIU3ALUM COAep:KalUXCsa B IIHIIE
yraeBogoB. Ha HavaIbHbIX CTaAMAX Pa3BUTHS 6OJIe3HU JOCTAaTOYHO HC-
HOJIb30BaTh Mephl IIPOPUIAKTHKHU, PETYJIAPHO CAeUTh 3a YPOBHEM caxa-
pa B KPOBH, MOTPEOJISATh MeHbIle cjaaakoro. OaHako A5 NpUOAU3UTE/Ib-
Ho 10 MUJIJIMOHOB NALIMEHTOB [TOKa3aHa MHCYJIUHOBAsA Tepalusd:. OHU Bbl-
HyXXJeHbl €XXeJHEBHO BBOJWTb B KpOBb IIpemapaTbl 3TOTO TIOPMOHA.
HauuHnas ¢ gBagLaTbhiX ro0B NPOILIOTO BeKa JJst 3TUX IeJled UCIOIb30-
BaJIM HHCYJIMH, BbIJIEJIEHHBIH M3 TIO/PKEJTy IOYHbIX JKeJie3 CBUHEH U TeJIAT.
sKMBOTHBIM MHCYJIMH B OCHOBHOM aHAJIOTHYEH 4YeJOBEYECKOMY, OJHAKO
MEXKJy HUMHU UMEIOTCS. U ONpefesieHHble pa3/nuusi. Tak, B MOJIEKyJe
MHCYJIMHA CBUHBY B OTJIMYHE OT Y€JIOBEYECKOIo B OJHOU U3 1eNed aMHHO-
KHCJIOTa TPEOHUH 3aMelleHa aJlannHoM. CuuTaercst, YT0 3T He3HAYUTEb-
HbI€ Ha HepBbeI B3rJisA OTJIUYHUS MOTYT BbI3BIBAaTb Yy OT/J€JIbHDBIX IIaieH-
TOB Cepbe3Hble OCaI0oXHeHus (Hapymenue pa6oThl OYEK, PacCTPOHCTBO
3peHus, aanepruto). Kpome Toro, HecMOTPS Ha BBICOKYIO CTETIEHb OUUCT-
KU, He MCKJIOYeHa BEPOSITHOCTh II€PEeHOCa BUPYCOB OT XXUBOTHBIX K JIIO-
asM. M HakoHell, 4uCJio GOJBHBIX AMAOETOM pacTeT TaK ObICTPO, 4TO
06eCcreyuTh BCEX HYXAAIOMIUXCSI XUBOTHBIM HHCYJMHOM YXXe He Ipel-
CTaBJISIETCSI BO3MOXXHBIM. 3aMeTUM TaK)Xe, YTO 3TO BeCbMa [J0pOroe Jie-
KapcCTBo.

Pazpa6oTka TeXHOJIOTMH TMPOU3BOACTBA UCKYCCTBEHHOTO HMHCYJHHA
ABJsIeTCst moucTuHe TpuyMmdom reneruku. CHavama ¢ MOMOIIBIO CIEIH-
aJIbHBIX METOAOB OMNpeAe/JUJH CTPOEHHEe MOJIEKYJIbl 3TOr0 FOPMOHA, CO-
CTaB U MOCJIeJOBAaTEIbHOCTH AMUHOKUCAOT B Heit. B 1963 rogy monekyny
UHCYJIHA CHHTE3UPOBAJH C IOMOIIbI0 OHOXHUMHYEeCKUX MeToq0B. OqHa-
KO OCYIIECTBHTb B IPOMBIILJIEHHOM MacIiTabe CTOJb JOPOrOCTOSIIMN U
CJIOKHBIM CHHTe3, BKJovaouui 170 XuMuyecKHX peaklMi, OKa3ajocCh
CJIOKHO.

ITosToMy B masbHEHIINX HCCIeJOBAaHUAX YIIop ObLI cAejlaH Ha pa3pa-
60TKY TE€XHOJIOTHH GMOJOTMYECKOTO CHHTE3a TOPMOHA B KJETKax MUKPO-
OPraHu3sMoB, /IS Yero MCIOJAb30BaJIH BECh apCeHal MeTOOB reHeTHyec-
KOH MHXKeHepuH. 3HasA MOCJIeJoBaTeJbHOCTb AMHHOKUCJIOT B MOJIEKYJIE
UHCYJWHA, y4YeHble pacCYMTaId, KAKOH JOJ/DKHA ObITb IOCJef0BaTe/Ib-
HOCTb HYKJIEOTUJOB B TeHe, KOAUDYIOIIeM 3ToT 6esIoK, YTOObI NOIy4U-
JlaCh HY>XHas I10CJIe0BaTeIbHOCTb aMMHOKHUCIOT. «Cobpaian» MOIEKyJIy
AHK u3 oTaesbHBIX HYKJEOTH/IOB B COOTBETCTBHH C OIpe/eJIeHHOH I0-
CJIe0BATENbHOCTDIO, «J00ABUJIN» K HeH PeryJiSTOpHble 3J7ieMeHTbl, He-
o0XoauMble [ IKCIIPECCUM TeHa B IIPOKAPHOTHYECKOM OpraHu3Me
E.coli, u BCTPOWIH 3Ty KOHCTPYKLHIO B TeHeTHYECKUH MaTeprasa MUKpo6a.
B pesynbraTe Gakrepusi cMorjia BbIpaGaTbIBaTh J(Bé LIEMH MOJIEKYJBI
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MHCYJIMHA, KOTOPbIE B AAJbHEHIIEM MOXKHO ObLIO COEIMHUTD C IIOMOLIBIO
XUMHYECKOR PeaKIlU ¥ MOJIYYUTh MOJHYIO MOJIEKYJTy MHCYJIMHA.

HaxoHell, y4eHbIM yAaJI0Ch OCYLIECTBUTD B KJIeTKax E.coli 6uocuHTe3
MOJIEKYJIBI IPOUHCYJIMHA, a He TOJBKO ee OTAeNbHbIX uenei. Monekya
IIPOMHCYJIHHA IOCJe GHOCHHTE3a CIMOCOGHA COOTBETCTBYIOIIUM 00pa3oM
npeo6pa3oBbiBaThCA (HOPMHUPYIOTCS JUCYIbMHAHBIE CBI3U MEXIY Lels-
mu A u B), npeBpaiasice B MOJIEKYJIy UHCYJIMHA, DTA TEXHOJOTHSA UMeeT
cepbe3Hble TPEMMYIECTBA, NOCKOJIbKY Pa3JIHUHbIE 3TAIbl SKCTPAKLIUU H
BblieIeHUsI TOPMOHA cBeZieHbl K MUHuMyMY. [Ipu pa3pa6oTke Takoi Tex-
HoJIoruY Oblia BbiieneHa uadopManuontas PHK npouncysmna. Hcnonb-
3ys ee B KayecTBe MaTpHIbi, ¢ rmoMolnbio depMeHTa 06paTHOM TpaHC-
KPUIITa3bl CHHTE3HPOBaJM KOMILIeMeHTapHylo el mostekysry JTHK, xoro-
pas npeacTaBJAia coO0 NMPAKTHYECKH TOYHYIO KOIUIO HATypajbHOIO
reHa uHcyauHa. [locsie nmpumuBaHus K FeHy HEOOXOJUMBIX PEryJsToOp-
HBIX 3JIEMEHTOB U IepeHOCAa KOHCTPYKIUM B TeHETHYeCKUH MaTepHall
E.coli cTano BO3MOXXHBIM ITPOM3BOAUTh HHCYJIMH Ha MHKpOOHOJIOrHYEC-
Kot (pabpuke B HEOTPAHUYEHHBIX KOJMYeCTBaX. Ero ucmbITaHUA NOKa3a-
JY MIPaKTHYECKH NOJIHYIO HACHTUYHOCTb HaTypaJbHOMY UHCYJIUHY YeJI0-
Beka. OH HAMHOTO JienIeRBJe penapaToB KUBOTHOTO HHCYJIWHA, HE BbI3bI-
BaeT OCJIOKHEHUH. :

Jpyrasi, He MeHee Tparydeckas npo6jeMa 310POBbs Y€JIOBEKa CBA3a-
Ha C HapyuIeHHeM paboThbl XKeJie3 BHYyTPEHHEN CEKpelUH, IPUBOIANINM K
BbIPDA)XEHHOMY 3aMe/[JIEHUIO POCTa [eTed U NMOABJIEHHUIO TaK Ha3biBaeMbIX
JIUIUIYTOB, KapJuKOB. JTO 3a60JieBaHHE BbI3BAHO HEAOCTAaTOYHOM CEK-
peLiredl TOPMOHA POCTa — COMATOTPOIIMHA, KOTOPBIH BhIpaGaThIBAETCS
runopusoM (kenesoit, pacnonoxkeHHoM B HIKHEH yacTu Mo3ra). [o ce-
peaunbl 1980-x rogos 3ty 6oJie3Hb MbITATUCH JEUMUTh MyTeM BBEAECHHUS B
KPOBb IIAI[MEHTOB IpelnapaToB FOPMOHA POCTA, BBIAEJEHHBIX U3 THIIO(U-
3a ymepuux Jwogeid. Her cMbicia 00BbACHATD, HACKOJIBKO CJIOXKHO IOJY-
YUTh HeOOXOAMMOe JJISI TEPAIIUU KOJIUYECTBO Takoro ropMoHa. ITomumo
YUCTO TexHU4YeCKUx (B rumnoduse COAEPKUTCA OYeHb HeGOJIbIIOE KOJHU-
YeCTBO FOpMOHa), (UHAHCOBBIX (IIperapaT HEMBICAMMO JOPOTOil), 3TH-
YEeCKUX M IPOYHX MPoOJeM UMeeTCsl PUCK IIepeHoca MalueHTaM ONacHeH-
X 3a60J/ieBaHUMN, HaIpUMep BCeM H3BeCTHOTO cHHApoMa Kpoiindessb-
na— Axo6u — xoposbero 6eieHcTBa. [ JOCTUXKEHUS NTOJOXKUTETBHOTO
pe3yJbTaTa JeyeHUs] COMAaTOTPOIIMH BBOAAT BHYTPUMBIIIEYHO TPH pa3a B
HEAEJI0 B fo3ax nopsaaka 6 — 10 Mr Ha KusorpaMM Beca IalHeHTa ¢ BO3-
pacta 4—J5 JleT A0 TOJIOBOM 3pesyiocTH u gaxke paojbuie. M3 runodusa
OJIHOTO yMepLIero MOXXHO MOJy4YHTb JUIIb 4 —6 Mr nmpenapaTa. [losaTomy
Jaxke pa3pa0OTaHHbIe HA FOCYJapCTBEHHOM yPOBHE CIIEIHaJIbHBIE IIPO-
rpaMMBbl II0 IIPOM3BOACTBY COMATOTPOIIMHA B TaKUX cTpaHaX, kak CILA,
Benmuxo6puranust, OpaHIys, He MOTJIM IIOJHOCTBIO YAOBJIETBOPUTD CIIPOC
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Ha 371oT npenapar. Tak, B CIIJA B 70 —80-e roan! mpou1Ioro BeKa exe-
roano Bolgenanu runodpus y 60000 rpynos. IlonyueHHOro COMaTOTPOIIH-
Ha XBaTaJIO JJs aJekBarHoro jevenus juib 1500 geren B rox.

len, xogupymomuii o6pasoBaHiie TOPMOHA POCTA YesioBeKa, ObLI CUH-
TE3MPOBAH MCKYCCTBEHHO M BCTPOEH B TeHeTHYecKuil Mmartepuast E.coli
aHaJIOTUYHO TOMY, KaK 3TO cAejanu ¢ TeHOM MHCyJIMHa. B Hacrodmiee
BpeMs npobieMa IPOU3BOJICTBA BEICOKOKAYECTBEHHOr0, 6€3011aCHOTO AJIS
3I0POBbSI TAIIMEHTOB COMATOTPOIHHA B HEOOXOJMMBIX KOJHYECTBAX H
NpU MUHUMAJBHBIX 3aTpaTax IIOJHOCThIO pellleHa. bosee Toro, ¢ 1oMo-
HIbIO TeXHOJ0TuU pekoMOuHanTHbIX JJHK nosy4yensl mraMMpl MEKPOOP-
FaHU3MOB, CIIOCOOHBIE CHHTE3HPOBATb U Apyrue ¢aKTOpbl pOCTa YeIoBe-
4eCKOro opranusMa. /s mesell ceIbCKOro xo3siictaa 60/buIoe 3HaYeHHe
uMeJsia OpPTraHM3alUsl POU3BO/CTBA TOPMOHA POCTa KPYIIHOTO POraToro
ckora (BrmepBbie — amepuKaHcKol dupmoit Moncanro). Ero npumene-
HUe 1103B0osgeT 3HauuTeabHo (10 15% 1 6oJiee) MOBBICUTD YAOHHOCTD KO-
poB. CaM reH, KoAuPYoOIU# 06pa3oBaHHe COMATOTPOIIMHA, HBITAKOTCH
UCIIOJIb30BaTh B I€HETHUYECKOH WH)KEHEPUH >KUBOTHBIX [/ BbIBEIEHUS
YCKOPEHHO PacTyIuX nopoAd. Tak, moayuensl 00HaJesKxuBaollHe pe3y.ib-
TaTbl Ha pbibax. JIocoCH ¢ BCTPOEHHBIM T€HOM TOPMOHA POCTa CIIOCOOHBI
JIOCTUTATD MMOTPEeOUTEIbCKUX Pa3MEPOB 32 OJUH Ol BMECTO JBYX B OTJIH-
4ue OT OOBIYHBIX PBIO.

Jl711 IpOU3BO/CTBA «TPAaHCrEHHbIX» MEIUIIMHCKUX MpernapaToB B Ha-
CTosililee BpEMsI KCIIOJIb3YIOT He TOJIBKO CIellHaIbHbIM 06pa3oM MoAudH-
LIMPOBAaHHBIE MUKPOOPraHM3Mbl, HO U KYJIbTYDPbl >KUBOTHBIX KJIETOK.
Hampumep, 6nocunte3 pexoM6uHaHTHOrO (akropa VIII uenoBeueckoii
KPOBH II03BOJIsAET 3 PEeKTUBHO peniarh npobJeMy jedeHns 00JbHBIX Te-
Moduarel (¢ MOHMXeHHOU CBEPTHIBAEMOCTBIO KpoBH). J[0 aTOoT0 (hakTop
VIII Boimensisid U3 KPOBU JOHOPOB, YTO CBSI3aHO C PUCKOM 3apa’kKeHHUd
ITALIMEHTOB BUPYCHbIMU HH(EKLUAMH Tura rerarura. [IpoussoacTso TpaHc-
FeHHOr0 9PUTPONO3THHA (TOPMOHA, CTUMYJIMPYIONIEro o6pa3oBaHHe Kpac-
HBIX KPOBSIHBIX KJIETOK YeN0BeKa) MOMOTaeT GOpOThCS € PasJUYHBIMU
anemusMu. [lo HesiaBHero BpeMeHu HauboJiee 3((peKTUBHBIM METOAOM
JledeHUSI aHEeMUU CUYHUTAJIOCh HEOJHOKPATHOE IepesiMBaHUE AOHOPCKOH
KPOBHU, 06X0/AMBLIEECST OUEHD JOPOTO U TaKXKe CBSI3aHHOE ¢ PUCKaMHU, Ha-
3BAaHHBIMU BBIIIE.

ITH NIPUMEPBI MOXKHO NMPOAOKUTE. CleyeT OTMETHTD, YTO B HACTOSI-
1ee BpeMsi TexHosorus pekombunanthpix JJHK nossonsier nosxyyars 60-
Jiee JeuieBble i1 6e30TacHble BAKIIMHBIL [IJISI JIeYEHHST OMacHeHuxX HHQpeK-
LMOHHBIX 3a6oJsieBaHuii (remarTura, IOJMOMHENUTa W Jp.). Bo MHOrMX
Cay4yasax HOJy4YeHHe MOAOOGHBIX BAaKIMH TPAJUIMOHHBIMH METOJAaMHU IO-
IIPOCTY HEBO3MOXHO. Ha OCHOBe reHHO-UHXEeHEepPHbIX OUOTEXHOJOTHMH
co3JaHbl 60Jiee COBEPIIEHHbIE METOAbI JIMATHOCTUKH U JieyeHus1 60J1e3Hel
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yejioBeKa. VIMEHHO ¢ reHeTHYeCKOoH HHXKeHepHell Ye/JoBeYeCTBO CBSI3bIBa-
€T CBOM HaJIeXK /bl Ha pellleHne Mpo6yeMbl JIeUeHUsT MPAaKTHYECKH HEeusJie-
YUMBIX TT0Ka 60se3Heii: paka, CIIN [la, mu3zodpenuu, 6one3nu Anburei-
Mepa, HacJaeJCTBEeHHbIX OoJe3Hell: TasacceMuu, 60sie3HH XaHTUHITOHA,
(pubpo3HOro HUCTUTA U AP.

2.2. Hcnoap3oBaHue
reHeTHYeCKH MOAM(HIMPOBAHHNX OPraHH3MOB
B CeJbCKOM XO035HCTBE

HecMoTpsa Ha BrevaT/IAONHe JOCTH)XKEHUS TeHeTUIeCKOH UHXXeHepUH
B 06JacTi MEAWI[MHBI, HauOoJbIIMI pe30HaHC B OOIeCTBe, OIHAKO,
BBI3BAJIO IPUMEHEHUE TeHeTHMYeCKH MOAU(PHUIHPOBAHHLIX OPraHH3MOB
JUISL IPOU3BOJICTBA CEbCKOXO3SHCTBEHHOM NMPOAYKIMH. JTO U MOHATHO.
ITpo6sieMbl MeAMIIMHBI KACAIOTCSI B OCHOBHOM HeGOJIbIIOH YacTH HaceJe-
HUS, CTpajaolieii cepbe3HbIMH 3a60/1eBaHusIMU. BonbHOIM Ye10BeK roToB
HCMOJIb30BaTh JIOObIE CPEJACTBA AJIsl TOro, YToObl MONPABUTL CBOE 3/0-
posbe. [103TOMy OH 0c060 He 3aJyMBIBAETCS HAJ, TeM, KaKUM 00pa3oM Io-
JIy4eHO JieKapcTBo. BaskHO, YTOGBI OHO IIOMOTaJO JeyuTb 60JIe3HM, HE
BBI3bIBas OCHAOKHeHUH. CI0KUBIIAsCS B IIUBUIM30BaHHOM MHPE CHCTEMA
anpoGalii HOBBIX JIEKAPCTBEHHBIX IIPeNlapaToB, Mpearoaramouas, cpe-
JIU MPOYEro, MHOTOYHCJIEHHbIE HMCIBITAHUSE Ha 6€30MacHOCTb, B LIEJOM
cebs1 OIpaBaJa U MOJb3yeTcsl JoBepueM roTpebureseil, faxe HECMOTPSA
Ha OT/JeJbHbIE, OUYEHb peJKHe TParndecKue HHUMACHTHI, CBA3aHHbIE C HC-
IIOJTb30BAHUEM HOBBIX JIEKAPCTB.

HHas cutyanusi ¢ ceJIbCKOX03s1HCTBeHHOM mpoayknueii. Ee mpo6ieMbl
3aTParuBalOT KaXKa0ro u3 Hac. [la u mcuxoJsiorust y 340poBOTo 4eJIOBEeKa
OTJIMYAETCS OT TAKOBO# Y 601pHOTO, OCOOEHHO €CJIH 3TO KAcaeTcs ero Au-
eTbl. JI060i1 HOBBIH, HE3HAKOMBIH HPOAYKT MUTaHUA BOCIPUHUMAETCA C
MOZO3PEHUEM, BO3PACTAIONIUM B CIy4YasiX, KOrjla paciupoCTPaHSAIOTCA CIy-
XU 06 ONMacHOCTH ero Ajad 37oposbs. Celyac ¢ yabI6KOH BCHOMUHAIOTCA
HEIIyTOYHBble 6aTaJUM, KOTOPBIE B CBOE BpeMsl OyiIeBald BOKPYT HOBBIX
JUIsL eBpOTIeiilieB IPOAYKTOB — KapTodens, kode, Kykypyanl. CpabaTbl-
BaeT IPUHLMUI TMPUHSATUS Mep HPEAOCTOPOXXHOCTH: €CJIu IPOAyKTa He
3Haellb, JIy4llle BO3JAEPKaTbCS OT €ro NOTpelbIeHus .

TeM He MeHee JIIOJK BIIpaBe 3HaThb, KaKKUe MPEUMYIIECTBA 10 CPaBHe-
HUIO C TPAAMUIIMOHHON CeJleKIUel pacTeHU HMeeT reHeTHYeCKass HHKeHe-
pusi, KAKUMHU HOBBIMH CBOHCTBaMHU OOJAZIAIOT MPOAYKTHI MUTAHUSA, IOJLY-
YeHHble U3 TPAHCTEHHBIX COPTOB, KaKHe PUCKU IJIsl 3[0POBbS YeJ0BEeKa U
OKpYysKalollel cpeJbl C HUMH CBSA3aHbI. JTO HEO6XOAUMO AJIS TOTr0, YTOO6DI
cAenaTb OCO3HAHHBIH BBIGOD: eCTh MJIM HEe eCThb. A B OCHOBe BbiGOpa
BCEr/la JIEXHUT OLICHKA COOTHOLIEHHST MeXIy NOJb30H M BpeoM, HperuMy-
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IIECTBAMU U HEJOCTATKAMU TEXHOJIOTMH, MPoAyKTa. Beab abcoaroTHO 6e3-
BpPEIHBbIX NIPOAYKTOB IIUTAHHUS B NPUPOJE HE CylIecTByer!

B cBa3u ¢ BbIIECKa3aHHBIM B HAcTOsIlel KHUTe OCHOBHOE BHMMaHUE
yZAeseHO UMEHHO TeHHO-MH)XEHEPHBIM DAaCTeHUSIM U CBSI3aHHBIM C HUMH
npo6JieMaM.

2.2.1. Yro yxke umeercsa?

B ra6uue 3 npeacrasiien McuepIbIBAOINUIA nepedeHb (110 COCTOSHUIO
Ha KoHel 2003 roza) Bcex TPaHCTEHHBIX CEJIbCKOX03SIHCTBEHHBIX U JEKO-
PAaTUBHBIX KyJIbTYp, opUIMAJbHO PAa3PELICHHBIX K XO3SIMCTBEHHOMY HC-
110/1b30BaHuI0. B Tabmuie 4 mnepeunc/ieHb! NPUBHECEHHbIE INPU3HAKH,
IPOJAYKTHI TpaHcreHoB (TO eCTb IIpOTeNHbL, HepMeHThI, 06pa3ylonuecs B
pesyabraTe (PYHKUMOHMPOBaHUA HOGABIEHHBIX B PACTEHHsl TEHOB), a
TaK)Xe UCTOYHHKH, OTKyJa COOTBETCTBYIONME reHbl OblIM BblAeseHbl. Kak
BUJIUM, JONYIIeHbI K UCIIOJIH30BAHUIO COPTa pacTeHul, oTHoCcsMecs K 16
BUAAM, 06/ajanme 7 HOBBIMH NPU3HAKaMU UK X KOMOUHalMend. 3ame-
THM, YTO OTJAEJbHbIE IIPU3HAKH, HAIPUMEP TOJAEPAHTHOCTD K TepOHLHIaM,
MOXXHO KOHKPETH3HPOBAThb B 3aBHCHUMOCTH OT IepOHIIMAA: TOJIEPAHTHOCTD
k riudocarty, rado3nHaTy, HUKJIOTeKCaHy, cyabQOHUIMOYEBHHE U T. 1.
Y CTORYMBOCTL K HAaCEeKOMbBIM: KOJIOPAACKOMY >KYKy, IOBPEXAAIOLIEMY
KapTodeib, JMYNHKAM MOTBLIBKOB (eBpOMEHCKUil TOUMJIbIMK KYKYPY3bl,
XJIOTIKOBBIIt KOPOOOYHBIA YepBb, PO30BBI KOPOOOYHBIN 4YepBb XJIONKa M
Ap.), KOPHEBBIM YepBeLaM Ha KyKypys3e u T.[.

Ta6auwa 3

Hepe‘lel-lb AONYMEHHBIX K HCIIOJb30BAHHIO B xo3aiicTBeHnol AeITENBHOCTH
TPAHCT€HHMNX COPTOB CeJbCKOX03AHCTBEHHBIX paCTel{Hﬁ

Koaugectso
Hassanue .
TPaHCTEHHBIX (MDEeHOTHIMHYECKHI TPH3HAK
KYJIbTYpbl "
«COGBITHIT»
Panc 3 YcroitynsocTp K $HochHUHOTPHIMHOBBIM IepOHIHAAM
apreHTHHCKU (rmodgosunaTy aMMOHHMS)
Panc 1 Moanduunposano coxepxKaHNe KUPHBIX KHCIOT
apreHTHHCKHH B ceMeHaX, 0COOeHHO BBICOKHE YPOBHH JlaypaTa
H 06pa30BaHUS MHPHCTHHOBOM KHCJIOTBI
Panc 2 MonudnunpoBaHo conep>KaHyue >KHUPHBIX KHCJIOT
apreHTHHCKUH B ceMeHaX, 0COGeHHO BBICOKOE COJepKaHKue
OJIEMHOBOH KHUCJOTBHI M HH3K0€ — JIHHOJEHOBOH
Panc 1 ¥YcToiuuBOCTh K OKCHHUAOBBIM TepOHIIMAAM,
ApPreHTHHCKUI BKJIIOYasi OPOMOKCHHMJI H HOKCUHH.I




4YTO JAET FTEHETUYECKAA MH)XXEHEPUA? - 37

Hpodorxenue mabauyv 3

H Koaugectso

asBaHue

R— TPAHCTE€HHBIX ®eHoTHNHYECKHIt NTPH3HAK

<cobbiTHii»

Panc S CucreMa KOHTPOJIA ONBLACHHSA: MYXCKas

apreHTHHCKHH CTEPUJBHOCTD / BOCCTaHOBJeHUE (PEPTUIDHOCTH;
ycroitunBocTh K GocHHOTPULHHOBLIM repOHIMIaM
(rmodosnHaty aMMOHHUA)

Panc 2 YcroftuusocTs K repbuumay raugocary

apreHTHHCKUHN

I'so3amnka | YBeMUYeHHbBIH CPOK XpaHeHHUd Ojarogaps
CHHIKEHHOMY HaKOILIEHHIO 3THJIEHA ITyTeM BBEACHHUSA
yCe4eHHOro reHa aMHHOLMKJIONPOINAH IHKJ/Ja3a
CHHTA3bl; YCTOHYHMBOCTD K CYJb(OHHIMOYEBHHHBIM
rep6unnaam (TpuacyibpypoHy U MeTCYAbgyPOH-
METHITY )

I'vBO3AMKa 2 Mozaudukanus okpacku LBeTKa; yCTONYHBOCTb
K CyJb(OHHIMOYEBUHHBIM repOHIHBAAM
(Tpracybdypory H MeTCyabdypPOH-METHIY)

Iuxopui 1 MyXcCkas CTEpHIBHOCTD; YCTOMYMBOCTD
K docuHoTpHIKHOBEIM repbunnaM (rmodo3unary
AMMOHHA)

XJ04aTHHK 2 YcTolYMBOCTb K YElIyeKPbIJIBIM HaCEKOMbBIM
(MorbinbKaM), BKAOYas (HO He TOJABKO) XJIOMKOBYIO
COBKY, PO30BOro KOPOGOYHOTO 4YepBA XJIOMYATHHKA,
coBky Heliothis virescens (tobacco budworm)

X I0mYaTHHK 1 YcTOHYMBOCTD K CYAb(OHNIMOYEBHHHBIM
rep6unngaM (Tpuacy1ppypoHy U MeTCyabdypOH-
MeTHIy)

XJIOMYaTHHK 1 YcTolyHBOCTD K OKCHHHJIOBBIM I'epOHINAaM,
BKJIIOYass 6POMOKCHUHMJI ¥ MOKCHHHMJI

X IOMMYaTHHK 1 YcroiynBOCTh K YellyeKPbiJIbIM HaCeKOMBIM
(MOTBLNBKAM); YCTOHYHBOCTD K OKCHHHJIOBBIM
rep6UIMAaM, BKJIIOYass OPOMOKCHHWII

XI0mYaTHUK 1 YcroiunBocTh K repbuunay raudocary

XnonyaTHUK 1 YcroityusocTh kK HocHHHOTPHUMHOBBIM repOULIHAAM
(rmodo3uHaTy aMMOHUSA)

Jlen 1 YCcTORYKBOCTD K CYIb(OHHIMOYEBHHHBIM
rep6uuuaaM (TpuacysbdypoHy U MeTCyabdypoH-
METHJTY )

Kykypysa 3 YcroitunBocTb K repOUInay randocary

Kykypy3a 1 Yc1oHYMBOCTD K KYKYPY3HOMY KOPHEBOMY YepBIO
(wyewyekpsinbie, Buabl Diabrotica sp.)

Kykypysa 2 Y cToiynBOCTb K HMHAA30JHHOBBIM repbunuiaM

Kykypysa 2 Y CTOYMBOCTD K €BPONEHCKOMY KYKYPY3HOMY

tounasinuky (MorblabKy Ostrinia nubilalis);
YCTORYMBOCTD K TJIM(OCATHBIM repbuuugaM
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ITpodoaxenue mabauypt 3

KosauuectBo
Haasanue o
TPAHCI€¢HHBIX QDeHOTHTHIECKHI IIPU3HAK
KyABTypEI «COOBITHIT»

Kykypy3a 1 YcTOMYUBOCTD K MMHI230IHHOBBIM repOHIH/IaM
(nMazeranupy)

Kyxkypysa 3 My KcKasi CTEpHIBHOCTD; YCTOHYUBOCTD K $ocdHHO-
TPULIMHOBBIM repounyaaM (rmodgo3uHaTy
aMMOHHS )

Kykypysa S YCcTOHYMBOCTD K €BpPONEHCKOMY KYKYpPY3HOMY
rounnbuuky (MoTbLIbKYy Ostrinia nubilalis);
YCTOWYHBOCTD K GOCHHUHOTPHIIMHOBLIM repOHLIM/IaM
(rmodosuHaTy aMMOHMS)

Kykypysa 2 YeroitynBocTh K (POCHUHOTPHIMTHOBBIM repOHIHAaM
(rmodo3uHATY aMMOHHSA)

Kykypysa 2 YcTONYHBOCTD K €BpONENCKOMY KYKYPY3HOMY
rounmbuuky (MoTbiibKy Ostrinia nubilalis)
1 repbunmay raudocary

Kykypyasa 1 YCTOHYMBOCTD K IIMKJIOr€KCAHOBBIM repOHLMAaM
(ceTokcuauuy)

b 1 YanuHeHue CpOKOB cO3peBaHMs 6jarojaps
BCTPAUBAHMIO T€HA, KOTOPBIH NPUBOJIUT
K Jerpajaliy NpeAlulecTBEHHHKa pacTHTEIbHOIO
TOPMOHA 3THJIEHA

Hanaita 1 YcroitunBocTh K BUpYCHOH MHPEKUUH, K BUPYCY
KOJIbIleBOH MATHUCTOCTH Nanaiin (PRSV)

Panc noasckuit 1 YcToHunBOCTD K repbunuay raudocary

(Typuenc)

Panc nosabckuit 1 YcroitunBocTb K PochUHOTPHIUHOBBIM

(TypHernc) rep6uumaaM (raodo3uHaTy aMMOHHS)

Kaprodens 1 YeroitunBocTb K Ko10pajckomy xKyky ( Leptinotarsa
decemlineata, Say)

Kaprodenn 1 YcToitunBocTs K KonopaackoMy Xkyky ( Leptinotarsa
decemlineata, Say); ycroiunBoctb K (JII0TE0)BHPY-
Cy CKpyumBaHus JqucTheB Kaptodens (PLRV)

Kaprodens 1 VYcroitunsocTth K KonopauckoMy xyky ( Leptinotarsa
decemlineata, Say); ycroiiuuBocTb K Y BMpPYCY
kaprodens (PVY)

Puc 1 YcroituuBocTh K $HOCHUHOTPHLIMHOBBIM TepOHIINIaM
(rnogosunary aMMoHus)

Puc 1 YCTORYNBOCTD K MMM/Ia30JMHOBBIM TepOuuHiaM

Cos i YcroitunBocTb K repbuuuay raudocary

Cos 1 Monanoukanus colep>kaHus XMPHbIX KHCJAOT
B CEMe€HaX, 0COOEHHO BBICOKasl IKCIIPeCCHs
0JIEUHOBOM KHCJIOTHI

Cosn 4 YcroitunBocTh K GoChUHOTPHIIMHOBLIM repOHLIIaM

(rnodosuHaTy aMMOHMA)
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ITpodonxenue mabauym 3

HasBanue
KYJbTYpbt

KosmuecTso
TPaHCTeHHBbIX
«COGBITHILY

QDeHoTUNHYECKHI TIpU3HAK

Con

1

Moanpukauus coaepXaHHA XUPHBIX KHCJIOT
B ceMeHax (HM3KOe cojiepXaHHe JIMHOJIEHOBOM
KHCJIOTBI)

Ka6auku

YceroituuBocTs K BUPYCHON HH(EKLHH; BUPYCY 2
Mo3anku ap6ysa (WMV), supycy XenToil MO3auKH
uykkunn (ZYMV)

KaGauxu

YcroliuuBoCcTh K BUPYCHOU MHpeKUUH; BUPYCY
mo3auku orypuos (CMV), supycy 2 mosauku ap6y3a
(WMYV), Bupycy Xenroil MO3aHKH LYKKUHH
(ZYMV)

CaxapHas cBeKsa

YcroiunsocTh X (PocHUHOTPUIMHOBBIM repOULHIaM
(rmodosunary aMMOHUs)

CaxapHas cBekJa

YcroilyuBoCTb K repbunuay raudocary

Tabax

YcTOoHYMBOCTD K OKCHHHJIOBBIM repOHIIEAAM,
BKJII04ast 6POMOKCHHHJI M MOKCHHUJI

ToMmaTtbl

Y anunexue CpoKoB cospeBaHus 6iarogaps
HHTPOAYKUMH reHa, KOTOPbI NPDUBOAUT

K AerpajauMy npeauieCTBEHHHKAa PacTHTENIbHOIO
TOPMOHA 3THJIEHA

ToMatnl

Y AMHeHHBIK NePHOX XPAaHEHHSA: MJOABI JOJbIIE
COXPAaHAIOT ynpyrocrs 61arofaps NoAaBJeHHIO
aKTHBHOCTH ¢epMeHTa, paculeIISIoIero NeKTHH —
TIOIMFaIAKTY POHA3BI

TomaThl

Y anuHeHue CPOKOB CO3peBaHust 61arojaps
HHTPOAYKIHH TeHa, KOTOPHIl MpHBOAUT

K Jerpajaudy npejuleCTBeHHUKA PaCTUTEIBHOIO
rOpMOHa 3THJIeHa

Tomater

Y CTORYMBOCTD K MEUIyeKPbLILIM HACEKOMBIM
(MoTbLAbKAM), BKJIOYas1 (HO He TOJBKO) XJIONKOBYIO
COBKY, P030BOro KOPOGOYHOrO YepBsi XJOMYaTHUKA,
cosky Heliothis virescens (tobacco budworm)

TomaTtel

YanuHeHue CpOKOB co3peBaHus 6aarojaps
TIOHHXXEHHOMY HaKOIJIEHHIO 3TUJIEHA U3-33 BBEAECHUS
yCEe4eHHOro reHa aMHHOLUMKJIONPOMAH LHKJIa3a
CHHTAa3bl

Ha pucynxe 10 nokasana fuHaAMHMKa pOCTa IIOCEBHBIX ILIOLIafiel, 3a-
HATBIX IO TPaHCTeHHbIMH KYJbTypaMu B Mupe. Hecl0KHO 3aMeTUTD,
4TO MMeeT MeCTO IOCTOSIHHBIN M BeCbMa CYIeCTBEHHbII €)XXeroHblil IIpH-
poct. Ecnu 6path 3a Touky orcuera 1996 rox, mepsblii roJ JeHCTBUTED-
HO 3HAYHMOTrO KOMMepdecKoro ucnoib3oBanus 'MO, to peusr uaer o6
1,7 man rexrapoB. Yxe B 1997 roxy ata miomanp yBeauuyuiach 6oJiee
yeM B 6 pa3 (11 muH rektapos). BicTpo pacuIMpsICs M ACCOPTUMEHT BbI-
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Ta6bnuma 4

T'eneTHYeCKHe JJE€MEHTH, NIPHBHECCHHBIC B JOMMYN[€ HHbIC
K HCIIOJb30BAHHIO TPAHCTE€HHBIC COpPTa CeJbCKOX03aiicTBeHHBIX pac:‘ermﬁ,
H HCTOYHHKH HX [IPOHCXOXKIACHHA

CPOKOB XpaHEHHA
nacaoB

Tenernyeckuii
IMpuanak HctouHuk
3J1eMEHT
Y anuHeHue [TosuranakTypoHasa Tomarbl Licopersicon esculentum

K TepOMIMIaM

mat-3-gocdar cuHTasa

3anepxka S-aneHo3uIMeTHOHUH Baktepuodar T3 E. coli
CO3peBaHus THAPOJIa3a
3agepxKa Cunrasa 1-amuHonuknao- |I[Bosauka Dianthus caryophylius L.
CO3peBaHusd npomnas-1-yriaekucaoi

KHCJIOTEI
3azepixka Cunraza amuHonukjonpo- [ToMarsl Licopersicon esculentum
CO3peBaHuUd NaH UKJa3bl
3azepxka HeaMunasa 1-aMu- Pseudomonas chlororaphis
CO3peBaHuA HO-IMKJIONponak-1-yrie-

KHCJIOH KHUCJIOTHI
Myxckas AHK axenun mernnasa |E. coli
CTePUJIBHOCTD
Myxckas Pu6onykneasa 6apHasa  |Bacillus amyloliquefaciens
CTePUJIbHOCTD
Boccranosnenue “barstar” — wunHru6burop |Bacillus amyloliquefaciens
epTUIBHOCTH puboHykIea3nl 6apHasa
¥YcrohuusocThb J-3HOJINIHPYBUIIUKH- Agrobacterium sp. CP4

YcroityuusocThb
K repOuIHIaM

J-3HONNHUPYBUJILIHKU-
MaTt-3-pocdaTt cUHTa3a

Kykypy3sa Zea mays

Y cTOWYHBOCTD
K repGHIIHIaM

I'nudocar
OKCHAOpeAyKTa3a

Ochrobactrum anthropi

YcroiunBocTb
K repbuuyujaMm

®ochunorpunun N-ane-
tuatpancepasa (bar)

Streptomyces hygroscopicus

YcToiauBOCTh
K repbuuniaM

®ochunorpunun N-aite-
tiunrpancdepasa (pat)

Streptomyces viridochromogenes

YcroitluuBocTh
K repbunumngaM

AlleTonaKTaT CHHTa3a

Jlunaus apa6umponcuca Arabidopsis
thaliana, ycroiuuBas

K XJOpPCYAbdypOHY

YcroliyusocTh
K repbunugaM

AlleTojlaKTaT CHHTa3a

Jluunsa rtabaka Nicotiana tabacum,
ycToiyuBas K CyJbQypoHy

YcToHYuBOCTD
K repbunujgam

AletoslakTaT CHUHTa3a

Xumepa 2 ycToiunBbix reHoB AHAS
(S4-Hr4)

YcTolYHBOCTD
K repbunmaaMm

Hurpunasa

Klebsiella pneumoniae subsp.ozanae

YcroitunpocTs
K HaCceKOMbIM

crylF nenpta-3HAOTOKCHH

Bacillus thuringiensis var. aizawai




YTO OTAET TEHETUUECKAA UH)XXEHEPUA? -

41

IIpodoaxenue mabruyv 4

K HaceKOMbIM

FeneTuyeckuit
IIpusnak Hcrounnx
3JIeMeHT
YcToiunBOCTb cry9C nenbra-snpaorokcus |Bacillus thuringiensis subsp.

tolworthi

K HaCeKOMbIM

¥YcroityuBocTb crylAc menbra-aHAOTOK- |Bacillus thuringiensis subsp. kurstaki
K_HACEKOMBIM CHH (Btk)

YcroityuBoCTD cry3Bb1 penvra-angotok- |Bacillus thuringiensis subsp.

K HacEeKOMbBIM CHH kumamotoensis

YcroityuBocTb cry3A aenwTa-sHAOTOKCHH |Bacillus thuringiensis subsp.
K_HaCeKOMBIM Tenebrionis

YcroitunsocTb cry1Ab nenbra-suaotox- |Bacillus thuringiensis subsp. kurstaki
K_HAaCEKOMBIM cud (Btk HD-1) (Btk)

YcroituuBocTb W Hru6utop nporteassl Kaprodenw Solanum tuberosum

HN3MeHeHHBIH 1BeT

HAuruapodiaBoHon peayk-
Ta3a

Meryuus Petunia hybrida

HM3menenHblil 1BeT

daasonous 3p, Sp
rHApOJIa3a

Ierynus Petunia hybrida

H3MeHenHniii 1ser

dnasonoup 3p, Sp
rUApoJIa3a

®uanxa Viola sp.

HU3zmeHnennmbrit
cocTaB Macia
(KMpPHBIX KMCIOT)

Henbra-12 pecarypasa

Cos Glycine max

H3MeHeHHbIH
COCTaB MacJja
(>KMPHBIX KHCHOT)

Tuoacrepasza

KamndopHuiickoe saBpoBoe Aepeso
Umbellularia californica

YcroityuBocTh ITpoteun o6onouxu Bupyc xonbieBoit MATHHCTOCTH
K BHpYCY Bupyca PRSV nanaitu (PRSV)
Y croituuBoCcTb IIporenn o60a04Kn (IToTH)BHpPYC XKeNTOM MO3auKH
K BUDYCY supyca ZYMV uykxuau (ZYMV)
YcroitunBocTh IIpotenn o6onouku KykyMoBHpyC Mo3aukH OTypHOB
K BHPYCY (kyKyMo)BHpyca MO3aHKH
OrypLos
Ycroitunsoctb IIpoTeuH 060J104KH (ITotk)BHpyC ap6yaa
K BHpPYCY (notu)Bupyca ap6ysa
Ycroitunsoctp [Iporeus 060A0YKH Hltamm O (o6brunbii wramm) Y
K BUpYyCY Bupyca PVY supyca xaprodens (PVY)
Y croiiuuBoCTb lenukasa (JIroTeo)BMpyC CKPyYHBAHHS JHCTHEB
K BUPYCY kaprodens (PLRV)
YcroiuuBocTb Permukasa (PHK 3asucu- |(JlioTeo)Bupyc CKPyYHBaHHS JUCTHEB
K BHPYCY masgs PHK moaumepasa) |kaprodens (PLRV)

palmuBaeMbIX KyJabTyp. K rep6uiinaoycToiyuBbIM coe ¥ KyKypy3e Ao6a-
BUJIMCH XJIONOK, pamnc, kaprodend u np. B npenenax kaxo#t u3 Ha3BaH-
HBIX KYJbTYp (pUTYPHDYIOT (POPMBI, TOJEPAHTHBIE K PA3HBIM repOUIH-




42 - TJIABA BTOPAA

JaM, a TaKXXe YCTOMYMBBIe K HACEKOMBIM, BUPYCaM, C yIy4llleHHbIMH Ka-
4eCTBEHHBIMH Xapakrepuctukamu. B 2003 rojgy o6mas muomaab «TpaHC-
TeHHOTrO KJIMHa» COCTaBMJIa BHYIIUTEJIbHYIO HUdpy — 67,7 MJIH rekTa-
poB (14 cpaBHEHHS: Bce MOCEBHbIE IIOMAAM Belapycu 3aHUMAIT OKO-
710 5 M rekTapos). To ecTb 3a 8 JieT oHa yBeMumIach mouty B 40 pas!
I'me BbIpanmMBalOT TeHHO-MHXXEHEPHBIE copTa? 42,8 MJH reKTapoB
(63% o6uieit momaan) npuxoaurca Ha CIIIA, nanee cieay0T ApreHTH-
Ha — 13,9 mutn rexrapos (21%), Kanana — 4,4 mun (6%), Bpasuaus —
3 man (4%), Kurait — 2,8 mun (okono 4%) u IOxHas Adppuxa — 0,4
MJIH rektapoB (oxoso 1%). Ha atu 6 ctpan npuxoaurcs 99% Bcex moces-
HBIX IJIOMaJell TpaHCreHHbIX KyJabTyp. MO BbIpaliMBanT Takxe B
Wupuu, ABcrpamuu, Ucnanuu, Pymoinuu, Boarapuu, I'epmanuu, Mexk-
cuke, Ypyrsae, Komym6uu, l'onaypace, Ha @uaunnuaax 1 B MH10HE-
3uH, Bcero B 18 crpanax, 3aMeTHyIO J0JI0 KOTOPBIX COCTABJAIOT Pa3BH-
BaomMecs: cTpa”bl. IIpakTHyecku BO BCeX IIEPEUUCICHHBIX CTpaHax B
2003 roxy uMes MeCTO 3HAUUTENbHBIH POCT IIONaAeH IO TPAaHCTEHHBI-
MU KyabTypamu 1o cpaBHeHumo ¢ 2002 rogom: B Kurae u IOxno#l Adpu-
Ke — 33%, Kanage — 26, B CIIIA — 10, Muauu — 100, B Ucnauuu —
33%. 3amerum, uro Bpasmausa navama Beipammusath TMO (coto, Toue-
pPaHTHYIO K rep6unugam) uMenHo B 2003 roay u cpasy Ha 3 MJIH TeKTa-
poB. 1 B pmanpHelmeM 37ech TJIAHUDPYIOT PACHIMPATH ILIOWIAAU ITOJ
TPaHCIeHHBIMH KYJbTYPaMH MaKCHMAJbHO BO3MOXKHBIMU TE€MIIaMH.

70- A
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504

404

301

Mnowaab, MNH ra

204

104

996 1997 1998 1999 2000 2001 2002 2003

Puc. 10. PocT noceBHbIX ILI0IMa/el B MUpE, 3aHATHIX 110/l TPAHCI€HHBIMH COPTAMHU CEJIb-
CKOXO03s1iCTBEHHBIX paCTeHM
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O nepcrnexkTHBax BbIPAIIMBAHUS FeHHO-HH)XXEHEPHBIX COPTOB KpacHoOpe-
YMBO CBHMJETEJBCTBYIOT HU(PbI, XapaKTepH3yIOUIHe MX JOMI0 B oluiei
IJIOIALU MOA KOHKPETHOH KyJbTypoM, 3aHsaTol B Mupe B 2003 roxy. das
cou 3tH IQPHI COCTaBJAET 33%, ANd xjonka — 21, panca — 16 u pus
KyKypy3sl — 11%. B mesoM /s ueTbIpex 3THX KyJbTYp ILIONIAJM, 3aHS-
Thie II0J TPAHCTEHHBIMH COPTaMHM, COCTaBJISIOT YETBEPTYIO YacThb (25%).

Yro xe sacrasisier 7 MAH ¢epMepOB Ha BCeX KOHTHHEHTAX BBIPAILU-
BaTb HMEHHO reHHO-UH)KEeHePHbIe copTa pacteHuit? [Ipex e Bcero, koHeu-
HO e, POCT ZOXOAO0B 32 CYET CHHXKEHUS U3/iepiKeK IIPOU3BO/ICTBA U YBEJIH-
4eHUs NMpOoAYKTUBHOCTH pacTenuit. Tak, B 2002 roay tpaHcreHHbie copTa
Ja¥ CENbCKOXO3AHCTBEHHOM Npoaykiuyu Ha 1,8 Miapx ToHH Gosblle, yeM
oObIYHbIE Ha TeX JKe ILIOIAJAX, TIPH STOM NMECTHIMAOB HCIIOJIb30BAHO HA
21 TIC. TOHH MeHbllle, a AOXOABI yBeJHyuINCh Ha 1,5 Mipa aosutapos CHIA.

Kpome ¢unanconoit npubplin BeipanmBane TMO HeceT oimyTuMble
colMaJbHBIE M 3KoJoruueckue BoiroApl. Cokpamenue o6pa6OTKH moJiei
IIECTHIMJAaMH M OTKa3 OT BCIAIIKH YMEHBIIAIOT MHTEHCUBHOCTb 3KCILIya-
TALHK CEJIbCKOXO3SUCTBEHHOM TEXHUKH U COOTBETCTBEHHO PacXoj TOILIH-
Ba M BbIODOCHI YIJIEKUCJOro rasa B atMocdepy. Baarogaps ucnosb3opa-
HHUIO MEHee BPEAHBIX /s OKpYKaloliell cpeab! repOMIIMAOB CHUXKAETCS
XUMHMYECKasi 3arpsi3HEHHOCTh BOABI U mouBbl. IIpejorBpainaerca apo3ust
II0YBBI, TNOCKOJbKY HCIIOJNb30BaHHE TeHETHYECKH MOAU(HUIIMPOBAHHBIX
pacTeHuit, YCTOHYUBBIX K repOUIMaM, II03BOJISAET NepeiiTH Ha IAAAIIMIA
6ecriaxOTHBIH MeTOJ 06paGOTKH MOYBEI. JTO, A TAKXKE UCIIOJIb30BAHHE COP-
TOB C U36MpaTe/IbHON YCTONYMBOCTBIO K HACEKOMBIM-BPELUTENIAM B YCJIO-
BUAX CHI)KEHUS MHTEHCHBHOCTH NTPUMEHEHHUST HHCEKTULIOB YBEJIHYUBAET
6uopasnoobpasue. Ha mosisix, 3aHATHIX TPAHCTEHHBIMHM COPTAMM, OTMEYe-
HO yBeJIMYeHHe YMCJIEHHOCTH IONMyJIAUUHN IITHI, TOJIE3HBIX HACEKOMBIX.

ITO BCe pealbHOCTb. MOXHO CKa3aTh, YTO 3HAYUTEJNbHAS YACThb Hace-
JIEHUSI MHpa <«IIPHHSJIa» reHeTHYeCKH MOAU(UIIMPOBAHHbIE OPraHU3MEI B
KayecTBe BaXXHOTO MCTOYHUKA YJIy4lleHus cBoero 6iarococrosuus. [Ipu-
BeJIEHHas Bbllle HHQoOpManusa y6eauTeIbHO MOATBEPKAAET 3TO 3aKJI0Ye-
Hue. TeM He MeHee 3a oOmMMH UHdpaMM CTOSIT KOHKpeTHbIe (DaKTHI.
PaccMoTpum ux.

2.2.2. Tpancrensble COpPTa CEAbCKOXO3AHCTBEHHBIX PacTeHui,
TOJI€PAHTHbIE K repOMIH/aM

OpnHoit U3 OCHOBHBIX IPOGJIEM CEIBCKOXO3SHCTBEHHOIO IIPOX3BOACTBA
siBsieTcs 6opnba ¢ COpHSIKaMH. B UHAyCcTpUAIbHO pas3BUTBIX CTpaHaX Ha-
PARY C arpoTeXHU4YeCKUMHU MeponpusatiusiMu (06pa6oTKa OYBHI) A 3THX
1eJeil NIMPOKO NPHMEHSIOTCS TepOUIMIbI, TO €CTh XMMHYECKUE Tperapa-
ThbI, CIIOCOGHbBIE TOTAJIbHO UM H3GMpaTebHO MOAABJATH POCT PACTEHMIA.



44 - TJIABA BTOPAA

Paszpa6otansl fBa crmoco6a KCI0JIb30BaHus repbuunaos. Mx npuMeHsIoT
nepes 1MoCcagkoi UM CEBOM PAacTeHHWH, BHOCSA B IMOYBY JHOO ONPbLICKHBAs
TPOHYBIIHECS B POCT cOPHAKM. OHAKO 3TOT Cioco6 He MOXKET B IOJIHOU
Mepe pelluTh NpobJieMy, TTOCKOAbKY COPHSIKM MOSIBJSIIOTCS M IIOCJIe BCXO-
JIOB OCHOBHOH KYJBbTYPHI, U B XOJ€ BCero nepuoja sererauuu. Kpome
TOr0, BHOCHMbIE€ B IOYBY repOMIIUABI, KaK NpPaBUJIO, AJIUTEJbHOE BPEMs
pa3JIaraloTcs, 3arpsa3Hss OKpyXKamoollylo cpefy. [pyroii cioco6 — obpa-
60TKa rep6HIMAAMU BereTupyloumx pacreHuii. OH 6osnee 3 PeKTHBEH,
IIOCKOJIbKY ITO3BOJISIET 3AIUIIATDH TIOCEBHI B TeueHue Bcero ce3oHa. Ho rpu
HUCIIOTb30BaHUU repOUIIMI0B TOTAJbHOTO JEHCTBUS BO3HUKAIOT Cepbe3HbIe
Npo6IeMbl 3aLIUTHI KyIbTYPHBIX PACTEHHIi, HE YCTOWYMUBBIX K 3TUM repOu-
nuAaM. /s 5Toro cosgaHsl creliiajbHble NPUCIOCOOIEHHS, MO3BOJISIO-
I¥e CMa4YuBaTh repOunAoM 6ojiee BBICOKHE COPHBbIE DacTeHHus, He 3aTpa-
ruBasd KyJbTypHble. JTa Npolefypa 3HAUUTENLHO YIPOILAETCH, €CJH B
PACIOpSIKEHUH PACTEHHEBOJA UMEIOTCSE COPTA PACTeHUU, YCTOHMYMBBIE K
UCTIOIBb3yeMoMy repounugy. C moMompo TPAIULHOHHOHN CeJIeKIHH BbIBEC-
TH TaKuMe CcOpTa BecbMa CJIOKHO. B 4acTHOCTH, He CyulecTByeT COPTOB
CeJIbCKOXO03sIIICTBEHHBIX PACTeHUH, TOJIEPAHTHBIX K Hau6oiee HINPOKO UC-
MIOJIb3yeMbIM TepOUIINZaM TOTAJIBHOIO AeicTBus: raudocary ¥ riaodo3u-
HaTy.

I'eneruueckass MHXXeHepusl 3Ty MpoOjeMy pellaeT AOBOJBHO IIPOCTO.
[locTaToyHO NMepeHecTH B reHeTUYeCKUd MaTepuasl pacTeHMs] HY KHbIU I'eH
OT YCTOWYUBBIX K rep6UIMIaM MUKPOOPraHW3MOB. YUeHble, H3y4yas MeXa-
HU3M JEHCTBUS repOULIMAOB, BbISCHHIM, YTO Yallle BCEr0 OHU BO3/EHCTBY-
IOT Ha OJWH KaKOH-100 BaXKHBIH /[ MeTab0oM3Ma pacTeHUH (PepMEHT,
CBA3BIBasICh C HUM M TaKMM 00pPa30M 0CJIabsig ero aKTUBHOCTb. JTO MPU-
BOJAUT K CEPbE3HBIM HAPYIIEHHSM POCTa M Pa3BUTHSI 06pa6OTaHHBIX repou-
IIMAOM pacTeHuit, ¥ onu norubaior. Cpean 6akTepuil Jerko MOXKHO 0OHa-
PY>KUTb YCTOWYMBLIE T€HOTHUIIbI, BhICEBAs X Ha IIUTATEJbHYIO Cpelly, B KO-
TOPYIO 106aBJIAIOT repOUIlU.

BoL1o nokasaHo, YTO TOJIEPAHTHOCTD K repOUIMAaM 00yCJIOBAEHA, KaK
IIpaBUJIO, MyTallied OJHOTO OIpe/ieIeHHOTO reHa. [13BecTHO JBa OCHOB-
HbIX MEXaHU3Ma YCTONYUBOCTH. IlepBbIii W3 HUX, MOTYYMBUIMY HA3BaHUE
«MyTalug MumieHH» (Muiens — (pepMeHT, Ha KOTODBIt AeficTByeT repOu-
UUA), CBSA3aH ¢ HU3MEHEHHEM IIOC/EN0BATEAbHOCTH aMUHOKMCJIOT B TOIf
o61acT MOJeKyabl hepMeHTa, B KOTOPOIl TPOUCXOIUT €r0 CBSI3BIBAHHE C
repbunaoM. B pesysnbraTe rep6uup «He y3HaeT» CBOIO MHIIeHb, dep-
MEHT COXPaHSeT aKTHBHOCTD, A OPTAHKM3M CTAaHOBUTCS TOJIEPAHTHBIM K Aei-
CTBUIO repOuinza. ONUCaHHBIA MeXaHH3M XapaKTepeH A/ yCTOHYMBOCTH
K TakuM rep6uimaaM, kak ramdocar (xopomo wussectabii Paynumam),
CyJIb(pOHUIMOYEBHHA, UMHJO30JUHOH U apyrue. Bropoil MexaHuaM cBs-
3aH ¢ BbIPaGOTKOH Y YCTOWYMBBIX OPraHU3MOB (PEPMEHTOB, CHOCOOHBIX Je3-
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aKTUBHPOBarb repOUI/, HAPUMED, MyTeM MPUCOEAUHEHUS K HeMy KaKo-
ro-1u60 XUMUYECKOro paaukana (alueTUIbHOM rPYNIbI, HUTPATA U T.X.).
ITOT MeXaHU3M JIeHCTBYET Y OPraHU3MOB, YCTOWYMBBIX K FrepOHIIUIY TJII0-
¢dosunar ammonus (¢pupMeHHble Hassanus npenapata: Jlu6eptu, Bacra,
Dunam).

Cpez Bcex TPaHCTEHHBIX KYJbTYP repOULUA0yCTOHYMBBIE (POPMBI CO-
CTaBJ/IIOT Nofasidtomee 6osbmuHcTBO. Tak, B 2003 roxy B Mupe nop
HUMH OBLTIO 3aHATO 73% IJIONIAH, 3aCesTHHOM IeHHO-MH)XKEHEPHBIMH COD-
TaMu, wian 49,7 Ml rektapos. Enie 8% o6ileli mioma i 3aHAMaJIN TPaHC-
TE€HHble COpTa, 00JaJalolie yCTONYNBOCTBIO K repOHIIMAaM B COYETaHUH C
YCTOHYHUBOCTBIO K HACEKOMbBIM-BDEAUTENSM. JTa CHTyalus O6bsACHAETCA
ciepyromuMu ¢akropaMu. Bo-nepBhiX, YCTOHYUBOCTH K repOuiyaaM —
OUY€eHb BaXXHBIH /I CEJIbCKOXO03AMCTBEHHOM KyJJIbTYpbI ITPU3HAK, II03BOJIA-
IOIMH CYLIECTBEHHO CHHU3UTb H3JEPKKH IMPOU3BOACTBA 3a cuer OoJjee
3¢ eKTHBHOTO KOHTPOJIS HAaJl COPHBIMU pacTeHHssMu. Bo-BTopbIx, 6saro-
Japsi OTHOCUTENbHO NIPOCTOMY XapaKTepy reHeTUYeCKOro KOHTPOJIA 3TOr0
IIPU3HAKA, XOpOIUEH H3Y4EHHOCTH COOTBETCTBYIOIIMX TIE€HOB I0JIy4YaTb
rep6uumaoycroiyusbie 'MO HaMHOro mpome, 4yeM, CKaxeM, YCTOH4MBbIe
K 3acyxe WM 3acosieHuio. Y HakoHel, He ciaeayeT 3a6bIBaTh, YTO [IEPBBIC
TeHHO-UH)KEeHEPHbIe UCCJIEIOBAaHUsI B OCHOBHOM (DUHAHCHUPOBATHChH KpYyI-
HeWITMMU TPAaHCHALIMOHAJIbHBIMU KOMIAHUAMH, CIeLUaJU3UPYIOLUMHUCS
Ha MTPOU3BO/CTBE BbILIE HA3BAHHBIX IeCTUIMAOB. EcTrecTBeHHO, OHU ObLIH
3aMHTEepeCOBaHbl IIpeXJe BCerO B CO3[JaHUMM COPTOB PacTeHHH, yCTOHYH-
BbIX K UX NPOAYKLHUH.

PaccMorpuM mogpobree, 4To U3 ce6s IPEACTABISAIOT HEKOTODbBlE U3
TPAHCTEHHBIX KyJbTYP, TOJEPAHTHBIX K repOUITHAAM.

be3ycs0BHBIM JHIEPOM Cpeau BCeX TPAHCTeHHBIX KYJbTYD SIBJISETCS
cosi, ycroduuBas K repburiny riudocary. IlossBnenne reneTudeckn MOJU-
(pMLIHPOBaHHBIX COPTOB, MOXKHO CKa3aTh, IPOU3BEJIO HACTOSIIYIO PEBOJIIO-
I[UIO B TEXHOJIOTHH BO3/€JbIBaHUA COU. [lesi0 B TOM, YTO KyJIbTypHas COS
Pa3BHMBAETCS HAa PAHHUX 3TallaX BereTalluy BecbMa MeUieHHO. [la U KOHKY-
PEHTOCIIOCOGHOCTh B3POCJBIX PACTEHHH TOXKe HEBBICOKA. JTO O3HAYaerT,
yro 6e3 NMpUMeHEHUs repOUIUIOB IOJYyYMTh TpeOyeMblil ypoxkall Takoil
BayKHEHIIeH ceJIbCKOX0341CTBeHHOH KyIbTYPbI, KaK COSl, IPaKTHYeCKH He-
BO3MO>KHO.

Tep6unua raucdocar (PayHaan) oTHOCHTCS K rep6HIIMAaM TOTAJIbHOTO
JeUCTBUA. Ero «MHIIEHbI0» B pacTeHUM ABJSETCST (PepMEHT J-3HOJNMUPY-
BHIIHKUMAT-3-ocdar cunraza (EPSPS), KoTopblil HTpaer BaXKHYIO POJIb
B CHHTE3€ apOMaTHMYeCKMX aMMHOKHCIOT (THpo3uHa, (eHWTaNaHUHA |
tpuntocdana). Ilox geficTBreM repGUIMIa Y HEYCTOHYMBBIX K HEMY pacTe-
HUH HaGMMIOJAIOTCS CUMIOTOMBI a30THOrO rojofanusi (M3-3a HeIOCTaTKa
Ha3BaHHBIX aMUHOKUCJIOT — <«CTPOUTEJbHOrO MaTepuasja» AJs CHHTE3A
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6eJIKOB), ¥ OHH MOTHOAIOT B Te4EHHE ABYX HeJe]b. 3aMeTHM, YTO raudo-
caT OTHOCHTCSI K repOUIlIaM HOBOT'O TIOKOJIEHHS, AJIsI KOTOPBIX XapaKTep-
Ha OTHOCHUTeJIbHasA 6e30IacHOCTD [/ 310POBbsI YeJI0BEKA U OKpYXKalollel
cpeanl. Beap ero «Muienb» uMeeTcsi TOJIbKO y pacTeHui, rpu6oB u 6axre-
PHH U OTCYTCTBYET y >KMBOTHBIX. I103TOMY €ro TOKCUYHOCTD AJIS Ye0BeKa
Ja)ke HIJKe, 4eM y IoBapeHHo# coau. KpoMe Toro, raudpocar OTHOCHTEb-
HO 6bicTpo (MPUGIN3UTENHHO B TEUEHHE HEENM) Pa3pylLIaeTcs Moce 1o-
NajlaHusA Ha PacTeHUs! UM MOYBY.

Y HexoTopbIX 6aKTEpHil OOHAPY KEHbI TeHbl, Kopupyomue EPSPS, xo-
TOpbIe HECYT TOYKOBYIO MyTaluio (OYeHb HE3HAYMTEJIbHOE U3MEHEHUE B
mousekyse JITHK). Pe3yabratoM MyTalluH SIBJISETCS 3aMEHA OfHOM aMHUHO-
KUCJ0THI B 06s1acti ¢depMeHTa, B KOTOPOH IIPOUCXOAUT €ro CBSA3bIBAHHE C
rep6unuioM raugocatoM. [loaroMy rep6unu TepsieT CIOCOGHOCTD Ae3aK-
THBHPOBATb TaKO MyTaHTHBIN (epMeHT, K 6akTepust npuobpeTaeT yCTol-
YMBOCTb K €r0 AEHCTBHIO. BblaeneHO M KJIOHMPOBAHO HECKOJbKO T€HOB
EPSPS ¢ «MyTauueit mumenus: aro A ot 6akrepuit poga Aerobacter; sml
or Salmonella; cp4 or Agrobacterium.

B BhIpamuBaeMbIX BO BceM MHpe TPAHCT€HHBIX KOMMEpPYECKHX COpPTaX
COM BCTPOEH HUMEHHO ITOCJIeIHAHN 13 Ha3BaHHbIX MYTaHTHBIX reHOB (TO ecTh
reH cp4 oT nouBeHHOU 6akTepuu Agrobacterium tumefaciens CP4). Tene-
THYeCKas KOHCTPYKIUA, CO3/JaHHAS ¢ TIOMOIIbIO TEXHOJIOTHH PEKOMOUHAH-
tHeIX JIHK n1s mepenoca atoro reHa B pacTeHUs, COAEP>KHT TaKXKe IPO-
mMotop CaMV33S or Bupyca M0O3aMKH LIBETHOM KAaIMyCThl, TEPMHHAIBHYIO
II0CJIeZI0BATEIbHOCTDb OT TeHa NOS HOMAJTUHCHHTa3bl Agrobacterium tume-
faciens u He6GoMBIUYIO NOCJIE0BATEABHOCTh, KOAMUPYIOI[YIO XJIOPOILIAC-
THBIH TpaH3UTHBIN mentus (MOJeKyJia MeNTHA B OT/IHYHE OT GeJKOB-TIO-
JIMIIENTU/IOB TIPECTABASET CO60i KOPOTKYIO IIEMOYKY AMHHOKHUCJIOT) OT
HEeTYHUH, HeoOXOAMMbINA A1 AocTaBku MytaHTHOro EPSPS k xnopomnnac-
TaM — MeCTy CHHTe3a apOMaTHYeCKHX aMUHOKHUCJIOT B KjieTke. [{yist nepe-
HOCA 3TOM KOHCTPYKIIMM B reHeTHUYeCKUH MaTepHuas COM MCIIOJIb30BAaH Me-
TOX «60MOGAPAMPOBKH» KJETOK C IIOMOIIBIO «TeHHOM mywmku». (/la npoc-
TUT MeHs dYuTaTreJgb 3a oOWiMe CleLHaJbHOM HaydyHOM WH(pOpMaIuu.
OpHako aBTOp BBIHYKJIEH 3TO eJIaTh, YTOOBI HCIIOIH30BATh €€ HUXKe B Ka-
4ecTBE BECOMOIO apryMeHTa IIpd PaCcCMOTPEHUU HeGbLIUIl IIPO TPAaHCTeH-
HYIO COI0, COYMHEHHBIX TaK Ha3bIBaeMBIMH OIIIOHEHTAMU TEHETHYCCKOM
uHKeHepud.) Kak BHAMM, B MOJIyYeHHON TPAHCTEHHOM CO€ OTCYTCTBYIOT
CeJIEKTUBHBIE T€Hbl YCTOMYMBOCTH K AHTHOMOTMKAM, IOCKOJbKY CaM IeH
YCTOMYHUBOCTHU K IH(OCATY MOKHO UCTIOIB30BATh B KAYECTBE CEJEKTHBHO-
ro. OKoJIO TBICSYH PA3IMYHBIX COPTOB YCTONYUBOM K ramdocaty cou, BbI-
pall¥BaeMbIX Ha pPa3HbIX KOHTMHEHTAaX, MOJY4YeHbI C MOMOUIBIO TPAHIY-
OHHOM ceJIeKI[MH, B KOTOPOH UCII0Ib30BAHO B KAYECTBe HCTOUHUKA MYTaHT-
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Horo EPSPS rena oaHo-equHCTBEHHOE TeHHO-WH)XEHEDHOE DaCTEHHE C
ONMCaHHON BBIIIE TeHHO-UHXKEeHEPHOH MoAUQUKaLHE.

Taxum o6pas3oM, reHeTH4eCKH MOAN(UIIMPOBAHHbBIE COPTA COH OTJIHYa-
IOTCS1 OT OOBIYHBIX TOJBKO TEM, YTO Y HUX 06pa3yeTcs ABa TUIIA OAHOTO H
Toro ke ¢epmenta EPSPS. IlepBbiit — cBoi co6cTBeHHbIH, KOTOPBIA MO-
XKET CBA3BIBATHCS repOUINAOM, U BTOPOH — IIPUBHECEHHBIN OT OaKTEepUH,
KOTODBbIH He CBA3bIBaeTcA ¢ repbunuaoM. VIMeHHo Hajudue BTOPOro THIIA
YKa3aHHOTO (epMeHTa JIeJIaeT 3TH COPTa YCTONYMUBBIMHU K AEHCTBUIO IJIH-
docata ¥ coxpaHAeT UM JKU3Hb Tocjie 06paGOTKU TOCEBOB repOUIIUAOM.
¥Yxe ToT ¢akT, uto 6akrepuanbHbiii EPSPS croco6ed BbImoMHATD (DYHK-
AU pacTUTEbHOTO aHaJora, FOBOPUT 00 MX 3HAYUTEJbHOM CXOACTBE, B
TOM YHCJe ¥ B CMbIC]e 6e30IaCHOCTH JJIA 340POBbsS 4YesaoBeka. BTOPBIM
HOBDBIM 3JIEMEHTOM SIBJISIETCS] XJIOPOIJIACTHBIM TPAH3UTHBIN IENTHA, KOTO-
pbiit nocraBnsieT TpaHcrenublii EPSPS k xjoponsacraM ¥ KOTOPbIN NIpesk-
CTaBJIsgeT CO60H KOPOTKYIO LIeNIOYKY AMHHOKHCJIOT, 6BICTPO pa3pyLIalouly-
10Cs B IIpoliecce NepeBapuBaHUs ITUILM.

2.2.3. TpaHcreHHbe COPTa CeJbCKOX039HCTBEHHBIX PaCcTEeHHIH,
YCTOHYMBBIE K HACEKOMBIM-BPE/HTEISAM

Bropoii kioueBoii mpo6yieMoil pacTeHHEBOICTBA SIBJISETCS MOBBIIIEHHE
3¢ (PeKTHBHOCTH KOHTPOJISA YMCIEHHOCTH HAaCEKOMBbIX-Bpeauteneit (1 apy-
THX TIApa3’HTOB, HANpUMep KJellei) CeIbCKOXO3SHCTBEHHBIX KYJBTYP.
Jlnst aTUX Uesell yanle BCETO HCIOJb3YIOT HECTHLHABI — 60 XUMUYec-
Kue, 160 6uosornyeckue (penapathi, MoJy4YeHHbIE HA OCHOBE MHKDPOOD-
TaHH3MOB, BBIPAGATHIBAIOIIMX TOKCHYHBIE IS HACEKOMbBIX BEIECTBa).
Ucnonp3osanue mnocaefHHX TPeANIOUTUTENbHEE C TOYKK 3peHust 6e30mac-
HOCTH [IJISI 3[IOPOBBSI YejioBeKa M OKpy:Kamomeil cpeapl. Oanako addex-
TUBHOCTb XMMUYECKUX CPEACTB 3AIUUTHI PAacCTEHUN OCTAETCS HAMHOTO BbI-
e, yeM 6HOJIOrHYEeCKUX.

Cpean O6MOMECTHIIMAOB IMHPOKO HCHOJB3YeTcs TaK Ha3bIBaeMbId
Bt-toxcun {(cuHoHuMBI: Bt-npoTenH, KpucramamyecKuil MpPOTEUH, AEJIb-
Ta-3HIOTOKCHH), KOTOPBIH MOIYyYalOT HA MUKDOGHOJIOTHYECKUX TIpeIIPHs-
TUAX TyTeM KyJbTUBHPOBAHUS MOYBeHHBIX Gakrepuit — Bacillus thurin-
giensis. JlanHbie 6auuiibl GbLIM ONMMCAaHBl B Havyaje MPOIILJIOro Beka, B
TPUJLaTbIe TO/ibl ObIIO YCTAaHOBJIEHO, YTO OHM CIIOCOOHBI BhIpabaThIBaTh
TOKCUYHBIE /i1 HACEKOMBIX TIPOAYKTbI, 006aJaloIlie, YTO OYeHb BAXKHO,
BBICOKOH HM30MPATEbHOCTBIO ACHCTBHSA. IJTO O3HayaeT, 4To Bt-nporeus,
BbII€JIEHHBIN OT OJHOTO ONpeAeeHHOrO mTaMMa 6anusIbl, criocobeH ybu-
BaTb OINPE[EJICHHbIN BMJI HACEKOMBIX, HAlpUMep JKYKOB, U He AeHCTBYeT
Ha JpyTUX HaceKoMbIX, HanpuMmep 6a6ouek, muen U T.4. YM36uparesabHOCTD
o6ycioBjieHa creludUIecKUM MeXaHU3MOM TOKCHYHOCTH Bt-mporenna.
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[Tonasast B NUIEBaPUTENbHBIN TPAKT YyBCTBUTEJIBHOIO K HEMY HaCEKOMO-
ro, Bt-nporeun nperepneBaeT U3MeHEHUs: NOJ AEUCTBUEM OIPEAEIEHHOTO
IPOTEOJUTHYECKOTO depMenTa B wesnounodt cpeae (pH 7,5—8,0) ot
MCXO/THOM MOJIEKYJIbI IPOTeMHa OTAeasAeTCs He6obiuas yactb (1Ipubausu-
T€JIbHO PaBHAsA OJHOM TPETH MOJIEKYJIbI), PeACTaBdomas co6oil aKTHB-
Hylo (popMy atoro Gesxa. Tonpko OHA ciocoOHA IPUKPETIATHCA K CIIEIH-
(udeckuM perienTopaM B CpeIHeld YacTH MUIIEeBAPHTEIbHOTO TPaKTa Hace-
KOMOTO W BBI3bIBAaTh JHU3UC (pacTBOpeHHEe) KJIETOK, KOTOPBI NPHBOAHUT K
o6pasoBaHuio nmop. HacekoMoe mepecraer MMTaThCSA, MPOUCXOAUT 06e3BO-
’KUBaHMe OPraHu3Ma, ¥ B KOHIIE€ KOHIIOB HACTYIAET CMEPTh. Y HEUYBCTBU-
TEJIbHBIX K KOHKPETHBIM IIpenapaTtaM Bt-ipoTenHa HaCEKOMBIX ONTUCAHHbIE
IIPOLIECCHI He IIPOMCXOAAT, U Bt-mpoTenH y HUX NPOCTO NepeBapUBaeTcs.

EctectBenno, Bt-npotenH He npezacTaBisieT yrpo3bl s TENJIOKPOBHBIX
XKUBOTHBIX U 4eJIOBeKa, NMOCKOJbKY IHUINEBAPUTEIbHBIN TPAKT y HHUX YC-
TPOEH MHAYe, YeM Yy HaCeKOMBIX, M Y HUX JpyTHe NpoTeouTHYecCKue dep-
MeHTbl. Bojee toro, Bt-mporemn — BecbMa HecTOHKHI 6eJIOK, KOTOPbIH
JIETKO JeHaTypUpYeT IIpH HarpeBaHUH, B KUCJIOH cpee eJyaKa, ObICTPO
TIEPEBAPUBAETCA JKEJIYAOYHbIM COKOM (JIMIIb pasGaBJieHHE KeJyIO0YHOTO
COKa B THICAYY Pa3 MO3BOJIMJIO TIOCTPOUTh KPUBYIO €ro Aerpajaliuy Bo Bpe-
MEHU: yXe 4yepe3 JeCSITh MHHYT OT HEr0 He OCTaBaJoch M cJaeaoB). B oc-
TPOM 3KCllepuMeHTe Ha Mblmax (15 gHeil ckapmiuBaHusA Bt-nporeuHa B
J03aX 0 5 rPaMMOB Ha OMH KHJIOIPaMM Beca) He YCTaHOBJIEHO HMKAKMX
OTKJIOHEHHH B 30POBbe OIBITHBIX 0cobeil. 3a MOYTH COPOKAJIETHIOI UCTO-
PHIO MCIIO/Ib30BaHUsA NIpeNapaToB Ha OCHOBe Bt-iporenna He oTME4eHO HU
OHOTO CHy4Yasl ajJiepruil UIN ero TOKCHYHOCTH AJIS JIIoJeH, B TOM qUCJe
COTPYAHMKOB NPEANPUATUH, HA KOTOPBIX €ro MPOU3BOJAT.

Hauunas ¢ 1960-x rogoB 6uomnpenapaTsl Ha ocHOBe Bt-nporenHa Bech-
Ma IIHUPOKO HUCIOJIb3YIOTCA B CEJIbCKOM H JIECHOM XO03sHCTBe A1 60pbObI €
HaCeKOMbIMM-BpeaAUTe/sIMH. X MOXHO KYyNUTDh B X03SHICTBEHHOM Marasu-
He IS IpUMeHeHUs Ha JadHoM yyacrke (Burokcubauuans, Jlenuaouus,
Konenrepun, [lenaposun, Bauurypun u apyrue). K HecoMHeHHbIM foC-
TOMHCTBaM 3THX IIpellapaToB CJEAYeT OTHECTH IIpeXkJe BCero noJHyio Ge-
30TIaCHOCTb JIJIS1 3A0pOBbs YenoBeKa (He TOKCHMYHBI, He BhI3BIBAIOT aJLiep-
TMH), a TaKXe /I OKpyXKalomeit cpeabl (BbICOKas M36UpaTeNbHOCTD Jeii-
CTBHMSI, OHH JIETKO CMbIBAIOTCSI C JIUCThEB, OBICTPO Ppa3pyIAIOTCA IOJ
JEHUCTBUEM YAbTPa(HOIETOBBIX Jydyel, He CHOCOOHBI HAKAMIUBATLCSA B pac-
TeHUHU U NouBe). B To Xe BpeMsi J0CTOMHCTBa mpenapara, 06eceYnBa-
mue 6e30MacHOCTb OKPYXKAIOUIEHl Cpefbl, SBJISIOTCH ero CYUIEeCTBEHHBIM
HEOCTAaTKOM C TOYKH 3peHud 3(p¢eKTHBHOCTH: MpenapaT Croco6eH 3amniu-
TUTb PACT€HHE TOJBKO Ha OYeHb KOPOTKOEe BpeMs.

Pemenue atoit npo6jeMbl CTaI0 BO3MOXHBIM 6Jaroiapss UCIIOAb30Ba-
HHUIO TEHETHYECKOH MH)KeHepUH. DakTepua/bHbIN reH, OTBETCTBEHHBIH 32
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BbIpa6oTKy Bt-nporenna, 611 BoigeseH u3 J1HK 6axrepuii, KIOHHpOBaH,
B HEKOTOPHIX CJIyYasX CYLECTBEHHO MOIUUIMPOBAaH BILIOTH J0 MCKYC-
CTBEHHOrO CHMHTE3a OTAENBHBIX €r0 aKTHBHBIX (PParMeHTOB, COCJUHEH C
HeOOXOJUMBbIMH PEryJ/IITODHBIMUM 3JieMEHTaMU M BCTPOEH B Pa3jH4Hble
BUABI CEeJIbCKOXO3SAMCTBEHHBIX pacTeHuii. HYaile BCero UCMOJb3YIOT TaKue
BapHaHThl Bt-renos, kak crylA(b) ot B.thuringiensis v. kurstaki (n1s xy-
kypysbl), crylA(c) ot B.thuringiensis v.kurstaki (ans xnonka), cryllIA
ot B.thuringiensis v.Tenebrionis (ans Kaprodens).

OcobenHo BbICOKasA 3¢ (PeKTUBHOCTD TpaHCTeHHOro Bt-nporenna oTMe-
YeHa Ha KyKypy3e u xJjonke. [leno B TOM, YTO BPeUTENU STHX KYJbTYp —
JIMYHHKH MOTBLJIBKOB €BPOIEHCKOro TOYMJIBLIINKA KYKypPY3bl, XJIOIIKOBOI'O
KOPO6G0OYHOTO U PO30BOro KOPOOOYHOIO uepBella — HaXOJATCA Ha IOBep-
XHOCTH PacTeHHsI B TeueHHe Oo4eHb KOPOTKOTO BpEMEHH. 3aTéM OHM BHe-
JOPSAIOTCSE B TKAHW PACTEHHS M TPOrPHI3AIOT TaM XOJAbI, HAHOCA, TaKUM
06pa3oM, CyILeCTBeHHBIH YPOH 3/I0pOBbIO pacTenuit u ypoxarn. [lockoabky
y TPaHCTeHHbIX cOPTOB Bt-nmporeun o6pasyerca Bo BceX 3eJIEHBIX TKaHAX
PAaCcTeHUA U NPHCYTCTBYET TaM [IOCTOSHHO, TO 3TO MO3BOJIAET PACTEHHIO 3a-
IMUINATh ceOsi OT BpeauTeJiel Ha MPOTAXKEHHM BCEro Iepuoja BereTalluu.
ITpu aToM TpaHcrenHslil Bt-npoTen# BbicOK03(p(heKTHBEH B UCKIIOYHUTE b~
HO HU3KHUX KOHIIEHTpaLMsX. Tak, BO Bcell 3e/1eH0H Macce KyKypys3bl B Iie-
PMOJ LIBETEHUS Ha NJolmaau B 1 rektap coaepxurcs Bcero 8 — 16 rpaMmmMoB
Bt-nporenna. B xoHIle ce30Ha 3Ta 1udpa UMeeT elle MeHbllee 3HaYeHHe —
0,8 rpamma. B 3pesioM 3epHe U B cuiocHO# Macce Bt-nipoTenH oTCyTCTBYET
BoOOIIE: ero HeBO3MOXKHO OGHAPYKUTD Jake ¢ MOMOIIBIO CaMbIX YyBCTBH-
TeJbHBIX aHAJTUTHYECKHX METOJ0B.

ToBopst 0 reHeruyeckd MOAMGHIMPOBAHHBIX COPTAaX, YCTOMYMUBBIX K
HaCeKOMBIM-BpeIUTEJSIM, CIeyeT OTMETUTh OJHY BaXKHYIO AeTaib. Bee oHu
ABJAIOTCS 6oslee COBepLIEHHBIMU NMPOAYKTAMU I'€HETHYECKOH MHIXKEHEPHUH
[0 CPaBHEHUIO C NepBBIMH repOUIMAOYCTOYMBbIMU ¢popMaMH. IIpu ux
CO3JaHHHU, B YAaCTHOCTH, MCIIOJIb30BaHbI 00jiee TOYHblE MEXaHU3MbI pery-
JIMPOBaHUsI aKTUBHOCTH TPAHCI€HOB 3a CYeT IIPUMEHEHUs He BHPYCHBIX
IIPOMOTOPOB, & pacTUTesJbHbIX. Tak, B Bt-kykypy3e ucronb3oBaH MpoMo-
TOp reHa ¢ocdoesonupyBaTKapOOKCHIA3bl CaMOH JKe KYKypy3bl, KOTO-
pblii 06ecrieuuBaeT aKcnpeccuio (aKTHBHOCTD) Bt-reHOB HCKJIIOYMTENIHHO B
3eJIEHBIX TKaHAX pacTeHus (JMCThAX, cTe6ae). IMeHHO Gaarogapst aToMy
HeT Bt-mporeuna B 3pesiom 3epHe u cuioce. s cosganus Bt-kaprodens
UCTMIONBb30BAH APYroi npoMoTop — ats 1A Manoi cy6beuHUIbI pHOY.I030-
1,5-6udocdarkapbokcuiasbl TOGHMOr0 reHeTHKAMHU MO/IEIbHOTO PacTeHUs
Arabidopsis thaliana (Menxuit copusik u3 cemeiictBa KpecrolseTHpix).
Bt-ren, perymupyemslit (OTOUYBCTBUTEIBHBIM POMOTOPOM, 3KCIIPECCH-
pyerca Ha cBery B 100 pa3 cusibHee, yeM B TeMHOTe. COOTBETCTBEHHO B
KIyOHAX Bt-nporteuna o6pasyercs B 100 pa3 MeHblle, YeM B JUCTBSX.
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Ecau 6piTh TOUHBIM, peus uzer o 0,09—0,053 mukporpamma Bt-nporeunna
Ha 1 rpamm ceiporo Beca Kiay6Heil. TakuM o6pa3oM, 4TOObI TOTPEOUTD Cy-
TOYHYI0 103y Bt-mpoTenHa, KOTOpPYI0 CKapMJIHBAJIM MbIIIAaM B OCTPOM
axcriepuMeHTe (6e3 KaKuX-1H60 OTPUIIATEIbHBIX NOCTEACTBHI 11 X 3/10-
POBbsi), O YeM TOBOPHJIOCH BBIIE, YEJOBEKY BecoM 70 KUJIOrpaMMOB He-
06X0AMMO CheCTh 3a CYTKM Kak MUHUMYM 700 ToHH Kiy6Heit!

ITU KpacHOpeYyuBble JaHHbIE CBUJAETENbCTBYIOT, YTO HU TPAHCTECHHBIH
KapTodesb, HU TPaHCTeHHasl KYKypy3a He COAepKaT B CBOeM ypoxKae Ipo-
AyKTa TIPMBHECEHHOTO UM 6aKTepHAJIbHOrO reHa. To eCTh OHU MOJHOCTHIO
UJEHTUYHBI 110 CBOMM IIOTPeOUTEILCKUM CBOMCTBAM COPTaM, OJy4YEeHHBIM
MeTOaMU TPAIULIHOHHON CeJIeKLIUHU.

2.2.4. TpaHcreHHbIE COPTa CEAbCKOXO3AHCTBEHHBIX pacTeHuii,
yCTOlMHBBIE K BHPYCHBIM 60.Je3naM

BupycHbie 60s1e3HM SABIAIOTCSI NPUYMHOH BeCbMa 3HAYUTENBHBIX IIO-
TEPb yPOKasA AJIA LEJIOro PALa KyJIbTYp, B IEPBYIO oYepelb TeX, KOTOPbIE
Pa3sMHOXKAIOTCS BEreTaTUBHO (KIyGHAMH, YePEHKAMH, JYKOBHIIAMHU, TPHU-
BUBKOI), a Tak)Xe TBIKBEHHLIX, TOMATOB ¥ HEKOTOPBIX APYruX. B cBsAsu ¢
3TUM pa3paboTKa MPHHIUIIHAIBHO HOBBIX NOAX0A0B B 60pbhbe ¢ BUPYCHbI-
MU 00J1Ie3HAMU IpeACTaBisieT 60bIIOH NpakTHYecKuit untepec. CoBpeMeH-
Hble T€HHO-MHXE€HEepHble TEXHOJOTHY CO3[aHUSA YCTOHYMBBIX K BHpycCaM
COpPTOB pacTeHui 6asHMPYIOTCSI Ha MCIOJb30BAHUU H3BECTHOIO C He3ama-
MATHBIX BpPEMEH MeTOAa, IOJyYUBIIETO Ha3BaHHE IIEPEKPECTHOU 3alUThI
(cross protection). OH OCHOBaH Ha SIBJEHUM TIOBBIUIEHHON yCTOMYUBOCTH
pacTeHuH K arpecCUBHBIM (hOopMaM KaKoro-jau6o BUPyCa MPH YCIOBHH, YTO
OHO 6bLIO paHee 3apa’keHO MeHee BPeJOHOCHOH (opMOii TOTO XKe caMoro
BH/Ja BUPyCcOB. MexaHU3M 3TOro SBJE€HHUS TOYHO He BBIICHEH, OAHAKO €ro
JOCTATOYHO IIMPOKO HCIOJIb3YIOT B SINOHUM AJIs1 3aIUTHI TOMATOB OT IIO-
Pa’KeHUst BUpyCcaMH TOMaTHOH M OTypeyYHOil Mo3auku, B bpasumnu ajst 3a-
UTHl HUTPYcoBbix (citrus tristera closterovirus), nanaitu (ringspot po-
tyvirus), Ka6auKkoB IYKKUHH.

B 1986 roxy Ilayas A6enb ¢ COTpyIHHKAMU BI€pPBbIE MOIYYHIM YCTOM-
YUBbIE K MO3aUYHOMY TOOAMOBHPYCY pacreHust Tabaka ITyTeM MepeHoca B
HX TeHeTHYeCKH MaTepuas reHa 3TOro Bupyca, KoAupylouero o6pa3oBa-
HHUe Gesnka o6osoukn (coat protein — CP). C tex mop aT0oT mogxoz 6ol
YCHeIHO anpo6upoBaH Ha MHorux pacrenusx (cemime 30 BuzoB) ¢ 6ojee
gyeM S0 BupycubiMu CP. Ilo3aHee oKa3asioch, YTO aHaIOrMYHbBIN, a MHOTAA
Jaxke JIy4IUui pe3yJsbTaT JOCTHTaeTcs Npu ucnonb3oBannu He CP-TpaHc-
reHOB, a F€HOB, KOAUPYIOUIUX ApYTUe NMPOTEUHbl BUPYCOB — (DepMEHTOB
pernkasel, PHKa3s1.
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Jlist reHeTHYECKO# MHXXEHEPUH BUPYCOYCTOMYUBEIX (POPM B LiesAX Ge-
30MaCHOCTH UCno/b3yioT CP-rednl, KOTOpble IpeABAPUTEIHLHO MOAU(HIIH-
PYIOT TakuM 06pa3oM, YTOOBI OHM He MOIJIM MePEHOCUTHCSI OT PacTeHHd K
pacrenuo, 6o Boiaesasior CP-reHsl U3 eCTECTBEHHBIX «HETPaHCMHUCCH-
GenbHBIX» mMTaMMOB. TaKiKe OIEPUPYIOT reHaMu OT IITaMMOB, He CII0CO6-
HBIX MHGUIMPOBATh PACTEHHs B €CTECTBEHHBIX YCJIOBHAX, JHO60 MaHMITY-
JIUPYIOT YKOpoueHHbIMH CP-reHaMu, KOTOpPbIe KOQUPYIOT 00pa3oBaHue Jie-
¢extHbIX, HepyHKIMOHUpPYIonMX CP-nporentoB. Oka3ajoch, YTO MOXKHO
o6ecreYuTh 3allUTy OT BHPYCOB Ja)XKe B TeX CJIy4asix, KOIAAa BCTPOEH
HacTo/bKo AedekTHbIit CP-reH, Yro 06pa3oBaBIlascA NPU €ro CYMTHIBA-
Huu nadopmammonHast PHK He crioco6Ha K TpaHC/SIIMH, TO €CTb K CHHTE-
3y coorBeTcTBYIomero CP-mporensa.

U3 Bcero pasHoo6pa3us MOJYYEHHBIX BUPYCOYCTOWYMBBHIX (POPM AJIA
KOMMEPYeCKOT0 MCIIO/Ib30BaHUS JONMYIIeHbl CPABHUTEIbHO HEMHOTHE: Ma-
maiist, yCToiYMBas K BUPYCYy HATHUCTOCTH, ABe GOpMbI LYKKHHH, YCTOMR-
YHBbIe K HECKOJIBKUM BUPYCaM, U COPTa KapTodess ¢ KOMILUIEKCHOH yCTOMH-
YHBOCTBIO K KOJOPAACKOMY XyKy (Bt-ren) u Kk OfHOMY M3 BUPYCOB KapTo-
dens: urpex-supycy (PVY) umu upycy ckpyuusanus jmcrses (PLRV).

3aMeTHM, 4TO ONUCAHHAsI TeHHO-WH)KeHepHasd TEXHOJIOTHS 3allMThbI
pacTeHU# OT BHUPYCOB II0O3BOJISET II0JIy4YaTb COPTa, B 3HAYHTEJbHOH Mepe
UJeHTUYHbIE TI0 CBOUM IOTPeOUTEeNIbCKUM KadecTBaM COPTaM TPaJAMIMOH-
HO# ceJjieKIMH. MBI MMeeM yxe JIMTeJIbHYIO MCTOPHIO 6e30MacHOro Io-
Tpe6JieHUs NPOAYKTOB TpancreHoB CP-IIpoTeuHOB, MOCKOJIbKY Ha3BaHHbIE
BUDYCHbBIE IIPOTEUHbI MOCTOSHHO NMPUCYTCTBYIOT B IHIIE U3 Kaprodes,
Ka6ayKoB M Apyrux pacrenuii. Bojee Toro, B 06bIYHBIX COpTaX KOHIIEH-
TPalMs 3TUX 6eJIKOB MOXKET GbITh B JECSITKH, & TO U COTHH pa3 Bhlllle, YeM
y TPaHCTeHHbIX (POPM: BeJb OHU-TO He YCTOHYUBBI K BUPYCaM M MOITOMY
HaKaIJIMBalOT UX B CBOUX TKaHAX.

2.2.5. TpancreHnbie COpPTa CeNbCKOXO3ANCTBEHHBIX pacTeHuit
C yJAy'IIeHHbIMH KaY€CTBEHHbIMH XapaKTePHCTHKAMH

ITO rpyla UCKIIOUMTE/IbHO IEHHBIX JJIsI oTpebures ¢GopM, IIpH 1o~
JIy4eHUU KOTOPBIX He MCIIOJIb3YIOTCA YyKepoaHble reHnl. [Jo6aBisis B re-
HEeTUYECKHIT MaTepHaJl pacTeHUs AOIIOJHUTE/IbHbIE KOMUU ONpeeseHHbIX
reHoB, BbIAeseHHBIX H3 coOcTBenHOM /[IHK pacrenus, MoXXHO XOOGUTHCS
CYIIeCTBEHHOIO OcCJIa6jieHHsI aKTHBHOCTH 3THX reHoB. B cBOIO ouepenb 310
MOXXeT IIPUBECTH K M3MEHEHWIO KaYeCTBEHHBIX XapaKTEPHCTHUK TOro Ipo-
AyKTa, B TeHETUYECKOM KOHTpOJie GHOCHHTE32 KOTOPOro 3a/eiiCTBOBaHbI
JIaHHbIE T'eHBI.

Tak, 411 kayecTBa PaCTUTEJBLHOrO MACJ/Ia HCKJIIOYMTENbHO BAXKHOE 3Ha-
YeHHe UMeeT COOTHOLIEHNEe B HeM pa3/IMYHbIX )XHUPHBIX KUCI0T. B accopTu-



52 + TJIABA BTOPA{

MeHTe JIOIMYIEHHbIX K UCHOJb30BAHUIO TPAHCTEHHBIX COPTOB MMEETCS P/
OpM MaCIMYHBIX KYJbTYp C YJAYJIIEHHBIM COCTaBOM Macjaa. Cpead HUX
cJIe/lyeT Ha3BaTh, HANPUMEP, TaKyIo KYJIbTypY, KaK cOsi, KOTOPO# n06aBu-
JIU JIONOJIHUTENbHYI0 KONHIO reHa (pepMeHTa AecaTypasbi, B pe3yJbTaTe
uero ee COOCTBEHHBIIL TeH JecaTypasbl «3aMo/I4aa». JTO NIPHBEJIO K CHH-
XKEHUIO B COEBOM MacJjle YPOBHS MOJUHEHACHILIEHHbIX XHUPHBIX KHCJIOT JIX-
HOJIEBOM U JIMHOJIEHOBOH U KOMIIEHCAIlHOHHOMY YBEJIHMYEHHIO YDOBHA MO-
HOHEHACBHIIIEHHON XUPHOM KUCI0TH oJenHOBOH n0 80%, uTo naxe 60Jb-
1ie, 4YeM B OJIMBKOM MacJie; B HeMOAU(UIMPOBaHHOMN coe ee ypoBeHb ObLI
Bcero 23%. IlosydyeHHOe Macji0 3aMETHO MPEBOCXOMMT IO NMOTPeGHUTEND-
CKUM CBOMCTBaM MacJi0 COM TPAAHIMOHHBIX COPTOB, B YaCTHOCTH, OHO 60-
Jee cTaOUJIBHO IIDH HArpeBaHUM, BCer[a COXPAaHSET IPUBJIEKATE/IbHbIH
IJIs TIoTpe6uTess Xuaxuit Bua (He 3arycresaer).

BTopoit uHTepecHbIN NpUMep UCIO/Jb30BaHUS SIBIEHHS <«3aMOJIKaHUS
TeHOB» — CO3/laHUe COPTOB TPAHCTeHHOIro KapTodesis ¢ yIyYlIeHHbIM Ka-
4eCTBOM Kpaxmaja. KpaxmaJsi, BbLeJIEHHbIH M3 OOBIYHBIX COPTOB KapTo-
(ens1, comepKUT /1Be OCHOBHBIE (JOPMBI 3TOTO MOJUCAXAPH/IA: BETBUCTBIA —
aMUJIONIEKTHH U HEBETBUCTBI — aMuio3a. Uem 6osbille aMUIONIEKTHHA U
MeHbllle aMUJIO3bl, TeM Bblllle KayecTBO Kpaxmasja. ['eHHO-HHXeHEpHbIH
COPT KapTodeJsl ¢ MOBBIIIEHHBIM Ka4eCTBOM KpaxMaJja CO3/laH IyTeM J0-
6aBKH JONOJHUTETbHOM KONUM reHa aMuJio3sl (B IIepeBepHyTOM IO OTHO-
IIEHHUIO K IPOMOTOPY BHJE, TO eCTb B BH/IE TaK Ha3bIBaéMOM aHTHCMBICJIO-
BOit KOHCTPYKuMH). B pesysbTaTe ypoBeHb MeHee LEHHOM aMHJIO3BI B
KpaxMaJie TPaHCT€HHOro copTa 6bLT MOHWKEH IIPDAKTUYECKH A0 HYJIA.

AHaJIOTUYHAsT «QHTUCMBICIOBasI» reHeTHYecKasi KOHCTPYKUMS MCIIOJIb-
30BaHa M NIPHM CO3JaHUU TpaHcreHHoro copra ToMaroB FLAVRSAVR c
yAJHHEHHDIM TI€PHOJOM XpaHeHus miaonoB. OObIMHO B IpoLecce co3peBa-
HUA IJIOABI TOMArTOB BCKOpe IOCJe MOKPACHEHHS IIOCTENEHHO TepAT
YyTIPYIOCTb, CTAHOBSITCSI MATKUMH U 3arHuBaioT. IIpyunHoi sroro ABJsAETCS
06pa3oBaHue (pepMeHTa ITOJUTANAKTYPOHA3a, KOTOPBIX Jerpajaupyer IeK-
THH, HaXOJSIIHICS B MEXKJIETOUHOM TIpOCTpaHCTBe miona. Ilpu cozganuu
TPaHCTEHHOTO COpTa Oblfa MCIIOJIb30BaHA AHTUCMBICJIOBAs KOHCTPYKIIHS
Ha3BaHHOro reHa. B pesysibrare y MOJy4eHHOTO COpTa MOJMIaJaKTypOHa-
3a o0pa3yeTcs B IOHIKEHHOM KOJIMYECTBE, 6J1arofaps YeMy CIiesible TOMH-
JOpbl B TeYeHUe IIPO0/KUTETbHOTO BpeMEHU COXPaHSIIOT TOBApHBIi BULL.

IIpu coszaHMM TPAHCTEHHOTO panca ¢ yJyYLIEHHBIM COCTaBOM Macija
UCIIOJb30BaH 6oJiee TPAAULUOHHBIN /11 reHeTHYeCKOH WHXXeHEpHUM IOJ-
X0/l TOPH30HTAJIbHOTO NlepeHoca FeHOB OT HEPOACTBEHHbIX BHAOB. B rene-
THYECKUH Marepuas parca 6bLJ «IIOACaXKeH» T'eH THO3CTepa3bl OT KasH-
(opHMIiCKOTO JIaBpOBOrO JepeBa. BcejieacTBue 3TOro TPAaHCTEHHBIH COPT
MOJIyYHJl CIIOCOOHOCTh 0Opa3oBbIBaTh MAacJjo, B KOTODOM HOSIBUJIUCbH He
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CBOMCTBEHHBIE /I parica JIaBpoBas U MHDHUCTHHOBAs >XHUDHblE KHCJOTBI.
Takoe Macjio Mo Ka4ecTBY NMPUOIU3HIOCH K HauboJsiee LieHHbIM PAaCTUTE b~
HBIM MacJaM: NMaJbMOBOMY H KOKOCOBOMY.

2.2.6. HoayueHne TPaHCTEHHbIX reTEpO3HCHBIX rHOPHIOB
CeJIbCKOXO3AHCTBCHHBX PacCTEHHIi HA OCHOBE CHCTEMDI
MYKCKOM CTEPHIbHOCTH /BOCCTaHOBJICHHE (epTHIBROCTH

Terepo3ucHbie THOPUIBI, TOJYyYEHHbIE B Pe3yIbTaTe CKPEIMBaHU CIIe-
HaJbHO TOXOGPAaHHBIX POJUTENbCKUX (pOpM, NMPOYHO BOULIXA B HALIy
xu3ub. Taxue ru6puIbI IPEBOCXOMAT POAUTENEH 10 YPOXKAIHOCTH, yCTOHU-
YHBOCTU K 60/Ie3HAM U HeOaronpusiTHbiM (pakTopaM Cpelbl, BHIpaBHEH-
HOCTH BCXOJ0B. JI1060i1 JayHUK BIIOJHE OCO3HAHHO IpEANIOYHTaeT IOKY-
nMaTh MMEHHO THOpH/HbIE ceMeHa TOMAaToB, IEplia, OTypILOB, KaIlyCThI.
HecMOTpsI Ha TO YTO 3TO NMPHUXOAUTCA JeaaTh Kaxiblii rox (cemeHa co6-
CTBEHHOTO MPOU3BO/ICTBA PE3KO CHIXKAIOT CBOM NOTpeSuTeIbCKHE TI0Ka3a-
TeJU), BCe PaBHO 3aTPAThl OKYNAKT cebs C JTUXBOIL.

Ho MaJio KTo 3HaeT, KaK CJ0XHO MOJy4YaTb TaKue THOpHAHbIE CEMEHA.
Benb a1 aToro He06X0AMMO IMOJTHOCTHIO UCKJIIOYUTD IONAZaHue NblIbIIBI
MaTEPHHCKUX (OpM Ha MECTHK COOCTBEHHOro lBerka. MHave mosyvarca
He ru6puHbIe, a CAMOONbLIEHHbIE CeMeHa, KOTopble MOTyT JaTh B JBa H
60siee pa3 MeHee IIPOAYKTUBHOE IIOTOMCTBO. UTOOB! yIIPOCTUTD NPOLIEAY DY
NOJIy4eHUs] THODUAHBIX CeMSH, TIPUMEHSIOT CliellHaJIbHbie IeHeTHYeCKue
MOAXObI AJISI CeNEKIMU MY:KCKH CTepUJIBHBIX JUHHH, KOTOpPblE MOXHO
CITOKOMHO HCIIOJIb30BATh B CKPEIIMBAHMUSIX B KayeCcTBe MaTepHHCKUX GopM,
He OGECIOKOsICh, YTO Npou3soiier camoonsuienne. C cepeaunbl 30-X roaos
IIPOLLJIOrO BeKa JUIS 3TUX IeJiell CTaJId UCIIO0JIb30BaTh ITUTOILTa3MaTHYeC-
Ky10 MyXcKywo crepunbHocTh (IIMC), BosHUKHOBeHHEe KOTOPOi 06YyCIOB-
JieHo crieuudruecKuM B3auMOAEHCTBUEM T'eHOB s1Ipa M UyXXePOAHOM IH-
TOMJIa3Mbl KjaeTku. OQHaKo He JJIs BCeX KYJBTYP YAaJOCh CO3JAaThb ajle-
kBaTHble cucteMsl [IMC, ma u cama cucreMa pa3MHOXKEHUS TaKUX JIMHHH
0CTaBaJIaCh BeCbMa CJIOXKHOH U He Bcerza 3 HeKTUBHOM.

l'enernueckass MHXXeHEDHUS BHeCJA BECOMBIH BKJIAJ B peEIICHUE STOH
npo6ieMbl. 151 CO31aHUSA MYXKCKH CTEPUIBHBIX TPAaHCTEHHbBIX JUHUN pac-
TeHUIT GBLTO TIPEJIOKEHO HCII0Ib30BaTh el barnase ot 6akrepuu Bacillus
amyloliquefaciens, xotopslit Kogupyer o6pasoBanue pepmenta PHKasb,
ydacTBymowero B paculenyienuu mMosnexysa PHK. Baaromapsa tkanecneuu-
¢puueckomy npomoropy PTA29 or tabaka aror ¢epmeHT obpasyercs y
TPAHCTEHHOTO PaCTEHMS TOJILKO B OMHOM MecTe (B MBLIbHUKE) M TOJBKO B
onHo BpeMs (B nepuon userenusi). PesysbTaT TIpefCKasaTh HECTIOXKHO:
nerpagauusa PHK B TkaHAX NbIJIbHUKA O3HAYaeT OTCYTCTBHME CHHTE3a
Geska ¥ B KOHEYHOM UTOre — 06pa30BaHHe HEXXU3HECIIOCOOHOM ITBLIbIILI.
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151 obneryeHus npoLeypbl pa3MHOXKEHHS TAKUX JIMHUH reH barnase 6blJ
CKOOIIEPUPOBAH B OJ[HOI reHeTUYECKOH KOHCTPYKIIMM C TEHOM YCTOHYHMBOC-
TH K rep6HLMAY I0dO3NHATY, KOTOPBIH K TOMY K€ BBICTYIAJ B KayeCTBe
CeJIEKTUBHOTO TeHa TIPH OCYIIEeCTBJIEHHN TeHeTUYeCKOH TpaHC(OpPMaIuH.

Ecnu onblaATh pacTeHHs TakoH MYXXCKH CTEPUJIbHOW JMHUM NBLIBLON
CIielHaIbHO NTOA06paHHON JIMHUM TPaJUIMOHHOH ceNeKIuH, Jalolel MpH
CKpeIlMBAaHUU TeTePO3UCHOE IOTOMCTBO, TO AEHCTBUTENBHO MOXHO 6e3
npo6eM NOJyYuTh TUOPIAHBIE CEMEHA, MTOCKOJIBKY CaMOOIblIeHHe MaTte-
puHCKUX (opM ucka0YeHo. OJHAKO CaMO reTepPO3UCHOE IIOTOMCTBO ITOJIY-
YUTCA MY>KCKM CTEpUJIbHBIM, UTO COBCEM HexesatesbHO. [loaToMy B Ka-
YeCTBE ONbLIUTE/IS UCIOJb3YIOT TaKyIO Xe JHHUIO, HO HeCYILYIO TPaHCTeH
barstar ot Toii e 6axrepuu Bacillus amyloliquefaciens. Jtor reH xoau-
pyer o6pa3oBanue ¢epMenTa-unruéuropa PHKas, 6i1arogaps yemy y ru-
6pHI0B BOCCTaHABJIMBAETCA (PEPTUIBHOCTh NBLAbLLL. MIMEeHHO HMCIOb3yA
CHCTEMY TPaHCT€HHBIX JHHHMH C 3TUMHU ABYMs 6aKTEPHAILHBIMHM T€HAMH,
YJaJIOCh CO3/JaTh LeJbIH Psi/i KOMMEPYECKHUX COPTOB panca, KOTOpPbIE Tpea-
CTaBJSIOT CO60i rerepo3ucHbie THOpUABL F1.

Yro npuBiekaeT B 3TOH MHTepecHO# pa3pa6oTke? Ilpexxme Bcero BbI-
COKOe KayeCTBO KOHCTPYHPOBaHUS TPAHCTeHHBIX Maa3Muz. Oco6eHHO TOo-
paxaer BbICOYaillasg TOYHOCTb PEryJMPOBAHUSA AKTHBHOCTH pPabOThI
TPaHCTE€HOB: CTPOrO B ONIpe/ie/IEeHHOM MecTe M B Orpe/iejieHHOoe BpeMsi. B
pe3yJibTaTe B pacTeHUH IOCJe I[BeTEHUS BOBCE HE OCTAeTCS NMPOAYKTOB
TpaHcreHoB (1BETHI €O CBOMMH TbLIbHUKAMU OTLBENH M OCBIIATHCD).
CnenoBaresibHO, TIOJIyYeHHast MPOAYKIMst (pancoBoe ceMsi, PancoBoe Mac-
70, 3eJieHask Macca) MOJHOCTBIO MIEHTUYHA IO MOTPEGUTENbCKUM CBOM-
CTBaM NMPOAYKLUH, TONYYEHHOH OT aHAJOTHYHBIX COPTOB TPAIUIUOHHOM
CeNeKIuH.

2.2.7. Yro nac xaer B Gmkaiimem 6yaymeM?

Mb1 npHuBesn npuUMephbl TOJBKO KOMMEDYECKHUX COPTOB TPAHCTEHHBIX
pacTeHu#, TO €CTb COPTOB, IOJYYUBIIMX ODUIMAIBHOE paspelleHHe Ha
HCIIOJIb30BaHMe B XO3ANCTBEHHO! JesATeTbHOCTU. B TO jXe BpeMsi Hay4HbIE
MCCJIeloBaHUS B aTON 06JIaCTH BeIyTCA IO 1IeJIOMY Py NMEPCIEKTUBHBIX
HanpaBJIeHUH. Yike IOJyYeHbI MHTePEeCHble Pe3yJIbTaThl, 3HAYMT, B OJIH-
XadileM OyayuieM CJIeAyeT OXHAATb IOSBJIEHHS HOBBIX, HEBHAaHHBIX
COPTOB C HOBBIMH BO3MOXHOCTsMU. Ilpexxme Bcero 6osbliioe BHUMaHHE
VAEJISETCA MOBBIIHeHUIO 3¢ PeKTUBHOCTH 60pbOBI ¢ 6OJIE3HIMH PACTEHHH.
Y1op penaercst Ha CO3JaHHE YCTOMYMBBIX K 6OJE3HSIM COPTOB CEIbCKOXO-
3SMCTBEHHbIX pacTeHui. IIpm aToM ucnosb3yroTes asa nogxona. Bo-nep-
BBIX, BBLJEJIEHDI, KJIOHKPOBaHbI U IlepeHeceHbl B TeHETHYECKUN MaTepuaJt
pacTeHHii MHOTOYUCJIeHHblE T€HBI, CBSA3aHHBIE CO CTUMYJIAIMEH HeClely-
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¢mraeckoro (To ecTb HE HANPABJIEHHOTO IIPOTHB OIPEAEJEHHOrO IIATOreHa)
UMMYHUTeTa pacTeHus. (/g aToro nmpuMeHsioT reHbl ¢hepMEHTOB aMHJIa3,
XUTHHA3, NMOoMQeHONOKCHIa3, MePOKCHAA3, a TakkKe (PUTOATEKCHHOB U
JIU303UMOB, JeKTUHOB. BTOopoil moaxo OCHOBaH Ha BblAENEHUU U KJIOHH-
POBaHMH MOIIHBIX T€HOB YCTOMYMBOCTHU K 60JI€3HAM OT AUKUX BUJOB. Tak,
HEeJ]aBHO aMEPUKAHCKUM Y4YEHBIM Y/JaJIOCh [IEPEHECTH I'eH YCTOHYHBOCTH K
caMOMy oIlacHOMY 3a6osieBanHuIio KapTrodena — purodropo3y oT IHKOTO
BUAa Kaprodens Solanum bulbocastanum k MHPOKO UCIOJIb3YEeMOMY, HO
He YCTOMYUBOMY K 3TOMy martoreHy copty Karaaun. Brarogaps stoi rex-
HOJIOTUH IOSIBUJIACh BO3MOKHOCTD CYIIECTBEHHO MOBBICUTD (PUTOPTOPOYC-
TOUYMBOCTP MHOTHX IPOBEPEHHBIX COPTOB KapTodesda. B mpuHiune LeH-
HbIE€ [€HbI OT JUKUX BUAOB MOXKHO HCIIOJIb30BATh M C IOMOIIBIO METO/JOB
TPaJMLIMOHHON cejieKuud. Ho Jumb reHeTndeckast NHXEHEPUA II03BOJISIET
I[eJIeHaNlpaBJIeHHO yay4lllaTh COpTa, J06aBJsis OTAENbHbIE F€Hbl U HE M3-
MeHsIs1 OCTAJIbHBIX XaPAKTEPUCTUK COPTA. ITO 0CO60 aKTyasbHO A/ TAKUX
BbICOKOT€TEPO3UTOTHBIX KYJbTYpP, KaK Kaprodesb, Aai KOTOporo Jwo6oe
CKpelllMUBaHie B XO0/I¢ TPAAUUMOHHON CeJEKLMH COIIPOBOXKAAETCS IOJHbIM
U3MEHEHUEeM UCXO/HOrO TeHOTHIA.

Cuenymoulee BaXxHO€ HalpaBjieHHe TeHETUYECKOH HH)KEHEPHM — Ce-
JIEKIIUSI COPTOB, YCTONYMBBIX K CTPECCOBBIM (paKTOpaM CpeJbl: 3acyxe, xKa-
pe, X004y, IOBBIIIEHHOMY 3acoseHuio mouyBbl. [Tockonbky Bce 3tu CcTpec-
Cbl OTHOCSITCSI K Pa3psLy OCMOTUYECKHX, TO ¥ IIOAXO/bI 10 BCEM ITHM Ha-
npasiaeHussM obmue. Wper pa6ora Haja BblaeseHHeM, KJIOHHDOBaHUEM U
IIepeHOCOM B pacTeHMs TPAHCTeHOB, KOAUPYIOUMX 06pa3oBaHHe Pa3JIvy-
HBIX OCMOIIPOTEKTOPOB (MOHOB, MPOTEMHOB, aMHHOKMCJIOT, CaXapoB, IO-
JIMAaMUHOB), PEryJUPYIOIMX COJEPXKAHUE HEHACHINIEHHBIX JKHPHBIX KHC-
JIOT B MeMOpaHaX KJIETOK M T.[.

Oka3bIBaeTcs, ¢ MOMOIIbIO FeHeTUIEeCKOM HH)KeHepHH MOXKHO IOBBIINATh
U YPOXKaHHOCTb CENbCKOXO3SIUCTBEHHBIX PACTEHHM, HECMOTPS Ha TO 4TO
3TOT NIPU3HAK SIBJAETCS IIOJUreHHBbIM, TO €CTh OH ONpeAessIeTCs] aKTUBHO-
CTbIO O4YeHb OOJIbILIOTO KOJUYECTBA I'eHOB. TeM He MeHee MOXHO HaWTH U
IIPUMEHSTD OT/eNbHbIE FeHbl, IPOAYKThI KOTOPBIX IO3BOJIAIOT CYLIECTBEH-
HO YCHJIUTD IIPOLIECCHI POCTA U B HTOTE NIOBBICHTD IIPOAYKTUBHOCTD PACTEHUS.
Tak, BcTpauBaHue B reHoM KapTodgess rena ¢puroxpoma B ot apabugoncu-
ca TIPUBOJMJIO K IIOBBIECHUIO0 HMHTEHCUBHOCTH (POTOCUHTE3A U YBETMYEHHIO
ypoxas kiayOHeit. Ilo naHHBIM poccuiicKuX ydyeHbIX U3 VIpKyTCKOro yHH-
BepCHUTeTa, IEPEHOC B TeHOM KapTodessi reHa, KOAUpYyomero o6pasoBaHue
depmerra Y IDI TpaHcdepassl co3peBaionero 3epHa KyKypysbl, COpo-
BOXK/JaJICA yCUJIeHHeM 6HOCHHTEe32 POCTOBBIX (DMTOTOPMOHOB, YTO IIO3BO-
JIAJIO TIOBBICHTD YpOKail KIyOHel B 1Ba pa3a, YpPOBEHb CYXUX BelIeCTB B
KIy6Hax no 27% (y o6briunbix Menee 20%), aCKOPOUHOBOM KHCJIOTHI A0
9%. PaspesanHble KJIyGHU He TeMHENHd Ha BO3xyxe. Bcxoabl OT Takux
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KJIyOHe# mosB/sMch Ha 7 — 10 gHelt paHbpiue, 4eM y OOBIYHBIX COPTOB.
ITpuMeHeHue 3TOrO e reHa [JA TFeHeTH4YecKOi MoAM(pHUKaAIMUd TOMATOB
II03BOJIMJIO IOCTUTHYTH YpO’Kas IJIOAOB B TeIIHIe 10 32 KUJIOrPaMMOB, a
B COYETaHUH C APYTHMU reHaMu — Jaxe 46 10 KMIorpaMMoB C KBaJIpaTHO-
ro Merpa (y HeMOAU(HUIMPOBAHHBIX PACTEHUIT ypoxKaii cocTaBu 20,7 Ku-
JIOTPaMMa C KBAJPaTHOTO MeTpa).

W HTEHCHBHO UCIIO/IB3YSI TPAAUITMOHHbBIE F€HHO-UHKEeHEPHbIE TIOAXO0/bI,
MO’KHO TOGUTHCS MOBBIIIEHUST KaYeCTBEHHBIX W IIOTPeOUTEIHbCKUX CBOHCTB
CeJIbCKOXO03sIUCTBeHHON npoaykuuu. BenyTtcs pa6oTsl u mosydeHnl o6Ha-
JeXXMBaIOle pe3yJbTaTbl N0 co3aaHm0 Kode 6e3 KodeuHa, Tabaka 6e3
HUKOTHHA, apaxuca, He COAep)Kallero XapakTepHBIX IJA HETo aJjljepre-
HOB. DoJbmoit pesonaHc B o6uiecTse BbI3Basa pa3paboTKa LIBEHUAPCKUX
Y4Y€HBIX, TTOCBAILEHHAA CO3/JaHUIO TaK Ha3bIBaEMOT'O «30J10TOro» puca. Mim
yAQJIOCh TIOMYYUTb M TIEPEHECTH B DACTEHUS pHCAa TeHETHYECKYI0 KOH-
CTPYKIHIO, COEePKALYyi0o CPa3y TPH reHa OT Pa3HbIX OPraHU3MOB, HE06XO-
JAMMBIX 1Jisi GHOCHHTE3a KapoThHa (MpOBMTaMMHa A): reHbl (puToeHzeca-
TYpa3bl M JJUKONHH f-1IUKJIa3bl OT HApLMCCa U T'eH KapOTUHAeCaTypa3bl OT
6axtepuii. B pesysbrare pacrenus puca npuoGpesu coCOOHOCTb CHHTe-
3MpOBaTh KapOTHH, KOHI[EHTpAalUd KOTOpOro B 3epHe JocTuraia 1,6—2
MHKDOrpaMMOB Ha rpaMM cbIpod Maccel. KoHeuHo, 3TOro HeZ0CTaTOYHO,
4yTOObl B HOJHON Mepe pelmuTh NpobyeMy ocialbJIeHHOTO 3peHHs aereii
IOro-Bocrounoit A3uy, BbI3BaHHYIO Ae(DUIIMTOM BUTaMHHA A B IPOAYKTAX
nUTaHusA. J{Jis1 3Toro feTsaM 4 —6 jeT Heo6X0AUMO eXXeJHEBHO CheAaTh I0-
panka 1,2 xunorpaMma «30JI0TOTO pucay, YTO HepeaJabHO. TeM He MeHee
NEPBbIH IIAr B 3TOM HANPABJECHUM Cl€JaH, U MOJIyYeHHBIE pe3yJbTaThl
JNEHCTBUTEIbHO OTKPBIBAIOT IIMPOKHE MEPCIEKTHBB! B PEIIEHUH JAHHON
HpPOOJIEMBI.

M es1 ucnosib30BaHUs TPAHCTEHHBIX PACTEHUI B KayeCcTBe «OHODPEaKTO-
pPOB» A1 MPOU3BOJCTBA PA3/IMYHBIX IIeHHBIX (papMalieBTHUEeCKUX COelu-
HEHUM, TaK HA3bIBa€MbIX DPEKOMOMHAHTHBIX NPOTEHHOB, MOCTOSSHHO HpPH-
BJIEKaeT BHMMaHHe Y4YeHBIX. SINOHCKMM uccJefoBaTesisiM yAaaoch NOJy-
YUTh pacTeHHs Kaprodess u Ta6aka ¢ BCTPOSHHBIM M€HOM 4Y€JI0BeYECKOro
unrepdepona anbda, KOTOPHIH IPUMEHSIOT /IS JIEYeHUST YeJOoBeKa OT re-
natuta C 1 Hexotopbix ¢opM paka. Co3naHbl pacTeHus Tabaka ¢ yesioBe-
YeCKUM UHTepseiknHoM 10 (CTUMYIATOp HMMYHHMTETA), pACTEHUS apadu-
Joricuca, cuHTesupyoiue sutaMuH E. IlpeumyntectBa Takux «6uogabpuxs
O4YeBHHbI. MOXHO IIPOK3BOJAHTD BELIECTBA, SIBJISBIINECS PaHee OYeHb Pejl-
KHMM M AOPOTMMM, IIPAKTHYECKH B HEOTDAHMYEHHBIX KojuyecrBaX. Ilpu
3TOM He CTOMT IpofJjieMa UX TIATeJbHOH OYUCTKH, KaK B CJIy4ae C TeHETH-
YeCKH MOAM(PHUHPOBAHHBIMM MHUKpOOpraHusmaMu. Jla M BO3MOXHOCTH
PACTEHMH IO CPaBHEHMIO ¢ MMKDOOPraHWU3MaMH [T GHOCHHTE3a CIIeIH-
(puuecKUX I BBICIINX OPraHU3MOB BEUIECTB CYIECTBEHHO IIIUPE, MOCKOJIb-
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Ky pacTeHHs HaMHOro 6JIKe K HUM B 3BOJIIOLMOHHOM NjlaHe. OTCyTCTBY-
IOT PUCKH IIepeHOCa CKPBITHIX WH(QEKIMA, XapaKTepHble AJis1 TPaJAULIHOH-
HBIX METOZIOB IIPOU3BOJACTBA HEKOTOPHIX NIpENaparoB IIyTeM BbIAEIEHUs U3
TPYMHOTO MaTepHajia, OPraHOB JKUBOTHBIX MJIM JOHOPDCKOH KDOBH.
Bospiiolt mHTEpEC IPEACTaBJIAET UCIOAb30BaHHE TPAHCT'EHHBIX pacTe-
HHIi B LEJISIX MTOJIyYeHHs Che0OHBIX BaKIIUH JJIs TOBbIIIEHUS YCTOHYMBOC-
TH OpraHM3Ma YejIoBeKa K ONMacHbIM 3abojeBaHusM. s 9TOro npeaJara-
€TCs1 JOCTATOYHO MPOCTasi cxeMa. B reHeTHyeckuit MaTepuas pacTeHUs Iie-
penocsr He6oabmoit ¢pparment JHK kakoro-mu6o marorena (waire Bcero
BMpyca). B pesysbraTe B mIoiax TaKOro TPaHCTEHHOTO pacTeHus1 o6pasy-
eTCs1 ONpe/IeIeHHbIA IMPOTENH, XapakTepHbli i1 maTorena (cam mo cebe
OH He MOXXET BbI3BaTh 3a6osieBanue). IIpu moegaHuu aTOT IPOTEUH MOXKET
JIOCTUTATh TOHKOT'O KUIIEYHHKA, I/Ie IPOMCXOAUT ero BCaChIBaHHUE B KPOBb.
32ecy OH BBICTYHAET B KayecTBe YyKepOJHOro areHTa — aHTHreHa, K Ko-
TOpPOMY OpraHW3M BbIPAGaThIBaeT 6Jarofapsi eCTeCTBEHHOMY MEXaHM3My
UMMYHMTETa COOTBETCTBYIOIIME aHTUTENA. Telleph B CIydYae HONaJaHUs B
OPraH{3M AKTUBHBIX BUPYCHBIX YACTHI[ UX XKIET yXKe CO3/JaHHasA CHCTeMa
06opoHbl, KoTopasi crroco6Ha UX 06e3BpexuBaTh. VIcronb3ys onucaHHy1o
CTpaTeruio, yJaaoch, HanpuMep, MOJYyYHTb pacTeHUs 6aHaHOB, MOeJaHHe
IJIOAOB KOTOPBIX MHAYILMPYET 06pa30oBaHKe aHTUTEJI K BUPYCaM IalUJLIO-
MBI, KOTOpBIE MOTYT BBI3BIBATh y JIIO/Ied HEKOTOPble (POPMBI paKa.
Harnpas/ieHus UCIIO/Ib30BaHUSA TPAHCTEHHBIX PACTEHUIt MOTYT GBITH CO-
BEPHIEHHO HEOXXUJAHHBIMU. Tak, NpeaiaraeTcss MpUMEHITb X JJIA OYUCT-
KM IOYBHI OT 3arpsA3HeHUH HePTHIO ¥ TIXKeJbIMU MeTalllaMu. [l aTOro B
HHX BCTPAaWBAIOT COOTBETCTBYIOIIWE T€HbI OT MHKPOOPraHM3MOB, CIOCO0-
HBIX YTUJIN3UPOBATh M AErpaJHpOBaTh 3TH BellleCTBa. B 1lapcTBe MUKDO-
60B Takue ¢opMbl — He peakocTb. CaMoe yIMBHUTENbHOE, YTO PaCTEHHS
Tabaka ¢ MOJOOHBIMY CBOUCTBaMU y>Ke ToJydeHnl. Ha odepenu — cospganue
reHEeTHYECKH MOAMUGMDHIIMPOBAHHBIX PAaCcTeHUI, KOTOpbIe MOYKHO HCIIOJb30-
BaTh HEMIOCPEJACTBEHHO B MPAKTHYECKOH AesATeNbHOCTH, HallpUMep pasJiiy-
HBIX ApeBecHbIX TopoA. Kak ykasbiBasoch Bbmile, pacTeHMs — YAOOHast
CUCTeMa JJIs MPOU3BOACTBA CheNOOHBIX BaKIuH. OKa3asoch, YTO aHAJO-
TMYHBIA OAX0] MOXKHO MCHOJIb30BaTh [/Is TIOJYYEHUS BaKIUH, 06/1a1a10-
IMX KOHTpauenTuBHbiM (IIpoTHBO3ayaTouHbIM) AeiictBuem! s aToro B
HX T€HOM JOCTaTOYHO BCTPOUTH I'eHbl, KOAUPYIOUINEe aHTUIEHbI IIOJOBBIX
KJaeToK (CrepMaTo30MI0B) MM IIOJIOBBIX TOPMOHOB. Ilosie mpHUMeHeHUs
TaKUX OPAJIbHBIX KOHTPAUENTHBOB O4YeHb mupoko. Hampumep, mpeasara-
eTcsl UCTIOIb30BaTh UX /I OTHOCUTENBHO JEIeBOro U r'yMaHHOTO PEryJid-
POBaHMSI YUCJIEHHOCTH MHOMYJSIIIUNA HEKOTOPBIX AUKUX >XKHUBOTHBIX.
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2.3. locTHXKeHus1 TeHeTHYECKOl MH)KeHepHH >KHBOTHBIX

HecMoTps Ha TO YTO TIEpBble TPaHCreHHbIE XKUBOTHbIE GbLIH NOJy9eHbI
6onee 20 seT Ha3ax, O CUX MOP HA PHIHKE HET HUA OJJHOTO FeHETHYECKH MO-
JAPUINPOBAHHOTO JKMBOTHOTO AJIST HCIIOJb30BAHUS B XO3SIUCTBEHHOMN AesI-
TeJbHOCTH. JTO CBA3aHO C ONMpEeNeJiEHHBIMH TeXHHYeCKUMMH (CJI0KHOCTH
MOJTy4eHuss ¥ Pa3MHOXKEHHUS), (PHMHAHCOBHIMH, a MHOTAA M 3TUYECKUMH
npo6iemamMu. TeM He MeHee yClleXH B reHEeTHYECKOH HMHXKEHEDUH XKHBOT-
HBIX o4eBHAHBI. PaspaboTanbl pa3/MyHble METO/IbI IIEPEHOCA I'EeHOB B I'eHe-
THYECKUH MaTepHasl XKUBOTHBIX ¥ NOJyYEHbI TPAHCTEHHbIE OCOOU Y MJIEKO-
MUTAIOMHUX, HU3UIUX ITO3BOHOYHBIX U Y 6ECIIO3BOHOYHBIX XHUBOTHbIX. C03-
JaHbl a3(pdeKTHBHbIE TEXHOJIOTHY KJAOHUPOBAHUA, OCHOBAHHbIE Ha 3aMeHe
SIIEP Y OTLJIO/OTBOPEHHBIX SIMIIEKJIETOK. Y YeHble HAYYHIUCh He TOJIBKO ITe-
PEHOCUTb B TEHETHMYECKUH MaTepHa] >KUBOTHBIX OTAe/JbHBIE TeHbl, HO H
«BBIKJIIOYaTb» WJIH 3aMEHSTh HEKOTOPbIE KOHKPETHbIE I'EHbI.

bBesyc/I0BHO, OCHOBHBIM HaNpaBJieHUEM HCCJeI0BaHUM B 06/1aCTH reHe-
THYECKOH MH)XEHEepPUH >KMBOTHBIX SIBJISIETCS BbIBeJ€HHE ITOPOJ C TIOBBIIIIEH-
HOM IPOAYKTHBHOCTBIO, YCTOMYUBOCTBIO K 60JIe3HAM, U3 KOTOPBIX MOXKHO
[I0JIy4aTb TPOAYKLHUIO C HOBBIMHU, TIPUBJEKATEJIBHBIMU /1 NOTPeGUTENS
KaYeCTBEHHbIMH XapaKTepUCTHKaMU. B 5TOM HampaBJieHUH yXKe CO3/IaHbl
TpaHcreHnnle (pOpPMbl Pa3HBIX BUIOB PbI6, B T€HOM KOTOPBIX I06aBJIeH
reH, KOAUPYIOWUH OGHOCHHTE3 FOPMOHA pocrta. Biiarozapst 3ToMy pbIGBI
6picTpee pactyT, addeKTUBHEE. HCIIOIB3YIOT KOpMa. TpaHCreHHBIE CBUHBH
C 06aBIeHHbIM T€HOM FOPMOHA pocTa 6oJiee MyCKYJIHCTbIe U MEHEe JKUD-
Hble. To ecTb U3 TyIIM TPAHCT€HHOTO KA0aHYNKA MOXKHO NOJYYHTH GOJIblIe
Msica, 4eM M3 OOBIYHOrO, M MEeHbIle casa.

CBHHBH € 106aBJIEeHHBIM reHoM (putasbl (ofuH U3 (epMEHTOB TepeBa-
puBaHus muiy) 3QPexTUBHEE YCBAMBAIOT KOPMa 3a CYET JIydiiell ycBosie-
MoctH ¢ocdopa, 4TO BbIpaxKaercs B yCuJIeHHH MX pocTa. K ToMy xe aTo
JaeT BO3MOXXHOCTb B MEHbIIIEH CTeNeHH 3arpsi3HSTbh OKPYKAIOUIYIO CpeLy
docdaramu. TpaHcrenHbie CBHHOMATKY € J0OABJEHHBIM MM T€HOM B-JaKT-
anbOyMHuHa 6osee 3¢PeKTUBHO BCKAapMJIMBAIOT CBOMX ITOPOCST.

Pazx npOEKTOB uUMeeT LEbI0 YJAYYIIEHHE MOTPeGUTENBCKUX CBOHCTB
NIPOAYKTOB, BbIpa6aTblBaeMbIX >KMBOTHBIMH UJIU U3 KMBOTHBIX. Peub, B 4acT-
HOCTH, HeT 00 yJy4lIeHWH KauecTBa HIEPCTH OBell, O BbIBEJEHHH C IO-
MOIIIbIO FeHeTHYEeCKOH MHXEHEePHH TTOPoJ KPYITHOTO pOraToro cKoTa, B MO-
JIOKE KOTOPOro CHH)KEeHa KOHLEHTpalys -7IaKTOrMo6yIuHa, OCHOBHOTO €TO
ajJjepreHa, MM U3MEHEHO COOTHOILIEHHE OTAEJbHBIX ero Genxos (Kaseu-
HOB ¥ CBIBODOTOYHBIX IIPOTEUHOB). J[pyroil MoAXoA cOCTOUT B MoauduKa-
IIU¥ OT/AEJIbHbIX T€HOB [JI yJIyullleHUsi (PU3UKO-XMMHUYECKUX CBOMCTB CO-
OTBETCTBYIOIIMX IPOTEHHOB MOJIOKA C IIeJIbI0 TIOBBIIIEHHS COAEPIKAHUS B
HEM KaJsbliusl, H3MEHEHHsI COOTHOLIEHHUS OTAEJbHbIX aMUHOKHCJIOT, IMOJIY-
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YeHHUS MOJIOKA, CBIP U3 KOTOPOro co3peBaeT B 60see KOPOTKHE CPOKH. Bce
3TO JOJIKHO CYUIECTBEHHO YJYYIIHTH IOTPeOUTEJbCKHE U TEXHOJIOTHYeC-
KHe CBOHCTBa KOPOBBETO MOJIOKA. BBIMIPAlOT OT 3TOT0 M CaMM KMBOTHBIE,
HOCKOJIbKY YJIYYIIeHHOE MOJIOKO — HeMaJIOBXHBIH (hakTop 340pOBbA
BCKapMJINBaeMbIX UM TeJIsiT. MHOTHe U3 3TUX NOJXO0A0B YK€ PeaM30BaHbI
Ha MOJIEJIbHBIX 06beKTax (/1a6opaTOpHBIX MBIMIAX).

Y ay4uieHne 340pOBbsl JOMAUIHMX >KMBOTHBIX, IOBbIIIEHHE MX YCTOH-
YUBOCTH K 60JIE3HSM C TIOMOIIBIO METOAOB IeHeTHYeCKOi MHKeHEpUH UMe-
eT 60JIblIOE TPAKTUYECKOE U COLIMAIbHOE 3HaYeHne. JTO He TOJIbKO I103BO-
JIUT TIOBBICUTH MX IIPOAYKTUBHOCTb, YMEHBIIUTD 3aTPAThl HA JIEYEHHE XKH-
BotHBIX (Ha yro yxoaur ao 10—20% or obmeil cyMMbl 3atpaT), HO M
CHM3UT YPOBeHb YIOTpe6JeHUs1 aHTHOMOTHKOB JJI MX JIEYCHHS, BEPOAT-
HOCTb nepeHoca MHQEKIHIA OT JKHBOTHBIX K YesioBeKy. [[/Ig pelleHus aH-
HOU npo6JieMbl MCIIONb3YIOTCS TPH OCHOBHBIX MeHHO-HHXKEHEPHBIX ITOAXO0-
na: (1) no6aBKa reHOB, NMOBBHINAIOITMX YCTOXYMBOCTH K GosesnsaM, (2)
«yZlalieHne» reHoB BocpuumMuuBocTH K 6osesusim (knockout) u (3) 3ame-
Ha OTJEJIbHbIX I'€HOB XKMBOTHOTO Ha aHAJIOTMYHBbIe I'eHbl, HO B 6oJbmIei
Mepe CIIOCOGCTBYIOIIME aAKTUBHOMY MpoTHBoCcTostHUIO Gosiestu (knockin).
B uenoM uccieoBaHUA IO 3TUM TPEM OCHOBHBIM HalpaBJEHHAM C Ilepe-
MEHHBIM YCIIEXOM IPOBOJATCS Ha JaGOpaTOPHBIX XXUBOTHHIX. [lo o6Haze-
)KUBAIOIIUX Pe3yJIbTATOB Ha CENbCKOX03SIUCTBEHHBIX JKUBOTHBIX AEJO II0-
Ka He JOILIO.

B 10 e BpeMs1 KOHKPETHOTO NMPaKTHYECKOr0 BBIXOA2 CAELYET OXKUAATD
yKe B Omkaiiiree BpeMs B TaKOM Ba)KHOM HaNpPaBJIEHUM TeHETUYECKOH
HH)XEHepHUH, KaK HCII0JIb30BAaHHE KUBOTHBIX B KauyecTBe «6HOPEaKTOPOB»
ZUIs1 IPOU3BOACTBa (papMalleBTHYecKUX npenaparoB. IlepcrekTuBnl aToro
HallpaBJIEHKS TeHETHUECKOH HH)XKeHePHH TIPUMEHUTEIBHO K PAaCTEHUAM 00-
Cy>Jayuch Bbrue. HecMOTpS Ha TO 4TO M pacTeHHs1, ¥ KUBOTHbIE B OTJIU-
4yie 0T MUKPOOPraHU3MOB OTHOCATCS K LIAPCTBY 3yKapHOT, TEM He MeHee
6HOJIOTHSA PACTUTENbHOM M KHBOTHOM KJIETOK BCE-TAKU CYIIECTBEHHO pas-
muqaercs. I1oaToMy U1 mpOM3BOACTBAa HEKOTOPBIX XXHBOTHBIX PeKOMOH-
HAHTHBIX MPOTEUHOB 60JIee eeco00pa3Ho BCe-TaKH MCHOJIb30BaTh KUBOT-
Hble OPraHM3Mbl, He)KeJIU pacTUTeabHble. B Hacrosinlee BpeMs y6equTe ib-
HO JOKa3aHO, YTO C IIOMOILbBIO MOJIOYHBIX JKeJie3 TPAHCTeHHbIE XMBOTHEBIE
CNOCOGHBI IIPOU3BOJUTH BCEBO3MOJXKHBIE IIPOTEUHBI, TaKHe, KaK pa3HbIe
(paxTopbl KPOBH, (pepMEHTHI, MOHOKJIOHAJIbHBIE aHTHUTE/ I, KosutareH, pub-
PHHOTeH, INeNK NaykoB U T.J. Pa3pabaTriBaloTcs W Apyrue CHUCTEMBI IPo-
M3BOJACTBA PeKOMGUHAHTHBIX 6EJIKOB, B YACTHOCTH, 6OJIbIlIHE ITEPCIIEKTH-
BbI CBA3BIBAIOT C CUCTEMOU AMYHOrO 6esKa Kyp.

Hro MoXeT JaTbh 4eJ0BEYECTBY MCIIOJb30BaHHE XXUBOTHBIX-OHOPEaKTO-
POB, MOXHO ITPOMJLIIOCTPUPOBATh Ha ciefyiomeM npumepe. CoBMECTHBIM
IIPOEKTOM POCCHHCKUX M 6eJOPYCCKUX Y4YeHBIX NPeAyCMOTPEHO CO3[aHUe
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CHCTEMBI IIPOU3BOACTBA JBYX JIEKAPCTBEHHBIX IIPOTEHHOB: POYPOKUHA3BI
U JaKTodeppHHa YeJ0BeKa B MOJIOKe TPAaHCreHHbIX Ko3. IIpoypokunasa —
MOULIHBIH TpoM6oMTHYeCKUIT (hepMeHT, UCHOJIb30BaHNe KOTOPOro B Iep-
Bble 4Yachl IOCJe HACTYIUIEHHs MH(aApKTa MHMOKapJa B J pa3 CHUKAeT
CMEpPTHOCTh OT 3TOro 3abosneBanus. CTOMMOCTb OJHOrO Kypca Jie4eHHs
IIPOYPOKMHA30H cocTaBisieT B Hacrosiee Bpems okosno 1000 mosapos
CHIA, 4ro menaerT 3TOT Npenapar MAJOAOCTYNHBIM AJS GOJbIIMHCTBA
rpaxkgan. Mexay rem B TakoM JiedeHun B Poccun u Benapycu Hyxaaiorcs
6onee 400 ThicsY KapanosorHYecKux GosbHBIX. JlakTodeppuH — 6enok
)eHckoro MoJioka croumoctbio 2000 — 2600 xonnapos CIIIA 3a 1 rpamm,
Ipernaparbl KOTOPOro 06J1aJJaloT CHJIBHBIM JAeTOKCHUMPYIOIUM, aHTHOAK-
TepPHAJbHBIM U IIPOTHBOBOCIIAJIUTEIbHBIM AeiicTBUeM. [IpuMeHeHHe JaKTO-
¢eppuHa Kak muieBoit Jo6aBku nosBosisier B 10 pa3 cHu3uTb 3a6oJieBae-
MOCTb TaCTPOSHTEDHTaMH y TPDYJAHBIX JeTeH-UCKYCCTBEHHUKOB. l'onoBas
NIOTPeGHOCTD B IIPOYPOKKHA3€e U JIaKTo(deppHHE B MUpPE OlieHHBaeTcs B 6,5
miapa noanapos CIIA. Mcnosp3oBaHue TPaHCTEHHBIX XMBOTHBIX CHHU3HUT
CTOMMOCTb 3TUX M GOJBIIMHCTBA APYTHX MOAOOHBIX mpemnaparoB B 10— 20
pa3, YTO IO3BOJIUT IlepeBECTH MHOTHE JIeKapCTBa U3 paspsla 3JUTHBIX B
YHCJIO0 O6IIEJOCTYMHBIX.



T'aaBa 3

YTO TAKOE BUOBE3OITACHOCTD
U JJs YEI'O OHA HEOBXO/IMMA?

[lepBble reHHO-UHXKEHEPHBIE COPTA CEIbCKOXO3AHCTBEHHBIX PACTEHHH
HOSIBUJIMCH B mpou3BoAcTee B 1992 rogy. 3a nponreamuii nepuoa OHM I10-
Ka3aJM CBOIO BBICOKYIO 3D (PEKTHBHOCTDb, IPEUMYILIECTBO NePEN COPTaMH,
CO3/IaHHBIMH C TIOMOIIBIO TPAAULMOHHOM cenexuuu. [Inomanu nog HUMH
CTpeMuTeIbHO pacumpsiorcst. Iloyemy xe Ko cux nmop O6bITyeT MHEHHE O
AKOG6BI 60JIbINOI OMACHOCTH reHeTHYeCKH MOAH(UUHPOBAHHBIX OPraHu3-
MOB JJI1 3A0POBbs 4eJI0BeKAa M OKPY’Kalolel cpeanl, OMacHOCTH, COIOC-
TaBUMO}, HampuMep, C TOCAEACTBUAMH 4epHOOBLIbCKOH KaTacTpodbi?
YutaTeab yxe MOJYy4YMJ peajibHOE NPEACTaBJEHHE O TOM, YTO M3 Cels
npeacrasigior ITMO, kak HX MOIy4aloT ¥ YeM OHH OTJIHYAIOTCA OT COp-
TOB, MOPOJ], IITaMMOB OPTraHU3MOB, BbIBEJEHHBIX C IIOMOIIBIO TPAAHIIH-
oHHOH cenieKuuu. OH 03HAKOMUJICA ¢ TeMH OOJIBIIMMH NTPEUMYIECTBAMH,
KOTOpbIE JaeT UX UCHOJb30BaHue. Tenepb MONBITAEMCA PACCMOTPETD MO-
TEHLMaJIbHble PUCKH [JIS1 30POBbsI YeJIOBEKA U OKPYIKaoLIEH cpelbl, KO-
TOpPbI€ MOTYT OBITh C HUMHU CBSI3aHbI, KaK MX MOXKHO OLI€HUTD ¥ IpeayInpe-
IUTb, KaK B IIeJIOM 06ecreyHTb 6e30MacHOCTb FeHHO-UHKEHEePHOH nes-
teabHOCTH (6M06e30macHOCTD).

K HacrosnieMy BpeMeHH pa3pa6oTaHa 3 deKTuBHAS CHCTEMA OLIEHKH
6esonacHocty I'MO pans 370poBbsl YesiOBeKa M OKPYIXKAIOHIEH Cpenbl.
OHa comepXHUT 11eJblil psii MOAXO0A0B U METOAOB, IPHMEHSAEMBIX, Ha4yU-
Has C 3Tana IJIaHUPOBAaHHA NPEANOJaraeMoi reHeTu4eckoi mMoamnduka-
MM M 3aKaH4YMBasi rocyJapcTBeHHol peructpauueit I'MO, paromeil npa-
BO HCIIOJIb30BaTh €r0 B XO3AMCTBEHHOHN AeATeJbHOCTH.

3.1. OcHoBHbIE NPHHIMNIBI OLIEHKH PHCKA
BO3MOXKHBIX HeOnaronpuarupx a¢dexros 'MO
Ha 3710pOBbe YEJOBEKA H OKPYXKAIOMYIO CPeay

Ixcnepmusa 6esonacnocmu MO ocywecmensemcs Hayuno 060CHO-
gannvim ob6pasox. IIpu ee npoBe/leHHH MOXET YUYHUTHIBATbCS WH(OpPMa-
1A, onyO/JMKOBaHHAsE B HayYHO-TEXHHYECKOH JMTepaType M COAepKa-
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IAasiCsA B CEHMaJTH3HPOBAHHBIX 6a3aX JaHHBIX, PE3YJbTaThl UCIBITAHHH
M CBEJEHMS II0 MpeamecTsyooueMy ucnonszosanuo 'MO, zakmodeHns
3KCMEPTOB, METOAUYECKHE PEKOMEHAAluHu, pa3pabOTaHHble HALHOHAJb-
HBIMU M MEXIYHAPOAHBIMH OPraHU3alHsAMH.

Quenxa puckos 00NXHA OCYUECMEAAMBCA HA UHOUBUOYANbHOU OC-
noge. Uudopmanus, Heo6XoaAuMAas AJISA NPUHATHS 3aKJI0YeHHs 0 6e30-
nacHocty 'MO, MoxeT BappHpOBaTh 110 XapaKTepy U YPOBHIO eTaIn3a-
LMY B KaXKIOM KOHKDETHOM CJIy4ae B 3aBUCHMOCTH OT COOTBETCTBYIOLIEr0
I'MO, xapakTepa ero npeanoaraéMoro UCNoJb30BaHUSA M MOTEHIIUAJb-
HOY MPUHUMAIOIER Cpenpbl.

Pucku, ceazannvie ¢ TMO unu codepxawumu ux npodyxmamu, 0or-
HHBL PACCMAMPUBAMBCI 8 KOHMEKCME PUCKOE, CYUW,eCBYIOUUX NPU UC-
NONbLI0BAHUU UHMAKMHLLY PEUUNUECHMHBIX OPZAHUIMO8 6 NOMEHUUANL-
HOU npunumaloweti cpede. Bexb NOTEHITHATBHO ONACHBIMY IS 310POBBS
yesl0BeKa M OKpY’Kalouleit cpeabl MOTYT ObITb M COPTA, MOPO/AbI, LITAMMBI
OpPraHU3MOB, BbIBeJleHHBIE C MOMOLIbIO TPAAMIMOHHOM cejekuuu. s
TOro 4T06bl BBIYNEHHTh 3 EdEKT UMEHHO reHeTHyecKod Moau@uKalHH,
HEOOXOAWMMO CpaBHHBATh FeHETHYECKM MOAU(PHIIMPOBAHHBIH OPraHMU3M C
MCXOZHBIM, OGBIYHBIM COPTOM.

O6uas METOAHKA OLIEHKH PUCKA BO3MOXKHBIX He6JIaronmpHATHBIX 3¢-
¢dexros 'MO BkJIOYaeT caeAyIOmue STaIbI:

— BbISIBJIEHME JIIOOBIX HOBBIX FeHOTUIMMYECKUX U (PEeHOTUIINYECKHX Xa-
PaKTEPUCTHK, CBA3aHHBIX C MPHCYTCTBHEM TPAHCT€HOB, KOTODblE MOTYT
BbI3BaTh HeOJaronpudaTHoe Bo3gericreue MO Ha 3Z0poBbe 4YesioBeKa U
OKPY’KaloIyIO Cpenay;

— OIleHKA BE€POSITHOCTH BO3HUKHOBEHHS HeGJIarONMpHATHBIX NOCIEACT-
BUH MCXO0Js U3 MHTEHCHBHOCTH, NMPOAO/KUTEJbHOCTH U XapaKTepa BO3-
AeACTBUS reHeTHYeCKU MOAUUIMPOBAHHOTO OPraHM3Ma Ha YeJI0BEKa WM Ha
NIOTEeHLIHAIbHYIO IPHHUMAIOIIYIO CPEeLY;

— OlleHKa TOCJeACTBUI B TOM CJIy4Yae, eClU Takoe HeGaronpusiTHOe
BO3JeiCTBHE AeHCTBUTENbHO 6YAET UMETh MECTO;

— OIIEHKa COBOKYIIHOr0 pHCKa, BhisbiBaeMoro 'MQ, Ha ocHOBe oOlleH-
KM BEPOSITHOCTH BO3HHKHOBEHUS U NOCJIEICTBUH BHIABIEHHBIX HeGraromn-
PHATHBIX 3¢ ¢eKTOB;

— BBbIHECEHHWE PEKOMEH/IALMH OTHOCHTEIbHO TOTO, SIBJISTIOTCS JIH PHC-
KM NPHEMJIEMbIMU WM PeryJIMpyeMbIMHU, BKJIIOYasi, eC/lH 3TO Heo6XOAH-
MO, Onpefie/ieHHe CTPaTerHit AJIs1 peryJHpOBaHHs TaKUX PHCKOB.
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3.2. Ilpupoaa puCKOB AaA 30POBbS 4eJOBEKa
H OKpyXalomel cpejbl, CBA3aHHbIX ¢ T¢HHO-HH)XXE€HEePHBIMH
OpraHH3MaMH

g nyqniero TOHMMAaHHSI NMPUPOABI PUCKOB, CBS3aHHBIX C TE€HHO-
VWH)KEHEPHbIMH OPTraHU3MaMHU, YMECTHO BKpaTlle HallOMHHTb, YTO U3 cebs
NIPECTaBJSIOT reHeTH4eCKH MoAudUIMPOBaHHbIE OPTAaHU3MBI M Y€M OHH
OTJNYAIOTCSA OT OOBIYHBIX, «HeMoAu(HUUUpOBaHHbIX». B Kapraxenckom
IIPOTOKOJIE 10 6106e30IIaCHOCTH COJIEPXKUTCS clefyloliee UX Ompejese-
HUE: <«XUBOM HM3MEHEHHBIH OpraHuU3M» O3Havyaer JI0OOH >XUBOH opra-
HU3M, 06JIaalomuii HOBOH KOMOMHAlHEH reHETHYeCKOro MaTepHaJa, no-
JyuyeHHOH OJjarogapst HCIIO/Ib30BAHHIO COBPEMEHHOH OHOTEXHOJIOTHH
(KapraxeHCKuii TIPOTOKOA Mo 61M06€30nacHOCTH, CTaTha 3). TunuuHas
«HOBasi KOMOMHALMA TeHeTHYeCKOro Marepuasa, HOJYYeHHAs C TOMO-
[IbI0 COBpeMeHHO# 6MOTeXHOJOTuM», TOKa3aHa Ha pucyHke 11.

Taxum 06pa3oM, KaKoH-1M60 TPAHCTEHHBIH COPT pPacTeHHs OT/IMYaeT-
CS1 OT HCXO/HOIO TOJIBKO T€M, YTO B €r0 FeHETHYECKOM MarepHaJje K 25—
30 TBICSIYaM CYLIECTBYIOUIMX IeHOB A06aBJieH OTHOCHUTEJbHO He6OIbUION
¢dparment [THK, B xoropom 3anucana uadopmauuss o6 OIHOM-ABYX HO-
BBIX FeHaX U UX PeryJsSTOPHBIX 3JiIeMEHTaX. AKTHBHOCTb 9THX J00aBJieH-
HBIX T€HOB B OpPraHM3Me BBIPAXKAeTCsl B GMOCHHTE3e OHOrO-ByX HOBBIX
IS opraHuaMa npoTeHHOB ((epMeHTOB MM CTPYKTYDHBIX GeJIKOB).
ITockosbKY reHeTH4eCcKass MHXXEHEPHS MOXKET ONMEepUpOBaTh JIOObIMYU Te-
HaMH, CyLIeCTBYIONIUMH B ITPUPOJE, A HE TOJIbKO reHaMH OT OPTaHU3MOB,
COCTOSIIMX B IBOJIIOIIMOHHOM POJCTBE C OTAEJbHBIMH BHAAMH KYJIbTYp-
HBIX pacTeHU#, KaK 3TO JieJ1aeTCsl B TPAAMIIMOHHOH CeJleKIIUH, TO IPOAYK-
Thl IPUBHECEHHBIX reHoB (epMeHTDI, IPOTEUHBI) MOTYT BbITJISAAETD B re-
HETHYeCKN MOAU(UIHMPOBAHHOM OpPraHM3Me KaK Heo6bIuHbie, HECBOMCT-
BeHHbIE, YyXepoJHble A1 AJaHHOTO BHJA, KOTOPble B IPUPOZE Y HETO He
BcTpedatorcsi. COOTBETCTBEHHO UMEHHO NMPOOYKmMbL MPAHCZEHO8 ABNS-
1omes Haubonee cyuecmeennbiMuU, OCA3AEMHIMU HAKMOPaAMu pUcKos,
CEAIAHHBIX C ZEHHO-UHIKEHEPHBIMU OP2AHUIMAMU.

L TepmunansHan TepmunansHas| R
MpomoTo, .| nocneposa-
B cenzlcmaac?r CenexTusnLii Tc:ecjlbi.%%ri ['POMOTOP | Tpawcren | nocnenosa- | B
KT rew* cenexrsroro | TPAHCreHa TENLHOCTD
K TpaHcrexa

Puc. 11. Tunnyras TpaHcreHHasi KOHCTPYKIIMsI, HCNOJb3yeMasi B reHeTHYecKoil MHXKeHe-
pun pacrenuit. LB — neswift kpait, RB — npasuiit kpa#t: ¢parmentnr JJHK, cogepkamue
110 25 nap Hykseotuaos ot Ti-nnasMuast Agrobacterium tumefaciens, Heo6xouMble s
MepeHoca TPAHCTEHHBIX KOHCTPYKUHMH B PacTUTE/IbHbIE KJIETKH C HOMOUIBIO METOJa arpo-
6axTepuanbHO# TpaHchopMalyH. *Bo MHOTHX TreHeTHYECKHUX KOHCTPYKUUAX CeIeKTHBHBIH
TeH U ero pery/sTOpHblE 3/JeMEeHThl OTCYTCTBYIOT
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C yBepeHHOCTHIO MOKHO YTBEPXKAATh, YTO 3TO HE OTHOCHTCSA K A06aB-
JeHHoMy ¢parMenty /THK, Tak kak cTpoeHue HacJaeACTBEHHOrO MaTepu-
aJla y BceX OpraHu3MOB Ha Haiueit miaHere yHuBepcaabHo. M y yenoBeka,
! Y )KMBOTHBIX, pacTeHmit, rpu6oB, 6aKTepuii  BUPYCOB OH YCTPOEH OJIH-
HaKOBO: peyb UJEeT O NMOJUMeDPe, COCTOSIEM U3 JABYX CBA3aHHBIX L[ENTOYEK
YyepeAyIOLMMUXCA B PasIMYHOM COYETaHWH YeThIpex HykJaeoTuaoB. Cama
no ce6e JTHK B uncToM Buje ABAsSETCS aGCOMIOTHO 6€30MaCHBIM /IS Ye-
noBeka npoxaykroM. Ha nmporskeHHH BCed >KM3HM 4eJIOBEK €XE€AHEBHO
norpe6seT ero 6e3 Kakoro-a1u6o ymep6a [Jas CBOEro 30POBbA.

Y10 KacaeTca peKOMOMHAHTHBIX MPOTEHHOB, TO He BO Bcex MO onu
SIBJISIIOTCS aGCOJIIOTHO UYKEPOAHBIMH, HECBOMCTBEHHBIMHU JJIS1 OIIpeAesIeH-
HOTO BH/Ia CO€JAMHEHMAMH. Bo-mepBbIX, CYIIECTBYeT IOCTAaTOYHO 60JIb-
mas rpyIa TPAHCTEHHBIX COPTOB PacTeHHH, KOTOpbIE MOJIyYeHbl 61aro-
[aps reHeTUYeCKUM MaHUMYJIILUAM C HX COGCTBEHHbIMM reHaMu (ToMa-
THI C YJAJMHEHHBIM IEPHOJIOM XpaHEHHs, COs, palcC C YJIy4lIeHHBIM
COCTaBOM MacJia, KapTodesb ¢ yIy4IlleHHbIM KaueCTBOM KpaxMasa, Kogde
6es kodeuna, Tabak 6e3 HUKOTHHA U APYTHE).

Bo-BTOpbIX, MHOrMe BeCcbMa OTZAJieHHble B 3BOJIOLMOHHOM ILIaHe
OpraHU3Mbl HMEIOT 60JIbIIOE KOJHYECTBO HAECHTHYHBIX IIyTell MeTabo/Iu3-
Ma, ¥ COOTBETCTBEHHO COCTaB U CTpOeHHe (epMEeHTOB, KOTOpbIe o6ecre-
YHBAIOT UX peajM3alluio, TakXXe UAeHTHYHBI. B KagecTBe nmpuMepa MOX-
HO NpPHUBECTH yNOMAHYTbIH Bbiie ¢epment EPSPS, xoropslit asisierca
KJI0YeBbIM B OMOCHHTE3€ apOMaTHYECKUX aMHUHOKHUCJOT y BCEX pacTe-
Huit, rpubos, Gakrepmii. Bakrepuambubiit EPSPS, o6pasyooumiica y
TPaHCTeHHOH! COM, TOJIEpaHTHOM Kk repbuunay Paynaan, BIIOJIHE YCIIEIIHO
BBINIOJIHSIET COOTBETCTBYIOIME (PYHKIHUH B PACTHUTEIBHOM OpPraHu3Me Io-
cie 06pabOTKH pacTeHUH repGUIMAOM, KOTAa CBOi, pacTurenbHblii EPSPS
COH Ae3aKTuBUpPOBaH. OJHAKO NMPH OIleHKe 6e30IaCHOCTH TaKuX GIM3KHX
no (GyHKUHOHATIBHOK aKTUBHOCTH T'€HOB CJe/lyeT o6paliaTh BHUMaHUe He
CTOJIbKO Ha caM 6esloK —INPOAYKT TPaHCreHa, CKOJbKO Ha BO3MOXKHOE
H3MeHeHHe OTJENbHBIX MyTeld MeTa60/IM3Ma TPAHCT€HHOTO PacTeHHs U3-32
MIOBBINIEHUS] KOHIIEHTPAIIMKH OJHOT'O U3 X KOMIIOHEHTOB. B ciry4ae ¢ TeM
xe EPSPS npu ouenke 6e30macHOCTH reHeTHYeCKM MOAUQPUIMLPOBAHHOM
COM NPMHHMAJIOCh BO BHUMaHHE, YTO 3TOT (pepMEHT KaTaJU3HUPYeT pe-
aKuuIo, He JHMUTHPYIOIYIO KOHEYHYI0 CKOPOCTb CHHTE3a apoMaTHyec-
KUX aMHHOKHCJIOT, II03TOMY, KaK U OXKUJAJIOCh, TTOKa3aTeJu HX CHHTE3a
y 'MO He oTHYaIHCh OT TAaKOBBIX Y HCXOAHbIX PacTeHHUH.

B-Tperbux, mocieanue HaydHble JaHHbIE, MOJYYEHHBIE B pe3yJbrare
H3yYeHUsS] CTPOEHUSI FeHeTHMYECKOIO MaTepHaja 4ejloBeKa, HeKOTOPbIX
)KMBOTHBIX M PaCTE€HUH, CYIIECTBEHHO PAaCUIMPHUJIH HALIN NPEACTABJICHUSA
0 CXOZCTBE M OTJIMYUAX T'€HOB PA3HBIX CHCTEMATHYECKUX I'PYIIN U BEPOAT-
HOCTH UX IIEPEHOCA OT OJHOH OTAAJCHHOH CHCTEMAaTH4YeCKOH Ipymnbl K
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apyroii (ropu3oHTaIbHBIH NepeHoc redoB). OKa3aioch, YTO B TEHOME yKe
3HAKOMOTO YHTaTeJsIM pacTeHUs apabUAONCHC IPUCYTCTBYET OKOJIO
COTHHU TeHOB YeJIOBEKa, B TOM YHUCJIe TaKMX, KaK TeH paka MOJIOYHOMH Xe-
nesnt! IlouBennas 6akrepus Agrobacterium tumefaciens peryssipHo Ie-
PEHOCHUT YacTh CBOMX I'eHOB B PacTeHHs, BbI3bIBas y HUX o6pa3oBaHUE
OIyXOJU — KOPOHYATHIN rajja. JTo abCOJIIOTHO ecTecTBeHHbIH, borom
J2HHBIH NIpoLecc, KOTOPBIH ¢ YCIeXOM HCIOb3YIOT U TeHHbIE UHXXEHEepbhl.
[Tono6nbIX TPUMEPOB MOXHO MPUBECTH OYEHb MHOTO.

Takum o6pa3zoM, TO, YTO JEJIAIOT TEHETUKU, HU B KOell Mepe He IPOTH-
BOPEYHUT 3aKoHaM mpupoxabl. O6MeH reHeTHYECKOH HHOpMaleil MexXIy
OTZaJleHHBIMU BUZaMH B Hell IIPOUCXOAUT OCTOSTHHO. B OTAeNBHBIX CIIy-
Yasx [ 3TOoro Tpe6GyioTCsS MUJIIHOHBI JIeT, a B HeKoTopbix (arpobakrepu-
aJibHas TpaHchOpPMalKs) 3TO MOXKET IPOMCXOAUTD €XXeTHEBHO U eXxeyac-
HO. TeM He MeHee y060# yueHbIH, IIAHUPYS JOOGABHTb PAaCTEHHIO, MU-
KpoOy HJIH XXUBOTHOMY KaKOW-JIH60 HOBBIN I'eH, AOJKEH TH[AaTeJIbHO U3Y-
9UTh CaM 3TOT I'eH, a TAKXe IPOAYKT ero aKTUBHOCTH M yOeJUThCS B UX
6e30MaCHOCTH.

Bropast ocHOBHas rpynma pUCKOB CBS3aHA C caMHM (PaKTOM BCTABKH
TPAHCre€HOB B TeHeTHYeCKUiH MaTepHaJ opraHuama. ECTb OCHOBaHMSA I10-
JIaraTh, YTO BCTpaHBaHHMe TPRHCIE€HOB MPOUCXOANT CIy4aiiHbIM 06pa3oM,
TO €CTb OHM MOI'YT BCTPOUTBCS IPAKTUYECKH B JI06YI0 0611aCTh MOJIEKY T
JAHK, conepsxamuxcs B TpaHcdOpMUpYeMOit KeTKe: B M100yI0 XpOMOCO-
My, JIOOYI0 YaCThb XPOMOCOMBI, €CJIH peyb HAET O BBICIIMX OPraHM3Max.
Uem 3t0 upesatro? Ilpexzie Bcero TeM, YTO NMPHBHECEHHDbIM reH MOXET
3aTpoHyThb obsacte JJHK, xoTopas xogupyer CTpyKTypy UJIH Peryjasitop-
HblE 3JIEMEHTHI Kakoro-au6o rexa Moxuduuupyemoro opranuama (puc.
12). BepoaTHOCTb 3TOro COGBITHA B LIEJIOM HE TaK BEJIMKA, KAK MOXET I10-
Ka3aTbCsl HAa NepBbId B3rasaA. [le0o B TOM, YTO reHETHYECKHH MaTepual
BBICIIUX OPraHU3MOB YCTPOEH TaKUM 06pa30oM, 4TO COOCTBEHHO reHaMu U
UX DEryJSITOPHbIMH 3JIeMeHTaMy 3aHsTo MeHee 1076 MIMHBI MOJIEKYJIbI
OHK, uto, Kak mosararor, 1oBeIIaeT CTaGUIBHOCTD, YCTOUYHBOCTD MO-
nexyabl JITHK k BHelTHUM BO3A€HCTBUSAM. JTO O3HAYAET, YTO TeHbl Ha MO-
nexyne [JHK pacnosoxeHb! He IJIOTHO OJUH 33 APYTHM, KaK KaJphl Ha
KMHOILJIEHKe, a Yepe3 60Jbliue TPOMEXYTKHU, 3aHSIThle HEKOAUPYIOUUMHA
IoCJaIeI0OBAaTENbHOCTSIMU HYK1eoTH10B. Bosee Toro, naxe B npeaenax Ko-

14 5 342 31 31 i3

TepMuHansbHas

X ¥ K
DHxaHcep Calinaxcep MpomoTop AK30H |NHTPOH | Sx30H NOCNe/I0BATENEHOCTD

Puc. 12. Bo3aMoxHbie MecTa BCTpaHBaHHS TPAHCT€HA B FEHOME pacTeHHS
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JAMPYIOIHUX TIOCHe0BaTeabHOCTel reHoB (TO ecTb TOH 06/1aCTH MOJEKY-
a1 [IHK, B kortopoit 3amucana madopMaunus O IOCJAEAOBATEIbHOCTH
aMUHOKHCJIOT B GejiKe — MPOAYKTe reHa) UMeIOTCs 061acTH, TaK Ha3bIBae-
Mbleé HHTPOHBI, KOTOPBIE TaK)Ke He HECYT HUKaKOil reHeTHYecKoH UHPOp-
Mamui. OHH BBIPE3AOTCS B XO/I€ «CO3PEBaHMUSI» MOJIEKYJIbl MHPOPMalH-
onHoH PHK, of6pa3oBaBieiicss mpH TPaHCKPHUIILIMY reHa.

TeMm He MeHee BepOSTHOCTb TOTO, YTO TPAHCTE€H MOXeT BCTPOMUTHCA B
o6nacte THK, yxe 3aHSTyI0 ADYTMM T'eHOM, BCe XKe cyllecTByeT. Eciu
npu 3ToM OyJeT 3aTpPOHyTa 06JacTh, KOAMPYIOIIAsi CTPYKTYPY I[IOBPEX-
neHHoro reda (crpenka 1 Ha puc. 12), TO B pe3yJibTaTe MNPOAYKT JAaHHOTO
reHa 06pa3oBbIBaTbcs He 6yZeT. ITOT reH Kak 6bl paclajaeTcs Ha ABe He-
MOJIHOLIEHHbIe YaCTH: OJHA, IIEepelHsis, UMeeT 3JeMEeHTbl, He0OOX0 JUMbIe
ajs Havajaa tpanckpumiuu (o6pasosanus undopmauuonuoit PHK), Ho
He MMeeT TEePMHUHAJIBHOH ITOC/Ie/10BaTEIbHOCTH, APYras, 3ajHsisi, UMeeT
TOJIbKO TePMHHAJbHbIEe 3/eMeHTbl. K TOMy ke 0o6e yacTu KORMpYIOLleH
061aCTH ABJAIOTCA HeMOMHBIMH. OueBHUAHO, YTO aHAJOTHYHBIHA pe3yJib-
TaT 6yJeT UMeTh MEeCTO ¥ B CJiy4ae MOBPEXAEHUS IIPOMOTOPA UM TePMH-
HaJbHBIX NOCJaeXoBaTesbHOCTeH. Ecim 3aTpOHYTHINM reH BBINOJHSIET Ka-
KYIO-TO BOXKHYIO (DYHKIHIO B OPraHM3Me, TO OTCYTCTBHE €ro IpPOAYKTa
MOJKET UMETb BeCbMa IeYaTbHble AJsA HETO MOCJAEACTBHS, BIJIOTH J0 ITOTE-
pu xu3Hecrioco6HocTU. IIOHATHO, YTO 10 YPOBHSI KOMMEPUYECKOrO COpPTa
FeHOTUIIBI C MMOBPEX/eHHbIMU FeHaMH JOWTH He MOTYT B IIPHHIIHIIE.

Ecau B npouecce BcrpanBaHusa OyAyT 3aTPOHYTBI APYTHE PEryJisiTop-
HbIE 3JIEMEHTBI — JHXaHCephl («yCHIMTENM» AKTUBHOCTH TEHOB) WJIH caii-
noHCephl («3aMeINTEN > ), TO 3TO MOXKET TPUBECTH K W3MEHEHMIO aK-
TUBHOCTH 3aTPOHYTBHIX BCTaBKO reHoB. Copra pacTeHMii, o6pasymomiue
KaKue-Tu60 TOKCHYHbIEe coeiuHeHus: (HanpuMep, COJMaHMHBI KapTodens)
B KOHIIEHTpauUusaX, 6e3BpeHbIX [Jisi 3I0POBbs YeJOBeKa, B pe3yJibTaTe
reHeTH4ecKo Moaudukauuy cIoco6HB YCUJIUTb MX CUHTE3 /10 YPOBHS,
MpeBBIIAIONIETO IPeieIbHO JONMyCTUMbIEe 3HauYeHHst. TaKue reHOTUIIBI YKe
CTAHOBSITCSI OIIACHBIMH JJI1 30POBbSI.

Haxkonen, TpeTbst OCHOBHASI TPyINla PUCKOB, CBSI3aHHBIX C F€HHO-UH-
JKeHEepHbIMU OpraHM3MaMM, OCHOBaHa Ha He6JaronpUaTHHIX 3d@dekTax,
BBI3BAaHHBIX [IePEHOCOM TPAHCT€HOB JPYT¥MM OpraHM3MaM: BepTHUKAJbHbBIM
nepeHocoM reoB oT MO aukuM copoguyaM KyJbTypHOro BHAA HJIHU ro-
PU3OHTAIbHBIM MEPEHOCOM FeHOB, HAIIPUMED CeJIEeKTUBHBIX T€HOB YCTOMH-
YHBOCTH K AaHTHOMOTHKAM OT reHeTHYeckd MoAuQUIIMPOBAaHHOIO pacTe-
HHSA MUKPOOpraHM3MaM MHUIIeBapUTEIbHOTO TPaKTa. 34ech BCe MOHATHO:
reHbl U UX IpPOAYKTbI, 6e3o6upubie y I'MO, moryr okasarbcs BecbMa
OTIaCHBIMM B IPYTOH reHeTH4eCcKoi U skojormieckoi cpene. Tak, npuo6-
pereHue G6ose3HETBOPHBIMU GaKTepUSAMM NHIEBaPUTEJIbHOTO TPAKTa
YCTOWYMBOCTH K aHTHOMOTHMKAM MOXXET CYIIeCTBEHHO 3aTPYAHUTDH Jeye-
HUe 60Jie3HeH, KOTOpble OHU CIIOCOGHBI BbI3HIBATD.
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3.3. Boamoxnunie HeOaaronpusaTHeie 3¢ PeKThl
reHHO-MH)X€HEPHbIX OPTaHH3MOB Ha 3710pPOBbe 4€JIOBEKa,
METO/Ibl HX OIeHKH H CIoCco0bl NpeaynpexAeHus

Cpenu mMOTeHUMAJIBHBIX PUCKOB JJs1 3I0POBbs Y€JIOBEKA, CBA3aHHBIX
C UCNOJIb30BAHHEM TeHHO-WH)KEHEPHBIX OpPraHu3MOB, PacCMAaTPHBAIOTCA
cleayoIye:

— CUHTE3 HOBBIX JJIsl PELIMITMEHTHOTO OpraHu3Ma 6eJIKOB — IIPOAYKTOB
TPAHCreHOB, KOTOpbIe MOTYT ObITh TOKCHYHBIMHU M/ NN a/lIePreHHbIMH;

— HM3MeHeHUe aKTHBHOCTH OT/EeJIbHbIX T€HOB XMBbIX OPTraHU3MOB IO/
BIUsAHMeM BcTaBKu uyxepogHoit [THK, B pesynbrate KOTOPOro MOXET
IIPOM30HTH yXyAlIeHue NOTPeOUTENbCKUX CBOMCTB MPOAYKTOB MUTaHUS,
NoJy4aeMbIX M3 3THX opraHuamoB. Hampumep, B reHeTuyecku Moaudu-
I[MPOBAaHHBIX NIPOAYKTAX MOXeT ObIThb NOBBIIIEHHBIH 110 CPAaBHEHHIO C pe-
IUIIAEHTHBIMA OpraHM3MaMH YPOBEHb KaKUX-JIMOO TOKCHYHbIX, aJljiep-
TeHHBIX BEIECTB, KOTOPHIH NpPEBbIIAeT YCTAHOBJIEHHbIE NpeAe/ibl 6e30-
ITACHOCTH;

— rOpU30HTAJIbHAS IIepefjaya TPAHCTEHOB APYTMM OpraHu3MaM, B YacT-
HOCTH MapKepHbIX F€HOB yCTOHUMBOCTH K aHTHOHOTHKaM 0T MO Mukpo-
Opra"u3MaM MUIeBAPUTEIBHOTO TPAKTA.

ITonsATHO, YTO KOTZa rOBOPAT O PUCKaX /[JISI 340POBbsI YeJIOBEKA, CBA-
3anHbIX ¢ MO, uMenT B BUAY IpeXJae BCEro PUCKU IpU NOTpebIeHIH
IIPOAYKTOB, MOJYYEHHBIX M3 HHUX WM pou3BeAeHHbIX uMHu (Hampumep,
MOJIOKa OT TeHETHYeCKH MOAM(UIMPOBAHHBIX KOpPoB). CrpaTerus ones-
KU 6€30I1aCHOCTH FeHeTUYeCKH MOAN(HUIIPOBAaHHBIX IPOAYKTOB MMUTaHUSA
OCHOBaHA Ha TIPUHIIUIIE «CYHIECTBEHHOW SKBHBAJEHTHOCTH», pa3paGoTaH-
HoM OECD (Opranusauueit 3KOHOMHYECKOTO COTPYAHUYECTBA U Pa3BHU-
THS ).

CoryrlacHO 3TOMy TIPHHIMITY, OLlEHUBAETCS] HEe YPOBEHb 6€30IIaCHOCTH
HOBBIX ITPOJYKTOB IMUTAHHUS KAK TAKOBOM, a €ro U3MEHEHHE B CDABHEHHH C
TPAAULIMOHHBIMY MUIIEBBIMU aHAJIOTaMU, UMEIOIHUMH JJIUTEJIBHYIO HCTO-
puio 6e30I1aCHOTO HUCIOAb30BaHus (CM. Bbillle OOIIHE TIPUHIANBI OLIEHKH
PUCKa BO3MOXHbIX He6JaronpusTHbIX ¢ dexToB, cBsA3aHHbIX ¢ TMO).

JList uaeATUUKALMY B HOBBIX NIPOAYKTaX ¥ HCXOJHOM ChIpbe OTJIHY-
HBIX OT aHAJIOrOB NPU3HAKOB, BJAMAIOIIUX HAa yPOBeHb O6€301IAaCHOCTH U
IIUTATEJbHYI0 UEHHOCTh NHUIUEBBIX IPOAYKTOB, TINATEJbHOMY AaHAIMU3Y
nojgsepraercai HWHGOpMALUsA, Kacamllascs XapaKTePHCTUK HCXOIHOTO
OpraHu#3Ma, OT KOTOPOTO B3SIT IeH, NpeAHa3HAuYeHHBIH AJIS TPAHCTeHO32a,
a TaK>Xe Xapaxkrepa reHerndeckoi mogudukanuu. /lanee mpoBOasT CpaB-
HUTEJbHBIA aHAMN3 TreHeTUYecKu MOAM(UIUPOBAHHOIO OpraHuU3Ma M
ucxojHoro (HeMoAM(UIIMPOBAHHOr0) OpraHusma. J{Jsi 3TOro CONOCTaB-
JISIIOT arpOHOMHYeCKUe MOKa3aTesNd, NMPOAYKTHl BCTPOEHHBIX I'€HOB, CO-
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CTaB KJIIOYEBBIX XMMHYECKHX KOMIIOHEHTOB (B TOM YHCJIE TUTATENbHBIX U
AHTUITUTATEIbHBIX ), MPOPHUIb OCHOBHBIX MeTa60JUTOB, 3(PPeKTh mepe-
Pa6OTKH HUCXOJHOTO ChIPbS.

Hosniit npoaykT (copT pacTeHuit) MOXeET GbITh:

- 1) 3KBUBAJIEHTHBIM MO CYLIECTBEHHBIM NIPU3HaKaM BbIOpaHHOMY aHa-
JIOTY; ‘

2) 3KBMBaJIeHTHBIM aHAJOTY, 32 UCK/JIIOYEHHEM OAHOro (HEeCKOJIbKUX)
CYIleCTBEHHOT0, XOPOIIO OIpe/esieMoro MpU3HaKa,

3) He 3KBHMBAJEHTHBIM AHAJIOTY 110 CYL[ECTBEHHBIM MPHU3HAKAM.

Bo 2-M ¥ 3-M cay4asix IIpOBOJUTCS TIIATEIbHAS OlleHKa 6e30IaCHOCTH
OTJIMYHBIX OT HCXOAHOTO aHajora npuznakos I'MO no TakuM noxasare-
JISIM, KaK IOTEHIUAJbHAsI TOKCHYHOCTD, TIOTEHLMAIbHasA aJl/IEPIreHHOCTD,
BO3MOXHOCTb ITepEeHOCa FeHOB YCTOHYMBOCTH K aHTHOHOTHKAM MHKPOOD-
raHU3MaM ITHIIEBAPUTEJbHOIO TPaKTa, BEPOSTHOCTb IOTEHIMAJIbHOTO
yXyAUIeHHs] MUIEBOH 1IeHHOCTH M YCBOEHUSA NMUTaTeJbHBIX BEIIECTB.

CrpaTerusi OLEHKHM NOMEHYUANLHOU MOKCUYHOCMU HOBHLX NpPodyK-
moe numanus COCTOUT B cuaeaylomeM. Eciam uccienyeMoe OTJIMYHOE OT
aHaJIOra BEUIECTBO SBJIETCS. M3BECTHBIM KOMIIOHEHTOM PaCTUTE/IbHOMH ITH-
1M, UMEIOIIUM [IJINTEJHHYIO UCTOPUIO 0€30I1aCHOTO HCIIOJIb30BaHUd, HC-
CJIeJOBAHHS TOKCUYHOCTH HOBBIX MPOJYKTOB HE SBJSIOTCA 00513aTe/IbHbI-
MH. B uHbBIX ciy4asx oCymieCTBIAIOTCH:

1) ompexenenne KOHIEHTPAIMH TOTEHIIHAIBHBIX TOKCHHOB B CheJ06-
HbIX 4aCTIX PACTeHHH,;

2) yCTaHOBJIEHHE YENbHOIO BeCa JAHHOTO IPOAYKTA B MMHIIEBOM pa-
I[MOHE OIpeeeHHbIX TPyl HacesJeHUs;

3) cpaBuenue (1719 6eIKOB) X aMHHOKHCJIOTHOU IIOC/IEA0BATEIbHOC-
TH C TAKOBOM ¥ H3BECTHBIX TOKCHHOB W NHUILEBbIX aHTArOHKCTOB (Hampu-
Mep, HHIHOUTOPOB I1pOTea3) 10 3JEKTPOHHBIM 6a3aM JaHHBIX;

4) oueHKa cTaGHIbHOCTY HOBBIX BEILECTB K TEPMUYECKOH 06pabGOTKe;

5) onpejeieHre CKOPOCTH Pas3pylleHUs OTEHIHANbHBIX TOKCHHOB B
YKEJIy JOYHO-KUIIeYHOM TpakTe (B MOJENbHBIX CHCTEMAX);

6) aHa/IM3 YPOBHA TOKCHYHOCTH HOBBIX BEIIECTB B MOJZEJBHBIX CHCTE-
Max (KyJabTypa KJIETOK in vitro);

7) aHaM¥3 TOKCHYHOCTH B SKCIIEDHMEHTAX II0 IPUHYAMTEIbHOMY
CKapMJUBAaHUIO J1a0OpaTOPHBIM WJIU JOMAIIHUM >XKMBOTHBIM IIHIHH, CO-
Aepxamield NPOAYKThbI, MOJyYeHHbIE U3 H3yYaeMOro IeHeTUYeCKH MOJHU-
(pUIIMPOBAaHHOIO OPraHu3Ma, UK ee HOBHIX KOMIIOHEHTOB B T€HYEHUE JJIU-
TEJILHOTO BpeMeHU (XPOHUYECKUM SKCIHEPUMEHT — INPOJJOJKUTEIbHOCTD
1—2 roga) 60 B TeyeHHEe KOPOTKOIO BPEMEHH, HO C HCIOJb30BaHUEM
BBICOKHX KOHIEHTPAILMH U3Y4aeMbIX IPOAYKTOB (OCTPbI 3KCIIEPUMEHT —
IIPOAOJIKUTENIBHOCTD OKOJIO IBYX HeJlelb, KOHILIEHTPaIUs H3y4aeMoro 1po-
AYKTa TPAHCreHa A0 5 rpaMMOB Ha KMJIOTPaMM BeCa JKMBOTHOTO).
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Jlnsi OLeHKHM anlepzenH0z0 NOMEHUUAAaA npoodyKmoe mMpaHCzeHO8
ucnonb3yercs cxema (Ha6op U NOCJIeJOBAaTEIbHOCTD aHATUTHYECKHX IKC-
NepUMeHTOB), paspaborannas skcnepramu BO3 (BceMupHoii opranusa-
1y 3xpaBooxpanenns) 1 MAO (Oprauusaumu OOH mo nponoBoss-
CTBHUIO U CeJIbcKOMY X03aitcTBy) (puc. 13). 5 He cTany noapo6HO 06bsiC-
HATb YUTaTeNI0 BCe JeTaJd 3TOM M YNOMSIHYTOH BBIIE CXeMbl. [laxke
6ersioro B3rJisjJa Ha Hee JOCTATOMHO [JISi TNIOHMMAs TOTO, 4TO JI0OOii
TPaHCTeHHBIN COpT, Ipexae YeM 6yaeT opHIHaIbHO AONYIIEeH K HCIIO/b-
30BaHUIO B XO3SAUCTBEHHOH AEATEbHOCTH, IIPOXOAMT TIHATEJIBHYIO BCe-
CTOPOHHIOK0, MHOTOJIETHIOIO IIPOBEPKY Ha 6e30MacHOCTh, 0COGEHHO B TeX
CJIydasiX, KOTZa ero ypoxail mnpeamnonaraercs NoTpeb/asith B KayecTBe
IIPOJIOBOJILCTBEHHOTO ChIpbsi. Hyke Mbl KA KOHKDETHBIX IIpUMepax pac-
CMOTDHM, KaK NPUMEHSIOTCSI TNiepevUCJeHHble IPHHIIUNIBI 1 METO/bI IH-
nieBoif 6M06€30MaCHOCTH.

BHuMaTenbHbINH YuTaTeNb, 03HAKOMHUBIIUCH C XaPaKTEPHCTUKOH BHI-
paluBaeMbIX B HACTOSIIEE BPeMs TPAHCTeHHBIX COPTOB pacreHuit (riasa

AnnepreHHOCTb UCTOYHMUKA TPAHCTeHa
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NOCMEAOBATENBHOCTH aMUHOXUCNOT NOCNEAOBATENLHOCTA aMUHOKUCIOT
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Crieundudeckunit
CeponorMiyecKkuit aHanusa
1 \ N -
Aa Hert Lienesoii ceponormieckuit
' ananvs
1
Aa Her

YCTORYMBOCTL K NEpeBapuBaHunio
TPUMCHHOM U TECTbI Ha XUBOTHBIX

/ N

BeposTHOCTL annepreHHocTy

L \

HU3Kan cpeaHaA BbICOKan

Mpoaykr asnsercs
annepreHom

Puc.13. Cxema BO3-®AO oueHKH a/l/IepreHHOCTH NPOAYKTOB TPaHCI€HOB
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2, Tabi. 3), MOXET CaMOCTOSATEIbHO NMPUIATH K BBIBOAY, YTO Cpeay Npo-
AYKTOB NIPHBHECEHHbIX I'€HOB €Ba JM MOXHO OGHapYKUTh TaKHe, KOTO-
phle BbI3bIBAJIM GbI Cepbe3Hble MOJ03PEHUS HA IpeaAMeT X MOTEHIHAJIb-
HOM TOKCHYHOCTH HJIM aJIEPTEeHHOCTH. B 0AHUX coryvasix peub HAET O Ma-
HUIYMALUMAX C COGCTBEHHBIMH T[eHAaMH pacTeHusi 6e3 NPUBJIEYEHHS
yyxxepoanoit JTHK (tomatrsl ¢ yAJIMHEHHBIM CPOKOM CO3PEBaHMs H Xpa-
HEHUs IJIOAOB, [bIHA C aHAJOTMYHBIMHU CBOHCTBaMU, COA M pallC ¢ yayy-
IIEHHBIM COCTAaBOM MacJja). B Apyrux ciydasdx TpaHCreHbl KOAMDPYIOT
o6pa3oBaHue epMEHTOB, KOTOPbIE SIBJISIOTCS aHAJOTHYHBIMH KaK y pac-
TeHu#, TaK ¥ MUKPOOPraHU3MOB (TpaHCreHHble PACTEHUS, YCTORYHBbIC K
repbuiuay raudocary). A 1A NOTydeHUs TeHeTHYeCKH MOAMQUIUPO-
BaHHBIX COPTOB, TOJIEPAHTHBIX K repOuIMAaM CyJab(QOHUIMOYEBHHE,
HMHI030JMHOHY M HEKOTOPBIM JPYr¥MM, BooOuie 6bLIM HCIOJIb30BAaHBI B
KauecTBe TPAHCI€HOB pacmumenvHvie TeHbl epMeHTa alleTOJaKTaTCHH-
Ta3bl ¢ «MyTanueid Mumenu» (ot Tabaka uam apabugoncuca). IIpu atom
ux Ge3onacHoe NoTpeb/ieHne UMeeT JLHTENbHYIO HCTOPHIO. To e MOXHO
cka3atb (B cMbIC/ie HCTODHM) M O TPAHCTE€HHRIX COPTaX, YCTONYMBBIX K
BUpycaM. B kiay6HAX m060ro 06bIYHOTO COpTa KapTodeas Bceraa cogep-
XaTCs BUPYCHbIe OEJIKH, IPUYEM B KOJUYECTBE, B COTHH pa3 NpeBbIalo-
IeM UX COJAepXaHHe Yy TPAHCTeHHBIX COpTOB. B 3pesoM 3epHe, cuioce
KYKYpPY3bl, KIyOHAX KapTodessa reHeTHYeCKH MOZHUQUIIMPOBAHHBIX COP-
TOB, YCTOHYMBBIX K HACEKOMBIM, HE COAEPXKUTCS MPOAYKTA TPaHCreHa —
Bt-nporenna, KOTOpBIf TaKk)Ke HMEET AJIUTENbHYIO HCTOPUIO 6€30I1acHOrO
IpUMEHEHUs. JTOT NepeYeHb MOXHO NPOJOJIKHTD.

V13 Bcero MHOroo6pa3usi TpaHCreHHBIX COPTOB MOXKHO BbIGpaTh (pax-
THYeCKH TOJIbKO eIHHUIbI, ¥ KOTOPBIX B P€3yJIbTaTe reHeTHIECKOH MOAH-
¢dukaun o6pasyioTcss NeHCTBUTENbHO HOBBIE, HE XapaKTepHbIe JJis
OOBIYHBIX COPTOB AAHHOTO BUAA coefuHeHus. Ito pepmenTH PochuHO-
TpULMHaueTUATpaHCcepas3a U HeomuuuHdocdorpancepasa, KOTOpbie
06€eCTIeYHUBAIOT Ae3aKTHBALMIO COOTBETCTBEHHO repOuINa riiiodo3uHaTa
ammonust (JIu6epru, Bacra) ¥ aHTHOMOTHKOB-aMHHOTJIMKO3H/IOB KaHa-
MHIIMHA, HEOMUIHA, reHeTHL[UHA. TeM He MeHee U BellleCTBa, HMeIOIHE
JJIMTEJIbHYI0 MCTOpPHIO 6e3011aCHOTO MCIIOJIb30BaHMS, TOXE IIPOXOAST
TIMATEbHYIO IIPOBEPKY.

B tabnuue S5 npeacTaBIeHb HEKOTOPbie H3 MEPEYUC/IEHHbIX BbIIIE Xa-
PaKTEPUCTUK 6eJIKOB — IPOAYKTOB TPAHCIeHOB, HauboJjiee WIXPOKO Mpea-
CTaBJICHHBIX B T€HHO-UHXXE€HEPHBIX PACTEHUAX, NONYUIEHHBIX IJS HC-
MOJIb30BAHUS B XO3SMCTBEHHOH eATEJbHOCTH.

Kax BuauM, 6071bIIMHCTBO 0€JKOB — IPOAYKTOB TPAHCTEHOB OTHOCST-
Cs K HEeCTOMKHM COeJIUHEHHUsIM: OHM JIETKO AEHATYPUPYIOT Jayke NpH
OTHOCHMTEJIbHO HEBBICOKUX TeMilepatypax (a cieoBaTesbHO, pa3pyumia-
IOTCSI TIpHU I1epepaGOTKe PAaCTUTEJIBHOTO ChIPbS) M KHCJIOTHOCTH CPEXBI.
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Ta6nanuna 5

XapaxTepuCTHKH 6€1K0B—NPOAYKTOB HEKOTOPHIX TPAHCTEHOB

pH ze- . K Bpemsa nepeBapHBaHRA
eHTPALHS
Benok! | Harypa- n::::f;:gg; 0}:;}:;?”: " - |B xenynounoM| B ayoseHanb-
UHMH COKe HOM COKe
NPT II Kaprodens (kay6uu)— | [Tonosuna - | IlososuHa ~
2,7 Mkr/r s 10 cex; 2-5 MHUH
Xnonox (cemena) —7 | moaHocTbiO —
MKI /T 20 mMuH
EPSPS 5 65°C Xnonok (cemena) — | [Tonosuna — | MosoBuHa —
B TeueHUe 60-70 Mxr /T s 15 cex <10 Mun
15 MHH
PAT 4 75°C 1 MuH;
npu pH 4 -
10 MuH
CP PVY <2 MKr/r
(B 12-244 pasza
HH)Ke eCTeCTBEHHOTO
YPOBH#A)
CRY Kykypysa Bo Bpems | Passenenne: |He nepepapn-
1 A(b) LBETEHUA 1:1000 - BaeTcs
8-16r/ra ; 10 MuH;
B KOHLie BereTaluuu 1:100 ~
<0,8 r/ra; 05 MHH
B 3epHE M CHJIOCE He 90% B Teue-
o6HapyXeH HMe 2 MUH
CRY IIIA Kaprodenn: AHanorMyHo | AHaJIOTHYHO
JIMCTBA — CRY CRY
20-63 Mkr /T, I A(b) I A(b)
Kny6Hu —
0,1-0,6 Mkr /T

! B Tabnuue npefcTasieHbl XapaKTePHCTHKH ceayomux 6eaxos: NPT I1 (seomumun-
¢docdorpancepasa II) — npoayxT ceseKTHBHOrO reHa YCTOHYHMBOCTH K aHTHOGHOTHKAM
KaHaMHMIIHHY, HEOMUIIMHY, TeHEeTHIIMHY, BbIJeJIEHHOro M3 TpaHcmo3dona Tn 5 E.coli;
EPSPS (5-snommupysunmukuMar-3-pocdar cHHTasa) — NpOAYKT MYTAaHTHOTO TeHa cpd
ot Agrobacterium sp. (uau aro A or Aerobacter; sm I or Salmonella), xoropsrii o6ecme-
YuBaeT ycrofyMBOCTh k repGuuMay rimgocary (¢pupMennnie nassanusi Paynaan, Ypa-
ran); PAT (¢ocdunorpuunnanernarpancepasa) — npoaykr rena pat ot Streptomices
viridichromogenus (nnn bar ot S. hygroscopicus), KoTopblii 06ecriedHBaeT yCTOHYHBOCTD
K rep6uunay rmocdosnHary ammonus (¢bupmennbie Ha3BaHus Bacra, JIuGepru, Munan);
CP PVY (6enok kancuan Bupyca Y xaprodens) — o6ecneydBaeT yCTORYMBOCTb KapTo-
¢ena k Bupycy Y; CRY I A(b) (xpucramnnuecknit npotent, d-sHAOTOKCHH, Bt-TokcHH,
Bt-nporenH) — NMPOAYKT YKOPOYEHHOTO reHa NOYBEHHOM 6akTepuu Agrobacterium tume-
faciens v. kurstaki, xoTopblii 06GecnieYyuBaeT yCTONYHBOCTD pacTeHHil K HaceKOMbIM u3 Le-
pidoptera, HallpUMep K JMYHHKaM TOYMJbIIMKA KyKypyabl Ostrinia nubilalis; CRY IIIA
(xpucrannnveckuit IpoTenH, 8-3Ha0TOKCHH, Bt-TokcHH, Bt-nporenn) — IIPOAYKT YKODPO-
YEeHHOrO reHa no4sBeHHoU Gaktepuu Agrobacterium tumefaciens v.Tenebrionis, KOoTOpbIi
obecneyuBaeT yCTOHYMBOCTb PacTeHHH K HacekoMmbiM u3 Coleoptera, Hanpumep K KOJO-
paackomy xyky Leptinotarsa decemlineata.
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Bce oHE 6bICTPO IIEPEBapHBAIOTCA B JXKeJyRoyHOM coke. CojepxaHue HX
B PACTHTEJIbHBIX TKaHAX O4YeHb HU3KOe. JTO O3HayaeT MaJylo BeposT-
HOCTb TOrO, YTO IepeYHCIeHHbIe IPOTEHHB! MOTYT BHI3BIBATh ajlIepPruyec-
Kie peaklUd. Beap Ais ajjiepreHoB XapaKTEPHbI CEAYOMME IPH3HAKY:
yCTONYUBOCTD K MEPEBaPUBAHUIO, K IepepaboTKe, MOJIEKYIsIpHasA Macca
10-70 kmanpTOH, coaepxanue B nuuie 6oyee yeM 1%. [y TOro 4To6bnl
pa3BHJIACh AJLIEPrHYecKas peaklus, 6eJ0K JO/UKEH MOCTYNaTh B TOHKHI
KHIIEYHHK B MPAKTHYECKH HEM3MEHEHHOM COCTOSHUM (TaM MPOMCXOAMT
€ro BcachlBaHHE B KPOBb C IMOCJEAYIONMM 06Pa3sOBaHUEM aHTHUTeN).
Ouyenxa 8epoamuocmu nNOMeHyuaIbHoZ0 YXyowenus nuweeol yeu-
HOCMU U YCBOEHUS numamenvhulx eeuecme. Ha npakTuke o6bIYHO 110-
Jy4aioT 60JIbLIOe KOJIMYECTBO TPAHCTeHHbIX (POpM, H3 KOTOPBIX B XOJ€
nocJenyouiell TpaAHIIMOHHON celeKUHM OTOMpAoT 06pasub! 6e3 BHAM-
MBIX MyTaluii. 3areM TIaTeabHeHITUM 06pa3oM M3y4aloT 6€301aCHOCTD
oTo6paHHBIX GOPM AJIST 3MOPOBbS YeJOBeKa M OKpyKaiomen cpeabl. B
YaCTHOCTH, aHAJU3UPYIOT COAEPKaHUE B PACTUTEIBHOM ChIpbe KaK IMUTa-
TeNbHBIX (6eKH, XKUPHI, YIJIeBOAbl, MUHEPAJILHEIE 3JIEMEHTHI, BUTAMUHBI
¥ T.II.), TaK M TMOTEHIHAJbHO OMACHBIX JJISL 3/I0POBbs BeitecTB. UTOOHI
TPaHCTreHHBIH COPT ObLI AONMYLIEH K XO3SHCTBEHHOMY MCIIOJb30BAHHIO,
OH He JOJUKEH CYIECTBEHHO OTJIMYaThCA OT HCXOJHOIO COPTa, KPOMe KakK
II0 IPHBHECEHHOMY B pe3yJIbTaTe TPAHCr€HO3a IPU3HAKY MJIM IO IIpU3HAa-
KaM, KOTOpble ObLIM LeJbIO reHeTHyecKoil Moauduxammu (KOHUEMIUI
CyIeCTBeHHO! 3KBUMBaJeHTHocTH). Tak, pesyisrarsl 1400 amannruuec-
KUX 3KCIIEDUMEHTOB, IIPOBEAEHHBIX NPU H3YYEHMH BBILIEYIIOMAHYTOM
RR-con (ycroituuBoit x PayHaayry), moATBepAHJ/IN MOJHYIO MAECHTHY-
HOCTb TPAHCTEHHOTO M HCXOJHOI0 COPTOB COM KaK IO IHTaTeJbHBbIM, TaK
Y aHTUIIMTaTeIbHBIM CBOMCTBaM. B xayecTBe mepBbIX (PUTYyPHPOBAJIHU: CO-
Aep>XXaHHe 6elKa, )KHpa, BOJIOKOH, 30JbHBIX 3JIEMEHTOB, YIJ€BOJOB, Ka-
JIOPHHHOCTD, BAAKHOCTD 3€PHA, «IIMTaTeNbHbIE» CBOMCTBA MepepaboTaH-
HOFO 3€pHa — CYXOH MYKH, 00e3>KUpPEHHOH MyKH, 6€JKOBOr0 M30/IATa,
KOHI[eHTpaTa, JeIMTHHA, OYMIIeHHOrO Macja, Ae30JOpPHPOBAHHOIO Mac-
Ja ¥ 1.11. He BrIBNIEHO pasiuymii Mo crelu@HIECKUM XUPHBIM KHCIO-
TaM, aMIHOKHCJIOTaM, B YaCTHOCTH apOMaTHYeCKUM aMUHOKuC/IoTaM (rep-
6ULMI0YCTOMYMBOCTD TPAHCTEHHON COM CBSI3aHA C KJOYEBBIM (epMeH-
TOM MeTa6oJsm3Ma apoMaTuyeckux amuHokucaor EPSPS). EcrecrsenHo,
oco60e BHUMaHHe GBLJIO yJeJeHO «AHTHIIMTATEJbHBIM» KOMIIOHEHTaM CO-
eBOr0 3epHa: MHrHGHTOPY TPHIICHHA, JIeKTHHaM, ¢uToacTporenaM (re-
HUCTEMHY H IOA3€MHY), craxuose u ¢urary. IIo comepaHMIO 9TUX Be-
IeCTB FeHeTHYECKN MOAMMUIMPOBAHHBIH OPFraHU3M M MCXOXHAS JIMHUS
TaK)XXe He pasju4aimcb. AHANM3 «CyLIECTBEHHOU 3KBHBAaJEHTHOCTH»
I'MO u ucxoauoit 1uHuu Hau6oJIee akTyaJieH AJIs1 BUIOB PACTEHHI, KOTO-
pble B IIPHHIHUIIE MOTYT OBITb ONIACHBIMH JJIS1 30POBbS YEJOBEKA: KapTo-
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¢denb, ToMaTh (M3-32 TOKCHYHBIX TJIMKOAIKAJIOUA0B), XJI0MoK (13-32 TOK-
CHYHOTO TOCCHIIOJIA) U HEKOTOPBIE APYTHe.

CienyromuM ¢axTopoM, KOTOPHIH paccMaTpHBaeTcs B KayecTse IO-
TEHIHAJbHOTO He6naronpusaTHOro g gexra reHeTHYeCKH MOAMMHUIINPO-
BaHHBIX OPTraHM3MOB Ha 3/[0POBbE YeJOBEKA, SIBJISAETCS Z0PUIOHMALbHbLU
neperoc mpauczenos (npexde 6cezo zenoe ycmouuusocmu K anmubuo-
muxan) om TMO muxpogaope nuwesapumersrnozo mpakma 4ei06exd
u xueommuwvix. B coctaB 060 TpPaHCTEHHOH KOHCTPYKIIMH, KaK IIPaBUIIO,
BXOAMT IIOMMMO COOCTBEHHO TPAHCTEHA ¥ €r0 PeryJSITOPHBIX 371€MEHTOB
M TaK Ha3bIBaeMblil ceJeKTHBHBIN (MM MapKepHBIii) reH, HeoOXOUMBIi
A1a ot6opa TpanchOpMUPOBAHHBIX KJIeTOK. B KayecTBe celeKTUBHBIX Te-
HOB OGBIYHO UCIIOJIb3YIOT T€Hbl YCTONYMBOCTH K aHTH6MOTHKAaM (KaHaMu-
LMHY, aMIHIUIIMHY, CTPENTOMHIMHY), KOTOpPbIE YK€ YTPaTUJIH CBoe
3HaYeHME KaK aHTMMUKDOOHbIE mpenaparhl U3-3a MIMPOKO pacnpocTpa-
HEHHON YCTONYMBOCTH MHUKPOODPTaHM3MOB K 3THM aHTHOMOTHKAM.

Kpome T1Oro, BepositHOCTH IepeHOca celeKTUBHBIX reHoB u3 JHK
IIPOAYKTOB IIUTAHUS, TIOJyYEHHBIX U3 FeHEeTUYeCKU MOAU(PUIIMPOBAHHDBIX
OPraHM3MOB, K MHKPOOPraHM3MaM IIMINEBapUTEJbHOTO TPaKTa KpalHe
un3kasi (OHa onenuBaercs Kak npubausureabno 10-17). [ns storo tpe-
6yeTcst HECKOJIBKO KpaiiHe MaoBeposATHbIX coObiThii: yyacrok [JHK, co-
JilepXKallyil celeKTUBHBIA reH, He JOJDKeH ObITh MOBPEXAEH B MPOIECCE
NnuieBapenns, Heo6Xo uMa TOMOJIOTHA CeJIeKTUBHOTO TeHa MJIM ITpuJlera-
fomux K HeMy paitonoB JJTHK ¢ /IHK xpoMocomsl niau maasmMuasl 6o1e3-
HETBOPHOM 6aKTepHH NMULIEBAPUTEIbHOrO TPAaKTa, a AJs TOro, YTolnl ce-
JIEKTUBHBIN T'eH 3KCIIPECCHPOBAJICS B HeH IOcJe TepeHOca, OH JOJIKeH
BCTPOHUTHCA O[] MOAXOJSIIUM IIPOKADHOTHYECKHM INpoMoTOpoM. Ecau
YMHOXUTb BEPOSTHOCTb FOPU3OHTANBHOTO IIepeHOCa CeJIeKTHBHOTO reHa
Ha BO3MOXKHbIE TIOCJIECTBHS TaKOro nepenoca (nossJjienne oHOM HOBOM
OaKTepuH € YCTONYUBOCTBIO K aHTUGMOTHKY B NpHAAYy K ThICAYaM yiKe
CYILECTBYIOUIMX C TaKOW K€ YCTOMYMBOCTBIO), TO CEPbE3HO 06CYKAATh
MOA0OHBIE PUCKH MOXKHO, TIOXAIY#, TOJBbKO Mepe/l HEIPOCBEIIEeHHO! Ty6-
JIMKO} B IIPONaraHAuCTCKUX Heax. Eme 60Jiee Hecepbe3HBIM BBITJISIIHT
PaccMOTpeHHe MOCJeACTBHI IlepeHoca TPAHCTeHOB MJIH CeJIeKTUBHBIX Te-
HoB B /IHK kJieTok yesoBeka: mMpoAOIKUTENBHOCTD JKM3HU KJIETOK 3TIH-
TeJIUA MUIEBAPUTEbHOTO TPaKTa OKOJIO 7 AHell, HHKAKOro KOHTAaKTa Iu-
IIM C TI0JIOBBIMU KJIETKAMH YeJIOBEKa He MOXeT ObITb B IPHHIUIIE,

Xots, Kak 6bIJI0 IOKA3aHO BbIllle, HAJMYHE B TPAHCTEHHBIX KOHCTPYK-
IUAX CEJeKTHBHBIX TeHOB aHTUOMOTHKOYCTOHYMBOCTH He SBJSETCS OIac-
HBIM [JJI51 3/[0POBbSI YeJIoBeKa U OKPYKalolleil cpeJbl, HO, YYUTHIBAsA 03a-
604eHHOCTD, @ YaCTO M HellpHUsATHe O6UeCTBEHHOCTIO 3TOr0 (haKTa, yue-
Hble IPUJIAraloT YCUIUA Mo pa3pab0TKe ajbTEPHATHUBHBIX CEJEKTHUBHBIX
cucteM. Tak, BCe 4alle B KaueCTBe CEJTeKTUBHBIX I'€HOB MCIMOJIb3YIOT IeHbl
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yCcTOi4uBOCTH K rep6uumaaM (paBAa, 3KOJOTH OLACAIOTCA, YTO 3TO IPH-
BeZIeT K POCTY TepGHLMI0YCTONYMBOCTH COPHSIKOB), HETOKCHYHBIM CaXapaM
(THma KCHJIO3BI, MAaHHO3bI, 2-AEOKCHUTJIIOKO3bI), FeHbl MHAYLHNPOBAHHOH
aKCIpeccuu (PUTOrOpMOHOB M Apyrue. Paspa6oraHbl MeTOABI yAaIeHuUst
CeJIEKTUBHBIX TeHOB y TPaHC(OPMaHTOB IOCJIE IPOBEJEHUA CeJeKTHBHOM
IPOLIEAYPHI UM MONYy4YeHUsA Ge3MapKepHBIX TPAHCTeHHBIX JMHUH C II0-
MOILBIO KOTPaHC(OPMALIUH C ITOCIeIYIOIUAM HETaTHBHBIM OT6OPOM I1O Ce-
JIEKTUBHBIM reHaM B 6EKKPOCCHBIX NOKOJIEHMSX.

3.4. He6aaronpusrapie NOCAECTBHA BRICBOOOXKIECHHA
I'MO B okpyxkaloniyio cpeay H METOJbl HX OLEHKH

B npeacraBieHHH OGBIBaTeNsl TeHETHYECKH MOAU(HLUPOBaHHbIE Op-
raHU3MBbI ACCOLHUPYIOTCS MIPEXKIE BCEro ¢ AKOObI CTPALTHOM ONMAaCHOCTHIO,
yrpoxamoluieii 310poBbi0 HaceneHUs. [lo MHeHHMIO e CIELHaJUCTOB,
HaMHOro 6oJiee CyUIECTBEHHBIMYU IIPeJCTABJISIOTCS PUCKU JJIA OKPY’Kalo-
meit cpeabi. Bean mepsyio rpymmy puckoB (AU 340pOBbs YeNOBEKA)
MOXXHO OLIEHUTH JOCTATOYHO TOYHO, YTOOBI X MpeAYNpeauThb U IMPaKTH-
YeCKHU TMOJIHOCTBIO MCKJIIOYUTh. B ciydae ke ¢ pUCKaMM A OKpYKalo-
el cpeAbl CHTyanusi HAMHOro cyoknee. Heo6X0qMMO yYHTBIBAaTh pas-
JIMYHbIE CJI0’KHbIE B3aUMO/IEHCTBUS OPraHU3Ma U Cpeabl, MHOIHE U3 KOTO-
PBIX € TPYAOM NOAAAIOTCS TOYHOH OlleHKe MM JaXke HeNpeACKa3yeMbl.
Oco6enno c10)kHO GbIBaeT CIIpOrHO3UPOBATh OTAAJIEHHbIE MTOCJIEACTBHUSA,
pasiuyHbie Kackaaubie a¢pdeKThl: Beab B AMKOHN MPpUpoAe BCe B3aUMOCBSI-
3aHO. /la M yCTpaHMTb BO3MOXKHbIE HeOJIarONpPUSATHBIE NOCJIEJCTBUSA Obl-
BaeT oueHb C0XxHO: ecan 'MO nmonanu B OKpyKaOHIYO Cpelly, PasMHO-
XKWJIHCh M, YTO CaMOe HempHUATHOe, MepefaH CBOK TeHEeTHYEeCKYI0 MH-
dopManiio ApYrdM BUAAM, TO MPAKTHYECKU HEBO3MOXXHO BEPHYTh BcCE B
HCXO/HOE COCTOSIHHE B CIy4yae OOHAPYKeHUS KaKUX-THOO He6IaronpusT-
HbIX 3(p(pEeKTOB.

BoaMoxHs! caepyomue He6maronpusitasie aggexter TMO Ha okpy-
JKAIILYIO Cpeay:

— pa3pyUIUTEJbHOE BO3AEUCTBHE Ha OMOJOrHYecKue CoolIIecTBa U
yTpara IieHHbIX 6HOJIOTHYeCKHX PECYPCOB B PE3YJIbTATE 3aCOPEHUS MECT-
HbIX BHJOB IeHaMM, IlepeHeCeHHBIMH OT reHeTHYeCKH MOAUHLIMpOBaH-
HBbIX OPraHu3MOB;

— CO3/IaHHE HOBBIX N1aPa3uTOB, IPeXJe BCEro COPHAKOB, H YCHJIEHHE
BPEJOHOCHOCTH YXe CyIlecTBylouux Ha ocHoBe camux I'MO umu B pe-
3yJIbTaTe MepeHoCca TPAHCTEHOB JAPYTHM BU/IaM;

— BbIpa6OTKa BeliecTB — IPOAYKTOB TPRHCTEHOB, KOTOPbIE MOTYT ObITh
TOKCUYHBIMHU [JI1 OPraHU3MOB, XXUBYIUUX MJIH IMUTAOLIMXCS HAa TeHETH-
YECKH MOAU(UUUPOBAHHBIX OpPraHU3MaxX U He SBJSIOIIUXCSI MUIIEHSIMU
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TPAHCTeHHbIX NMpU3HaKOB (HampuMep, mMyeJ1, APYTUX HOJIE3HBIX WM 0XPa-
HSIeMbIX BHJOB);

— He6GIaronpusATHOE BO3ACHCTBHE HA SKOCHCTEMbI TOKCHYHBIX BEIIECTB,
IIPOU3BOIHKBIX HEIIOJTHOrO Pa3pylLIeHHs] ONacCHBIX XMMUKATOB, HalpUMep
rep6uunaoB (3HAYUTEIbHOE KOJMYECTBO CO3AABAEMbIX B HACTOMIEE Bpe-
Mg TMO — c¢opmsl, ycroituusbie K repGUIHAaM ).

Pa3spyuwumenvroe 8030eticmeue 2eHemuueckyu MoOUPUUUPoO8antvlx op-
zanu3moe na 6uoaozuueckue coobusecmaa. Kax u3BecTHO, B IPHPOAE HET
HUYero JIMIIHErO: CyIIeCTBYeT onpeeseHHbIH 6amaHc MeXAY OTAEIbHbI-
MM BUJaMH B TIpefiesiaXx Jo6oro 6mojioruyeckoro coobmecrBa. sKusble
OpPraHM3Mbl HAXOAATCA MeXy cO60H B TECHOM KOHTaKTe U B3aHMO3aBH-
CUMOCTH. BeposiTHOCTh HM3MeHeHHMs GMOJIOrH4ecKoro MHoroo6pasus 6e3
BMelIaTeJIbCTBA YeJI0BEKA HUYTOXKHA. Y BeJIMYeHNEe YUCICHHOCTH IOy JIsi-
IIMY KaKoro-nu6o BHA B OTJeNbHBbIe NIPOMEKYTKH BpeMeHH, HallpUMeED
13-3a KoJe6aHN KIUMaTHYeCKUX (PaKTOPOB, HeMeJJeHHO BKJIIOYaeT Me-
XaHU3M, OrPAaHMYUBAIOIIUI 3TOT POCT, U GasaHC MEXAY BHAAMH BOCCTa-
HaBauBaercsd. [loatoMy, roBOps O iepBOM IpyIIie PUCKA U3 YUCJIA IPUBE-
JeHHBIX Bbilie (pa3pylinTeIbHOE BO3/EHCTBUE TPAHCTEHOB HA GHOJIOTH-
YecKHe coobIIecTsa), HMMEOT B Buay ciaeayiomee. Ilpu mepeHoce
OT/AEJbHBIX TPAHCTEHHDLIX [IPH3HAKOB, NpeXkie BCEro MMeIOIINX afalTHB-
HOe 3HaueHHe B OKpy:xaoleii cpeae (ycrol4uBoCcTh K X0JI0AY, Xape, 3a-
CyXe, 3aCOJIEHHIO), OT KyJIbTYPHBIX COPTOB K HX JHKHM COPOAHYAM BO3-
MOJKHA CUTyalus, IIPU KOTOPO# MocjeJHHE MOTYT IpHOGPECTH JOIOJTHH-
TeJIbHbIE IIpeuMyniecTBa B 6opbOe 3a CyLIeCTBOBaHHE. A 3TO 4YpeBaTo
H3MEHeHueM TOro camoro 6ajsaHca MexXXJy BUJA2MH, CYLIECTBYIOLLIETO B
npupoje. IlocaeacTsus Moryt ObITb Ile4ajbHbl: YBEJWUYEHUE YUCIEHHOC-
TH OAHHUX BUJOB MOXKET COIPOBOXAATHCSI CHUXKEHUEM YUCIEHHOCTH APY-
THX M JaXKe UX yTpaToi.

Co3zdanue nosvix napasumos. [IpoGeMa NOSBAEHUS CYIEPCOPHSIKOB
U cynepBpenuTeseil Takxke (PUIypHpyeT cpeiM OCHOBHBIX, KOTJa pac-
CMaTPUBAIOT 3KOJOTMYecKue pUcku, cBaszanuble ¢ [MO. CopHaku — 3TO
TpyIa pacTeHHH C ompe/eleHHbIM HaGOpOM aJanTHBHBIX IIPU3HAKOB,
KOTOpbIe TIOMOTalOT HM CYIIEeCTBOBATb B OKpYyXKamlledl cpexe, B TOM
4yic/ie Cpelu IIOCEBOB KyJbTYDHBIX PAcTeHHH, HECMOTPS HA >KECTKYIO
KOHKYDEHIHI0 CO CTOPDOHBI JIPYIMX OPraHU3MOB, a TaKxe MOCTOSIHHOE
BO3/eHCTBYE CO CTOPOHBI YeJI0BEKA, KOTOPBIl BCEMU BO3MOXXHBIMHU CpeJl-
CTBaMM IIBITAETCS WX M3BECTH, NpaBla, 6e3 ocoboro ycnexa. B Tabauie 6
IIpUBEJEH TaK Ha3biBaeMbId nepeyeHb balikepa, B KOTOPOM CUCTEMATH3U-
POBaHbI IPU3HAKH, XapaKTePHble JJIT COPHAKOB. 3aMETHUM, 4TO MOJHOTO
Ha0Opa U3 NepeunCIIeHHbIX MPHU3HAKOB HET HU ¥ OJHOrO BHJA PACTEHHUH.
Onanaxo yxe xoM6uHauuu 3—4 W3 HUX JOCTATOYHO, YTOOBI MOJTYYHUTH
BeCbMa OIMACHBIM COPHSIK.
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Tabnuwa 6

Ilpu3naku, XapakTepHsle JJsa pacTenHii copusakor (no Balikepy)

Ne
n/n

1 |{CeMeHa nMpopacTaOT B PA3JIHYHBIX YCJIOBHUAX CPEIbI
CemeHa AMTeIBHOE BPEMSI COXPAHSIIOT XU3HECTIOCOGHOCTD
Pacrenys 6bicTpO NpoxoasT (a3l BereTall IO LBETEHHA

Pacrenus OGPRBYIOT CeMeHa B TeueHHne MJAUTEJIbHOIO BPEMEHH B XOA€ BereTaunn
J0 TEX IIOp, ITOKa MO3BOJAIOT YCJIOBHA TIPOU3PACTAHHUA

Pacrenna CaMOCOBMECTHMbBI, HO HE SABJATCA CTPOTHMH CaMOONBIJIHTENAMHA

Ipusnaxu

Ll R

(4]

(=5

IIsrapra IPH NEPEKPECTHOM OINBIJIEHHH NEPEHOCHTCSA HECIIEIHAJIH3IUPOBAHHBIMH
HaCEKOMBIMH HJIH BETPpOM

7 [Pactenust GOpMHDPYIOT OYeHb MHOTO CEMSH B 6JIAaTONPHATHBIX YCJOBHAX CPEAbI
8 [PacTtenus o6pa3yloT ceMeHa B INHPOKOM [Malla30He YCJAOBUH Cpejbl

9 |PacreHus ajanTHpOBaHBI K PacCeHBAaHMIO KaK Ha 6OJblIHe PACCTOSHUA,

TaK X Ha KOPOTKHe

10 |Ecnn MHorosieTHHKH, TO CIIOCOGHBI OYeHb XOPOLIO Pa3MHOXATbCst BETeTaTUBHO,
Croco6HBI K pereHepaliuy 13 (PparMEHTOB PAacTEeHHs

11 |Ecsu MHOroseTHMKH, TO pacTeHHs OYeHb XPYyNKue B obsactu crebis,
PacnoJioXKeHHOH Ha YpOBHE IOYBHI, YTO NMPeJOXPaHsAeT UX OT JIETKOro
H3BJEYEHUS M3 [JOYBBI

12 |Pactenus npucnocobjieHs! K KOHKYPEHIHH ¢ IIOMOIIBIO CHEelMaJbHBIX CPEeICTB:

¢$hopMHpOBaHNs PO3€TOK, POCTA, [OAAB/SIOMEr0 COCeHUE PACTeHu,
06pa30BaHHs TOKCHYHBIX BEUECTB

Fenetuvecku MoauduUnupoOBaHHbIE OPTaHU3MBI PACCMaTPHBAIOT B KOH-
TEKCTe HCCaeqyeMoi mpo6ieMbl, UMesI B BUAY [TOTEHILUAJbHYIO BO3MOX-
HOCTb YCUJICHMs arPeCCUBHOCTH CYIIEeCTBYIOIUX COPHSIKOB 32 CYeT IIpH-
o6peTeHHsT UMH KaKoro-mu60 AOMOJHHTENbHOTO TPHU3HAKA M3 IMEepeyHs
Balikepa, KOTOpPBIH KOAMpyeTcs NPUBHECEHHBIM TreHOM (TpaHCreHoM).
Peub nzer npexze Bcero 06 aJanTUBHBIX I'eHAX YCTOXYUBOCTH K Pa3jiny-
HBIM cTpeccoBbIM (akTopaM. C 0fHON CTOPOHBI, 61aroAapsi TAKMM TPAHC-
reHaM OIIaCHBIMH COPHSIKaMHU MOTYT CTaThb HEKOTOPbIE KYIbTYDHbBIE pacTe-
HHS, KOTOPbIE 110 CBOeH IIPUPOJE He CUIBHO OTIMYAIOTCS OT JUKHUX BHAOB
(macr6uiunble TpaBsl, panc, JouepHa 1 ap.). C pyroi CTOPOHDI, CyIec-
TBYeT BEPOSTHOCTD IIEPEHOCA TPAHCTEHOB OT KyJbTYPHBIX BH/I0B K UX JH-
KHM COpOAMYaM, KOTODHIE MOrYT ObITh COpHsKaMH. He ciyvaiino moato-
My IIpH OLl€HKE PUCKa HeOJaronpusATHbIX 3KoJ0orHueckux adpdexros 'MO
006s13aTeJIbHO aHAJTU3HPYETCS CaM TPAHCTeHHBIH NPH3HAK HA MPeJMET €ro
aZanTUBHOCTH, a TaKXXe BEPOSTHOCTD €ro IepeHoca JHKUM COPOAHYaM,

Hebrazonpusmmovie agpghexmovr TMO na opzanumoi, He A81A10UUECH
CMUWEHAMUS> MPAHCEHHbIX nPUu3HaKog. [IpuMeHeHHe TPAaHCTEHHBIX COpP-
TOB C HHCEKTULUIHBIMH cBoiicTBamu (6rarofaps Bt-redy) cpasy xe 1o-
POJNUJIO BOIIPOC: A HE MOBJIMSIOT JIH OTPHULIATEBHO 3TH COPTa Ha GHOJIOTH-




UTO TAKOE BUOBE3ONNACHOCTb? -« 77

yecKoe pasHooOpasue, BO3JIeHCTBYSA Ha HACEKOMBIX, KOTOPbIe He ABJSAIOT-
CA <«MHUILIEHbI0» TPAHCreHHOro mnpusHaka? lMeioTca B BUAY npexne
BCETo TaKye I0Je3Hble HAaCeKOMbIE, KaK IT49eJibl, 60)KbU KOPOBKH, 3J1aTOI-
a3k, K cyacTtbio A npupojsl, Bt-poTenHb! OTJIWYAIOTCS BBICOKOH
U36UPaTeJbHOCTBIO CBOETO JiecTBUSI. 1TeM He MeHee BO3MOXKHBIE Hera-
TuBHBIEe 3 PeKThI, CBsI3aHHbIE ¢ HelleseBbIM Bo3aeicTBeM MO Ha apy-
rie OpraHu3Mbi, 0053aTeJIbHO TUIATEJbHO B3BEIIMBAIOTCS IIPU IpOBEJe-
HUU OLIeHKH UX 6H06e30IaCHOCTH.

Yeeruuenue obsemos npumenenus zepbuyudos. B cBaA3u C TEM 4TO
nepsole MO o6siafamd B OCHOBHOM IIpU3HAKaMU TOJIEPAHTHOCTH K
repOULIMaM, BO3HUKJIO ONlIaCE€HHe, YTO MX MCIIOJIb30BaHUE MOXET NIpUBeC-
TH K He6JIaronpHsITHOMY BO3AEHCTBHIO HA 3KOCHCTEMbI TOKCHYHBIX BEIIECTB,
NIPOM3BOAHBIX HEIOJJHOrO pa3pylleHus OMAacHbIX XMMHKATOB, HaPHMED
rep6unnoB. OfHAKO NMPAKTHKA HCIIOJIb30BAHUSA IepOULAI0yCTOHYNBBIX
reHeTUYeCKH MOAUGULIIUPOBAHHBIX COPTOB MOKa3aJja MPOTHBONOJI0KHY IO
TeHAeHIHIO. [1ocKoMbKY 3(pPeKTHBHOCTD KOHTPOJISI HaJl COPHAKAaMH C I0-
Monibio koM6uHanuu 'MO u cooTBeTCTBYI0IEro repOuLK/Aa Bblllle, YeM B
OOBIYHOMN NMPpaKTHKE MPUMEHEHUs XUMHUKATOB, TO O6IIMi 06beM repOULH-
JIOB, BHECEHHBIX Ha M0JISI C FeHeTHYeCKU MOAU(PUIITPOBAaHHBIMHU COPTAMH,
OKa3bIBAETCSI HHXKe OOBIYHOTO.

3.5. Ouenka pucka BO3MOXHbIX HeOGJaronpusaTHsix 3¢p¢dexTon
I'MO Ha oxpyxKaomyio Cpeay

Jl1s onpenesieHNH pUCKa BO3MOXKHBIX HeGJIarONpUATHBIX 3DEeKTOB,
CBSI3aHHBIX C BbicBOGOXKAeHneM MO B okpyKaomymo cpery, paspabo-
TaHA cliellMaJbHas MeTOAMKA, MO3BOJIAIONasl IIPOBOJHUTb KOMIJIEKCHYIO
BCECTOPOHHIOIO OLEHKY HX 6e30MacHOCTH. IJTa METOJUKA IIPUMEHSIETCS
BO BceX CTpaHax, rae BbipamuBaiT [MO, oCHOBHbIe ee IOJIOKEHUA
3aKpeIlVIeHbl B pAAe MeXIYHAPOAHBIX COIJIAIIEHUH, YTO JeJaeT ee Ipu-
MeHeHHNe 00s13aTe/IbHOI MpPOoleAypoil AJis CTpPaH, K HUM IIPHCOEIHHHB-
muxca. Metoauka xopoiio 3apekoMeHioBasa ce0s Ha npaxkTtuke. [lo cy-
UIeCTBY He U3BECTHO HM OJHOTO CIy4asl HeraTHBHOIO BO3JAEUCTBUS IeHe-
THYEeCKU MOAMMUIMPOBAHHBIX OPTaHU3MOB HAa OKDPYXKAIOILYIO CPELy BO
MHOTOM 6Jlarofiapsl TIAaTeJbHOH oueHKe He3onacHocTH Bcex MO, koTto-
pbie BbICBOOOXJAIOT B OKPY KAIOHIYIO CPefy.

IIpu oneHke puUcKa BO3MOXHBIX HeOJArolNpUSTHBIX 3KOJOIMYECKUX
rmocaencTBui BbIcBOOOxkAeHNT MO B oKpyXaouyi cpely B IepBYIO
o4epe/lb IIPUHUMAIOT BO BHUMaHue MHQopManuo, Kacawourywcs 610Jo-
THYECKUX OCOOeHHOCTEell PeLUNUeHTHOIO ¥ JOHOPHOTO OPraHu3MOB:

— CHCTEMATHYECKOe I0JI0XKeHHUe, CIoco0 pa3MHOXEHHI U pacCeuBa-
HUsl, BbDKHBAEMOCTb B OKpYXKamoulell cpene;
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— reorpaduieckoe pacnpocTpaHeHue, OlucaHue MecT eCTECTBEHHOrO
IIPOU3PaCTaHus;

— MOTEHI[HAJBHO 3HAYMMOEe B3aUMOAEHCTBUE C OpraHU3MaMH, OTIHY-
HBIMM OT pacTeHHil (TOKCHYHOCTD).

Oco6oe BHUMaHUE yaenseTcsa HHPopMallMK, OTHOCSIIENCS K XapaKTe-
Py reHHO-MH)XeHepHo#l MoaudUKanuu:

— ONKMCAHMIO BCTPOEHHOTO B reHoM (ILIa3MOH) PEUHITHEHTHOTO opra-
nusma ¢pparmenta JHK (pasmep M MCTOYHEK, TpeamnoJaraemas (pyHK-
I;UsT KAXKIOTO COCTABHOrO 3jieMeHTa wiH paiioHa BcrpoeHHoi JJHK, Bxiro-
yas PevyJSATOpPHBbIE U APYTHE 9JIEMEHTHI, BIUAIONME Ha (PYHKLIMOHMPOBA-
HUE TPAHCTEHOB);

— JIaHHBIM O CTPYKType U (PYHKLUHMOHAJIPHOM COOTBETCTBUU BCTPOEH-
Horo ¢pparmenta JIHK, mpucyrcTBuUM B HeM M3BECTHBIX IOTEHI{HAJbHO
OMACHBIX IOCJIEAOBATEbHOCTEHN, JIOKAMM3AIMH BCTAaBKU U CTaOHJIbHOCTH
HUHKOpIIOpAlluM, KOMUYECTBE KOIMUHU TPAHCTEHOB.

BcecroporHeMy paccMoTpeHHIo noaBepraeTcd uHdOpMauus, Kacaoo-
masicst 6uosorudeckux ocobenHocreil MO u xapakrepa B3auMoJeHCT-
BHA €ro ¢ OKpyXalollel cpeioy, a UMEHHO:

— JlaHHble O HOBbBIX IIpH3HaKax M XapaKTepPHUCTUKaX, KOTOPbIE CTaIH
TIPOSIBJIATHCS WU TIePeCTasii IPOSABISTHCS Y FreHeTHYeCKH MOIU(PUIIUPO-
BAHHOTO OpPraH13Ma IO CPaBHEHMIO C PEUIIMEHTHBIM OPraHU3MOM, B OCO-
6EeHHOCTH Te, KOTOPHIE MOI'YyT OKa3blBaTh BJMsIHNIE HA BBIXKUBAEMOCTDb, Da3-
MHOXeHHe U pacllpocTpaHeHle B MOTeHIIHAIbHOH IPUHUMAIONIEH cpene;

— CBeJeHus O reHeTuuecKkoii crabunpbHoctu MO, crenedy 4 ypoBHe
aKcnpeccud TpaHcrena(os);

— AKTHBHOCTb M CBOicTBa nportenna(os), koaupyemoro(pix) TpaHc-
redoM (Hamm);

— CHOCOGHOCTb K IepeHocy reHetnyeckoil nudopManuu (Hammine B
IIOTEHUMAIbHON IPUHUMAIOLIEH cpele AMKHX WJIM KyJbTYDHBIX POJCT-
BEeHHBIX BUJIOB, ctocobubIX kK rubpugusaiuu ¢ MO, BeposaTHOCTb nepe-
Hoca TpaHcreHoB oT 'MO K TakuM OpPraHH3MaM);

— BEPOSITHOCTb KOHKYPEHTHOTO IIpeHMYyLIecTBa IeHeTHYeCKU MO[U-
($bumpoBaHHOr0 OpPraHMu3Ma 1o CPAaBHEHUIO ¢ HHTAKTHBIM PEUITUEHTHBIM
OpraHu3MOM, PE3KOro yBeJHWYeHUs1 yucaeHHoCcTH nomyasuun 'MO B 1o-
TeHIHaJIbHOU ITDHHUMAIOLIEN cpene;

— CBEJCHMSI 00 Op1dahu3MaX-MULIEHSX M OpraHu3MaX-HeMUUIeHsX,
IIpEATIoIaTaéMOM MEXaHu3Me U pesyJbTaTe B3auMozeiictBua I'MO ¢
HUMU.

OxoHuaresibHOe 3aKjioueHne o 6ezonacHocTH MO nmis okpyxaro-
e cpeabl Aes1aeTcsl ¢ yIeToM Iepevuc/IeHHON Bhillle nH(pOPMAIIUH 1 Xa-
PaKTEPUCTUKU NIOTEHIMAIbHOI NMpHHUMAIONEH Cpe/bl:

— reorpau4YecKoro rnoja0XeHuA y4acTka, rae 6yJeT oCylleCTBASAThCA
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BbICBOGOXA€HHE, OJIH30CTH €ro K 3allOBeHHKAM, 3aKa3HHKAM U JAPYTHM
MPUPOAOOXPaHsAEMbIM 0ObEKTaM U TEPPUTOPHUIM;

— €ro pa3Mepa ¥ 06paboTaHHOCTH, KJIUMATHYECKOH, re0JIOTUYECKOH
¥ TIOYBOBEIYECKOH XapaKTepUCTUKH, (PJIOPHI U (payHBbI.

3.6. TocyaapcTBeHHOE peryupoBanHe 6e30NaCHOCTH
T¢HHO-HHXXEHEPHO# JAeATeNbHOCTH

Lo Tex mop nmoka uMeeTcs 3JIeMeHT Hay4YyHOIl Heollpe1eIEHHOCTH OTHO-
CUTEJbHO BO3MOXKHBIX HeGJArONMpHUsITHBIX TOCJeACTBHH IreHHO-MHXXEeHED-
HOM esiTeJIbHOCTH JJIS1 3J0POBBS YEJIOBEKA Y OKPY KAIOWIeH cpe/Jbl, OHA B
COOTBETCTBHUM C NPUHIUIOM I1PeJOCTOPOKHOCTU AOJKHA PeryIMpOBaTh-
C Ha TOCy/JapCTBEHHOM ypoBHe. 3ajava 3(¢eKTHBHOro rocyaapCcrBeH-
HOTO PeryJIMPOBaHUS COCTOUT B TOM, YTOOBI 06eCTIeYuTb, C OQHOH CTOPO-
HBI, MAaKCHMaJbHO 6/IaronpusTHbIE YCIOBHS AJI4 Pa3BUTUA TeHeTUYeCKOH
VHXeHepuHu KaK OJHOI0 M3 IPHOPHUTETHBIX HAaYYHbIX HAlpaBJieHUHd H, C
ApPYTrOH CTOPOHBI, TapaHTHPOBAaTh 6E30IIaCHOCTD IPH OCYLIECTBJIECHUH H
HCTI0JIb30BAHUM Pe3yJIbTaTOB U IPOAYKTOB FeHHO-MHXXEHEPHOH AesATelb-
HOCTH.

B 60nb1IMHCTBE Pa3BUTBIX CTPaH MUpa MPUHSATO U 3¢ PeKTUBHO (PYHK-
IHOHUPYET CIelfajibHoe 3aKOHOJATeNbCTBO, Kacaiolleecss 6uobe3omnac-
HOCTH, a TaKXKe CO3/aHbl COOTBETCTBYIOIIUE KOMIIETEHTHbIE OPraHbl, KO-
TOpble TIPETBOPSAIOT €T0 B XKU3Hb.

B benapycu B HacTosiiee BpeMsi cucTeMa 6106€301acHOCTH HaXOAUT-
€Sl Ha HadaJbHBIX 3Tanax popMupoBaHus. IlepBbIM 11aroM B ee mocTpoe-
Huu 610 co3fanue B cootBercTBuu ¢ [loctanoBnenem Cosera Munuc-
TpoB Pecniy6smmku Benapych Ne 963 ot 19 uionst 1998 rona Hauuonasin-
HOTO KOODJWHAIIMOHHOTO ILieHTpa OuobesonacHoctu. lleHTp ycnemso
GYHKIUOHMpYET B KadyeCTBe CTPYKTYPHOro mnojpaszgeseHus HMHcTuTyTa
renetuku u nutosoruu HAH Benapycu ¢ 1 suapsa 1999 rona. Cornacho
3TOMY MOCTAHOBJEHUIO, B 06s3aHHOCTH lleHTpa BXOIUT:

— c06op, aHaJIU3 M cUCTeMaTU3alusl UHQOPMALHH O 3aKOHOJaTe/b-
CTB€, HAy4YHBIX HCCJIE/IOBAHUSAX, MIOJIEBBIX MCIBITAHUSX, BBO3€ / BBIBO3E,
KOMMEPYECKOM UCIOJ/Ib30BAaHNU T€HHO-UH)KEHEPHBIX OPTaHU3MOB U TIPO-
JAYKTOB Ha MX OCHOBe B benapycy;

— co3faHue, NMojAjAep:KaHUe U NMOIOJHeHHe HAIlHOHAJIBbHOU 6a3bl AaH-
HbIX 10 6M06€E30MIaCHOCTH;

— npeAocraBgeHue uHGopManuu Mo 6106e30NaCHOCTH 3aUHTEPECO-
BaHHbIM MHMHUCTEPCTBAM M APYTHM OpPraHaM rocyJapCTBEHHOI'O YNPaB-
JICHUs, CpeACTBaM MaccOBON MH(OpMAIUU;

— obmMen uHopMalueii Mo 6106e30IMaCHOCTH ¢ KOOPAWMHAIIMOHHBIMU
LEHTPAMU JPYTUX CTPaH, MEXAYHAPOIHbIMH OPraHU3aAlUsIMU;
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— ofecnedeHue IPOBEAECHUS HAYYHOI aKcriepTH3b! 6e3omacHocty TMO,
HCIIONb30BaHUE KOTOPBIX IIpeArnoaraercs Ha teppuropuu PecryGiauku
Benapycs;

-~ OKa3aHU€e KOHCYJbTAaTUBHBIX YCJYI MHHUCTEPCTBAaM H ADYTHUM pec-
INyOJUKAaHCKUM OpraHaM rOCyAapCTBEHHOrO yIpaBJjeHHs B pa3pafoTke
3aKOHOJATeJbHBIX aKTOB H PYKOBOJACTB 10 6H06e30I1aCHOCTH;

— OKa3aHHe KOHCYJbTAaTUBHBIX YCJYI MMHHCTEPCTBAM U APYTHM pec-
my6IMKaHCKUM OpraHaM rOCyAapCTBEHHOrO YIPaBJEHHS B IOATOTOBKE
IIPEAJIOXKEHUHA 0 3aKJIOYEHHIO [BYCTOPDOHHMX M DErMOHAJbHBIX COrJa-
eHui, B paspaoTKe Me)XXIYHAPOAHBIX COTJIALIEHUI 10 606e30IIaCHOCTH;

— yueT Ja6opaTOpuil reHeTHYECKOI MHXEHEPUH.

Cotpyanukamu lleHTpa COBMECTHO ¢ IOPHCTAMU NpeAJIOKeHA KOHILIEN-
IMA HOPMATUBHO-NIPAaBOBOI 6a3bI AJIA FOCYIaPCTBEHHOr'O peryJIHpOBaHUA
TreHHO-MHXXeHepHOo AesTeabHOCTH B Benapycu. B ocHOBY KoHLenuuu no-
JIO’KeH MMEIONUICS ONbIT pPsila BeAYLUNX CTPaH, CYlIeCcTBYIoiee 3aKOHO-
narenbctBo Pecny6nuku Benapych u cloXXHBIIasiCss B CTpaHe CHCTEMa
rOCy/JapCTBEHHOTO yIpaBJieHHsI, 003aTeNbCTBA IO MEXIYHAPOIHBIM CO-
rnameHusM. Ilo HameMy MHeHHIO, CO3aHUE CHCTEMBbI 6M06E30IIaCHOCTH
He JOJDKHO COIPOBOXJATbCA NOSIBJIEHUEM HOBBIX OGIOPOKpaTHYECKHX
cTpYKTYp. COoOTBETCTBYIOUINE MUHUCTEPCTBA H BEJOMCTBA 00SI3aHBI B3STh
Ha cebs ompejeeHHbIe AOTIOJHUTE/IbHbIE (DYHKIMU, CBA3AHHbIE C 6€30-
IIACHOCTbIO I€HHO-UHXXEHEPHOU AEATENbHOCTU. M3MeHeHHss B HOPMATHB-
HO-TIpaBOBOH 6a3e JOJDKHBI OBITh MUHMMAJIbHBIMHU.

[IppuHIMNNaNbHbIE TOJIOKEHHS NpeAsaraeMod KoHUenuuu cpopMy-
JUpOBaHbl B npoekte 3akoHa Pecny6auku Benapycy «O 6GesomacHoCcTH
reHHO-UH)XXEHEPHOH JesTenbHOCTH» (B HacTOsIee BpeMsi OH HaXOZMTCS
Ha PacCMOTPEHHH B IapJjaMeHTe). B HeM oIpesefieHbI OCHOBHbIE IIOHS-
THSA, 3aa4Y, HAIPaBJEHUA U OpraHU3allMOHHO-PABOBBIE OCHOBBI IOCY-
AapCTBEHHOTO peryJHpOBaHUA B oOsactu 6uobesomacHocT. K OCHOB-
HBIM HallpaBJIEHUSIM T€HHO-UHXXEHEPHOH JNesTeJbHOCTH, PeryJIHpyeMbIM
3aKOHOM, OTHOCSATCSI: TeHHO-UH)XeHepHas AesiTeJIbHOCTb, OCYLIeCcTBJse-
Masl B 3aMKHYTOil cucreMe (B Ja6opaTopusx, rje obeciedyera HajlexKHas
H30JIALHS FeHeTHYeCKH MOAU(UIIMPOBAHHBIX OPTaHH3MOB OT OKPY’Kalo-
Iel cpe/ibl U HaCeJIEHUs); AeATeNIbHOCTD, CBA3aHHasA C BHICBOGOXKACHHEM
FeHHO-HHXXEHEPHBIX OPraHU3MOB B OKPY KAIOIIYIO CPey; MCIIOIb30BaHHE
I'MO B x034iicTBeHHOH JeATeabHOCTH; BB0O3 U BbiB03 I'MO. B coorser-
CTBUH C IIPOEKTOM 3aKOHA AJIA OCYLIECTBJIEHUS HEKOTOPBIX BHIOB MeHHO-
HHXXEHEePHOH JleATeJIbHOCTH He06X0IUMO IIOJIYYHTD pa3pellleH’e COOTBeT-
CTBYIOIIMX KOMIIETEHTHbIX OpraHoB. Takue paspellleHHSI BbIZAIOTCS Ha
OCHOBAaHMHU pPe3y/bTaTOB IOCYJapCTBEHHOM 9KCTIepTU3BI 6€30ITACHOCTH I'e-
HeTH4YeCKH MOAU(MULUPOBAHHBIX OPraHU3MOB /IS 3[0POBBS YEJOBEKA H
OKpyXamwuleit cpeapl. B npoekte 3akoHa npecTaBJIeHbI MOJIOXKEHHS, Ka-
calolpfecs IMOPsiAKa BbIJAYH pa3pelieHuit, MX MepecMOTpa, pa3pelleHus
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CIIOPOB, OTBETCTBEHHOCTH 3a HapylleHHe 3aKOHO/JaTeJbCTBa, (PUHAHCH-
POBaHUs eATeJbHOCTH, CBSI3aHHOH ¢ obecneueHneM 6106e30MaCHOCTH,
MOJOXKEHHUST O MeXIYHapOZHOM COTpyZAHUYecTBe. B 3aKoHONpOeKTe ra-
PaHTHPOBAHO NIPaBO TPaXAaH Ha NoJydeHue nH(popMalun B obsactu 610-
6€30TaCHOCTH.

Cucrema 6e30I1acHOCTH TEHHO-UH)KEHEPHOM JeSITEIbHOCTH, COTJIACHO
IIPOEKTY 3aKOHa, BKJIIOYAET:

— TroCcyAapCTBeHHOe peryanpoBaHIue;

— YyCTaHOBJIEHHE U cobsofeHne Tpe6oBaHMH 6e30MIacHOCTH IO Ha-
NpaBJeHUAM reHHO-UHXEHEPHOH AesTeJbHOCTY;

— IPOBEJEHUE TOCYAapCTBEHHOH 3KCIIepTU3bl 6€301acHOCTU T'eHHO-
UHXXCHEDHDBIX OPTraHU3MOB;

— ILIaHMPOBAHHE U PEAJU3ALUI0 MePONPUATHH 1o obecneyeHuio Ge-
30MACHOCTU T€HHO-UHXXEHEPHOH NeSTeJbHOCTH;

~ OCYIIeCTBJEeHME roCy/JapCTBEHHOT0, BeJIOMCTBEHHOrO, IPOU3BO/CT-
BEHHOTO U 06IECTBEHHOTO KOHTPOJISI B 061acTH 6€30NMacHOCTH TeHHO-1H-
JKEHEPHOU JesITeIbHOCTH;

— BeJleHHe ydeTa B 06sacTH 6€3011aCHOCTH T'e€HHO-HH)XXE€HepHOH Jes-
TEJbHOCTH;

— YCTaHOBJIEHHE MepP OTBETCTBEHHOCTH 33 HapylileHue Tpe6GOBaHHH 3aKO-
HOAATeJIbCTBa B 00/1aCTU 6€30I1aCHOCTU F'eHHO-MH)XKeHEPHOH JIessTeIbHOCTH.

ITpumMep DYHKUHMOHUPOBAHUS TIPEAATaeMON CUCTEMbI 6€3011aCHOCTH
TEeHHO-UHXKCHEePHO! [eATeNbHOCTH OT 3Tala CO3NAaHUsS TeHHO-HHXKeHep-
HBIX OPTaHU3MOB JO MOMEHTA UX O(HIIHAJbHONH PErUCTPAIUU B KA4eCTBE
COPTOB CEJIbCKOXO3SMCTBEHHBIX PacTeHHH, KOTOpas JaeT IPaBO UCIOJIb-
30BaTh HX B XO3SHCTBEHHOH AEATENbHOCTH, IIOKa3aH B Tabule 7.

B 3axoHompoexkTe npeasioxkeHa TpeXCTyleHYaTas Tpoleypa OLeHKU
61006e30TIacCHOCTH TeHHO-UHKEHEePHBIX opranu3MoB. Ha aTarne co3paHus
I'MO yueHBIH-reHEeTUK OCYIIEeCTBJISIET BBIOOP F€HOB AJIS1 TPAHCTE€HO3a, TO
€CTb TeX reHOB, KOTopble 6YIyT MPUBHECEHBI B TEHETUYECKUH MaTepHasl
copra, IIOpOAbI, WITaMMa B Ipoiuecce uX yaydiieHus. OH uaydaeT UX
CBOMCTBA M CBOMCTBA IPOTENHOB— IIPOAYKTOB 3THX T€HOB, CPABHHBAET
MX € M3BECTHBIMH OINIAaCHBIMU T'€HAMM M IIPOAYKTaMH, aHAJIU3UPyeT BO3-
MOXHble He6naronpusTHoie 3(pdeKT 6y IyIUMX TeHHO-UHXXEHEPHBIX Op-
TaHU3MOB, COJEPIKAIINX OTOOpaHHbIE TPAHCTEHBbI, HA 3I0POBbE YETOBEKA
1 OKPy>XawIlnylo cpeay. Ilocse monyyeHns reHHO-HH>XXeHEPHBIX OPTaHU3-
MOB YYE€HBIH MPOBOAUT OLIEHKY UX 61M06e30MacHOCTH. Pe3yibTaThl MpoBe-
MEeHHBbIX HCCaeJOBaHMH 1o 6Ho6e30macHOCTH OH 06061IaeT B Joche 0 Ge-
30I1aCHOCTH IeHeTHYeCKH MOAU(MULIMPOBAHHBIX OPraHU3MOB [JIJIsI 3[[0POBbBS
Je/I0BeKa M oKpyxawuueit cpeast (110 dpopMe, yTBEPKAEHHOR CHELHaIb-
HO YMOJHOMOYEHHBIMH TOCYJapCTBEHHBIMH OpraHaMiu).
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Tabaunma 7

CucteMa o6ecneyeHus 6€30MaCHOCTH
B COOTBETCTBHH C HpoekToM 3akoHa PecnyGauxu Beaapych
«0 6e30naCHOCTH reHHO-HHKEHEPHOH AeATeIbHOCTHY
(Ha npuMepe reHHO-HHXKEHEPHBIX COPTOB CEAbCKOXO3AlCTBEHHMX pacTeumii)

Crynenn

T

Ucnonuurens

I crynens. Cosdanue zenno-unxeneprvlx opzanuImos

1. Bri60p reHoB [ TPAHCTEHO3a, U3YYeHHe UX CBOHCTB
U CBOMCTB IIPOTEHHOB — NPOAYKTOB 3THX I'eHOB, CpaBHe-
HHMe UX C U3IBECTHbIMHM ONACHBIMH F€HAMH, aHAJU3 BO3-
MOXHBIX HebnaronpusTHbIX 3¢ ¢eKToB OyAYIHUX TeHHO-
MIDKEHEePHbIX OPraHU3MOB, COfIEPKALMX 0TOOPAaHHbIE TPAHC-
reHbl, Ha 3/J0POBbe YeJI0BeKa H OKPYXKAKIIYI0 Cpeay
2. Cos/laHue reHHO-WHKEHEPHbIX OPraHU3MOB, OL[eHKa
ux 6uobe3onacHOCTH

3. TloaroToBka AoChe O 6€30MACHOCTH TEHHO-HHKEHED-
HbIX OpPraHM3MOB JUIS 3/J0POBbsI YeI0BeKa M OKpYXKAIOLIei
cpensi (o onpeaesieHHOM 3aKOHOIaTeIbCTBOM (hopMe)

Pa3zpaGoTuuk reHHO-HHKeHEp-
HBIX OPraHU3MOB

PazpaboTunk
HbIX OPraHU3MOB

reHHO-MH)KeHep-

npoeederun ucnbimanui

II cTynenn. BoicgoboxOenue 2eHHO-UHKEHEPHBIX OPZAHUIMO8 8 OKPYKAIOWYI0 cpedy O

1. TocynapcTBeHHas 3Kcrepra3a 6e30HAaCHOCTU TEHHO-
MH)KCHEDHDbIX OPTraHWU3MOB [JIs1 3J0POBbsSI YeJIOBEKA W
OKpY3Kalomei cpejsl

2. Bblpaya pa3pelreHus Ha BbICBOGOMKIEHHE TeHHO-UH-
XXEHEPHBbIX OPTAaHU3MOB B OKPYXAIOUIYIO Cpely

3. HcnblTaHUs TeHHO-WH)XEHEPHBIX OPTaHU3MOB B YC-
JIOBHSIX KOHTPOJHPYEMOro BhICBOGOXAeHHs (TO ecTh ¢
co6JII0/leHHeM Mep, OTPaHHYUBAIOLINX PACHPOCTPaHeHUue
TeHHO-MHXXEeHEePHBIX OPTaHU3MOB B OKpY Kalollei cpese)

4. TocyapcTBEHHOe COPTOMCHIBITaHUe OTOGPAHHBIX IO
KOMILJIEKCY IOJIOKUTENbHBIX NIPU3HAKOB hopM

JKcnepThl, IKCIEPTHBIA COBET
npu MuHHCTEpPCTBE NPUPOIHBIX
PECYPCOB H OXPaHbI OKpYIKalo-
e cpenbl

MUHUCTEPCTBO NPUPOAHBIX pe-
CYPCOB H OXpaHbl OKpY>Kalolle
Cpebl

Paspabotyuk noa KoOHTpOJIEM
Munnpupoasl (ero TeppuTOpH-
AJIbHBIX OPraHOB)

KomuTeT no rocy1apcTBeHHOMY
HCIIBITRHHIO H OXPaHe COPTOB pac-
TeHuil npu MuHcenbxo3npoe

III ctynens. locydapcmeennas pezucmpayus 2eHHO-UHXEHEPHBIX COPMOS PACMEHU

1. BkioueHue BbIAeNUBIINXCS [10 PE3YJIbTAaTaM COPTO-
ucnbiTanus OpPM B CIUCOK COPTOB — KaHAKAATOB Ha
3aHecenue B [ocyaapcTBeHHBIH peecTp COPTOB H Ape-
BECHO-KYCTapHUKOBBIX IIOPOJX

2. TocynapcTBeHHast 3KcnepTH3a Ge30MacCHOCTH IJiA 370~
POBbS YeJIOBEKA TeHHO-HH)KeHEePHbIX COPTOB, KOTOpHIE
MOIYT ObITh MCHOJIb3OBAHbI B XO3SIHCTBEHHON JeATe b~
HOCTH B KayecTBe NPOAOBOJAbCTBEHHOTO ChIpbs (TeCTbl
Ha TOKCHYHOCTb H a/UIePIeHHOCTD, CYIIeCTBEHHYIO 3KBH-
BaJeHTHOCTH). [[0ArOTOBKA 3KCTIEPTHOrO 3aK/IIOUEHHS

3. TIpuHATHEe pelieHHs] O BKJIIOYEHUH FEeHHO-HHXeHep-

HOTo copra B ['ocyaapcTBeHHbIH peecTp COPTOB H Ape-
BECHO-KYCTapHMKOBBIX NOPOJ

Komurer no rocyjapcTBEHHOMY
UCNIBITAHUIO M OXpaHe COPTOB
pacreHiit npu MuHceabxo3npoje

OKCIIepTHl,  aKKpeAWTOBARHHDLIE
71a60paTopHH, IJKCIEPTHBIH CO-
BeT npu MuHuUCTEDCTBE 3/paBo-
OXpaHeHUs

Komurer 1o rocylapcTBeHHOMY
UCIIBITAHHIO M OXpaHe COPTOB
pacTteHuii Tpu MuHCceIbx03NIpojie
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ITH MaTePUaJIbl SBJISIOTCS MPEAMETOM THIATEIbHOTO U3YYEHHU B X0/
TOCYapCTBEHHOH SKCIEPTU3bI 6M06e30MaCHOCTH FeHHO-UHKEeHEePHBIX Op-
TaHU3MOB Ha CJeyIOIIeEM JdTale — IIPH BHICBOOOXKJAEHUU TEeHHO-WHIKe-
HEDHBIX OPraHU3MOB B OKPYXKAOIIYIO Cpely AJS NPOBEAEHUS MCIbITA-
HUU. JKCIepTH3y 6M06e30IIaCHOCTH OPTAaHMU3yeT JKCIEePTHBIN COBET NIPHU
MuHucrepcTBe NMPUPOAHBIX PECYPCOB U OXPaHbl OKPYXKAIOWEH Cpexbl.
Ee npoBoaar sxcnepTsl M 1a60paTOpUM TI0 Pa3HBIM 0671aCTAM HAyKHU: re-
HeTuKe, 60TaHHUKe, 9KOJIOTUM, TOKCUKOJOTUU, AJJEeProJIOTUH U T.[., KO-
TOpbIe BKJIIOUeHbl B HaiuoHanbHBIH peecTp akciepToB Mo Guobesomac-
HOCTH. JKCIepPThl aHAJIU3UPYIOT AOocke MO yTBepKAeHHOH CoBeroM Mu-
HUCTpoB Pecny6muku Bemapych MeTo[uKe, IPOBOAAT HEOOXOAMMBIE
UCCJIEJOBAaHUA [JIS1 IPOBEPKU MPUBEJEHHbIX B JOChe JaHHDIX.

Ilo pesynbraTaM aKCIePTU3BI IPHHUMAETCS 9KCIIEPTHOE 3aK/I04eHne,
Ha OCHOBaHUHU KOTOporo MUHHCTEPCTBO IPHPOAHBIX PECYPCOB M OXPaHbI
okpy:xatwoiei cpeanl (MuHIPUPOADI) Ja€T paspelieHHe Ha BHICBOGOXK/Ie-
Hue I'MO B okpyxaoowyio cpexy. B paspeunieHun Ha BbBICBOOOXK/IEHUE
OrOBapHBAIOTCS CTIENHaJbHbIe YCJIOBHS, KOTOpPble HEOOXOAUMO COOIIONATD
B Xoje BbIcBOOOxKAeHUSA. OHM BKJIOYAIOT Mephbl NpeAylpeX/JeHus pac-
IPOCTpAHEHUsI TeHHO-WHIKeHEePHDbIX OPraHU3MOB B OKpYXKaKolleH cpele, a
TaK)Xe IepedYeHb JIONOJHUTEIbHBIX UCCAeOBaHUN 110 6M06e30NnacHOCTH,
KOTOpble HAJAJIeXXUT TIPOBECTH B XoJ€e BbICBOGOXAeHUA. MHCIEKTOPBHI
MMUHIIPUPOABI OCYIIECTBJISIIOT KOHTPOJIb 32 BBITIOJTHEHUEM ITePeUHC/IeH-
HBIX TPeGOBAHUNA B COOTBETCTBUM C 3aKOHOIATeJIbCTBOM O MOHHTODHUHTE.

Ilanee oto6panHble IO KOMILJIEKCY TOJOXKUTETbHBIX MPU3HAKOB (Op-
Mbl IIEPEfAIOT B TOCYAApCTBEHHOE copTroucibiTaHve. CopToUCHbITaHHE
npoBoAUT KoMuTteT 1o rocyzapcTBeHHOMY HCIBITAHUIO M OXpaHe COPTOB
pacTeHMi npu MUHHCTEPCTBe CEJbCKOrO X035IHCTBA M NPOJOBOJIBCTBUA
(MuHce1pX03mpo/ie) Ha COPTOYyYacTKax BO BCEX 06JaCTAX PeCy6IuKY B
tTedenue 2—3 ser. I[Ipu 3TOM copTa OLIEHUBAIOTCA HO LEAOMYy Py XO-
31iCTBEHHO MOJIE3HBIX MPH3HaKOB (ypoXKaWHOCTH, YCTOHYMBOCTH K 6O-
JIe3HAM, KaYeCTBEHHBIM IIPHU3HAKaM M T.[.). [e€HHO-UH)KeHePHbIE COPTA,
KOTOpPbIE MOTYT OBITh HCIIOJb30BAHBI B XO3SHCTBEHHOH JeSITEJbHOCTH B
KauecTBe IIPOJOBOJIbCTBEHHOTO ChIPbS, AOJXHbBI MPOUTH OO rocyaapcCr-
BEHHOI perucTpauuu rocyJapCTBEHHYIO dKCIEPTU3Y 6e30MaCHOCTH [JIs
310pOBbs YeJoBeKa (B YaCTHOCTH, TECTHI HAa TOKCHYHOCTH U aJlIepreH-
HOCTb M T.I.). JTa 3KCIIEPTU3a OCYIIECTBJSETCA CHJIaMH 3KCIIEPTOB,
HHCTUTYTOB U JabopaTopuil, BXOA4muX B cuctreMy MUHHUCTEPCTBA 3/pa-
BooXpaHeHusA, HanuonanbHoil akageMuu Hayk besapycH, BKIOYEHHBIX
B BbIIIEYNOMSHYTbIH [ocy/lapcTBeHHBIN peeCTp dKcIepToB mo 6Hobe3o-
nacHocTH. Ee opranusyer JkcrepTHBIH coBeT npu MUHHCTEPCTBE 3/pa-
BooxpaHeHus. [Io pesynbraraM COPTOUCHIBITAHUA U 3KcrepTH3 6H06e30-
nacHocTy KomureT o roCcy1apCTBEHHOMY HCIBITAHUIO M OXPaHe COPTOB
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pPacTeHH NMPUHHMAET pellleHHe 0 BKJIOYeHUU copTa B ['ocyapcTBeHHbIH
PEeCTp COPTOB M JApPeBeCHO-KYCTaPHUKOBBIX NOpoA. TOJBbKO 1OC/Ie 3TOro
TE€HHO-UHXEHEPHBIH COPT AOMYCKAETCS K HCIOIb30BAHUIO B XO35AHCTBEH-
HOM [eATeNbHOCTU Ml NMPOH3BOJACTBA CEJIbCKOXO3SHCTBEHHOX M WHOU
OPOAYKLIMH.

AHaJlorMyHas Mpoleaypa IPUMEHSETCS U AJS TeHeTHYECKH Moaudu-
LIUPOBaHHBIX COPTOB 3apy6exxHoro npoucxoxaenusi. B benapycu paspe-
IIAETCS UCIIOJIb30BaTh B X035IHCTBEHHOH JesITeJIbHOCTH TOJIBKO 3apy0Oex-
HbI€ COPTa, 3aHeCeHHble B [ 0Cy1apCTBEHHBINU PEECTP COPTOB U JPeBECHO-
KyCTapHHUKOBBIX opoJ. [lns BkaoyeHus B Peectp OHM ZOKHBI NMPOUTH
roCylapCTBEHHOE COPTOHMCIIbITaHHUE, CBSI3aHHOE C BBICBOOOXKIEHHUEM B
OKpyxalouryio cpeny. CienoBartesibHO, YTO6B! O6BITH JOIMYLIEHHBIM K COP-
TOMCIBITAHUIO, COPT JOJKEH MPONTH NPOLEAYPY roCylapCTBEHHOH IKC-
NepTH3bl 6M06€30MaCHOCTH M IIOJYYUTDh Pa3pelieHHe Ha BbICBOOOXK/IeHHE
or Munnpupozasi. Kak BuauM, B 3TOM CJIyyae NMepBYI0 H3 PacCMOTPEH-
HBIX BbIle cTyneHell 6uo6esonacHoctu (atanm cosganust I'MO) copr npo-
XOIUT B CTPaHe IPOMCXOXKAEHU, a JBe mocaeaywmue (Ha sTarne BbICBO-
60X /IeHUSA B OKPY>KAIOIIYIO CPeAy H MPH I'OCYAAPCTBEHHOM perucTpaiiu
copra) — B Hallleil CTpaHe.

Heckosbk0 uHast cUTyalus C FeHHO-UH)KeHePHBIMH OPTaHM3MaMH, 3a-
BO3MMBIMH M3-3a py6exxa [l HEOCPeACTBEHHOTIO MCII0JIb30BaHMS B Ka-
4ecTBe IIMINEBOTO ChHIPbSI, KOPDMOB WM s mepepaboTku (10 ecTb 6e3
BBICBOGOXKIEHUS B OKPYXKAOWIyO cpeay). B aToM ciydyae BBO3 ocyuec-
TBJISIETCSI B COOTBETCTBUH co crarbeit 11 Kapraxenckoro mporoxosa mo
6uoGesonacHocTu (1oApoGHEE O HEM HHXE), COTJIaCHO KOTOPO# OCHOBa-
HHeM 1714 BBo3a 'MO sBisierca dakT perucTpaluy re HHO-HHXEeHEePHOTO
COpTa, IIOPO/JbI, LITAMMA B CTPaHe IIPOUCXOXKAECHUA. ITO 3HAYUT, YTO BCE
TPH CTyNeHH 6M06e30IIaCHOCTH OT CO3/JaHUS JI0 PErHCTPALMH TPAHCreH-
HBIH COPT, MOPOJa, IITaMM IIPOXOJAT B CTpaHe mpoucxoxaenusi. Haxo
HMeTh B BHAY, YTO B CTPaHaX, rje IPOM3BOAAT IPOAYKLHIO Ha OCHOBE
reHHO-MHXXEHEPHBIX OPraHU3MOB, JeHCTByeT cucteMa 6106e30IIacHOCTH,
aHAJOTHYHAS TOH, YTO mpeasaraercs As Pecrny6muku Bemapycs. Kax-
JA0€ rocyJapcTBO, IIPHHUMAIOIlee pelleHHe OTHOCUTEJIbHO HMCIIOJIb30Ba-
Hus1 uMIoptHoro 'MO, BkJouasi peajiM3alUio Ha BHYTPEHHEM pHIHKE,
06s13aHO UHGOPMUPOBATD 06 3TOM APYrHX yyacTHHKOB [IpoTokosa yepes
MeXaHU3M IIOCPEJHMYECTBA B TeueHHe 15 AHel mocjie NPHUHATHS TAKOrO
pewenus. IIpu 5TOM OHO J0/KHO MPeJOCTABUTD MOJHYIO HHGPOPMAIHKIO O
6e30ITaCHOCTH TeHEeTHYEeCKH MOAMMUIMPOBAHHOTO COPTa, OPOAbI, IITAM-
Ma. ITepeyenr BonpocoB, Ha KOTOpble HEOOGXOIUMO OTBETUTD, OIpEIEIeH
B mpuioxxeHud II k IIporokosy. TeMm He MeHee J06asi CTOPOHA MEXAYHA-
poaHoro jorosopa, HanpuMep Benapychk, uMeer npaBo 3ampocurh y Ta-
KHX OPraHoB JAOIOJHUTeJbHYI HH(OpMaLHIo, Kacaoilyocs 6uo6e3o-
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MACHOCTY BBO3UMBIX T€HHO-WH)XEHEDHBIX OPraHU3MOB, JUOO ITPUHSATD B
paMKaX CBOEro 3aKOHOAATeJbCTBA AOIOJHUTEIbHBIE Mepbl 6Hobe3omnac-
HOCTH. B yacTHOCTH, npeAsiaraercs NpoBOAUTH cHJaMu HannuoHaJabHOrO
KOODAMHAITUOHHOTO IeHTpa 6M06e30MacHOCTH BBIGOPOYHBIN KOHTPOJIb
3aBO3UMBIX U3-3a pybexxa 'MO, ecsu oHu npexHasHa4deHbI JIs HeIoc-
PEeACTBEHHOTO UCIIOJb30BaHUA B KayeCTBe IPOAOBOJIBCTBHSA, KOpMa MU
[714 nepepaboTKU. Takoi KOHTPOJIb MOXKET BBIIIOJIHATBCS B paMKaX TaMO-
’KEHHOro o(popMJIeHHUS TOBAapa M BKJIOUATh OlNpejeseHue XapakTepa reH-
HO-HHXXeHepHOH Moxudukauuu (To ecTh WAEHTU(PUKAIMIO TPAHCTEHOB,
COZEePXKAIIMXCSA BO BBO3UMBIX OPraHH3MaXx ), a TAKXKE ee COOTBETCTBUE TO-
My, YTO YKa3aHO B COIPOBOAUTEJNbHBIX JOKYMEHTAX.

KoHuenmus mosy4uia pa3BUTHE B MPOEKTaX HOPMATHUBHBIX aKToB (C
COOTBETCTBYIOLIMMH IIPUJIOKEHHSIMH ), KACAIOIMXCA MOPSIAKA BbIIAYH Pas-
pellleHHH Ha HpoBesileHHe paGoT, CBSI3aHHbBIX C BICBOOOXKAEHHEM B OKPY-
XKAIOUIYI0 cpely, TPAaHCIOPTHPOBKOM, Ilepenauei, BBO30M U BbIBO3OM,
HCIIOIb30BAHHEM B XO3gHCTBeHHOH jesrenpHoctd I'MO. Paspa6oran
TaKXKe TIPOeKT «MeToUKH TIpOBeJIeHHs dKCIepTU3bl 6€30MacHOCTH IeHHO-
HH>XeHePHDbIX OpraHu3MOB JAJs 30POBbA YeJIOBeKa U OKpyKalollell cpe-
AbI», IIPOEKTHI IPYTrUX HOPMAaTUBHBIX JOKYMEHTOB.

3.7. Buo6Ge3onacHOCTh B CHCTEME MEXAYHAPOAHBIX OTHOINEHHI

B cucreMe MeXXAYHAPOAHBIX OTHOIIEHHH BOTMPOCHI 6HM06E30TIaCHOCTH
BBIUJIM B nocjaenHee BpeMsi Ha nepBbld mnaH. B 2000 rogy crpana-
mMu — Croponamu Konsenumu o GuosormueckoM pasHooGpasum (Bena-
pych siBasiercss Ctoponoit atoit KonBeniun) npunsar KapraxeHckuii mpo-
TOKOJI 110 6106€e30ITaCHOCTHA, OCHOBHAS 1leJib KOTOPOro — <«cojeiicTBue
00eCIIeyeHUI0 Ha/JIeXKalero ypoBHS 3amuThl B 06acTu 6e30MacHol Iie-
penaus, oOpalieHus ¥ UCIIOJIb30BAHUS JKUBbIX U3MEHEHHDIX OPTaHU3MOB,
ABJISIONIMXCSL Pe3yJIbTATOM COBPEMEHHON OMOTEXHOJIOTHMHU, CHOCOOHBIX
OKa3bIBaTb HeGJAronpHsATHOE BO3elicTBAE Ha COXPAaHeHHe U YCTOHYHUBOE
HCHOJb30BaHHe GHOJIOTHYECKOTO pa3HOOOpasus, C yI4eTOM TaKXKe PHCKOB
JJIS 310POBbSI YeJIOBeKA U ¢ yAeJeHHeM 0co60ro BHUMaHUS TPaHCTPAHUY-
HoMy nepeMemennio» (KapraxeHckuil mporoko, craths 1). Bemapycs
npucoequumniaach K Ilporokosy B Mae 2002 roga. KapraxeHckuit 1mporto-
KoJ Bcrynua B cuny 11 cenrsa6psa 2003 roxa.

OcnoBHoe nosoxenue [Iporoko/a cocTouT B TpeHOBAaHUU UCNOJTIb30-
BaTb NPOLEypY 3a6J1aroBpeMeHHOr0 060CHOBAHHOTO COTJIacus [0 IepBo-
ro TpaHCTpaHWYHOTO nepeMemnieHuss TMO, npeaHasHauyeHHBIX AJS ITpe-
HaMEPEHHOTO BBICBOOOX/JEHUSI B OKPY’KAIOUIYIO CPe/ly CTPAHbl UMIIOPTA.
ITO 03Havaer, 4TO J060e IpUANYecKoe Hid (pu3nieckoe JHL0, UMEK0-
lllee HaMepeHHe BBe3TH B CTPaHy IeHeTHMYeCKH MOJU(MUIMPOBAHHBIA Op-
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ranu3M (HampuMep, ceMeHa CeJbCKOXO3SHCTBEHHBIX KYJAbTYD, HpeaHas-
HayeHHble IS 110CeBa), HOJDKHO 3a6/aroBpeMeHHO MHMOPMHUPOBATH 06
9TOM KOMIIETEHTHbIE OPTaHbl CTPAHbl UMIIOPTA, IIPEJOCTABHB COOTBETCT-
Bylomy uHdopMaiuio o 'MO, MecTe 1 BpeMeHHU ero BEICBOOOXKAEHUS.
Beo3 'MO ocymecTBasieTcsl TOABKO B CIy4ae NOJYYeHUs SKCIIOPTEPOM
paspelleHdsa CTPaHbl MMIIOPTa, KOTOPOe BBIAAETCs IOCJe THIATETbHOIO
aHa/M3a PUCKOB BO3MOXHBIX HeOJaroNpHsTHBIX ITOCHEACTBHI BbBICBO-
6oxaenns MO g 310poBbs Yei0BeKa U OKPYXKaloIleil Cpesl.

7KuBble opranusMbl, IONaBUIME B OKPYXKAIOIIYIO CPEAY, He IPU3HAIOT
rpaHUIl MeXAy rocyxapcrsaMu. [1oaToMy uMeeTcss BO3MOXXHOCTDb AJIS He-
IIpeAHaMePEeHHOr0 TpaHcrpaHuyHoro nepememenusi TMO. B cBsasu ¢
stuM CropoHsl IIpoTokosa 6epyT Ha ce6s1 0643aTENbCTBO TIPUHATHS MED
IO PETYJIUPOBAHHUIO PUCKOB BO3MOXXHBIX HEGJIAroNPUATHBIX ITOCTeICTBHH
BpIcBOGOXKACHN MO B oKpyKartonlyio cpeay. B uucio takux Mep Bxo-
JUT IIpEXJie BCEro BhIABMKEHHE TPeOOBAHMSI OTHOCHTENbHO ITPOBEIECHUS
OLIEHOK DHCKOB [0 IEPBOTO BBICBOOOXIEHHS B OKPYXKAIOLIYIO Cpeny
I'MO, cosgannbix B crpane. Kpome toro, 8 IIpotokose mogpo6Ho onu-
caHbl AedcTBUs CTOPOH B Ciy4yae HelpeJHAMEPEHHOr0 BHICBOGOXKAEHHS
I'MO, xoropbie MOTYT OKa3aThb 3HAUUTEIbHbIE HEGJATONIPUSTHBIE BO3/EH-
CTBMS Ha 3[I0POBbE YeJIOBEKa U OKPYKAIOINYIO CpeAy KaK B caMoil cTpaHe,
TaK U B COCEJHUX CTPAHAX IIPH mepeMellleHMM B HUX Takux ['MO.

Kaxpasa CropoHa npunuMaer HeOOXOAMMBIE IIPABOBbIE, alMUHUCTPA-
THBHbBIE M [DYTHE Mepbl JJis BBINOJTHEHUS CBOUX 0653aTEIbCTB, NMPENyC-
MOTpeHHHX B paMkax IIporokona. Peub uner, B yactHOCTH, 0 pa3paboT-
K€ U NMPUHATHH COOTBETCTBYIOIIETO 3aKOHOAATENBCTBA, PETYJIMPYIOIIEr0
6e30I1aCHOCTb B T€HHO-MHXXEHEPHOH AeSATeJbHOCTH, CO3JaHHH aJMHHUC-
TPaTUBHBIX CTPYKTYp (MM HaJe/eHUH COOTBETCTBYIOIMMHM IIOJHOMOYH-
AMU yKe CYIeCTBYIOUIHX ), OTBETCTBEHHbIX 32 PeaJH3alMIO ITOTO 3aKO-
HoAaresbCTBa. TakuM o6pa3oM, nmpucoefuHenye k KapraxeHckomy npo-
TOKOJYy KakOH-IHO60 CTpaHBl He TOJBKO O6ecIeynBaerT BO3MOKHOCTD
yPeryJHpoBaHusg BOIIPOCOB, CBA3aHHBIX C 3KCIOPTOM U umnoproM 'MO,
HO M CO3/JaeT NPEANOChIIKY A CO3JaHUA HAllMOHAJIBHOMW CUCTEMbI 61O-
6€301aCHOCTH, KOTOpas SIBJISAETCS BaxkHeHnM arpubytoM 3¢ ekTuBHO-
ro ¥ 6€30IacCHOr0 UCI0JIb30BaHMS AOCTUKEHUN COBPEMEHHBIX GHOTEXHO-
JIOTHH, Pa3BUTHUA TeHETHYECKOW MHXKEeHePUH KaK OQHOro u3 HauboJee
NEePCIEKTUBHbIX HAayYHBIX HallpaBJeHUH.



I'naBa 4

TPAHCTEHHBIE Y>KACHI,
NJIA «4TO OHU HUKOTIA HE PACCKAXKYT
O TEHHOM MHKEHEPUU»

OaHUM U3 BaXKHBIX UCTOYHUKOB HH(POPMAIIUH O TEHETHYECKON HHIKE-
HepUHU [Jid HacejieHus SIBJSeTCs HAy4yHO-TIONyJsipHasi JiuTeparypa, 3a-
METKH B raseTax, BBICTYIJIEHHS 110 PaJHO0 U Ha TeJleBUeHUH IIPEICTaBH-
TeJIell BCEBO3MOXKHBIX 9KOJOTHYECKUX OPraHU3anui, KOTOpble OCOGEHHO
aKTHBHBI HA HallleM KOHTUHEHTe U IT0YeMy-TO CHUJIbHO He JIIOOAT TPaHCHA-
I[UOHATbHBIE KOMIIAHUM — IPOU3BOAMTEJEN TPAHCTEHHbIX IIPOAYKTOB, a
C HUMH M TEHETUYECKYI0 HHXKeHepuio. Y xuresell besapycu HejaBHO IT0-
SIBUJIaCb, HAaKOHELl, peZKast BO3MOXXHOCTD II03HAKOMUTBCSA C HEKOTOPBIMH
BBIJAIOLIUMHCS TIPOU3BEAEHUSMU 3TOro KaHpa. B dacTtHOoCTH, MOXHO
Ha3BaTh Takue KHUTH, Kak «Kopomu u kamycra. UTo OHM HUKOrJa He
PacCKaXXyT 0 TeHHOM umxenepun» (M.: Usgatenbcrso MexayHapoaHo-
IO COIHATBHO-9KOJIOrHYecKoro corsa, 2000); «/[paMa Ha KyXOHHOM CTO-
Jie, WK TIOMYJISIPHO O TeHHo# nkenepun» (Kues: 3enenoe mpocke, 2000),
a taxxe «benapych u remeruyecky MoAu(HIMPOBAHHBIE OPraHM3MBbI:
4TO Hac ket B OGummkaiimem 6yaymeM» (Mu.: MexaynapogHas akafe-
musa skosioruy, 2001). B nocneanem usfaHuuM UUTUPYIOTCH HauboJjee
MHTEePECHbIE TIOJIOXKEHHS ABYX MPEAbIIyIIUX KHUT.

Xoresnoch 6l cpa3y npeaynpenuTb caaGOHEPBHBIX YUTaTeJed, 4TO
3Ta JUTEepaTypa He JJa HUX. [HeTyulas KapTUHA IPAAyLIero armoKa ui-
CHCa, MAaCcCOBbIe OTpPaBJIeHUS HM B 4eM He IOBMHHBIX OObIBaTesJed M
«6paThbeB HALIMX MEHBUINX», KYTKHE CLEHbl CTPALIHBIX My4ueHu# ot 60-
Jie3Hel, MOsIBJeHNe Ha CBET BCEBO3MOXXHBIX YPOJOB, AOCTOHHBIX (DHIIb-
MOB y>KacCoB, MOTYT BbI3BaTh pPe3Ko HeraTHUBHble peakluu. OJHaKO BO3-
HMKaeT BOIPOC: HACKOJBKO BCE 3TO COOTBETCTBYET AeHCTBUTEIbHOCTH?
PaccMoTpuM oTaesbHBIE TOJIOXKEHHUS, CoJeprKallyecss B 3TOH JUTEpaTy-
pe, H monbiTaeMcs pa3o6parTbesi, YTO K YEMY.
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4.1. OHM XOTAT HAC OTPABHUTH

B xnure «Besnapych U resernyecku MoaguduLIupOBaHHEIE OPTaHHU3MBI!
4YTO HAC XJAeT B OmxaniieM GyayuieMs uuraeM ciaeaywouee: «I'M-npo-
OyKmbL A6HO MOZym OGbimb MOKCUUHBIMU U ONACHBIMU O 300P06bA
modei. B 1989 a. zenno-unxenepnas moouguxayus L-mpunmoghana,
066141020 KOMNOHEHMA PAyuond, 6vi36ana cuepmov 37 amepuxanyee u
clenarna unearudamu ewe 5000 uenosex u3-3a npunocsuieli 6oavuiue
CMPAdanus & NOMEHYUANLHO CMEPMENLHOU 6ONCIHU KPOBU — CUHOPOMA
sosunopurvnoi muareuu (EMS). Juwv nocae 3mozo npodyxm Goun
omo3zean Ynpasrenuem numanus u rexkapcmeennuvix npenapamoe CIIIA
(FDA). IIpoussodumerv — Showa Denko, mpemvs no eesuuune anou-
CKASL KOMNAHUS, CREYUANUSUPYIOWAACA HA XUMUUECKUX MEXHON0ZUSX,
snepevie ucnoavdoeana I'M-6axmepuu 0asa npoussodcmea ezena. Ilora-
zaiom, umo 6axmepuu KaKuM-mo oOpPa3oM CMAHOBAMCA 3APAIHLIMU 8
npouecce mpancgopmayuu npu pexombunayuu JHK. Cozracno npoge-
Oennvim uccaedosarnuim, I'M-L-mpunmoghan 6vin cmoab XKe wucmoim u
PABHO3HAUHBIM NPeOLIOYWUM NPENAPAMAM, KOMOPbe NPOU3BOOUAUCD C
nomoubto 6axmeputi npupodnozo muna. O0HAKO XKe OH COBEPUIEHHO HE
COOMBEMCMEOBAN IMUM NPENAPAMAM NO NoKazameaam 6e30nacHocmu.
Ecau 6vt nposoduruce Opyzue mecmoi, KOmopbvie MOZYm WUpoKo 0X6a-
Mumv 803MOXHbIE HezdMueHble Ihpexmol, Hanpumep, mecm HA Yc8au-
6aHUE KUBOMHVLMU U NOObMU, (PaKm, Ymo IMom npooyKm He A6AAEMCS
6esonacnoim, cpasy cman 6ut oueeuden. Ho maxux mecmoe ne Goiio.
Showa Denko yxe eviniamura xomnencayuu xepmeam Ha cCymmy, npe-
8HIUAIOWYI0 08a MUAAUAPIa».

WHrepecHo, a Kak Bce 6bLJIO Ha CAMOM JieJie, B YaCTHOCTH, KaK Mo aeT-
Cs1 9Ta XKe HMHPOpMalUs B 3aCAYKUBAIONIUX J0BEPHe HAYUYHBIX MyO/IHKA-
uuAx? JelcTBUTEIbHO, B HayaJle BOCBMIAECATHIX TOA0B IIPOILIOTO BeKa
L-Tpuntogan 6bLn oueHb NONYJSIPHBIM Y aMepUKaHIeB IpenapaToM. Ero
IpUHUMaJH o 1 —3 r B JeHb 1pu 6eCCOHHUIIE, IPEMEHCTPYaIbHOM CHH-
apome u aenpeccuu. IIpogasanu L-TpunrodaH B BUe MHIIONb U KAICyJT
¢ po3uposkoi 100 Mr B Marasunax 30poBOro MUTAHUS 6e3 pelenTa Kak
«HaTypaJbHbIH» UHAYKTOP CEPOTOHHHA, TO €CTh He KaK JIeKapcTBO, a Kak
nuieByio 106aBky. Ocenbio 1989 roga mponsonwIo co6pITHe, OMHCAHHOE
B Bblllle NpuBeJeHHOil nurate (Mo OpUUHANPHBIM JaHHBIM, MOrH60 38
yenosek U okosio 1000 umenu npo6aeMsl co 340poBbeM, GOIBLIXHCTBO U3
KOTODBIX TOCJIe NpeKpalleHus] IpUeMa Ipernapara IoIpaBUIHCh, HO BCE
XK€ CMEPTHOCTb B 3TOH rpyIle HAaceJeHWS B IOCJEAYIOUHE TOAbl GbLia
HEMHOrO Bblllle, 4eM B KOHTPOJIbHBIX TPYNMNaX, He MPUHUMABIIKX €r0).

PacciieroBaHue NpUYMH HHIMAEHTA ITOKA3aJ10 caeayloinee. L-Tpumro-
(an — 3TO 6HOTEXHONOrHYECKHH MPOAYKT, TO €CTh IPOAYKT, IIPOU3BE-
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JIEHHBIH B CIlelUAJbHBIX (pepMeHTepax NpHU KyJIbTUBUPOBAHUH MUKPOOD-
rauu3Ma Bacillus amiloliquefaciens. [na npousBojacTBa Ipelnapara,
ynorpebieHre KOTOPOr0 HMeJO TaKHe Tparuyeckue I1OCJAeACTBHA, HC-
noJib3oBaJics mraMM V. Ilpu ero paspa6oTke AeiiCTBUTEIbHO IPUMEHSIIN
METO/bl TeHEeTUYeCKOU MHXXeHepHuy, UMeIoUTie 1eJIpIo MTOBbIIIeHHe «yPo-
KalHOCTH» Gaktepuil. OHAKO MOTyYeHHBIH ITaMM BbIpa6aTblBajl HMEH-
Ho L-Tpunrodan, a He 4To-1u60 APYTroe: HU OJUH aTOM B MOJIEKYJe 9TOH
aMHHOKHCJIOTBI He H3MeHHJI CBOe moyiodkeHHe! ( B MpOTHBHOM cJIy4yae 3TO
6b110 6Bl yike jpyroe Bemtectso.) IIpexbigymue, IIT u IV, mrammbr
TaK>Xe SBJISJIMCh TeHHO-MHXXKEHEPHBIMH, OAHAKO TOKCHYHOCTH TIpenapara,
IIPOU3BeIEHHOT0 C UX ITOMOLIBIO, OTMeYeHO He Oblr1o. Ho BBIACHMIIOCD,
4YTO B CJy4yae CO mTaMMoM V 6bl1a HeCKOJBKO yIIpolleHa IpolleAypa
OYHMCTKH Ipernapara: KOJMYECTBO aKTUBMPOBAHHOrO yris B (UIbTpax
YMEHbIIUIU BABOE, a IPY NPOU3BOACTBE HEKOTOPHIX MapTUi NPOAYKTa
IIPH OYHCTKe 6blJIa UCKJII0UeHa npoueaypa GUIbTpaluy ¢ HCIOJIb30BaAHU-
eM MeMOpaH 0OpaTHOro ocMoca. XoTd HoBeIii L-tpuntodan mMmen cre-
neHb OYUCTKU 6ojiee 99%, OH OKasajcs MeHee YMCTBIM, YeM TIpeJblAy-
mue. Crajsio OoYeBUAHBIM, YTO 3JIONOJYYHBIM Ipelapar COAEPXaj Ka-
KHE-TO TOKCHYHbIE MOCTOPOHHME HpuMecH (KOHTaMHHAHTbI), KOTODBIE,
cOOGCTBEHHO, M SIBUJINCH MPUYNHOMN Tpareuu. HekoTopele U3 HUX, HallpH-
mep 1,1"-stumnaenebuc (tpunrodan) (coxpamenno EBT), 6puin Boize-
nennl u usydensl. Ipucyrcreue EBT 6b110 3adukcupoBano B L-tpunro-
(pane B TeUeHUE HECKOJbKUX JIET, PEAIIeCTBYIOMUX HHIHUAEHTY, OHAKO
umeHHo B Hadane 1989 roga orMeueHO pesKoe yBeJMYEHHE ero KOHIEH-
TpalLHUy B IIpernapare.

TakuMm o6pasoM, pe3yJbTaTbl PACCAEA0BaHUSA <«TpPUNTODaHOBOrO»
uHuuaesra 1989 roxga onpeneseHHO MOKa3bIBAalOT, YTO €TI0 NPUYUHBI CBS-
3aHbI C TEXHOJIOTHEH ITPOU3BO/ICTBA MIpenapara, HO HUKaK He ¢ UCIOJIb30-
BaHueM I'MO. AHajlorMYHAs UCTOPHUS MOIJIA TIPOM3OHTH U C IPOMBILI-
JIEHHbBIMH MUKPOOPTaHHU3MaMH, CO3IaHHBIMHU C ITIOMOIIBIO TPaJUI[MOHHBIX
MeTo/0B cesieKInu. OOBUHATD XKe B CAYUYUBIIEMCS TEHETHYECKYIO HHXKe-
HEPUI0 — BCE paBHO, YTO CYUTATh COYYACTHUKAMHU TEPPOPHUCTUYECKHX
aktoB 11 cenrsibps 2001 roga B CIITA macca)kupoB 3axBadeHHBIX TEPPO-
puUCTaMH aBHaJIafHEDOB.

CornacHo JIOTHKe aBTOPOB, cJeAyeT, HaIPUMep, 3aKJIeHMHUTD U 3anpe-
THTh [IPOM3BOACTBO KaCTOPOBOTO MacJjia Ha OCHOBaHMM TOTO, YTO CeMeHa
KJelleBMHbl, U3 KOTODPBIX €ro IOJy4YaloT, OJHOBPEMEHHO COJAepXaT U
OAMH M3 CUJIbHENINX 208 — pUlMH (KCTATH, TOXKE UCIIOJIb3YEMBbIil AJIs
TepakroB). Hapyiienue TexXHOJIOTHM NPOM3BOACTBA KaCTOPOBOTO MacJa,
COMPSDKEHHOE C TONaflaHueM B HETO PULIMHA, TaKXKe MOXXET IPUBECTH K
TParuyecKuM MOCHAeCTBUSAM.

/1l He cay4yallHO Tak MOAPOGHO OCTAHOBUJICS HA ONMHCAHHUH 3TOTO NPU-
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Mepa. 31ech HarJIsAHO IPOCMATPUBAETCA OAUH U3 BADHAHTOB apryMeHTa-
I[MM OIIMIOHEHTOB IeHEeTHYEeCKON MH)KEHEePHH: BpoJe JAaeTcs 00beKTUBHASA
uHGpOpMalMs 0 KaKOM-JIuO0 WHIMJIEHTE, OHAKO IIPH 5TOM YMBIIIJIEHHO
OIIYCKAIOTCSI HEKOTOPbIE BaXXHbIe MOMEHTHI, YTO MO3BOJSIET CI€JIaTh HYX-
HbIl aBTOPY BBIBOJ O IPUYMHAX MHIU/EHTA, 3 HE TOT, KOTOPBIH ObLT feii-
CTBHUTEJIbHO CJleJIaH TPU NMPOBeaeHuu o(pHIHAJBbHOTO paccaegoBanus. B
3TOM IIpUMepe, HaJO0 MPU3HaATh, XOTb ¥ KOCBEHHO, HO (DUIYPUPYIOT I'eH-
HO-MHIXeHepHble opranuambl. Ho g5 Toro, yro6pr 6pocUTh TEHD Ha reHe-
TUYECKYIO MHXKEHEPHIO, ee OIIIOHEeHTaM HHOT/Ja 5TOTO U He TpefyeTcsi.

4.2. Hac 3aMy4aiOT aJJIepruu

PaccMoTpuM cieyomyio MUTATy U3 TOH Ke KHUTH: «I'M-cos: noewill
sunosnux arnepeuu. Hoswvie onacenus no noeody 6eszonacrocmu I'M-npo-
dyxmoe nossuruco 6 mapme 1999 zoda nocae uccaedosanuii Hopxcroi
nabopamopuu numanus ( Beauxobpumanus), x0z0a 8biACHULOCH, UMO
YUCTIO CAYUAE8 NUWEEOU arnepzuu, CEAIAHHBIX C COell, YBEIUUUNOCD 8
1998 200y na 50 %.

Omxpumue, cderannoe ¢ Hopre, daem pearvivie ceedenus o mon,
umo I'M-npodyxmu. mozym umems s6HOE HE2AMUBHOE BIUAHUE HA Ye-
nogexa. Imo nepevii caywai 3a 17 aem, xozda cosa 0KA3aracy 8 nepeol
decamxe npodyxmos, cnocoOHblx évi3vieamsy arnepezuro. Cpedu xpoHu-
yeckux Goaesnel, KOMOpPbie MOXem Gbi3bieams COsl, NPUCYMCMBYIOM
CUHOPOM pa30paxenus KuuleuHuxa, GOne3HU KOKU, GKAIOUAS YZPeYyIo
coiny u IK3emy, a maxxe npobaemsv nuwesapenus. JIodu mozym cmpa-
doamv om XPOHUYECKOU YCcmaaiocmu, He8POA0ZUYECKUX NPObieM, 20/106-
Holx 6onels.

BesycioBHO, onucaHue CHUMITOMOB HEJAOMOTraHMI, BBI3BAHHBIX <«ITH-
meit DpaHKeHUITefHAY, AOKHO BHevaT/UTh obbIBaTeseil. CchliKa Ha
pe3yIbTaThl UCCIEAOBaHUN COIMAHOTO HAYYHOTO 3aBEeAEHHS MO/DKHA TPHU-
AaTh BEC, JOCTOBEPHOCTb BbICKa3aHHOMY moJoxeHuio (I'M-cos: HOBbIi
BHHOBHMK aJlIeprum). A KaK Ha caMoM JieJie?

Y MeHsa KaK Hay4YHOTO COTpPYJAHHUKA 3Ta MH(pOpPMaIUg cpa3y BbI3BaJja
Maccy BONPOCOB: KaK ObLT OPraHu30BaH 3KCIEPHMEHT; CKOJIbKO B HErO
ObII0 BKJIOYEHO JIOJeH M KaKMX BO3PACTHBIX TPYII; KaKUM 06pa3oM
dbopmupoBann onbiTHYIO (JIOAEH, MOTPEGISIOMMX MPOLYKTbI TeHHO-HH-
’KE€HEPHO} COH) M KOHTDPOJIbHY¥O rpynns! (HOTPEGSIOMUX NPOAYKTHI U3
OGBIYHBIX COPTOB COM); KaKHe 9TO ObLIM MPOAYKTHI, KAKOBA IIPOAOJIKH-
TEJIbHOCTb 3KCIIEPHMEHTA; KaKOBa CTEIeHb NepepabOTKK 3TUX IIPOAYKTOB
u fpyrue. 1 TyT MHe cTaJa0 COBEPHIEHHO OYEBUHO, YTO HUKAKOTO TAKOI0
9KCIepuMeHTa He ObIIO M B NIOMUHE, ITOCKOJbKY OPTaHHU30BaTh €ro
MPaKTHYEeCKH HeBO3MOXHO. Peub B «OTKphITHH, cenaHHOM B Mopkes,



TPAHCTEHHBIE Y>KACBI -+ 91

MOTJIa HATU TOJbKO O Pe3yJbTaTaX KJIMHUYECKUX Ha6JIOJeHU 3a MHUIle-
BBIMHU aJIJIEPTHSIMU B 3TOM rpad)CTBE B TeueHHe ONpee/IeHHOro neprojaa
(mo-BuaumMomMy, mocaenuux 17 aer). Ho nmpuyeM 3mech TeHHO-HHKEHED-
Has cos?

TpancreHHy0 COl0 Hayaj y BBIPAIIMBATH B IPOMBIILJIEHHbIX MACIITA-
6ax B CIIIA ¢ 1996 roga. Ho B 1996 roay ee noceBbl COCTaBASIIM BCETO
2% nnomanei, 3aHAThIX 3To KyabTypoit B CIIIA, a B 1997 roay (uMen-
HO YpOXa# 3TUX [IBYX JIeT MOT B IIPUHILIMIIE IONACTh B MUIIY HECYACTHBIX
Hopkimupues) — 13%. B 1998 r. nossa TpaHCreHHOHM COM COCTABHJIA YK€
37%, aB 2001 rogy — 68%. O4yeBHAHO, YTOOBI TAKUMH OBICTPBIMH TEMIIA-
MH DacIUUPATb NOCEBHOM KJMH IIOJ TPAHCTEHHOM coe¥d, HeoOXOAMMO
6BLJI0 3HAYUTENBHYIO YacTh ypoxkas (ecau He BeCb YpOXKail) myckarb Ha
ceMeHa. Eciu nmpunsare Bo BHUMaHue, 4To 97% ypokas COM MCIIOJIb3YeET-
Cs1 JJ11 MPOU3BOJACTBA KOPMOB U TEXHHYECKOH nepepaboTKH, TO NIPeACTaB-
JeTCs KpalHe MaJOBEPOSITHbIM, YTOObl aMepPUKaHIIbI UMEHHO TPAHCTEH-
HYIO COI0 MONBITAJTHCh NPOAATb AHTIMYAHAM JAJS IPOJOBOJIbCTBEHHBIX
uesed. Hago Takyke uMeTh B BUAY, YTO B AHITHH BHIPAIIMBAETCS JOBOJIb-
HO MHOrO cBoeil cou. TakuM o6pa3oM, HECJOXKHO CAEIAThb BBIBOZ, YTO B
pe3yabrarax MCCAeJOBAaHMM OPUTAHCKUX JUETOJIOTOB pe4Yb MOIJa HATH
TOJIbKO O NHUIEBBIX AJJIEPTUSIX, OJAHOH M3 NPUYMH KOTOPBIX SBJSAETCS
norpe6/ieHHe COEMPOAYKTOB, NMOJYYeHHBIX M3 COM OObIuHbIX (HETpaHC-
reHHBIX ) COpTOB. OObICHHUTD XKe Ha6MI0JaeMbIi POCT aJIJIEPTHii TaKXKe He
COCTaBJISIET TPyJa: C OJAHOM CTOPOHBI, B IIOC/€AHEE BpPeMsl 3HAYUTEIbHO
yBEJHYHI0Ch moTpe6aenne cou (cosT 3aC/IyXEHHO CUHTAETCS OJHHMM H3
HanGoJiee eHHbIX HCTOYHNKOB ITOJIE3HBIX U MUTATEbHBIX IIPOAYKTOB), C
APYTOit CTOPOHBI, OOILIIEN3BECTHA TEHAEHIMA CHIDKEHUs uMMyHuTeTa (an-
JIepriusi — UMMyHHas pPeaki(is) HaceJeHUS PAa3BUTHIX CTPaH.

Hy a Tor ¢axr, 4T0 NPOAYKTHI U3 COM MOTYT BBI3bIBAaTh aJJIEPIHUIO,
SIBJISIETCS] OTKPBITHEM TOJBKO [JisI aBTOPOB IIpejacTaBieHHOH mH(poOpMa-
muu. ITo gannbiM BceMupHO# OpraHM3alUMH 3paBOOXPaHEHUs, COSI IO
CroeMy ajjepreHHOMY IOTeHLHaTy 3aHMMaeT BTOPO€ MECTO IIOCJe apa-
XHCa B CIUCKe HauboJlee ajliepreHHbIX MpoAyKToB nutanus (aanee cie-
IYIOT MOJIOKO, siiilla, pbi6a, pakooGpa3sHble, IIIEHHIA U IPEBECHBIE OPEXH).

4.3. B oropoae 6y3una, a B Kuese asapka

B cBOMX OOGJIMYHUTENbHBIX YCTPEMJIEHHUSIX ONIOHEHTHI T'eHETHYeCKOMN
MHXXeHepuu UAYT ellle fajbile. OKa3pIBaeTcsl, Npolle BCero HaBeCUTh Ha
Hee ADJIBIK IPOUCKOB AbABOJIA, IIOCTABHB B ORMH PsiJl C IPYTUMH U3BECT-
HBIMM BCEM HamacTAMH. L/ aToro fake He TpeOyeTcsi HUKAKUX JIOTHY-
HBIX 06bsAcHeHul: «IIpob.aemvt 300po6va u 6€30NACHOCTIU NUWU CEA3ANDL
C UHOYCMpuUansiviM gedenuem ceavckozo xosaiicmea (0b6sedunenue men-
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Kux ghepm 6 Kpynuvie x03aUcmea, ycureHue UCNOAb3IO6AHUS AHMUOUO-
muKoe 8 Kopmax, mexanusayus). OHu cmanru nPposeaAAMsCs HAYUHAA C
1960-x zodos, xozda ceavcxoe x03atcmeo u NPou3BoOCmMBO NUULEBHLX
npodyxmoe cmano éce 6ojiee cea3ano ¢ necrmuyudamu, zepbuyudamu,
uncexmuyudamu u xumuuecxumu ydobpenuamu. Buiiu ycmanosnenvi
A6HBIE CBA3U MEKTY HEKOMOPLIMU OONEIHAMU U UHOYCMPUAILHBIM KU-
somnogodcmeom — xpusuc BSE (6oiesnv 6ewencmea xopos) 8 Konye
1980-x u 1990-x 200ax cman naubonree A6HbIM NPUMEPOM U3 CEPUU
CKanOan08, C683aHHLLY C 6E30NACHOCMbI0 NUWU.

Canrvmonennes 6vin npaxmuuecku Heussecmen ¢ 1940-x zodax, odna-
KO menepb amo noscemecmuas npobiema, cocmoauas 8 ocmpot ungex-
UUU KUBOMHLIX U YEN06eKd, Bbl3bleaeMOl KulleuHbiMu Oaxmepusmu.
Huwesvie ompaerenusn yeeruwunuco na 400% 3a nocaednue 10 nem.
Bcem namsmen cxkamoan 6 ceasu ¢ Ouoxcuramu, o6HAPYXKEHHbIMU 8
mace u suyax 6eaveutickux xyp. Mcnoavzoeanue necmuyudoe u zepbu-
yudos, a maxxe I'M-Kyromypv. — nociedrue nposeaeHus UHoycmpua-
au3ayuu ceavckoeo xossaticmeas (n3 kuuru «Bemapycs M reHeTHYeCKU
MOAMDUIMPOBaHHbIE OPraHU3MbI: YTO HAac JKJAeT B Gumxaiimem OyAy-
EM>» ),

Ciona >ke MOXXHO BCTaBUTh U MUCbMO hepMepa-mIeoBOIa U3 TIPOBUH-
uuu Onrapuo (KaHaza), Hamero 6MBIIETO COOTEYECTBEHHUKA, KOTOPBIN
CeTyeT, 4To He J06saT B Kanaze rpeunxy, He BhIpalllMBAIOT €€ TaM. A Ta,
YTO BBIPALIMBAIOT, He BhIAENSET HeKTap. «Tax nouemy zpeuuxa He daem
nexmap? — eonpowdem gepmep u omeeuaem: B 3mom nogunHbL uUHXe-
nepuot-zenemuxu. Onu gvigenu maxou copm, Komopuvil daem 3epHo, HO He
daem nexmapas. K cBeleHHIO YuTaTeei: rpeyrxa He OTHOCHUTCSA K TeM
KyJbTypaM, Ha KOTOPBIX XOTSI 6bI Korja-HHOYAb MPOBOJUJIMCH FeHHO-
MH)XEHEPHbIE HCCJIeJOBaHHUsA, He FOBOPsA yKe O CO3[JaHMM TPAHCTEHHBIX
COPTOB, TOCKOJbKY Ha 3alaje 3Ta KyJbTypa He NONMyJsipHasi.

4.4. 3a xoro Hac npuHUMaIOT?

A MOXHO B IIpHHLIMIIE NPUAYMaTb KaKylO-HMOYAb CTPAIIMJKY IIO-
crpalllHee, He 3a00TsCh O HayyHOH JOCTOBEPHOCTH BooOie: «Ewe odna
npobrema 3aKaouaemcs 8 moKcuHax 3amednennozo deticmeus. Ha3sec-
MHO, 4MO 8peMs NPOAGACHUS MOKCUUHO020 Oeticmeusi 6eaxa moxem 3a-
Humams 6oaee 30 rem. I'M-cos omaunaemcs om o6viunoti no 6eaxam na
747%. Hocxorvky smu Geaxu — eubpudst 6axmepuarbHulx U pacmu-
MENLHBIX OP2aHU3MOE, OHU OeliCMBUMENLHO NPUHYUNUANLHO HOBble, NO-
3MOMY He MOZYM NPUPABHUSAMBC K PACTMUMENbHBIM UL baKMePuaiv-
noim. Ilpespawenue 6eaxa us no.1e31020 6 60AE3HEMBOPHBLT MOXKeEM 3d-
eucemv Om MaeuUWez0 UIMEHEHUS AMUHOKUCIOMHOZ0 cocmaeas (u3
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KHUTH «benapych M reHernuyecku MOAMUIMPOBaHHBIE OPTAHU3MBI: YTO
Hac XAeT B OumKaiieM Gyaymems ).

JTa UMTaTA U3 Ha3BaHHOW KHMIHM 3aCJIyXKUBaeT TOro, YTOGbl Hameya-
TaTh €e KPYIMHbIMHA OYKBaMM, ITOMECTUTb B PaMKy IIOA CTEKJIOM W IOBe-
CUTb B My3ee Kak o6pasen; 6eclipeie/IbHOCTH Y€J0BEYECKOro HEBEXKECTBA.
Co3gaerca BreuarjieHMe, YTO IIO3HAHHWA aBTOpa B 06jacTH GHOJOIMH
OTPAHMYUBAIOTCA JIUIIb «3HAHUSIMHY», HOYEPIHYTHIMH U3 TOJIJIMBYICKHX
y>KaCTHKOB O TeHHO-MH)XXKEHEePHBbIX MOHCTpax. bBosee Toro, yueHuK 3Hayu-
TEJIbHO NIPEB301Ies] CBOUX y4HTeJsiel: TaKoH NoJeT (paHTashu AJIs IOCTaex-
HUX MOXET OBbITh JUIIb HEJOCTHXXUMOM MeuToi. 314eCh UYTO HH MBICJDb, TO
<«Hay4Hast CeHcalusi». A MOXeT, aBTOPbI PENIUJIH AeHCTBOBATh B JIyYIINX
TPAAULIMAX «4ePHOTO MUapas:. 4eM YyAOBHINHEE JIOXKb, TeM ¢ 60JbIIeH
0XOTOH eif BepsAT Macchl. TeM 6oJiee YTO MHOTHE JKUTENIH HAIEH CTPaHbI
VYHJIUCh B IIKOJIE, KOTAA T€HETHKA OblIa <«/UKeHAyKOH M IPOAaXKHOH
JIEBKOW MMIepHaIn3May.

W HeBOMEK aBTOpaM, yTo Gesxy (a IpoAyKTaMH TPAaHCTeHOB SIBJISIOT-
cA UCKI04MTeNbHO nporennpl) — 3To He AT (npecnoByTsiit aycr), a
JIOBOJIBHO HECTOHKHE COEJUHEHMsI, KOTOpble JIETKO Pa3pyIlalTCsA II0[
AeiCTBHEM Jake OTHOCHUTEJIbHO HEBBICOKHX TeMnepatyp (Ipu NpPHTOTOB-
JIEHWH TTHINH, epepabGoTKe), KUCIOH CpeAbl U IHIEBapUTEIbHBIX (ep-
MeHTOB (B XelydouHO-KuIIeyHoM TpakTe). Hayke HeU3BeCTHBI ciydau
XPOHUYECKO! TOKCHYHOCTH IIPOTEHHOB, B YaCTHOCTH UX CIIOCOGHOCTD BbI-
3bIBaTh MyTareHHbie MJIH KaHueporenHole a¢dektsl. IIpoTeunst He oba-
JAI0T CTIOCOGHOCTBIO K GHOAKKyMyaslHd (HAKOIUIEHHIO B TKAHSX Opra-
HU3Ma), KaK HEKOTOpble XMMHYECKHE BENMIECTBA. IDTH MOJOXEHHUS XOPO-
IO M3BECTHHI GHOJIOTaM.

Yro U3 cebs mpeaCcTaBASIET TPAHCTEHHAsI COS HA CAMOM JeJie, Mbl yKe
JOCTaTOYHO MOAPOGHO pa3obpasu. 'eHeTHyeckn MOAU(HUIMPOBaHHOE Pac-
TEHUE OTJUYAETCS OT UCXOAHOrO TOJBKO TEM, UTO Y HEro BelpadaTbiBaeT-
cs1 He6OIBLIOE KOJUYECTBO (pepMeHTa, OJIU3KOTO 110 CTPOEHHIO aHaJIOruy-
HOMY (pepMeHTy CcaMOro pacTeHusl H, GoJjiee TOTro, CIIOCOGHOrO YCHENIHO
BBITTOJTHATD (PYHKIMHU 9TOTO (DEPMEHTA B YCIOBUAX, KOTAA PACTUTEIbHBIN
¢dbepMent paboTaTh He MoxeT (roce o6paboTku repbuiuaoM). CTpykry-
pa u PyHKUMOHANbHASA aKTUBHOCTD BCEX OCTAJbHBIX T€HOB TPaHCT€HHOTO
pacTeHus1 aGCOIIOTHO He OTJIMYAETCs OT TaKOBBIX UCXoaHOTO copTta. C no-
MOIIBIO TOYHEHIIUX MOJIEKYISIPHO-TEeHETHIECKUX METOAOB ObLIO IOKa3a-
HO, 4TO B T€HETHYeCKOM MaTepuaje TPAaHCIeHHOH COM HMeeTcs TOJBbKO
onHa BcTaBKa OakrepuajbHoro EPSPS-rena ¢ Heo6xOguMbIMH A/ €r0
(GYHKIMOHUPOBAHUS PEryJIATOPHBIMM I10CJIeA0BaTeIbHOCTAMU (IIpOMO-
TOPOM, TEpPMHHAJIbHBIMU IIOCJIEJ0BAaTEIbHOCTAMM, a TaKXKe IOCJIeJ0Ba-
TeJIbHOCTBIO U3 HETYHUH, KOAUPYIOIIel TPaH3UTHbIM menTux, HeobXoau-
MDbIH 151 JOCTABKH NPOAYKTA TPAHCTeHa B XJIOPONJIACTHl — MECTO CUHTE3a
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apoMaTHYeCKMX aMHHOKHUCJOT). TakuM 06pa3oM, BCsS HOBH3HA TPAHCTeH-
HOM COM MO CPaBHEHHIO C HCXOAHBIM COPTOM 3aKJIIoyaercss B J00aBKe
TOJIBKO 00H020 TeHa, KOTOPBIH KoAupyeT pepMeHT, 6IU3KHI [0 CTPYKTY-
pe U CTIOCOOHBIN BBIMOJIHATD (DYHKUHUU HMEIOIIErocs y UCXOAHOTO COpTa
(pepMeHTa. Ecau npuHATH BO BHUMaHHE, 4YTO y pACTEHHH HMeeTcs
25000 — 35000 renos, TO MPOLEHT «HOBH3HbI» TPAaHCTreHHOH COH 110 CPaB-
HEHMIO ¢ MCXOAHBIM cOpToM coctaBuT (1:35000) x100 = 0,0029% (mpu-
XOAUTCST OGBSACHSITD 3THM JIOAAM a3bl apuMEeTHKH), a He 74 %, KakK OT-
MeYaeTcs B BbIlIe IPOLUTHPOBAHHOM OTPBIBKE U3 YKa3aHHOW KHUIH.

Yro6bI MOJy4YMIACh TpaHCreHHas COsl, cojepxamast 74% u3MeHeH-
HBIX, a UMEHHO 'MOPHAHBIX PacTUTETbHO-MUKPOOHBIX 6€JKOB, JOJIKHO
npousoiitu caegyiomee. B 25900 (74% or 35000) reHoB ofHON KJIETKH
NOJIXXHO OAHOBPEMEHHO BCTPOHMTHCS COOTBETCTBYIOIIEE KOJUYECTBO KO-
NUU TPAaHCI'EHOB, Y BCEM IMOJYYEHHBIM <«THODUIHBIM T€HAM» HA/JIEXKHUT
IpH 3TOM HOPMAaJbHO paboTaTb M [AAaBaTh HAYAJI0 COOTBETCTBYIOLIMM
ru6puaHbM 6esikaM. MaJjio Toro, 3Ta KjeTka JOJDKHA HavaTb JeJTUThCH,
4TOOBI U3 MOJYYEHHOrO KaJIJIIoca MOXKHO OBbLJIO0 pereHepHpOBaTh TAKOTro
TPaHCTEHHOTO MOHCTpA.

Ha caMoM fene HM O KakuX TFHOGDUAHBIX PACTUTETbHO-MHKDPOOHBIX
6enkax pedb He uzer BooOe. [Ipu TpaHcreHose y pacreHuil B cayvae,
KOI/la TPAaHCTeH BCTpauBaercs B 00JacTh, KOAUPYIOIIYIO KaKOH-Iu60 red
(Takas BEPOATHOCTD €CThb, HO HE CIMIIKOM GOJIbIIAS: B TeHETUYECKOM Ma-
Tepuaje pacreHuil co6cTBeHHO reHaMu 3aHsATO MeHee 10% Bceil AMHBI
monekybsl JJHK), NpoucXofuT «BBIKIIOUEHHE> STOTO reHa. BMecTo Hero
pa6oTaloT ¥ JAI0T HA4aJi0 CHHTE3Y OIpPeeIEHHbIX 6eJKOB, KOTOPbIX OHH
KOAUPYIOT, TOJIBKO reHbl, BXOJSIIMe BO BCTPOCHHYIO FreHETHYECKYIO KOH-
CTPYKLUIO. Y HUX B OTJIMYUE OT TMOBPEXAEHHOrO reHa UMEIOTCS BCe He-
06XO0UMBIE [ UX (PYHKUMOHUDPOBAHUS DErYJSTOPHBIE 3JEMEHTHI. ITO
ssaenue (BcTpoiiku TpaHcrenos B o6aactd JIHK, xoxupyromue Kaxue-
160 TeHbI) MOJYYH/IO Ha3BaHMe MHCEPLHOHHOrO MyTareHesa. OHO IIH-
POKO UCIIOJIb3YETCS B FeHeTUYEeCKUX HCCJIeTOBAHUSAX MJIS KapTHPOBAHUS
reHOB — OIpe/Je/IeHUs MecTa reHa Ha XpOMOCOMe OTHOCHTEJIBHO APYTHUX
U3BECTHBIX I'€HOB.

Yurare/b Tenepb peajpHO MPEACTABASET, KAKOH TIIATENbHOH OLEHKe
IoABepraercst 6e3onacHocTb 6elka — MPOAYKTa TPAHCreHa, 4TO JAeJaeT-
CA KaK J0 Hayajia dKCIEPHUMEHTOB IO CO3JaHUI0 TPAHCTE€HHBIX COPTOB,
TaK ¥ II0CJIe X NOJMy4YeHUs. B yacTHOCTH, OLIEHKY NOTEeHLHAJTbHON TOK-
CHYHOCTH 6€JIKa HAYMHAIOT CO CPaBHEHUA IMOCJIe0BATEJbHOCTH aMHHO-
KHCJIOT B €I0 MOJIEKYJIE U B MOJIEKY/JIaX U3BECTHBIX O€JKOBBIX TOKCHHOB
(7151 9TOTO HMEIOTCS COOTBETCTBYIONIME 6a3bl JaHHBIX). dBaseTcs ray6o-
KHM 3a6IyKIeHneM MHEHHE O TOM, UTO <«IpeBpalleHue 6ejKa U3 moJjes-
HOTO B G0OJIE3HETBOPHBIA MOXKET 3aBHCETh OT MaJIeiilero H3MEHeH!sI aMu-
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HOKHCJIOTHOTO CcOCTaBa». (ITO MosoXKeHHe HEBOJIDHO BBI3BIBAET Y MeEHs
accoumanuu co CpefHeBEKOBbEM, KOrZia aJXUMHUKM BEPHUJIH, YTO MOXXHO
THOJIYYUTH 30JI0TO UYTh JM He U3 OCIMHON MOYM: LIBET-TO OAMH H TOT Ke.)
Jlist Toro uro6el 6esioK ObLT TOKCHHOM, OH JOJIXKEH MMETh COBEPLIEHHO
olnpejieJIeHHOE CTPOEHHE MOJIEKYJIbl, COAep>KaHue U TI0CIeJ0BAaTEIbHOCTD
aMHHOKHCJIOT B Heil. HekoTopble U3MeHeHUsI B CTPOEHHH MOJIEKYJI TOKCH-
HOB MOT'YT IPUBECTH JIMIIb K YyTPaTe TOKCHYHOCTH (IIOAy4aeTcs] aHATOK-
cuH), HO He Hao6opoT. VIMeHHO Takue 06e3BpeKEHHbIE TOKCHHBI HCIIOIb3Y-
10T 11 IPOM3BO/ICTBA BAKLIMH K Pa3/IMYHLIM SaM, Hal[pUMep K 3MEHHOMY .

He Menee TmaTtenbHO IpOBEepKe NMOABEPralOTCS NMPOAYKTHI TPaHCre-
HOB Ha IpeaMeT UX NOTEHLHa bHOH ajllepreHHOCTH. TpaHcreHHblil ¢ep-
MeHT EPSPS RR-cou, Kak u Bce npouue hepMeHTHI 3TOro Kjaacca MUKPO-
OpraHu3MoB, rpu6OB, pacTeHUH, He UMeJl HUKaKOH rOMOJIOTHMH C U3BeC-
THBIMH TOKCUHAMH U ajjepreHaMu. Mbl, MOXHO CKa3aTb, HMeeM yxKe
O4YeHb JJUTENbHYIO UCTOPHIO 6e30MacHoro norpebaeHust aToro 6ejka, B
TOM YHCJIE€ HE TOJbKO PACTUTEJbHOIO: HaIlpUMep, €ro MHOTO B IIEKapCKUX
apoxxax. Bpems nepepapusanns EPSPS B xenynousom coke: (mososu-
Ha kusHu) — MeHee 10 ceKyH[, B MUILEBAPHTENBHOM COKE JABEHAALATH-
nepctHoi kumxy: (osoBuHa xusHu) — Menee 10 munyt. OH pa3pyma-
erca pu KucaotHocTH cpeint (pH), pasnoit 5 (pH sxenygounoro coka
0K0J10 1) ¥ npy HarpeBaHMM BCero Jaulib 10 65 °C B TeueHue 15 MUHYT.
J\n1st cpaBHeHMS: MOCIe oeJaHus TBEPAOH NUINY B T€YEHHE 2 YaCOB TOJIb-
KO €e IIOJIOBHHa NePEeXOJUT U3 JKelyJKa B JBeHaAIlaTUIIEPCTHYIO KUIIKY,
KUAKas MUINA OCTAETCS B JKeJyAKe He MeHee 25 MUHYT, 06mas Npoa0JI-
JKUTEJBbHOCTD Npollecca nuileBapeHuss — He MeHee 4 — 10 vacos, a nou-
HOe 3aBepllieHHe NepeBapUBaHUs ITHIIH ITPOUCXOAUT dYepe3d 68 — 165 ya-
coB. Hy, nukak EPSPS He TsHeT Ha «KaHAuJAaTa» B INOTEHI{HAJbHbBIE
TOKCUHBI (He KaXXeTcs JIi BaM CTPAHHOU caMa ujes BCTpaHBaHMS B TeHe-
THYEeCKH MOAM(PUIUPOBAHHBII OPraHU3M TIeHOB, KOAUPYIOIUHMX H3BECT-
Hbl€ TOKCHHBI?) HJIH aJlJIePreHbl.

Takum o6pasoMm, 6enku — NPOAYKTHI TPAHCTE€HOB, €CJAH OHY elle
COXPaHWINCh B nuule, 6JAromojJy4YHO INepeBapHBAIOTCS, Kak OObIYHbIE
6eJIKH, B KeJIyAOUYHO-KUIIEYHOM TpPaKTe, MMOJy4YeHHble B pe3yabTaTe Meln-
THABl U aMUHOKUCJIOThl BCAChIBAIOTCSI B KPOBb M MCHOJIb3YIOTCA Jlajee B
MeTab0J1M3Me, a TO, UTO OCTAJOCh, NONajaeT B KaHaIu3anuww. Kakum-iu-
60 06pa3oM aKKyMyJIHPOBATbCS B OpraHM3Me, BO3JAEHCTBOBATbh HA reHe-
PaTHBHbIE OPraHbl OHH He MOT'YT B NpuHIMIe (OHH K€ HE PaJfI0AKTHBHbBIE
¥ He HaNOMMHAIOT AycT). Tak 4To IpsAAyIIHMe MOKOJEHUS MOTYT He Tepe-
JKHMBaTh: Ha UX 3[I0POBbe peKOMOUMHAHTHBIE GEJIKU He OTpa3sTcs. 3aboTa
0 JeTAX — 3TO BCETO JIMIIb JeXYPHBbIH WITaMII U3 apceHasua XYypHAJIUC-
TOB, J€MyTAaTOB ¥ BCEBO3MOXKHBIX «3KOJIOTOB». B 1opbiBe 061M4HTEND-
HbIX peued Ha MO MOXHO «BelaTb» BCe MOAPSAZ.
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4.5. BocnutpiBaeM B ce6e yCTOHYHBOCTD K AaHTHOHOTHKAM?

Eute ogHUM BaXXHBIM KO3bIpEM B 060HMe CTPAIIMJIOK OIITIOHEHTOB Ie-
HETHYECKOH WHXXEHEPHUU sIBJsieTcsT IKOObI BOSHUKHOBEHHE YCTONYHBOCTH
K aHTUOMOTUKAM y 00JIe3HETBODHBIX MHUKPDOOPraHU3MOB B Pe3yJbTaTe
NoTpe6JeHUs TPAHCTEHHBIX MPOAYKTOB. [[eJ10 B TOM, YTO B reHeTHYECKOi
MH)XEHepUH pacTeHuil /151 0T6opa KJAeTOK, B XpPOMOCOMBI KOTOPBIX TIPOU-
3011710 BCTpauBaHHE TPAHCTEHOB, AEHCTBUTEIbHO YAOOHO HCIIOJIb30BATh
MapKepHbIE€ F€Hbl YCTOMYUBOCTH K aHTHOUHOTUKAM. [[/151 aTHX Llenel npu-
MEHSOT reéHbl YCTOWYHBOCTH K aHTHOUOTHKaM, KOTOPbIE JaBHO YTPATHIH
CBOM JiedyebHbIe CBOMCTBA H3-3a TOTO, YTO GOJIBUIMHCTBO MUKPOOPTaHH3MOB
yKe MMeIOT Takue rednl. OQHUM U3 HUX SBJSIETCA aHTHOMOTHK KAHAMM-
LMH, BblAeJeHHbIH B Anonuu eme B 1957 roay. [us srevenus aionei ero
He HCIOJb3YIOT Y3Ke JeT TPHAUATh, TaK KaK cpeJu 6aKTepuil BHIIEJEHO
18 pas/MYHBIX TeHOB, KOAUPYIOUIMX (PEPMEHTHI, Ae3aKTHBHPYIOIIHE 3TOT
aHTHOMOTHK. [[JIs1 reHeTH4YeCKoH MHXXKEHEPHH PACTEHMI HCHOJIb3YIOT OJHH
u3 Takux reHoB NPT II, BelneneHHbIM U3 KulleyHoH nmaaodyku E.coli.

Ilpu mepeBapuBaHuM reHeTuyecku MOAMGMUIUPOBAHHON IUINU B XKe-
JYAOYHO-KHIIEYHOM TPaKTe YeJIOBeKa WJIU XXUBOTHBIX CYIIECTBYET CKO-
pee TeopeTuYecKasi, YeM peajbHasl, BO3MOXHOCTb BCTPAaHBAHUS B FeHETH-
YeCKHil Matepuan MukpoopraHu3amMoB ¢parmedra JHK, kommpyiomero
3TOT TeH. B pesysbprare MUKpo6 cTaHeT YCTOWYUBLIM K aHTHOHOTHKY Ka-
HaMHULMHY M B [IPUHIIMIIE MOXKET NEpeaaBaTh reH YCTOWYUBOCTH CBOEMY
NMOTOMCTBY. BeposiTHOCTD 3TOro CO6BITHS Upe3BhIYaiiHo Hu3Ka (/15 3TOTO
He06XOMMO COYETAaHHE MHOTHX KpaliHe MaJoBePOSTHBIX COGBITHIT), OHA
oueHuBaercs: npubiusurensro kak 10717, B ciyvae xe, eciu 3T0 Bee-Ta-
KH IPOU3OHJET, NMOCJEeACTBUA OYAYT TaK)Ke COBEPUIEHHO He3HAYHMTEJIb-
HBIMH: K TbICT4aM OaKTepHil MUIIEBAPUTEJBHOTO TPaKTa, KOTOPBIE YXKe
uMeroT red NPT II unu 17 ananoruuneix eMy, no6asurcs eire oaua. Ha-
IIOMHHMM, YTO 3TOT I'€H B3AT OT KULIEUHOH MaJoukHu E.coli, 06BIMHOTO
OpraHM3Ma IUINeBapUTEJbHOrO TPaKTa Ao/eil. MUKpOOpraHu3Mbl MOTYT
HaMHOTO IIPOLIE «B3ATb» I'eH YCTOHYUBOCTH K aHTHOHOTHKAM Y YCTOHYH-
BbIX MHMKPOOPraHW3MOB NHIIEBAapPUTEJbHOTO TPAKTa, YeM U3 TOJypaspy-
menHol [THK reneruyecku mopudpunupoBaHHO# muum. 3aMeTHM, 4YTO
npu uccaeA0BaHUU cBoHcTB npoaykra resa NPT II — ¢epmenra neomu-
uuH@ocdoTpancdepaspl 6bL1 MPOBEREH IOJHBIH KOMILIEKC HCCJIeJ0Ba-
HUH, KaCalOLIUXCS €r0 TOTEHIHAJbHOU TOKCHYHOCTH H aJIEPreHHOCTH
(kak 310 OmMCaHO BbIIIE), KOTOPHIE TOKA3a/IM €ro MOIHYIO0 6e30MaCHOCTb.

Jlnsi pasayBaHus! TICEBIOONACHOCTH BO3HMKHOBEHHUS YCTOHYHMBOCTH K
aHTHOUOTHKAM A0 BCEJeHCKHUX MaciTaGoB Bce MeTopl xopourn. O xoc-
TOBEPHOCTH IPUBOJUMBIX (DAKTOB MOXKHO He OECIIOKOMTBhCA BOOOIIE:
«Mapxepnvie zenvt ycmoltuusocmu K anmubUOMuUKaAM UCNOALIYIOMCA
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npu svipawueanuu 6cex kommepueckux I'M-xyaromyp»; «Bo3moxrocmo
803PACMANHUA YCMOUUUBGOCTNU K AHMUOUOMUKAM BbIHYOUNA HEKOMOPbIE
cmpanv. EC ssecmu 3anpem na umnopm wecxonrvkux I'M-npodyxmos,
xax, nanpumep, Bt-xyxypy3sv ¢pupmur Novartiss; «...ceedas Roundup
Ready-coto, vt ¢ xaxdoid xaemxod amozo pacmenus noayxwaeme zew
ycmoiiuueocmu x amnuyuriuny». Ha caMoM aese, Kak BUJHO U3 TTOJIHO-
ro IepeyHs TPAHCIeHHBIX COPTOB, HMEIIHX OQHUHAIbHOE pa3pelieHue
Ha UCNOJb30BaHHe B XO3AHCTBEHHON [EATEbHOCTH, TOJIbKO eXuHULb! (B
OCHOBHOM H3 4YMCJIa MEPBBIX TPAHCTEHHBIX COPTOB) MMEIOT CeJIeKTUBHEIE
reHbl YCTOMYMBOCTH K aHTHOMoTHKaM. Her atux reHos u 'y RR-cou (cMm.
Bhle), a Bt-kykypyant dupmbl Novartis B aToM criucke HeT Boo6uie (Tam
MMeeTCs TOJbKO oAuH copT ¢upMbl Novartis seeds, cosmanHbli cOBMEC-
THO ¢ pupmoit Monsanto, — caxapHas cBeKJa, yCTOWYNBasA K repOUILIUAY
raudocarty).

MosxHo BooOIie HamHMCaTh NOJHYIO TaJHMATBIO: «...Hudepianockue
uccaedosamenu ¢ 1999 200y o6napyxuru, 4mo <«XKugvies U UEAble 2eHbL
ycmotuueocmu mozym <nepenpvizueams» u3 I'M-npodyxkma 6 Kuweu-
HUK 4el08eKa U BulKUBAMb mam 00 HecKorvKux munym. Iloaywaemcs,
umo nompebumenu I'M-npodyxmoe «gocnumuwgatoms 6 cebe ycmotiuu-
eocmy k¥ aumubuomuxams. bes koMMeHTapueB... BoucTHHY Takoe «OHH
(oueBHAHO, MMEIOTCS B BU/ly T€HHbIE HH)KEHEDPHI) HUKOT/IA HE PACCKAXKYT
O TeHHOH MHXXeHepHH», IIOTOMY YTO s HUX KOMIETEHTHOCTb, Hay4yHas
9THKA He MYyCThbIe CJIOBA.

4.6. PazBe yueHbIM MOKHO JOBEPATDH?

SIBHO NyKaBAT ONIIOHEHTHI TEHETHUYECKOH HHI)KEHEpPHH, IPOHOJIKas
cTpalatb o6pIBaTe s SKOOBI MOBBIIEHHON aJI1epreHHOCThIO TPAHCTEHOB!:
«O0na u3 xamacmpodh, cessannvix ¢ 'M-nuwei, yxe npedomepaujena.
Bedyuwuii zennwviti unxenep-uccredogamens OAs NOGHLULEHUS KOAUYEC-
mea benxa é8en 8 cow zen 6pasunvckozo opexa. Ilpu mecmuposanuu na
KUBOMHBLY He OBLIO 3AMEUSHO HUKAKUX NPU3HAK08 annepzennocmu. 1o
CHACMBIO, Y YUEHbIX NO0 PYKOU O0KA3ANACH CHIBOPOMKA KPOosuU Joded-
aAnePeUK08 Ha bpasurvckui opexs. Kak BUIHO U3 OIHCAaHUS NPUBENECH-
HOU Bblle 00s3aTeIbHON MPOLelyPhl OLEHKHU [TOTEHLUAIbHON ajljIepreH-
Hoctu GeJIKOB — IPOAYKTOB JIIOOBIX TPAHCTEHOB, COBCEM HE CIYYalHO «y
YY€HBIX MOJ PYKOH OKa3ajacb» 3Ta CbIBOPOTKAa. VI XOTS MOJy4eHHBIi
TPAHCTeHHBI COPT NpeAHAa3HAYAJICS UCKIIOYATEIBHO JJIS IPOU3BOACTBA
KopMoB (cepocosiepkamuii 6eJ0K 6pasHIbCKOro Opexa CyIecTBEHHO 110~
BbIIIAJI KAYECTBO IIPUTOTOBJIEHHBIX U3 HETO KOPMOB), KOMIIaHHEl-pa3pa-
6orunkoM (Pioneer Hi-bred Int.) 6bl0 IPUHSTO pellleHHE OCTAHOBUTD
ucibitanus. Ecou 661 mogo6Hast HCTOPUS CIyYHJIach C COPTOM, TTOJIyYeHHbIM
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C MOMOIIBIO TPAJAMUMOHHOH CeJIeKI[HH, 3TOro Obl SIBHO HE€ IIPOU3OLLIO.
ITpocTo mpu MapKUPOBKE TAKOTO COPTA B COOTBETCTBUH C CYLIECTBYIOITHM
3aKOHOJATeAbCTBOM ObLIO 6bI YKa3aHO, YTO OH COAEDPXKHT KOMIIOHEHTHI
6pasuJbCKOTO Opexa, BBI3bIBAIOIHE AJIJIEPIHI0 Y HEKOTOPBIX JIIO/EH, U
YTO OH IpeJHasHayeH TOJbKO AJA KODMOBBIX nesed. Beib HMKOMy He
IPUJET B TOJIOBY 3allpeTUTh, HAIpUMep, NoTpe6/ieHue JIOOUMOTr0 JaKOM-
CTBa aMEPHKaHIEB U €BPONEHIleB — JXapeHOro apaxyuca — Ha TOM OCHO-
BAHMH, YTO apaxuc IO CBOEMy a//lepreHHOMY IMOTEeHIMaly — HPOAYKT
HOMEp OJMH B MHpe.

He ycrpauBaer ONNOHEHTOB reHETHYECKOH UH)KEHEPUH U KOHHEMIHUS
CYIIECTBEHHON SKBHUBAJEHTHOCTHU: <...YYUMDbIEAS, UMO 2E6HHASL UHXeHe-
pus moxem npueHecmu 8 npOOYKMb. panee HeU3BECMHbIe ONACHbLIE
ceoticmea, kaxdvii I'M-npodyxm doaxen 6oums nodsepenym obcredo-
8ANHUI0, CNOCOOHOMY BbHIAGAAML CAMBLU WUPOKUL CNEKMP BO3IMOXKHbLY
onacrocmet. Ho 6 nacmosuwee epems ucnonv3osanue KOHUENUuY 3K6u-
8AIEHMHOCTIU N03801A€em 060Umu Heo6X00UMOCMb MAK020 MECTMUPOBA-
nus». Cnopnoe sakiaroyenue. IToxoxe, YTo TOT, KTO €ro c/esal, B rjasa
He BHAeJ] 00beMHBIX JOChE C pe3y/IbTaTaMH OLEHKH 6e30I1aCHOCTH TPAHC-
reHHbIxX opraHusMmoB. Hampumep, ¢upma Calgene npeacrasuia B 1990
rony B FDA s mosmy4yeHus: paspelieHds: Ha UCTIOIb30BAHKE B FeHETHYEC-
KO! HH)XE€HEPHUH pacTeHuil MapKePHOro reHa yCTOMYHBOCTH K aHTHOHOTH-
Ky KaHaMMLHHY oT Kume4yHoi nanoyku E.coli 600-crpanuyHblil qOKY-
MeHT (/{Be JOKTOPCKHE JAUCCEPTAIMM), TOCBAIEHHBIH H3yYEHHIO 6e30mmac-
HOCTH 3TOro reHa. Uro e npexpsaraercst B3aMeH? «T016K0 KAuHutecKue
UCROIMAHUS CNOCOGHBL 8bIAEUMY 6CE BO3MOXHbIE ONACHOCTMU U Henpeo-
sudennvie nobounvie Ihphexmol, KOMoOpvie MOZYM MAuUMvCs 6 nNPooyK-
max zeHHO-UHKEHEPHOZ0 npoueccas. A MOXeT, BCe-TaKH He JOBOJUTD Je-
JIO 10 KJIMHUKH, rocrnoga? Beap peub-To HAeT He 0 JIEKapCTBEHHDIX IIpe-
naparax, a o MPOAYKTaxX IUTaHUs, NoAaBasAnee 60JbIIMHCTBO KOTOPBIX
Ha CTO IIPOLEHTOB HAEHTHYHBI OOBIYHBIM, «HeMOAH(UIIMPOBAHHBIM».

4.7. KTo H 3aueM cTpAmaer TaKyio ereparypy

ITpryrHbBI BO3HUKHOBEHUSI KPH3UCA HEOBEPHUS K TEHETHUECKOW MHIKe-
HepuM B EBpomne cramm npeameroM W3yuyeHHs MHOTHX HCCJIeNOBaTeJel.
Cpenn OCHOBHBIX HNPHYHMH Ha3bIBAIOT, HANIPUMED, TO, YTO B MOMEHT IIO-
SBJICHUSI TPAHCTeHHBIX COPTOB CeJbCKOXO3SHCTBEHHbIX pacTeHuii B EB-
pone (1996 — 1997 roxsl), a 5T0 6BLIM COPTA COM aAMEPHKAHCKOH (PUPMbI
Monsanto, Ha KOHTUHEHTe pa3pasuJICsa CKAHAas, CBA3aHHBIH ¢ 60JIe3HBIO
GellleHCTBa KOpOB B BesnkoGpurtanuu, 3aTeM MOC/IeN0Ba] CKaHAAI C JHd-
OKCHMHaMH B MsdAce Kyp B Desnprun. B pesysibraTte moBepue X ciyxkbaM,
obecnieyuBalomUM 6€30MaCHOCTD MPOAYKTOB MUTAHUSA, GbIJIO CHIBHO IO~
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jaopBaHO. IlosgBneHue B 3TO BpeMsl HOBOrO THIla NHUINU, €CTECTBEHHO,
TaK>ke BbI3BaJIO HEJIOBEpHE MacC: a TapaHTHPOBaHa JU 6€30NacHOCTb H B
JaHHOM CJIyyae, eCJIM CaHHTapHble CJHYy>XKObl MOTyT NONYCKaTb TaKHe
omunbky. HeMamoBaXXHYI0 POJib CHITPAjJio U TO, YTO T€HHO-HH>XEHEPHBIE
MPOAYKTHI ObLIM MMEHHO aMEPHUKAHCKUMHU: Y MHOTUX eBPOITeHLeB CyIec-
TBY€T crneunduyeckoe OTHOLIEHHE KO BCEMY, YTO CBSI3aHO C aMEpPHUKaH-
ckuM 06pa3oM xu3Hu. Chirpaju onpefeieHHyio pojb (¥ IPOAOIKAIOT
UIpaTh B HACTOSIIEE BPEMS) BOIMPOCH KOHKYPEHTHBIX TOPrOBBIX B3aNMO-
oTHomeHuid Mexxay Espomoit 1 Amepukoii. Kak unenwr BTO, esponei-
CKHe CTpaHbl OBLJIM He BIIpaBe OTKa3bIBaTh BO BBO3e aMEPHKAHCKOM IIPO-
aykuud. Ho BoT ecsiu mpuHUMaTh BO BHUMAaHHE HETaTMBHOE OTHOIIEHME
HaceneHus... VI 3To HeraTHBHOE OTHOIIEHHE HACEJE€HUS] K F€HETHUYECKH
MO HAIIMPOBAHHBIM OpraHu3MaM ObLJIO YMeJO OPraHW30BaHO. B Takoi
CUTYaIUX TIOSBUJIOCH OYE€Hb MHOIO JKeJalouX CKOJIOTHTb CBOH (pUHAH-
COBBIH M TIOJMTHYECKHH KamuTas, UCIOJb3yst HeAoBoJbcTBO Macc. He
CIy4aiiHO BCEBO3MOJKHBIE «3eJIeHble» Celyac Tak IMHMPOKO IIPeJCTaBIeHbI
B NIPaBUTEIbCTBAX MHOTHX 3aMaJHOEBPONEHCKUX CcTpaH. Boiurpauau u pa-
JOBBIE YJI€HBbI 3THX OPTraHM3allHii, TOCKOJbKY UX AesITeJbHOCTb U (PHMHAH-
coBoe 6Jlaromosiyude HaNpPsAMYIO 3aBUCAT OT HaJW4YUsA BCEBO3MOXKHBIX
CKaH/IaJIOB, CBS3aHHBIX C O€30MaCHOCTBIO [Js1 3/10POBbsl 4eJIOBEKA H
OKpy:Kalormiei cpebl. He mocieH010 poIb B pa3ayBaHUHM T'€HHO-UHXKe-
HEPHOI0 CKaH/JaJa ChITPAaJy U KYPHAJIUCThI, AJd KOTOPBIX <«KapeHble
(pakThI» B 6YKBaJbHOM CMBICJIE CJIOBa Ha BEC 30J10Ta, NIOCKOJIbKY OIpejie-
JIIOT TUPAKH M peHTHHT X usgaHuii. [IpITaloTcs uCnoib30Barb 6J1aro-
IPUATHYIO CUTYAIUIO U TIPEJCTABUTENH PEJUTHO3HBIX, PA3JIUYHBIX IIPO-
deccuoHaBHBIX, KEHCKUX U JpYyrux opranusdauuili. K coxxajeHuio, B
3TU PS/Abl NIONAJN U HEKOTOPbIE YYeHBIE.

4.8. B nouckax zeumeBoii cjaaBbl

B mae 1999 roga B npectuxxHoM (3aMeTHM, OZHAKO, He pelleH3Upye-
MOM) KypHaste Nature noaBuiach Ty6JHKaus 3HTOMOJOroB M3 Kop-
HEJIbCKOT0 yHUBepcuTeTa Bo riase ¢ JxonoM Jlocu. CyTb ucciaeoBanus
3aKJII0YaJIach B TOM, YTO U3y4aJIH BJAHSHUE IbLIbIb! TPAHCTEHHOU KYKY-
py3sl ¢ Bt-nporennoM. Beipa6oTKa 3TOr0 MpOTENHA KOAUPYETCSI COOTBET-
CTBYIOLIIUM T'€HOM, KOTOPbIH ObLI BbIJIeJIEH U3 NMOYBEHHBIX MUKDPOOPra-
HHM3MOB U NEPEHECEH B TeHeTUYeCKUH MaTepuas KyKypy3bl. ITOCKOJBKY
OH ABISeTCS TOKCHYHBIM /IS JINUYMHOK TOUMIbIIMKA («MOTBLIEK» U3 ce-
MeCTBa YelryeKphlJabiX, K KOTOPOMY OTHOCATCA 6aGO4KH), TO TPAHCTeH-
HBII CODPT CTaJ YCTOHYMBBIM K 3TOMY OIAaCHOMY BpeauTeso. OKa3aJoch,
YTO eCJIM TAaKOH IbLIBIOH MOCHINATh JUCThSI MOJI04YaeB H CKOPMUTD ryce-
HuuaM 6a6ouykun MoHapx, TO HX CMEPTHOCTb 6y/eT B CEMb pa3 BbILIE, YeM
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B BapHaHTE C TBLIBIOH OGBIYHOTO, HETPAHCI'€HHOTO COPTa KYKYPY3Bl.
PacuyeT aBTOpPOB Ha HHTepeC OOIIECTBEHHOCTH K 3TOMY OTHIO/Ib He BBIJAI0-
IEMYCSI HAYYHOMY «OTKPBITHIO» OBLI IPOCYHTAH BUPTY03HO. MHe B 3TO|
CBSI3M BCIIOMMHaeTcs IocelleHne 60TaHMYecKoro caja B Monpearne, rae
uMeeTcst 60bIION MHCEKTapuid. Ha KaXk oM yriry IIOCeTHTEMH BCTPEYaloT
pexaamy: «Ilocerure Haw uHceKkTapuil. TaM Bbl MMeeTe BO3MOXKHOCTb
yBuaeTb 6abouky MoHapx!» [Ina amepukaHlueB ata 6abo4ka — HallHO-
HaJbHbIN CUMBOJ, Bpoae opJsia Ha repbe CIIA.

[TosiBsieHUe cTaThbu BBI3BAJO JeHCTBUTeJbHO MHOro myma. Hayynad
O6IIeCTBEHHOCTh BO3MYTHJIACH, Ha3BaB IyOJMKALMI0O KOHBIOHKTYDHOH,
NpeXXJaeBpeMeHHOR M NoBepXHOCTHOH. Pe3ysbrarsl 1a6opaTOpPHBIX 3KC-
MepUMEHTOB ObLIH aOCOTIOTHO NIPeJCcKa3yeMbl, TOCKOIbKY Bt-npoTenH y
TPaHCTeHHOH KyKypYy3bl OblJ Kak pa3 M HarpasJjieH Ha 60pbOy ¢ IpeacTa-
BUTEISIMU ceMeilicTBa 6a6ouek (Yeuryekpbulblx). PacmpocTpaHsaTh UX Ha
IIDHPOAHBIE YCJOBUS, YTO He3aMeJJJUTEJIbHO C/lesiaJyd ONIMOHEHTHl reHe-
TUYECKONH WH)XEHEPUHU, He ObLI0 HHKAKMX OCHOBAaHHI XOTSA Obl MO TOH
IpUYKMHE, YTO IryceHUuubl MoHapxa MOsIBASIOTCA Ha 000YHMHAX KyKypys-
HBIX TIOJIER YK€ [TOCIe TOTO, KaK KyKypy3a oTuseTeT (HanpuMep, B 1UTATe
He6packa). [logasnsiomiee 60JbIIMHCTBO COPTOB Bt-kyKypyast Mogudu-
IMPOBAHBI TAKUM 06pa3oM, YTO TeH, KOAUPYIOWUN BBIPaGOTKY 3TOrO Mpo-
TeMHa B NblLiblle, He PYHKIHOHUDYET U Bt-nporeuHa B INbLIbIE TaKHUX
coptoB HeT. [Ipuiblia KyKypy3nl BO BpeMsI 1[BETEHUS PaCIPOCTpPaHSIETCS
BCETO JIMIIb Ha HECKOJIbKO METPOB OT KYKYPY3HOTO TIOJIS, U €CJIU 3TH II0-
JIOCBI PeryJsApHO OOKAIIUBaTh, TO M COPHAKOB, K KOTOPBIM OTHOCSITCS TaK
NONIOOUBIINECS TYCEHUIIAM MOJIOYAH, TaM He OYJET U I'yCEeHWIIB! BbIHYX-
AeHbl 6yoyT NUTATbCS B APYrOM MecTe. JTa MepBas OlleHKa IOJyYWJia B
JAaybHellieM (yHAAMeHTaJbHOEe 3KCIIEPUMEHTANIbHOe OGOCHOBaHHE IIO
pesyJibTaTaM MCCJIELOBAaHUs, ITPOBEJEeHHOTO NIPU yYacTUH 6OJbIIOTO aB-
TOPCKOT'O KOJIJIEKTMBa M3 HECKOJBKUX YHUBEPCUTETOB, KOTOpbie OBLIU
ony6JMKOBaHbI B CEPUHU CTATEH B CAMOM NPECTIXKHOM HAyYHOM M3JaHUH
Amepuxku — Jlokaanax HamuoHanpHOM akajeMdd HayK.

Tem He MeHee HUYTOXHBIN C HAYYHOH TOYKH 3peHus akT, IpuBeIeH-
HbIH KODHEJIbCKUMH SHTOMOJIOTAMH, MMeJ T'PaHAHO3HbIE TOJUTHYECKHE
nocaeactsud. Esponeiickuit Coro3s Bes ¢ 1999 roga Mmopartopuii Ha pac-
CMOTPEHHE 3as1BOK Ha HOBbIe TPAHCTE€HHbBIE COPTa pacTeHnil. Bor Tak ame-
PHKAHCKas FyCeHHIla Hallja SPbIX 3aI[UTHUKOB 110 APYTYIO CTOPOHY OKe-
aHa. AGCypIHOCTb 3TOTO penieHus o4eBHIHa BceM. OHAKO OHO HE OTMe-
HEHO 0 cuX mop. A yTo e AMepuxa? Bce orpaHuyuIoCch TeM, YTO C
IIPOM3BO/ICTBA CHSIJIU COPT KYKYPY3bl, KOTOPBIH UMeJI TOKCUYHYIO [J1s1 Ga-
6ouek mbLabLy (OCYIIECTBUTH 5TO GBLIO HECTIO0XKHO, HOCKOJbKY OH 3aHHU-
MaJl ToceBHbIe IuIomaan He Gosee 2% KykKypysHoro nosica CIITA),

J>xoH Jlocu cran repoeM cpeiu «3eJeHbIX», OAHAKO NPHOOpeN perry-



TPAHCTEHHBIE Y>KACBI -+ 101

TAlHUI0 OJUO3HON JIMYHOCTH B HAYYHBIX Kpyrax. AHajorH4Hasi cyzab6a
JK/aJla ¥ APYTOro COUCKATeIsI NelleBOi CIaBbl — CIelHalncTa B 061acTH
6uoxumuu 6eskoB u3 llotnanamm Apmaga ITyxrau, KoTOpHIi 3a4eM-TO
pely nepekBaau(UUUPOBaThCSA B AHETOJIOTA.

Apnapx Ilyxram cranm BceMHpPHO H3BeCTeH IIOCJie TeJ€MHTEPBBIO B
aBrycre 1998 roza, B KoTOpOM 0OH O6HapoAOBaJ pe3yabTaThl CBOHX HC-
CJIeI0BaHHUIl ITO BJAUAHMIO JHETHI, BKJIIOYaOLIel TpaHcreHHblil kaprodenb,
Ha POCT ¥ UMMYHHYIO cucTeMy Ja6opatopHbrx kpeic. Ilo ero cnoBam,
POCT 3aMeIsncs, a UMMYHHUTET ocsaabeBas. Hepe3 HeCKOIbKO AHEH IT0-
cJle MHTEPBbIO IOCIeA0BaN0 odULHalbHOE ONpOBEPXKEHHEe PYKOBOACTBA
MHCTUTYTA, rAe pa6oras Ilyxran, B KOTOPOM rOBOPUJIOCH, YTO BBIBO/IbI
aBTOpa He ABJAIOTCA Hay4HO 060cHOBaHHbIMHM. HacTosimui MIKBaJ KpU-
THUKHM B HayYHBIX Kpyrax BbI3Bajla U eIHHCTBEHHas MyOJHMKallUsI Pa3peK-
JIaMHPOBaHHBIX pe3yabTaToB IlyxTau B xypHasne The Lancet (oxkTa6pb
1999 roga). Oaun u3 oduIMATBHBIX pelleH3eHToB 1ol ctathu [x. ITu-
KeT 6e3 06UHAKOB 3asiBHJI, 4TO €CaAH 6bl KTO-HUOYAb U3 €ro CTYAEHTOB
NIpHUILIEN ¢ TaKOH paboTOil Ha 9K3aMeH, TO MoJIy4us Obl 3a Hee HeyAOBJIeT-
BOPHUTEJbHYIO olleHKy. Ho cpeay ONIOHEHTOB reHeTHYeCKOH HHXKEHEPHH
A.IlyxTau cTaj HalMOHAJbHBIM IepoeM.

ITonbITaeMcst caMOCTOSTENNBHO pa306paTbesi, KTo ke npaB. Cpasy xe
obpaitaer Ha ce6s BHUMaHUe TO, YTO B HAlllyMeBIlIeH cTaThe HUYEro He Io-
BOPHTCSI HU O 3aMeJIJIeHHOM POCTe, HU O IIOHWXEHHOM UMMYHHTETE KPBIC.
Peub uaeT 0 MaTOJOrHYECKUX M3MeHeHHSX (YIIOTHEHHE CTEHOK TOHKOTO
KHIIEYHUKA) Y KPhIC, KOTOPbIM B TeueHue 10 aHel cKapMJIMBaIld UCKIIIO-
4YHTeJbHO TpaHCTeHHBIH KapTodenb, copepxxamuii red GNA, Harypajb-
HOTO MHCEKTHULIHARA, OOHAPYXEHHOIO y NMOJCHEXHUKOB. B KOHTpOJIbHOI
IpyIIe KpbIC, KOTOPOH CKapMJIMBaJM OOBIYHBIH, HETPAHCTEHHBIM KapTo-
¢denb, a TakXKe B IPYyIe, rae K HeTPaHCTeHHOMY KapTodeio 106aBidu
GNA B KOHLIeHTpalusAX, CONIOCTaBUMBIX C TPAHCT€HHBIM, TAKUX H3MeEHe-
HHUH He Ha6Moaa10Cch. [lestaercs BbIBO, YTO UMEHHO reHeTHYecKask MOJu-
(puxauus, a He caMO 3TO BELIECTBO ABJSETCS IPUYMHON NMATOJIOTHH.

GNA, xak u Jpyrue JIeKTHHbBI, PpAaCCMATPUBAeTCS B KaueCcTBe IepCIeK-
THBHOI'O 9KOJIOTMYECKH YHUCTOro IpernapaTta A1 KOHTPOJs BpeIHbIX Hace-
KoMbIX. OnHAKO paboThl IO BBEJEHHIO B PACTEHUS T'eHa, KOAUPYIOLIETro
GNA, noka pganexu or 3aBepuieHus. He 3aperucrpupoBaHO HH OJHOTO
KOMMEPUYECKOr0 COPTa C 3TOM CHCTEMOM 3allHThl PacTeHHH OT BpeaUTe-
Jeii. OdeBUAHO, 4TO B paGoTe HCIOJAB30BAJCA OJMH M3 CJIy4ailHO BbI-
6paHHBIX TpaHC(HOPMAHTOB, KOTODPBIH HE NMPOXOAMJ KAKOro-aubo TecTH-
POBaHHA 110 IOKa3aTeassM 6e3onacHocTu. ToT akT, 4TO BCTpanuBaHUE Hy-
JKEPOJHBIX T€HOB MOXET B IIPHUHIUIIE BJMATh HAa AKTHBHOCTb APYTHX
T€HOB, B TOM YUCJ€ ¥ KOAMPYIOUMX 06pa3oBaHUe TOKCUYHBIX BeIleCTB,
He sBJasieTcs HOBBIM A7 Hayku. O6 aToM rosopuioch Boiite. MoxHO
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IIPEAIOJIOXKHUTDh, YTO HMEHHO TaKOH TeHOTHII NMONaJ B paclopsiXKeHue
A. ITy>xtau. BeposarHee Bcero, y Hero 6bLJ IOBBINIEH YPOBEHDb TJIMKOAJ-
KaJIOUJ0B, KOTOPbIe ¥ BBI3BAJH NMATOJOTHYECKHE U3MEHEHUS KHUIIIEYHUKA
y kpblc. IlosiBleHuWe TakMX TeHOTHUIIOB — BeCbMa PACIPOCTPaHEHHOE
sABJIEHWE U B TPaJUUHUOHHOM cesieKIuHn Kaprodena. CeleKHOHEPHI CIIO0-
KOifHO BBIGPaKOBBIBAIOT UX II0 Pe3yJbTaTaM OLEHKU BKYCOBBIX KayecTB
(oHH fABHO ropyar) Ju60 Mo JaHHBIM GMOXUMMYecKOro aHanusa (ycra-
HOBJIEHBI TIPEJEJbHO AOMYCTHMbBIE HOPMBI COAEP>KAHUS TJIMKOAJIKAJIOU-
108 B Kay6Hax). A. [lysxrau faxe He cral ce6s yTpy KAaTh TAKMMH aHa-
JIH3aMH, a Cpa3y cleJiaJl BbIBOA 00 OMACHOCTHU FeHETHYECKOI HHKEeHEPUH
JUIS1 310POBbS Ue/IOBEKa KaK TakOBOH. Bce aT0 — B «JIyymux» Tpaguuu-
X ee ONIIOHEHTOB.

Y uyuraressa MOKeT BOSHUKHYTb Pe30HHBIH BOIIPOC: eC/IM CBEAEHUA O
CTPAIIHON ONacCHOCTU reHHO-UHXXEHEPHBIX OPTraHW3MOB HEe COOTBETCTBY-
10T AeHCTBUTEbHOCTH, TO ITOYEMY TOTAa OHU IIOABEPralOTCsS TaKOi TIIa-
TEJbHOU IpoBepKe? OTBeT IPOCTOI: YeJOBEYECTBO CTAJO B IOCJEIHEE
BpeMa Myapee. CTONKHYBIINCDH B NIPOLULJIOM ¢ HEKOTOPHIMH He6J1aronpu-
SITHBIMM TOCJIEJCTBUAMH BHEAPEHHUS JOCTHXKEHUH Hay4YHO-TEXHHYECKOTO
IIporpecca B XXHU3Hb, B HaCTOsUlee BpeMs pellleHO NMPUMEHSITh MepPhI Tipe-
JMOCTOPOXHOCTH, TIOPOH, MOXeT ObITh, JaXKe U Ype3MepHbIe.

Ilepsble reHHO-HH)XEHEPHBIE COPTA CeIbCKOX03SIHCTBEHHBIX PACTEHHIH
IIOSIBUJIUCH B NpOou3BoAcTBe B 1992 rony. 3a npomeamuii nepuos oHU 110-
Ka3aJIM CBOIO BbICOKYIO 3(¢p(eKTUBHOCTD, IPEUMYILECTBO ITepe/] COPTaMH,
CO3aHHBIMH C TIOMOLIBIO TPAAUIMOHHOH cesekiuu. [Lnomaau noa HUMH
CTPEMHUTEJIBHO PacCINPAIOTCS. BoNBIIMHCTBO OTIaCeHH OTHOCUTEIBHO UX
BO3MO>XHOM OIIACHOCTH JJISt 3ZOPOBBsSI YEJIOBEKA H OKPYXKAaolled cpe/b
He [TOATBEPAMIOCH. TeM He MeHee Mbl UMeeM eule OUEHb KOPOMKYI0 UCTO-
puio 6e30macHoz0 UCNONbIOBAHUS 2EHHO-UHKEHEPHVIX Opzanu3moe. B
CBSI3H C 3THM Ha IIPOTSIKEHUM JOBOJIBHO AJUTENbHOTO BpeMeHH Heo0Xo-
AMMO IIPUHSATHE Mep 6uo6esonacHocTh (6€30MaCHOCTH B FeHHO-HHKEHep-
HOI /IeATeJIbHOCTH), BKJIIOYasi FOCYAapPCTBEHHOE PEryIMpOBaHue B 06.1ac-
TH T€HHO-HH)XE€HEPHON AeATEJbHOCTH.



Iaasa S

YTO JAET HAM MAPKHPOBKA
TEHETUYECKHU MO/IUDPHUIIMPOBAHHBIX
IIPOAYKTOB, HX TOCYJAAPCTBEHHAA
PETUCTPAIIUA U PETVIAMEHTAIIUA

B kauyecTBe 0fHOrO U3 3JIEMEHTOB rOCYAAPCTBEHHOTO PEryJIUPOBaHUS
reHHO-UHXXEHEPHOH 1esiTeIbHOCTU MHOTHE CKJIOHHBI pacCMaTpHBaTh Map-
KHPOBKY FeHeTHYeCKH MOANUMUIMPOBAaHHMX NMPOAYKTOB. MHOrue, HO He
Bce. Hanpumep, B CIIIA, rzae, kak u3BectHo, 0 I'MO He BeAyT mycCThIX
PasroBOPOB, a YK€ IOYTH JECSTh JeT CTIOKOHHO MOTPebJIAI0T HX, MapKH-
POBKa TakuX IIPOAYKTOB He NMPHHATA. B CBA3U C 3TMM €CTb CMBICJI NPH-
CIylIaThCsd K apryMeHTaM aMepHKaHILEeB 10 3TOMY Bompocy. B coorser-
cTBUH ¢ 3aKoHozarenscTBoM CIIJA (rak xe Kak M Jpyrux CTpaH, B TOM
uucyie u Belapycu) MapKUpoBKe MOJJIEXAT NMPOAYKTBI, KOTOPhIE MOIyT
6bITb HEGE30MACHBI /11 OTAE]bHBIX IPYIII HaceJeHHs /M eCJIM OHM HMe-
10T Kakue-1u60 0CO6EHHOCTH, OT/JIHYAOIHe UX OT GOJIBIIMHCTBA aHAJIO-
TMYHBIX IPOAYKTOB. Tak, Ha aTuKeTKax 6YTHUIOK C BUHOM MOKHO HaHTH
HaJNNCh, IIPeNYyIIPeXKAANIYI0, YTO oTpebieHue 3TOro poayKTa He pe-
KOMEH/IOBAHO JeTsaM, 6epeMeHHbIM U KOPMSIIMM JKEHILUHAM, BOJUTENIM
TPAHCIIOPTHBIX CPEACTB, JIOASIM C 3a60JeBaHUsIMU HEpBHOHU cuctembl. Ha
yIaKOBKaxX CHTrapeT IPUCYTCTBYET I'PO3HOe Ipeaylpexaenue: «Kypenue
OIlacHO Ans 370poBbsi!>» Ecan B xe6 go6aBuau KapOTHH MJIH BUTaMHUH
C, 10 06 3ToM TOXe AOoJIKHA OBITH COOTBETCTBYIOIAs MH(POPMALUS, T10-
CKOJIbKY 3TH [J00aBKH CKa3bIBAaIOTCS Ha IIOTPeGMTENbCKUX KayeCTBaX
npoaykra. IloMuMo Bcero HasBaHHOIO BBINIE, HA 3TUKETKAX IMPOAYKTOB
NIUTaHUA JOJKHA ObITh TIPeACTaBJieHa HH(POPMAIIMU O COCTaBe MPOAYKTa
¥ ero numiesoit uenHocty. (MHoraa sta nHGOpPMAIKA IIPOCTO MOTPSCAET.
Ha 6anoukax co cMeTaHONH MOXXHO IIPOYHTATh. «COCTAB: CJAHBKH H3 KO-
POBbETO MOJIOKA, MOJIOYHOKHUCJIbIE GAKTEPUU».)

Bosuukaer Bonpoc, 4TO nucath Ha 3THKETKAX IS NPOAYKTOB IIUTAa-
HudA, noaydyeHHplx U3 'MO? Beas mopasisioniee 60JbIIMHCTBO MX HA
CTO IIPOLEHTOB UJAEHTHYHO OOBIYHBIM NPOAYKTAM, YTO B IIEPBYIO OYEPEND
KacaeTcsi mepepa6oTaHHbIX TPOAYKTOB. He Ha30Belub ke BOAY, BhIIapeH-
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Hyio u3 I'MO, «rpancrenHoii». Torga mouyemMy 3TO MOXKHO AejaTh IO
OTHOIIEHHMIO K MacJy, KpaxMainay, Koropble He coAep)xaT Hu JHK, Hu
6enxoB? Ecnu Macno u3 reHetmyecku MOAUMDHLUHUPOBAHHBIX parica HJIH
cou uMeeT 60Jiee BBICOKME KaUeCTBEHHbIE XapaKTEPHCTHKHU, TO 3TO CJAEAY-
€T OTPA3UTh Ha 3TUKETKE IIPOAYKTA, €CJIM HeT, TO HUYero IIucaTh He Haflo,
CYMTAIOT YUHOBHUKHM B 06s1acTu 6uo6e3onacHoctd u3 CIIIA. U B ux noru-
Ke, COIJIaCHUTeCh, ECTh PE30H. :

B crpanax, rae mapkupoBka 'M-mpoAyKTOB 3aKpersieHa 3aKOHOM
(6oBIIMHCTBO, €CJIM He BCe eBpoIelickue CTpaHbl, B TOM 4uciae Poccus,
Benapycs), Ha aTHKeTKaX TaKHX IPOAYKTOB IIPOCTO yKasbiBatorT (wim
JOJDKHBI YKa3bIBATb), YTO IPOAYKT COAEPIKUT KOMIIOHEHTHI U3 TE€HETH-
YeCKH MOAU]HUIMPOBAHHBIX UCTOYHUKOB. O ueM Hac, moTpe6uTe e, MH-
dbopMHpYeT 3Ta HAAHUCD, 0 4eM npeaynpexgaer? OTBeT, eciu ObITH Oec-
IIPUCTPACTHBIM, MPOCTOH: O METo/e CeJeKUHH, C TOMOIIBIO KOTOPOTO BBI-
Be/IeHbl COPTA PAaCTeHMi, SABJIAIOIUECS STHMH CaMbIMH MCTOYHMKaMH. U
Bce. UTo 310 32 'M-HCTOYHUKH, YeM OHH OTJIMYAIOTCS, OMACHBI JU OHH
AJs1 30pOBbA KaKux-au6o rpynn HaceneHus? O6 3ToM — HH CJOBa.
BosbmunCcTBO O MHOI He cornmacutcst. Hy kak xe? 3To o4yeHb BayKHas
ungopmanusga. OHa JaeT HaM NpaBo BeIGopa: ecTb MIH He ecTh, OMHAKO
TYT y>e BO3HHMKAeT BONPOC Y MeHs: BIGopa Mexay yem? Bribupars MOX-
HO TOJIBKO B TOM CJy4yae, €CJIM CYIIeCTBYIOT XOThb KaKHe-TO Pas3juuHsd. A
ecJIi UX HeT, TO U BbIGUpATh He M3 Yero.

MHue MOryT Bo3pa3uTh: BbIGHpas 0ObIYHbIE TPOAYKTEI, a He TMO, MbI
BBIGHpaeM TO, 4TO cuumaem 6oyiee 6e30MacHbIM. S He CydaiiHO BbIAeTnI
B IIpeAbIAYLIEM IPEeAJOXKEHHH CIOBO cyumaeMm. [ eldCTBUTENbHO, 3HAYH-
TeJIbHAs YacTb HaceneHus cuumaem I'MO omacHBIMH IS 3/[0POBbs, He-
CMOTPSI Ha TO YTO OOBEKTHBHbIE HAyYHble JaHHbIE (HEKOTODbIE U3 HHX
6bLIN MPUBE/IEHD] B 3TOH KHUTE) CBUAETENBCTBYIOT 06 o6paTHoM. Crelu-
aJIUCTHI XKe B 06JaCTH TMTUeHBl MUTAHUS C MUDOBBIM UMEHEM yOeXEHBI,
YTO FeHETHYECKH MOAK(HUIIMPOBAHHBIE TIPOAYKTH MEHee OMTaCHbI AJIS 370~
POBbsI IO CPABHEHMIO ¢ OOBIYHBIMU, MOCKOJIbKY HU 00ut 00vbiunbili copm
He npoxodum maxol muamesvHol nPosepx Ha Oe30NACHOCMb, KaK 3TO0
AEJAOT C TPAHCTeHHBIMU copraMu. [IpaxTHyecku Mbl MOAOLLIM K CYTH
npo6Jiemsl Boi6opa Mexay MO u ue[MO. Ha camom gese peub uzer o
AOBEPHH K TOCYAApCTBY: CHOCOOHO OHO obecmeyuTb 6€30MacHOCTb MPO-
AYKTOB ITUTAHUS WUJIH HET.

Ilcuxonorus o6piBatesns npocra. CaMoMy paso6paThCs BO BCEX 3THUX
HAYYHBIX UJIM IICEBJOHAYYHbIX CIIOPAX HE TAK YK H IIPOCTO, 2 HEKOTOPBIM
1 BoBce He noj custy. Hy a xosb kro-To rae-to ckasas, ytro T'MO onacho,
3HAYMT, HeT abiMa 6e3 orusa. U Tak 6bLno Bcerga. BemoMuuM ucropuio: u
Kode IPUHUMAH B CBOE BPEMsI B IUITHIKH, a IIPOTHUB BHEPEHUA KapTode-
Jis1 60OpOJIMCh He Ha >)KM3Hb, a Ha cMepTh. Co BpeMeHeM Bce CTaHEeT Ha CBOU
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MecTa. ITpaxTHyeckn Ha BCe NPOAYKTBI MPHAETCA BeUIaTh IPECTOBYTYIO
I'M-MeTKy, HOCKOBKY GOJIBIIMHCTBO COPTOB CEJIbCKOXO3AHCTBEHHBIX pac-
TeHUl 6YAYyT reHHO-uH>XeHepHbIMU. [Iporpecc OCTaHOBUTH HEBO3MOXKHO.

Wnes MapkUpOBKH reHeTHYECKU MOAN(PUIIMPOBAHHBIX IIPOAYKTOB PO-
aunack B EBpone Kak KOMIIPOMHCCHBIH BapHAHT pelleHHsl IPOGJIEMBI
BOCIIPUSITHS HaceJIeHHEeM TeHeTUYECKOH HMH)KeHEepHH M ee JOCTHXKEeHHH.
HHoro Brxozaa He 6b110! B ycnoBusx pesxoro Henpustuss IMO xuresns-
MM eBponeickux ctpad (0 HEKOTOPHIX IPUYMHAX 3TOTO KPH3KUCA TOBOPH-
JIOCh BBIIIE), KOT/Ia Mephl YOEXAEHHS C TIO3HIIHMI 3PaBOro CMbICJIA U Ha
OCHOBE 00beKTHBHOH Hay4YHOH MH(POPMALMU OKa3aauch Hea(peKTUBHBI-
MU, IPUIILJIOCH TTOMTH HA 3TOT IIAr, TO eCThb IIPeOCTAaBUTD IIPaBoO BbIGoOpa.
Ecnn noBepsenip rocyjapCcTBy UJIH caM CyMeJ pa3o6paThbCst, YTO K YeMy,
T0 norpebasiemb MO, ecau HeT, TO IpeANIOYUTACHID C HUMH HE CBA3bI-
BaTbcs. Kazanoch 6bl, Takoe pelneHue ycrpounso Bcex. Ho npu ero npe-
TBOPEHUH B KM3Hb BO3HUKJIHN NMPOGJIEMBI.

Kak MBI yxe oTmevanu, amepukanibl cBon I'MO He MapKupymor, u
JleJaTh 3TO CIieLHAJIbHO JJIsI YIPSIMbIX €BpPOIEHlLeB IPAKTUYHBIE SAHKH
CYUTAIOT IpoLeAypoit 6eccMbIc/IeHHOH. K ToMy ke B 3TOM CJiyyae MosiB-
JIIIOTCSL HEMaJble JOTIOJHUTENbHbIE U3/IEPXKKH TPOU3BOACTBa (Ha pas-
JeTbHYI0 YOOPKY, XpaHEeHHe W TPAHCIOPTHPOBKY), YTO JAejiaeT eHeTH-
yeckd MOJUGDUIMPOBAHHYIO MPOAYKIUI0 MeHee KOHKYDPEeHTOCIOCOOHOM.
IToaToMy amepHuKaHUbI NpeANOYUTAIOT BCe cMemuBaTh. B camoit Espone
3aJyMaJINCh, KaK JXe Ha IIpakTHKe o6ecrieynTh MapKupoBKy ['M-nipoyk-
TOB. MaJjio HamucaTh 3aK0H, Ha/0, YTOOBI OH BBIMOJIHSICSA. A IPOU3BOAU-
TeJIIM NIPOAYKIUHU OH SABHO Ionepek ropsa. OTcio/la BOZHUKAET XKeJlaHHe
ero He co6onats. OHAKO 32 PYKYy HapylIuTe/lel TOMMaTh BeCbMa CJIOXK-
HO, a YacT0 U HEBO3MOXXHO. BOJBIIMHCTBO reHeTHYecKU MOTUQPULKPO-
BaHHBIX NPOAYKTOB a6COMIOTHO UJIEHTHYHBI OOBIYHBIM: NONPoOyil pa3be-
pucek, cogepxkaT oHH 'MO uwiau Her. Mobuau3oBanu Ha 3Ty IpobieMy
HayKy. YYeHble U pajbl CTapaThCs: IPAHAMO3HBIE IO CJIOXKHOCTH NpobJie-
Mbl, BO3MOXXHOCTb IOJYYUTb BeChbMa COJHJHBIE, B CMbBICJIE 3apIaThl,
060pyIOBaHUs ¥ PEaKTHBOB, rpaHThl. UTO eme Hago? Meroast o6Hapy-
XeHusa Jaxke enuHU4yHbIX (pparmMentoB [HK, coxmepxkamux nocienosa-
TEJbHOCTH HYKJEOTHA0B, XapaKTepHble JJis OIpeJeleHHbIX TPaHCIeH-
HBIX KOHCTPYKUUH, 66111 pa3paboTtansl. Teneps B 1060M NPOAYKTE, T/E
coxpanuaachk [JHK, moxno Hailitu tpaHcren! Tpemnemure, HapyUuIHuTe N
3aKOHA O MapKUPOBKE...

[TpaBaa, He caMsblil coBepieHHBI nprubop auag ananusa JHK crour
OKOJIO TISITH TBICSIY JIOJIJIAPOB, pPeaKTUBBI TaKXKe BeCcbMa AODPOTHE, 1a U
aHaJM3y NOAJEXXaT IIPaKTHYeCKH Bce MPOAYKTHI, rae MoryT 6piTh TMO, a
HUX yXXe HeMaJjoe KOJIMYeCTBO, KOTopoe GyAeT IIOCTOSHHO BO3DPacTaTb.
3HAYUT, HAJO CO3/1aBaTh CEThb AKKPEAUTOBAHHBIX (MMEIOIUIUX NTPABO NPO-
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BOJHMTH aHAJU3bI) J1a60PaTOPHii, TO €CTb BbIAE/SATH A1 HUX IIOMEIeHHH,
060pyA0BaTh UX, PEMOHTUPOBATD, 3aKyNaTh NPHOOPH U PEAKTHBBI, OILJIa-
YMBaThb KOMMYyHAJIbHbIE YCJIyTH, HabupaTh ¥ 06y4yaTh IIEPCOHAN, IJIATHTD
eMy 3apIuiary...

Ho Benb cymiecTBYIOT IpOAYKTHI, norydyerHsle u3 'MO, koropaie He
cozepxart au JJTHK, Hu Gesikos (pacTuTe/ipbHble Macja, KpaxMal, caxap H
1.4.). Kax 6p11h ¢ HMu? OxaseiBaeTcst, eCJIM IPOAHAIM3UPOBATh JOKY-
MEHTAI[UI0 TPOU3BOJUTESA, TO MOXKHO NPOCJEJUTD BCIO LIETIOYKY HX II0-
JIYyYeHUsI — OT CHIPHS JI0 KOHEYHOTO NMpoAyKTa. Ecau B JOKyMeHTax Ha-
MUCAHO, YTO ChIPbe MOJY4YeHO U3 TPAHCTEHHOTO COPTa, TO Ha KOHEYHOM
NIpOAYyKTe AOJKHA ObITh COOTBeTCTByIomas 6upka. OJHako AJd TOrO,
4TO6Bl TaKUM 06pa3oM OGECIEeYUThb BBIIOJHEHHE 3aKOHA O MapKHPOBKE
I'M-npoayKTOB, HEO6XOAMMO HMETD HEJIYI0 aPMHIO YHHOBHUKOB-/1€TEKTH-
BOB, KOTOPBIX Hajg0 o6ecneunTh paGo4rMH MecTaMU, 3apILIaTod M cpel-
CTBAMH Ha IIPOe3J K MeCTY IIPeJINOJaraéMoro <IpecTyNJIeHUus».

A Temnepb, yBaXkaeMbli YUTaTeJb, IPUKUHbTE, CKOJBKO CTOUT IOBE-
CUTh Ha NPOAYKT GUPKY C «Cyab6OHOCHOK» uH(poOpMauueil. Jymaercs,
4TO A/ coOiofeHus 3akoHogaresabcTBa Epponeiickoro Comosa o I'M-
IPOAYKTaX ITUTAHUSA He XBATUT BCEro MX HalMOHAaJbHOro Aoxoxa. U Bce
paau vero? Urto6sl o6ecieynTs mpaBo Bei6Opa, HO OTHIOAB He Ge3omnac-
HOCTb 3/IOPOBbsI HApo/a, KaK Koe-KTo AyMaeT. Beab Mapkuposka I'M-mipo-
AYKTOB K WX 6€30MacHOCTH HUKAKOTO OTHOUIEHHUS He MMeeT.

Hanee, moctaBpTe cebs Ha MECTO HapywmuTead. JonycTuM, nMoNMaIH
€ro Ha TOM, 4YTO OH He npoMapkupoBaj [M-mipoAyKT. 3Ha4HT, OH 3aCiIy-
KHBaeT caMOr0 Cepbe3HOro Haka3aHus: mrtpada, a To u TiopbMbl. Ho
BO3HHKAET BOMPOC: 3a 4YTO? Pa3Be OH IOCTaBUJI NOJ YTpo3y 3J0pOBbe Ha-
cesenusni? Her, mockoabky I'M-mpoAyKTel MOTYT ObIThb NIPOU3BEHEHBI
TOJIBKO M3 COPTOB PaCTeHUH, IPOMEIUINX TIIATEIbHYIO OLEHKY Ha 6ucle-
3onacHocTb. C APyroii CTOPOHBI, YTO [ie]1aTh C «BelleCTBEHHBIMH J0Ka3a-
TeJbCTBAMHU» NpecTyrieHus (HempoMapkupoBannbiMu 'M-nipoaykTamu)?
VHUYTOXRHUTD, YTHIU3UPOBATh KaK OTXoAbl (eCTh TaKkue IPEeNIOKEHUS B
3aKOHOJATENbCTBO Besapycu)? A pasymuo jm ato? Bexb peub uzmer o6
aOCOJIIOTHO KayeCTBEHHBIX M 6e30macHBIX NMpOAYKTaX. Tak paxe C Opo-
TyXIe#l KoJ6acoi He MOCTYNAIOT.

ABTOp 3TOI KHHTH HONBITAJICA JATh YATATENIO NTPEACTaBJICHHE O TOM,
KaKuM 06pa3oM, UCXOAA U3 MPUHIUIIA NPUHATUSI MEP NPEJOCTOPOXKHOC-
TH, o6GecnieunBaercs 6e3onacHocts TMO. 3xech MHe XoTenoch 661 0C060
OTMETHUTD, YTO BCe ONMMMCAaHHBIE NPOIeyPhbl BBIIOJHAIOT B IIpoLEcCe CO3-
JAHUS ¥ UCTIBITAHUS TPAHCIEHHOr0 COPTa O MOMEHTA €0 rocylapCTBeH-
HOt perucrpanuy (IOMEIEHU Ha PHIHOK, M0 TEPMHHOJOTMM 3aKOHOAA-
TEJIbCTBA 3aMaZHbIX cTpaH). [eHeTHdyecky MOAMGMUUHPOBAHHBIA COPT
MOJKeT GbITh 3aperiuCTPUPOBAH, a 3HAYUT, H OHUIIMATBHO JONYILEH K XO-
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3AUCTBEHHOMY HCIOJIb30BAaHHUIO TOJBKO B TOM Clydae, eciad OyayT Hpen-
CTaBJIeHBbI y6euTeIbHble HayYHbIe JAHHBIE 110 PE3yJIbTaTaM €r0 MCIIbITa-
HYS, TOKa3bIBAIOIIKeE, YTO OH He HeCET PUCKOB JJIsS 3l0POBbsI YesloBeKa H
OKpy>aloulei cpe/ibl UJIH YTO 3TH PHCKU COIMIOCTABHMBI C TEMH, KOTODBIE
XapaKTepHbI /I OObIYHBIX, HETPAHCTEHHBIX COPTOB.

JanbHeiimiue aHajM3bl, HalpuMep, NMPOAYKTOB MHUTAHUS, TMOJIydYeH-
HBIX U3 TPAHCIEHHBIX COPTOB, OPHIMAIBPHO 3apPErHCTPUPOBAHHBIX U AO-
IYLIEHHBIX K HCIOJb30BAaHNIO B XO35HCTBEHHON AesITETbHOCTU, HUKTO He
AenaeT. ToyHee, X MOTYT aHAJIM3UPOBATh HA NIPUCYTCTBHE 60I€3HETBOP-
HBIX MMKPOOPIaHHM3MOB, TSKEJIbIX METaJJI0B, OCTATKOB IIECTUIIU/IOB, aH-
THOMOTHKOB U T.4. Ho ata nmpouexnypa o6s3aTesibHa A1 BCeX MPOAYKTOB
[IUTaHUA, KaK U3 FeHeTH4YeCKH MOAUGUIMPOBAHHBIX OPraHH3MOB, TaK U
0ObruHBIX. Kakux-mo cneyuanivnuix canumaphsix mpebosanui, xacaw-
wpuxca FMO, nem u 6vtmo ne moxem. Hanewcn, yuraTessb yxe A0rajbi-
BaeTcsi, noueMy. Eme pa3 mosropio: noromy, uro 6ospurnacTBo I'M-mpo-
AYKTOB a0COJIIOTHO HAEHTHYHBI OGBIYHBIM; ITOTOMY, yT0 M-copTa B X0z1€
CO3aHMA ¥ WCIBITAHUS IPOXOJAT BCECTOPOHHIOI OLIEHKY Ha 6106e30-
IIaCHOCTb; MOTOMY, YTO HEBO3MOXXKHO NMPOaHAJIM3UPOBATh IO ITOKa3are-
JIAM, NIPUMEHsIEMBIM IIPU HX OLleHKe 6€30IIaCHOCTH, Ja’Ke MUJIJIMOHHYIO
JI0JTI0 MPOLYKTOB, KOTOPYIO MOXKHO MPOH3BECTH M3 3THX COPTOB.

O6ecnieuntd 6e3onmacHoCcT 'M-TIpOAYKTOB MOXKHO TOJIBKO OAHHM CIIO-
COo60M: HCIOJb30BaTh AJISI UX IPOU3BOACTBA 6e30IacHble MeHeTHYeCKH
MOAN(HIMPOBAHHBIE COPTA, a UMEHHO, C IOPUAMYECKON TOUKH 3DEHHs,
copra, opunuasbHO AOIMYIIeHHbIe K HUCIOJb30BAHHIO B XO3SAWCTBEHHOM
AeATeNnbHOCTH. BrpoueM, mosBieHHe Ha PBIHKE APYTHUX, OMACHBIX AJIS
3[0POBbSI COPTOB MAaJIOBEPOATHO. TEXHOJIOTHS MX IOJYYEHUS CAUIIKOM
CJIOXKHAs, 4YTO MCKJII0YaeT BO3MOXHOCTh IMOnyuuTs I'M-copr, HanmpuMep,
Ha JaYHOM yvacTKe IIyTeM NPHUMEHEHUs KaKuX-JIu60 XUMHKATOB, KaK Iy-
MaIOT HEKOTOphbie. JTO MO CHJIAM TOJBKO KPYITHBIM PUpPMaM, CiOCOOHBIM
BJIOXHTb B HayuyHble pa3paGOTKU MHUJIJIMOHBI, COTHH MMJLIMOHOB J0JIjIa-
POB. A Takue (pUPMBI, pa3yMeeTcsl, He CTAaHYT PHUCKOBaTh CBoel pemyTa-
IIMeH, BBINIyCKast Ha PHIHOK HENPOBepeHHbIe 40 KoH1a copTa. Oco6eHHO B
COBDEMEHHBIX YCJOBHAX, KOFZa Majeiilliee IIOJ03peHHE HA ONACHOCTb
I'MO pns 310pOBbSI yeI0BeKa I OKPYIKAIOIIEH CPeJbl 3BYYHT KaK IIPH-
roBop (BCIIOMHMM CHUTYALMIO ¢ TPAHCTEHOM OT 6pasuibCKOro Opexa).

Bce 6uoxumunecxue ananrusvt npednorazaemvix I'M-npodyxmos, xo-
mopoie 8LINOAHAIOM 6 e8PONEUCKUX CMPAHAX U KOMOpble COOUPAIOMCS
dename 6 Beaapycu 6 coomsemcmeuu ¢ nocmarnogrenuem 21aeHozo Ca-
Humaprozo epaya pecnybauxu om 2 cenmsbpa 2003 zoda Ne 116, ume-
om yenvio onpederums naruuue I'M-xomnonenmos 6 npodyxkme u ux
dono 8 npodyxme (ecau menee 00H020 UAU OBYX NPOYEHNOE, MO MOXKHO
ne mapxuposams). Taxum 06pazom, eéce amo Oesaemcs He 6 UEAAX
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obecneuenus 6e30nacrHocmu 300p06bs HACEAEHUS, d UCKAIOUUMENLHO
oas cobaodenus npasur mapxupoexu I'M-npodyxmoe, mo ecmv Ois
unghopmuposanus nacerenus, ¥mobvl OHO UMENO B03MOXKHOCMb PEaru-
306ambv c60e 3AKOHHOE NPaso avibopa.

B coorBercTBHY ¢ Ha3BaHHBIM NocTaHoBJIeHUEM ¢ 1 suBapst 2004 rona
BBOAUTCS TaKxXe 00s13aTesIbHAsI rOCyapCTBEHHAsi TUTHEHHYECKas perJa-
MEHTAllUs M PeriucTpalys MPOoAOBOJbCTBEHHOIO ChIPbA U MUILIEBBIX IPO-
AYKTOB, a Tak)Xe KOMIIOHeHTOB ((pparMeHToB) I UX IIPOU3BO/ACTBA, IO
JIly4YeHHBIX U3 WJIU C HUCIIOJIb30BAHHEM FeHETHYECKU MOAUMUIIMPOBAaHHBIX
MCTOYHUKOB, TIPH COAEPXKAHUM TOCTeAHUX 2% U GoJyee. YTBepKAEHHBIH
repeyeHb TAKOTO ChIPbSI ¥ IIPOAYKTOB, MOJJIEXKAIUX 0053aTe/IbHbIM J1a60-
PaTOPHBIM HUCIIBITAHUAM Ha HaJW4YHe eHETHYECKH MOAUPHIMPOBAHHBIX
HCTOYHHUKOB (KOMIIOHEHTOB), BKJIIOYAET COI0 M MIPOAYKTHI ee mmepepabot-
ku (coeBbie G0GbI, COEBbIE TIPOPOCTKM, KOHIIEHTPAT, H30JIAT, THAPOIU3AT
COEBOro 6eJiKa, COEBYIO MYKY U T.J., BCero 17 HauMeHOBaHHuii), KyKypy3y
¥ TIPOAYKTHI ee nepepaborku (5 HanMeHOBaHU#), KapTodeb u Kaproge-
nenpoykrs! (11 HauMeHOBaHMIA), TOMATHI ¥ TPOAYKTHI U3 ToMaToB (5 Hau-
MEHOBaHMI), KaGauKH, AbIHM, Malaifio, IHKOPHIA, IHIIeBble U GHOJIOTH-
YEeCKH aKTHUBHbIE JOOABKHU K MHIIE M MPOAYKTHI AETCKOTO, AUETUIECKOTO
Uau JleyeOHO-TpOoUIAKTHYECKOrO NMUTAHUS, IIPOU3BEIEHHbIE H3 HJIH C
MCII0JIb30BaHUEM TeHEeTHYeCKH MOAU(HIIMPOBAHHBIX UCTOYHHKOB. Y CTa-
HOBJIEHO, YTO HAaCTOsIlee NIOCTAHOBJIEHHE He PAacpOCTPaHsIeTCsa Ha TPo-
JOBOJIbCTBEHHOE ChIpbe U IHINEeBbIe IPOAYKTHI, IOJyYeHHbIE U3 HJIU C UC-
NI0JIb30BAHMEM TeHETUYECKU MOAU(DUUMPOBAHHBIX HCTOYHHMKOB, HE COAEp-
x)ammx [HK u 6enxka.

CornacHO TOCTaHOBJIEHHIO, 00S13aTeIBHBIM JOKYMEHTOM, JAIOLINM
MpaBoO NMPOH3BOACTBA U 060pOTa TAKOI'O CHIpbSI U MPOAYKTOB, ABJSETCSA
YAIOCTOBEPEHHE O €ro roCyJapCTBEHHOH TMTHEHHYECKOA PperucTpaliy.
YupexnenusM MunuctepcTBa 3apaBooxpanenus Pecrny6muku Benapycs,
OCYLIECTBJIAIOIIMM NTPOBeJieHHe rOCyAapCTBEHHOM TMIUeHHYeCKOH Peruc-
Tpallly, NPeANHCcaHo 06eCneyuTh POBeeHHe ero rocyAapCTBeHHOH T'H-
THeHUYEeCKOH periaMeHTalluu U perucrpauuu. Boinauy ygocroBepeHuii o
roCyfapCTBEHHON FMTHeHN4eCcKON PerucTpalyi, 0 OpraHu3aliy npose-
AeHus1 1a6opaTOPHBIX HCHBITAHHHA Ha HaJHUYHe eHeTHYeCKH MOAUMUIIH-
POBAHHBIX MCTOYHHKOB (KOMIIOHEHTOB), MPOBOJAMTH IO COMPOBOAUTE/Ib-
HBIM JOKYMEHTaM, [PEACTABJISIEMbIM IpoM3BoauTeeM (IIOCTaBUIMKOM)
npoaykuuu. [TocTaHOB/IEHHEM 3alIpemaeTcs 060pOT MPOLOBOIbCTBEHHO-
IO ChIPbsl ¥ MHIIEBBIX MPOAYKTOB, a TakXe KoMIoHeHToB ((pparMeHnTos)
JAJA ¥X IIPOU3BOACTBA, MOJIYYEHHBIX U3 MM C UCIO/Jb30BAHUEM I'eHETHU-
YECKM MOJU(PHUIMPOBAHHBIX MCTOYHUKOB, HE HUMEIOIIUX COOTBETCTBYIO-
1meNd MapKHPOBKH.

Kak BuauM, rpaHguosHy0 3afadyy IOCTaBUJ Iepes CBOUMH IOHYHU-
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HEeHHbIMHU I'JIABHBIM CaHUTApHBIA Bpay Hauleit crpanbl. MoXXHO npeacra-
BHUTb, CKOJIBKO IIOHAAOOHUTCA CPEACTB [/ €e IIPETBOPEHHSA B XXU3Hb,
MeXAy NPOYUM, GIO/DKETHBIX CPEJCTB, TO €CTh JeHeT, 3apa6oTaHHbIX Ha-
HUIMMH HaJIoTOIlJIaTesibIIMKaMu. Beab Hafo aHAIU3UpPOBATh 6C€ «II0N03-
pHUTeIbHbIe» MIPOAYKTHI, KOTOPHIX YXKe ceityac 6ojiee NATUAECCATH HauMe-
HOBaHMii. BO3HHKaeT TOJIBKO OJMH BONPOC: CTOMT JIM urpa cBed? Paau
Kako# 60/b1oil nesu 6yayT 3ary6sieHpl TUTAHTCKME CyMMbl HapOJAHBIX
JIeHer?

Benapych, okasbiBaercs, nontia Beres 3a Poccueir ele ganbire EBpo-
IIbl B 3aI0MTe NpaB NoTpe6uTes el Ha BiajeHHe nHGoOpMalei 0 MeToJax
CeJIEKIIMH PacTeHWH, HHULUMPOBAB (PAHTACTHUYECKUH II0 CBOMM MacClliTa-
6aM 6yMaroo60poT B BH/ie JOKYMEHTOB O reHeTHYECKH MOAU(HIMPOBaH-
HBIX OpraHM3MaxX W CBsI3aHHBIH C HUM POCT YHCJIa YHHOBHHKOB, XOX/e-
HUI NpeAnpUHUMAaTesell K 3STHM YHHOBHUKAM H T.[.

Mexay npouuM, coryiacHO nocraHoBieHnio Cosera Munuctpos Pec-
ny6anku Benapycs (1993 r., Ne517), o6s3atesnpHasi rocyfapcTBEHHAs
perucTpalus M perjaMeHTauus Oblja BBeJeHa C LEJbI0 <«BBISBJCHUS
CBOMCTB NMPOAYKLHUH, IPEACTABAFIOIHUX ONACHOCTD AJIF 30POBbS M XKHU3-
HU YeJIOBEKa, M OLIEHKN COOTBETCTBUS NMPOAYKILINH, YCJOBUH ee U3roTOB-
JIeHUs1 ¥ 060poTa Tpe6OBaHUAM CaHHTAPHLIX NPaBUJ, HOPDM H 'MTHEHH-
YeCcKUX HOPMATHUBOB, NPEAOTBPAlIEHUs] BPEAHOTO BO3/IEHCTBUA NPOAYK-
LMY HA 3J0pOBbe YesOBeKa IIpH ee NMPOU3BOACTBE U MCIOJb30BAHHUY.
HenonsitHO, yTO co6upatorcsa AenaTh HamH meauku ¢ TMO B KoHTEeKCTe
3TOi Lesu, KpoMe UX 06HAPYXKeHHs B IPOAYKTaX NMUTaHus u cbopa 6ymar
C UX XapaKTePHCTHKaMU.

K coxxanenuio, oqHO# U3 OCHOBHBIX HAIMX 6e/l ABJIAETCA HeJOCTaTOY-
Hasl HayyHas ¥ 3KOHOMUYECKasi 060CHOBAaHHOCTh MHOTHX BeCbMa JOpO-
FOCTOSIIUX TOCYJAapPCTBEHHBIX pelleHuil, KOTopble TSKeabIM OpeMeHeM
JIOXKATCAd Ha 3KOHOMHUKY CTpaHbl. BeccnopHo, IIpaBo rpak/iaH Ha NIOJIyve-
Hye MHQOpMalIUH Hao yBakaTb. Ho HaCcTOIbKO JIM BaskHA 3Ta HH(pOpMaIys,
yToOBI TPATHTh HA COOJIIOEHHE 3TOTO MTpaBa CTOJIbKO cpeAcTB? IIoHATHO,
YTO 3anaJHOEBPOINEHCKHUE CTPAHBI BBIHYXKAEHBI 9T0 Aenarts (obecredn-
BaTb MapkupoBKy TMO), TouHee, HMHTHPOBaTh 6YPHYIO IEATEIBHOCTD B
JAHHOM HaIIpaBJIeHHH, NOCKOJbKY peaju30BaTh B IOJHOH Mepe cobio-
J€HUe 3aKOHOJATeNbCTBA, NPUHATOTO B OTHOIIEHUM T€HETHYeCKU MOIN-
(puIMpPOBaHHBIX OPraHU3MOB, He MOJ CHJIy Aake uM. B aTux cTpaHax B
pesyJbTaTe HEYMHOH aKTUBHOCTH OIPEZIeIEHHBIX IPYII CJIOXKUJIOCH Kpail-
He HETaTHUBHOE OTHOIIIEHWE HaceJNeHHs K reHeTHYeCKH MoaudulIMpoBaH-
HBIM OpraHM3MaM, TO eCThb BO3HMKJIA CUTyallusi, KOTOPYIO HEOOXOIUMO Ka-
KuM-T0 oOpasoM meHATb. Ho B Benapycu nosnoxenue coBcem unoe. [{o
NEePENPOU3BO/ACTBA CENbXO3NPOAYKLMY HaM ITOKa emle jgajneko. Cepbes-
HBbIX <[IPOKOJIOB» B AESTENbHOCTH HAIIMX CAHUTAPHBIX COYXKO OTMEYEHO
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He 6bL710. Y Hac COBCEM APYroii MEHTAJIUTET HACEJEHUs], CPEJH KOTOPOroO
HEeMHOrHe MH(MOPMHUPOBAHBI O TeHETHYECKH MOAMQHLUPOBAHHBIX Opra-
Hu3Max. Hazxo nath J0AsM BO3MOXXHOCTb CAMUM PELIHTDH, 2 HE YHHOBHU-
KaM, Ha 4TO JIy4Ylle MOTPATUTh CBOU KPOBHbBIE JeHbIU: HA 6HPKU JJIS re-
HETHYeCKH MOAUGHUIMPOBAHHBIX OPTAaHH3MOB UJIM, CKaXKeM, Ha 3aKyNKY

Je(ULUTHBIX JIeKapCTB.




IHOCJIECJIOBUE

Korga s moctynun B acnupantypy IHCTHTyTa reHETHKM U IIMTOJOTHH
HAH bBenapycu B 1976 roay, cuutanocs, 4T0 3TOT HHCTHTYT HMEET JIy4-
it B OTAenenny 6MOJOrHYECKHX HayK IIapK coBpeMeHHOH (1o TeM Bpe-
MeHaM) 3JIeKTPOHHO-BbIMMCIUTEbHON TeXHUKH. 51 BCIIOMMHAIO, YTO M3
ce6a mpeacraBasau 3th IBM. Ouu 3aHMMaaH MOJOBHHY AOCTATOYHO
60/1bIIOH KOMHATBI, CHJIBHO Ty[e/JH H BbIAEASAH MHoro Temja. Hy a
MOIMHOCTb UX 6bLNA... JYy4Ille He BCIOMHHATh. 1€ KOMIIBIOTEPHI, C KOTO-
PBIMM MIPAIOT Tellepb HAllli AeTH, UMEIOT XapaKTePUCTUKH, Ha MHOTO NO-
PSLAKOB MpeEBbILIAIOIINE BCe CaMble PaAy>KHble NpeCTaBIeHUS O BO3MOX-
HOCTAX BBIYHCJMTEJbHOH TEXHHUKH TeX BpeMeH. A Beb INPOIIJIO BCETO
q9yTh 6oJee 25 Jer.

ITporpecc B o6sactn Moeit I06UMOI HAYKH TeHEeTHKH COMOCTaBHM C
TeM, YTO IMPOU30UITO ¢ KOMIBIOTEPAMH, a MOXKeT ObITh, U 60Jiee 3HAUYUM.
IlosiBnenve M cTpeMHUTe/IbHOE Pa3BUTHE TeHETHUECKOH HH)KEHEPHH IIOJI-
HOCTBIO NIEPEBEPHYJIO BCE CTaphble MpeACTaBAeH!sA O BO3MOXHOM U HEBO3-
MOXHOM. EcrecTBeHHO, NIPpHBBIKHYTH K 3TOMY OYeHb CJI0XHO. OHO Aeso
KOMIIBIOTEPHI: UX MOYKHO HCIOJIb30BaTh B XO3sHCTBE, UTPAaTh ¢ HUMH B
pasHble UTpbl... A MOXHO o6oitTHCh M 6e3 HMX. OHH He 3aTpParuBaIoT
Hallle 3[0pOBbe, €CJIM UMU He 3J0ynorpebaars. [pyroe gejio — reseru-
JyecKas HHxKeHepusi. [IpekpacHo, 4TO OHA IIOMOTaeT JIeYuTh 601e3HH. ITO
BOCIIpMHHMaeTCs Kak Ao/bkHoe. Ho BoT HoBas muma... CrpamrHoBaTo
KaK-TO, /la ¥ B raserax ee Ha3bIBaloT «nuileit MDpankenumreiina». [Ipas-
Jla, yueHble TOBOPSIT, YTO OHA coBepinenHo 6e3onacHa. Ho xTo ux ciayma-
eT? OHH Beap MoryT omubarscsi. KoMy Bepurs? O6BEeKTHBHOM 1 B TO Xe
BpeMs NMOHATHOM MH(OPMaLUK 0 TeHeTHYeCKu MOAU(UIIMPOBAHHBIX Op-
TraHU3MaxX NMPaKTHYeCKH HeT.

Curyauus, xoropas ciaoxuiach ¢ BocupustueM MO, He aBisieTcs
MCKJIIOYEHHEM B HCTOPHH 4eJIoBeYeCcTBa. Tak 6bLJIO Bcerga: J1o6ble HOBbIE
npoaykTs! (kode, ToMaThl, Kaprodenb, KyKypy3a) eBponeHibl BCTpeda-
JIH, MATKO TOBOPsi, C HeJAOBepUeM. Y AUBUTENIBHO, YTO 3TO CJIYYHMJOCH C
I'MO. Korza B 1995 roay s exan B Kaup Ha Moe nmepBoe coBel[aHHe 110
BonpocaM 61o6e30MacHOCTH, TO JOJIro He MOT IIOHATb, KaKue Xe, co6-
CTBE€HHO, PHCKH JAJS 3[0POBbs YeJOBEKA H OKPYyXalollei cpeabl MOTyT
OBbITb CBSI32HBI C TPAHCTEHHBIMH COPTaMM pacTeHud. Moux 3HaHMH B re-
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HETHKe, 6e3 MATH MUHYT JOKTOpPA HayK B 3TOM 06JacTH, ObLIO HELOCTa-
TOYHO, YTOGBI CAaMOMY IIPHAYMATh YTO-MH60 peasbHOe. Beab ass crenua-
JIUCTOB TEHETHYECKAS] MHXXEHEPHUS CeJbCKOX03AUCTBEHHBIX paCTeHUH —
BCEro JIMIIb HOBBIH 3(p(EKTUBHBIN METOA CENEKLHH, NO3BOJSIOIIMN J0-
6aBJIATH COPTY OTAEJIbHBIE TeHBI, COXPAHSSA IPH 3TOM BCE UMEIOIIHECS €r0
II0JIOKUTEbHbIE XaPaKTePUCTUKU. B TpaAMLIMOHHOH cesjleKLUM IIpHMe-
HAIOTCSL M 3HA4YMTeJbHO OoJiee rpy6bie ClOocOObI BMeENIATEbCTBA B Ha-
CJIEACTBEHHYIO CTPYKTYDY OpraHu3Ma, HallpuMep PagHallMOHHBIA WJIH
XUMHUYECKUHM MyTareHes.

ITo3aHee 51 03HAKOMUJICS ¢ MHOTOYUCJIEHHBIMH Ny6IMKaLUAMU o 61-
06€30MIaCHOCTH, MHOTO JIeT paboTas B 3TOM 06JacTH 3HAHUH, TPHOODE
OIIpe/e/ICHHbIH aBTOPUTET, B TOM YUCJIE€ MEXAYHApPOAHBIH, YUTAIO CTY-
JleHTaM JIeKI{UH B YHUBepCHTeTe. TeM He MEHee COXPaHUJIOCh OIyIlleHHe,
4TO BCA 3Ta myMuxa BOKpyr 'MO — 4T0-TO MCKyCCTBEHHOE, CHJIBHO IO-
MaxuBalolllee MOJMUTUKON, KOT/la OTAeJbHble JHYHOCTH M 06UIeCTBeHHbIe
TPYMHIIbI NIBITAIOTCS CKOJIOTHTD BIIOJTHE OCSI32€Mbli KAIIUTAJ HA <TIOMYJIsAp-
Hol» mpo6eme. U 3TO He TOJBKO OIIyIeHHE, a caMas YTO HU eCTb 00b-
€KTHBHASl PeaJbHOCTD.

Tax, nsBecTHbI ¢akTsl UCMONb30BaHUS pobieMbl MO aas moauTH-
YeCKOTro TOPTra: B OQHOHU M3 €BPONIEHCKUX CTPAH «3eJIeHbie» CMOIJIH MOJIY-
YHUTb JBa JOTOJHUTENbHBIX MECTa B IPABUTE/IBCTBE B OOMeH Ha ofellaHue
«He TporaTb» aCCHrHOBaHHA Ha pa3BUTUE TeHETHYECKOH HHIXXEHepHHM.
Bcem namsaTen aemapur auaepoB psaa apUKaHCKUX TOCYAApCTB BO Bpe-
Msi BCeMHMpHOro camMMura B Morannec6ypre, 1eMOHCTPaTHBHO OTKa3aB-
IINXCA OT FYMaHHTAapHOH IIOMOIIH 3aMagHbIX rOCYJApPCTB Ha OCHOBAHHH
TOTO, YTO 3Ta IIOMOIIb IIpeJCTaBIsAIa COO0H 3epHO KYKYypY3bl H COH, B KO-
TopoM MorJyi 6biTh 'MO. OnnoHeHTbl TeHETHYECKOMH HHXXEHEPHH, B TOM
yucJe ¥ B besapycu, saxne6piBanuch oT Boctopra. Kak e, gaxke roso-
Aaomue appuxaHub orkasamuch or TMO. [Ipasaa, nporpeccusHoe yeso-
BEYECTBO PACLIEHHJIO 3TOT JEMapII KaK BepX aMOpaibHOCTH. Pasu Aemre-
BBIX IOJIMTHYECKUX 3P (EKTOB STH JHAEDHI JHIIUIH CBOH HAPOABI Kauec-
TBEHHBIX IIPOAYKTOB, KOTOPHIE, KaK [I0Ka3aHO B 3TOI KHUTe, aBCOJIOTHO
HIEHTHYHBI TTOJTyYeHHBIM U3 OOBIYHBIX COPTOB. B KOHIle KOHIIOB, HX MO-
XHO OBbLJIO XOTs 6bl CKODMHTD XHBOTHBIM M IIOJYYHTh MSCO...

HayuHbie ganHbIe U yXKe MMEOINUNACS HEMAJIbIi OMIBIT MCIIOJIb30BAHUS
I'MO cBuneresbCTBYIOT O TOM, YTO OOJBHIMHCTBO PHCKOB, KOTOpbIE C
HUMH CBSI3BIBAIOT, SBJSIOTCA CKOpEE THIIOTETHYECKUMHU, YEM PEeabHBIMHU.
Yro ke kacaercs TMO, DomymeHHBIX K HCHOJIb30BAHUIO B X03STHCTBEH-
HOH [esATeAbHOCTH, TO CIEUUATUCTHI BOOOIIe YOEXAEHBI, YTO OHH MeHee
OITacHsI, yeM OObIYHbIE COPTA, MOCKOJIbKY HPOLLIH OY€Hb JKECTKYIO Jpo-
BEPKY Ha 6€30MacHOCTb, KaKasl MOCJeIHHM M He CHMJIACH.

OcHoBHO! nmpuHIUI 6HO6E30IIACHOCTH — IPHUHLHUI IPHHATHA Mep
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peaocTopoXXHOCTH. CyTh €ro He B TOM, YTO BCe, 6e3 UCKJIOYEHHUs, CO3-
JaHHOE C IIOMOIIBIO FeHEeTHYECKON HH)KEHEPHUHU OMACHO AJIST 3/J0POBbS ve-
JIOBEKA M OKpY>KalolleH CpeAibl, a B TOM, YTO MBI HE MOXKEM IIOKa C IOJ-
HOM YBEPDEHHOCTBIO TOBOPHTb O COBEPIIEHHOH 6e30HMacHOCTH JI000To
TPaHCTEHHOro pacreHusi. Beab nepBble reHHO-HH)XEHEPHBIE COPTA MOSBU-
quch coBceM HegaBHO. Cymectsyer (IycTh OYeHb HEGOJIBIIASI) BEPOAT-
HocTb, 4T0 oTAeabHble MO Moryr HectH Kakue-mu60 pucku. s toro
4yTO6bI 3TH PUCKHM HE [JOIYCTHTb, BBHIABHTh KaK MOXXHO DPaHbIIE, YTOOBI
HCKJIIOYUTh UM MUHUMHM3UPOBATh UX, W CYILIeCTBYeT cucTeMa 6106e30-
TIaCHOCTH.

51 6b1 He xOTes, YTOOBI YNTATEIM PACCMATPUBAJM 3TY KHUTY B KayecT-
B€ peKJIaMbl T€HETHYECKOH UH)KEHepHU U ee focTyxeHuid. U s He craBua
CBOEM 11eJIbI0 KOro-T0 Y6eauTh, KaKas 3aMedareabHas mTyka atu ITMO.
IlocsoBuIa «Kask/Jplit KyJHK CBOe 60JI0TO XBaJUT» 37eCh He yMeCTHa,
IIOCKOJIbKY B CBO€Hl Hay4HOH pa6oTe sI He 3aHUMAIOCh MX CO3JaHHEM.
IIpocTo 1 mbITasCs BOCIOJHUTL NMPo6es B HH(pOpPMalUMH, XOTeJ BbICKA-
3aThCs 10 MHOTUM CHOPHBIM npobyemaM, kacaoumumess TMO u 6nobeso-
NacHOCTH M TeX HepallMOHAJbHBIX, Ha MOH B3IJISI/, 3aTPaT rocy/1apCTBeH-
HBbIX JIeHEr Ha MX <«peryjupoBaHue». Hajaeioch, MOM apryMeHTHl ObLIM
JOCTaTOYHO yOeAUTENbHBIMH U OG0CHOBAaHHBIMY, YTOGHI IOMOYb YHTATE-
JIAM CpOPMUPOBATb CBOE COGCTBEHHOE OTHOUIEHHE K O6CYXIaeMbIM IIPO-
OneMaM.
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HHK (ne3oxkcHpu60HYKAEHHOBAasA KUCJAOTA) — HOCHTE/b HACJEACTBEHHOH MH-
¢opManuu y KUBBIX OPTaHHU3MOB. BpICOKOMOJIEKYISAPHBIH MOJHMEpP, COCTOALIMH U3
yersipex HyKJIeoTHA0B (afeHMH, TyaHHH, IIMTO3MH M THMHH), YepeOBaHHEM KOTO-
PBIX KOJHPYeTCA reHeTuyeckas uHGopManus.

PHK — pu6onykienHoBas kucaora. Ee MosiekyJia no crpoennio anajgorvusa THK.
B orsimuse oT nocneaneii oHa COCTOUT M3 OJHOH HUTU, B KOTOPOH YepeAyIOTCA HyKJe-
OTHABI a/leHWH, T'YaHHH, LIMTO3MH K ypauua (BMecTo TMMHHA). B KauectBe caxapa B
PHK Bxoaut pu6osa. B ¢ynxuun MmPHK (Marpuunoii, uadopmaunonroit PHK)
BXOAMT NepeJaya reHernyeckoit nadopmammu ot JTHK x MecTy «c60opku» 6enKoB —
pu6ocomam. Tpancnoprhsle PHK (rtPHK) pacnosHaioT 1 A0CTaBASIIOT K pu6ocoMaM
MOJIEKYJIbl ONpeeJE€HHBIX aMUHOKMCAOT. Y HEKOTOPBIX BHPYCOB reHeTHYecKas MH-
¢opManua 3anucasa He B JJHK, a B PHK.

Penankamua — nmpouecc TO4YHOro CaMOBOCIIPOHU3IBEACHHUA MOJICKYJI HYKJAEHUHOBBIX
KHCJIOT.

I'en — ocHoBHaa ¢u3Hyeckass ¥ (PYHKIHOHAIbHAA €AVHHIA HACJIEACTBEHHOCTH.
I'en npeacraBaser co6oii cneunduyeckylo mocaeaoBarebHocTh Hykaeothaos B JTHK,
KOTOpas yCTaHaBJIHBAET NOC/IE/I0BaTeIbHOCTh AMUHOKHCJ/IOT B ONIpe/ieIeHHOM 6elIKe.

Fenom — COBOKYIIHOCTb F€HETHYECKOI'0O MaTepHaJa OpraHmuama.

XpoMOCOMB — OCHOBHOIf MaTepHaJbHBIH HOCUTEJNb HAaCJIeACTBEHHOH HHOpMa-
uuH. CaMOBOCNpPOH3BOAALIMECS CTPYKTYpbI, NpeicraBiasoomue kommaexc AHK u
6e/KOB B AApaX 3YKapUOTHYECKUX KAeTOK (KJIETOK BBICIIMX OPraHU3MOB, MMEIOIIHX
KJeTOuHOe A1p0). B kax ol xpomocome coaepxurtes no oanoii mosekyae JTHK. Ko-
JHYECTBO XPOMOCOM AJI KaXK/J0TO BH/Ia BBICIIHX OPraHM3MOB ABJSETCS CTPOro ofnpe-
JeJIEHHO! TMOCTOSTHHOM BeJIMYMHOM M, KaK NpaBUJIO, BbIpaXKEHO YeTHBIM 4uCJIOM. Bo
BpeMs ReJeHHs AApa W KJeTKH MOBeXEHHE XPOMOCOM NOAYMHSAETCA ONpeAeseHHbIM
3aKOHOMEPHOCTSAM.

T'oMoIOrHYHBIE XPOMOCOMBI ~ ITaPHBIE XPOMOCOMBI, Y KOTOPbIX OfAHHAKOBBIE JIO-
Kycbl (MeCTO PacnoJIOKEHUA OTAETBHOTO FeHA HA XPOMOCOME) PACIIOIOKEHbI B OHOM
H TOM Ke JHHEHHOH NoC/eL0BaTeJbHOCTH.

PexoMOuHanus (ecTecTBeHHasi) — NOJIyueHHe HOBBIX KOMOMHAIMil FeHOB Y NO-
TOMKOB I10 CPABHEHMIO C POAUTEJbCKUMH PopMaMu. B oCHOBHOM MPOMCXOAUT B NMPO-
1ecce 06pa3oBaHUs IOJN0BBIX KJaeToK (Meiiose) nmyTeM o6mena yyactkamu JHK mex-
AY TOMOJOrH4YHbIMH XPOMOCOMaMH.

Texnoxorus pexomGunanrunx JHK — Meroan! nosydeHns HOBBIX IOCJ€0Ba-
teabHocreil JTHK nytem coeaunenns in vitro (B npo6upke) aByx uiu 6ojiee HETOMO-
soruyHbix Moaexya JIHK u BHefpeHus UX B KJIETKH XKMBbIX OPFaHH3MOB, TIe OHH MO-
TYT penJIMIHPOBAThCA.

I'enno-nuxenepuniit oprannam ('’HO) — xuBoif opranuaM, coaepxamuii Ho-
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BYI0O KOMOHHALMIO IeHETHYECKOr0 MaTepuasa, NMOJYYEHHYIO C NOMOIUbIO TeHeTHYeC-
KOt MHXXeHepuH. B suTepatype uCHOAB3YIOT AT 0603HAYEHHMS TAKUX OPraHU3MOB H
JpyTUE TEPMUHBI: <«IeHeTHYecKH MoauduuupoBanubii oprannsm» (TMO), «renso-
HHKeHepHO-MoaHduuupoBarHsbiii opranuaM» (TMMO), «opraHu3m ¢ HOBBIMH IIPH3-
nakamu» (OHII), «TpancreHHsiii opranuam». B KapraxeHckoM nmportokoJe 1o 6uo-
6€30MaCHOCTH UCIIONb3YETCS TEPMHH «XKUBOH H3MEHEHHBIN OPraHM3M, SIBJASIOIMACH
pe3yJbTaTOM INPHMEHEHHs] COBPEMEHHOHW OHMOTEXHOJOTHH», MJH IIPOCTO <«XHBOH
H3MeHeHHbIH opranusM» (PKHO).

Tenernueckas uHXeHepusa (coBpeMeHHas GHOTEXHOJOTHS, O TEPMHHOJOTHH
Kapraxenckoro mpoTrokosa) — TeXHOJIOTHS NMOJYYeHHsI HOBbIX KOMOMHalul rexe-
THYECKOTO MaTepuaja MyTeM MPOBOAUMBIX BHE KJIETKH MaHMITYyJALUHA ¢ MOJEKYJIaMH
HykJyenHoBbiX Kucaot ([ITHK uau PHK) u nepeHoca co3aHHBIX KOHCTPYKLUH reHOB
B PELNNMEHTHDbIH OPraHM3M, B pe3yJibTaTe KOTOPOro AOCTHTAeTCs MX BKJIOYEHHE H
AaKTHBHOCTB B 3TOM OPraHH3Me ¥ Y €ro II0TOMCTBA.

I'eHHO-HHXeHepHBle, TPaHCreHHbie, reHeTHYeCKH MoAH(HIMpOBaHHHE NpPO-
AyKkTol (FM-npoaykTel) — npoxaykrtel nutaHus, cocrosmue u3 'MO nian coaepxka-
mue ux, o6paboTaHHKIe MaTepHuasl, poucxogauue ot 'MO u coaepkamue noana-
romuecs o6HapyXXeHHI0 cnoco6Hble K Bocnpon3BoJcTBy MoJsekynl JJHK, Bkmoyalo-
I{¥e TPAHCTEHHI.

Tpancren — reH, B3gThIH M3 OJHOI'0 OpPraHN3Ma H [TI€peHEeCeHHblit B APyroi opra-
HHM3M WJM KJETKY, TeHHO-WHXXeHepHas KOHCTPYKIHMS, BKJilodaomas rex(sr), Koro-
poiit(e) nmpeanosaraerca nepefaTh PEUMNHEHTHOMY OPIaHM3MY, M TEHETHYECKHE 3Jle-
MEHTbI, Heo6XoxuMble s ero (uX) nepeHoca, HHKOPNOPAMy B IeHOM S/1pa UJIH Kiie-
TOYHBIX Opra’e/Jl U aKTUBHOCTH B 5TOM OpPTaHHM3Me U y ero NOTOMCTHaA.

T'eHHO-HHXKeHepHasA AeATEJbHOCTb — JeATEJIbHOCTb, CBSI3aHHAA C CO3/JaHHEM,
HCIBITAHHEM, MCIIOJb30BaHHEM, BBO3OM H BbIBO30M MO,

Be3onacHocTb reHHO-HHXEHEPHOH JesATebHOCTH, Ge3onacHocTs B 6HOTEXHO-
JorHH (6H06e30macHOCTb) — COCTOSIHUME 3aUMINEHHOCTH, AOCTHraeMoe MOCPeACT-
BOM HCIIOJIb30BAaHUSI CHCTEMbl MEpONPHATHH, HalpaBJEHHbIX Ha NpeAOTBpalleHHe
WX CHHXKeHHe A0 Oe30macHOro yposHs He6GnaronpustHbix Bosaedicteuit MO Ha
3/I0POBbE YeJI0BEKA H OKPYJKAIOLIYI0 Cpely IPH OCYHIECTBJIEHHH TeHHO-UHKEHEPHOR
JeSITETbHOCTH.

BriceoGoxaenne TMO B oxkpyxalomylo cpey — CaHKIMOHMPOBAHHOE BHece-
Hue MO B oxpyxkaiomyio cpeay. Pa3nuyaioT caeayonmue BHALI IIpeJHAMEPEHHOTrO
BbICBOGOXAeHHss TMO B OKpy»KaloWyo CpeAy: KOHTPOJHPYEMOe BbICBOOOXIEHHE ~—
OrpaHNYeHHble NI0JIEBbIE HCTIBITAHNS HA H30JMPOBAHHBIX yYacTKaX — noJuroxax (B
TOM 4HCJIe MCITBITAHMS HAa 6MOGE30MIaCHOCTD) C IPUMEHEHHEM ClIeMalIbHBIX Mep orpa-
HUYEeHHSA PHCKOB; 3allJIAHHPOBAaHHOE BbICBOOOXKIeHHe — BBICBOOOXJEHHE B OKPYXa-
IOLIYI0 cpeay 6e3 MCNOJIb30BaHHS CIENMAJbHBIX MEpP OrpaHM4YeHusi pUckoB (B TOM
YHCJie COPTOMCIBITAHHA); WAPOKOMACcIITA6HOE BbICBOGOXKAEHHE — BbICBOGOXIEHHE
I'MO npu ucnogb30BaHMH B XO3SHCTBEHHOHN AeATeNbHOCTH.

Bep'mxa.nbnaa nepeaavya reson (Tpancreuon) — nepegavya reHeTHYECKOro Mate-
pHaJa B NOKOJCHHAX IOJOBBIM IIYTEM.

Topu3oHTanbHasi nepefaya reHoB (TPAHCTeHOB) — Ilepefiaya TEHETHYECKOTO
MaTepuaa OT OHOTO OPraHnu3Ma K APyroMy IyTeM, OTAUYHBIM OT MOJOBOTO CKPELH-
BaHus / pa3MHOKeHHsA. TakuM 06pa3oM MOXKeT IIPOMCXOJUTD IEPEHOC TEHOB OT 0YEHb
OTAaJIEHHbIX CHCTEMaTHYeCKUX TPy OPraHu3MOB: 0T 6aKTepUH K PAacTEHUSIM, OT BH-
PYCOB K >XHBOTHBIM, PACTEHMSIM U T.II.
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IlorennuasbHas NPHHEMAIOMAA CpefAa — JKOCHCTEMa MJHM MeCTO OOHTaHMS,
BKJIIOYasl YeJIOBEKA M XXHBOTHBIX, KOTOpBIE MOTYT BCTynaTh B KoHTaxT ¢ MO mnocae
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