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[IPEJUCJIOBUE

Bce yame Ha crpaHuuax raser ¥ APYrHX IONYJIAPHBIX H3JaHUH
MOXHO BCTPETUTb TEPMHUHBI: «COBpeMeHHasA GHOTEXHOJIOTHA» U «T€HeTH-
yeckasd WHXeHepHs» (WM <reHeTuyeckas MOAU(HKALMSA, MaHUILYJIS-
LMsI» ), «T€HETHYECKH MOAUbUIHPOBaHHbIH opranusmM» (TMO) uin <re-
HETHYECKH M3MEHEHHDIH (IeHHO-MHXEeHEPHbIH, TPAHCTEHHBIH) OPraHU3M» ,
«TeHeTH4YeCKH MoAu(HLIHpPOBaHHbIE IPOAYKTHI MHTaHUA». Bo Bcex 3TUX
Iy6/IuKanMax pevb MAET N0 CyTH 06 OJHOM — IOCJEeJHHX JOCTHXKEHHSIX
reHeTHKH. IlpuyeM aTH JOCTHIXKEHHS He OrPaHMYUBAIOTCS IPOCTO NO3HA-
HHeM MeXaHU3MOB HAacCJeJCTBEHHOCTH, a IIO3BOJIAIOT aKTMBHO B HUX BMe-
IIUBaThCs, H3MEHATb B JKEJIAEMOM HAIIPaBJIEHUM ¥ B pe3yJbTaTe C03/a-
BaThb HOBbIE COPTA pacTeHUH, 061aal0NHe T0JIE3HPIMY PH3HAKAMH, KO-
TOpble HEBO3MOXXHO OTOOpaTh C HOMOIIbIO TPaAMLHMOHHON CEJEKIHH,
HOJIy4aTh HOBBIE 6osee 3¢pdeKTUBHbIE JIeKapCTBEHHbIE NIPENapaThl, CIO-
COGHBIE JIeYMTh DaHee HeusjeyuMmble 6oJsie3HH. Bce 3aTo crano peasb-
HOCTbIO 6Js1arofaps pa3paboTKe TEXHOJIOTHM, MO3BOJAIONMX BbIIEAATD U
u3y4arb HacaexctBennsiit Matepuan (JHK), cozaaBaTh ero HOBbIE KOM-
6MHAIMH C IOMOINBIO MAHUITY/IALMIH, OCYNIECTB/IAEMBIX BHE KJIETKH, U IIe-
PEHOCHUTD 3TH HOBBIE T€HETHYECKNE KOHCTPYKLHH B KMBble OPraHU3MBbI.
IlosBunack BO3MOJKHOCTb HCIIOJIb30BATh B CEJEKIMM TeHbl JIOOBIX, CO-
BEPLIEHHO HEPOACTBEHHBIX BUAOB, HAIIPUMEP BBOAUTDH B COPTAa pacTeHUN
OnpeAesIeHHbIE T€HbI XXUBOTHBIX, 6aKTepUil, BUPYCOB H JaXke YeJOBEKa.

B nacrosmee BpeMst TpaHCreHHbBIE COPTA CEMbCKOXO03AUCTBEHHBIX KYJIb-
TYp, YCTOW4YHBbIe K repGHIaM, BUpycaM, HaCEKOMBIM-BPEAMTE/AM, C
YJAy4YIIEHHBIMH Ka4eCTBEHHbIMH XapaKTepUCTHKaMM (yJydlleHHBIH co-
CTaB PAaCTUTEJIBHOTO Macja) 3aHMUMAIOT IIOCEBHbIE IMIOIIALH, PEBbINIAI0-
mue 60 MuH rekrapoB (11 cpaBHeHusi: B BesapycH naxoTHble 3eMJIH 3a-
HUMAIOT OKOJIO 5 MJH reKTapoB). IIpOAyKTbl MUTaHMs, H3TOTOBJEHHbIE
H3 TaKMX COPTOB, Telepb yXe He PeJKOCTb HA IIPHUJIABKAaX MaraspHOB
MHOTHX CTpPaH MHpa.

Onnako ciexyer NpU3HATh, YTO BOCIIPHSITHE HACEJEHHEM IeHETHYECKH
MOAUMULUPOBAHHBIX MPOAYKTOB (IIOJyYEHHBIX M3 FEHHO-HHXKEHEPHBIX
OpraHU3MOB), IPSIMO CKaXkKeM, HeOJAHO3HaYHoe. JleMOHCTpallH, IIHKETH,
IIyMHasA NPONaraHAMCTCKass KaMIIaHUs B IIpecce, YHHYTOXKEHHE «IIPHBEP-
XKEHIlaMH OPraHU4eCKOTO 3eMJjIe/leJIHs» NOCAI0K TPAHCTEHHBIX KYJIbTYD M
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Ja)ke HallMOHa/IbHbIE pedpepeHAYMBI 0 3aIIpeTe reHeTUYECKOH HHIKEHEepHHU
CTaJIM OGBIYHBIM /I€JIOM BO MHOTHX CTpaHax EBporrbl.

B ABcrpuu co6paHo 6ojiee 2 MJIH HOANMCEH B MOJb3Y pemIeHHS O
3alIPEIIEHUN TOPTOBJIM NPOAYKTAMH IUTAHUS, COAEPKAIUMU reHHO-HH-
XeHepHbie opranusmsl. [IpasutesbctBo HopBeruu 3anperusio HCoOIb30-
Banre MO, comepxanux MapKepHbIe TeHBbl YCTOHYUBOCTH K aHTHOUOTH-
KaM. Psaj esponeiickux crpal no Tpe6oBaHUIO 06IECTBEHHOCTH OTMEHHJ
paHee BpIJaHHOE pa3pelleHue Ha BhIpalllMBaHUE TPAHCTEHHOU KyKypy3bl,
YCTOMYUBOH K HaCeKOMBbIM-BpEAHTE/IIM. YuYeHble HEKOTOPBIX HAy4YHBIX
1enTpoB Mranuu B TeyeHue ABYX JieT He NOJyYa/ad 3apIuiaTy H3-3a TOro,
YTO MHUHUCTD CEJBCKOTO XO35ICTBa CBOMM BOJIEBBIM DeEIlEHHEM DpeluuJ
<IIPHKDBITh» HCCJIE0BAaHUS B 00J1aCTH TreHeTHIeCKO# HH>XeHepuu. Ha 3a-
cenanuu Ilanarer 1opaos 6puranckoro IlapiamenTta npory creunaib-
Hble CJyIIaHMs], IOCBALIEHHbIE reHHO-UHXKeHEePHOH JesTeJbHOCTH.

Oco0blif MEXAYHAPOAHBIM PE30HAHC MME] HAlMOHAJIbHBIM pedepeH-
AyM O coBpeMeHHOH 6HoTexHooruy B IlIBefinapuu, npomeanuit B 1998
rofly. Bompoc cToss1 He TO/IBKO O TIOJIHOM 3anpeTe UCIOJb30BaHUS, HO U
cospanna 'MO. B Teuenue moryrosa Ha CTpaHMLAX ra3eT U >KypHAJOB,
Ha TeJIeBUJEHUY, MHOTOYMCJEHHBIX COOPAaHHUAX M KOH(QEepeHIUAX IJIH
6ypuble auckyccun. HoGenesckue saypearsbl Ha ria3ax Bcell CTpaHbI 110-
elaiu «JIaH4Yu», IIPUTOTOBJEHHbIE M3 TeHeTHYeCKH MOAU(PUIUPOBAHHBIX
IPOAYKTOB, YTOOBI YOeIUTh HaceseHHe B HX 6Ge30macHOCTH. A 4TO 6GBLIO
Aenatb? Beap 3anper TeHHO-MH)XEHEDHOH JEATENBHOCTH YrpoXKam
IIOCJIEACTBUSAMM, KOTOpPbIe OCTUTIH B cBOe BpeMs CoBerckuii Co1o3 B pe-
3yJbTaTe «3aKPBITUS» F€HeTHKH M KHOEepHETHKH: Pa3pylIeHHe HayYHBIX
HIKOJI, /{B€ C TOJIOBUHON THICSTYHM 6e3paGOTHHIX EHETHKOB, TEXHOJOTHU-
YyecKas OTCTaJocTh crpanbl. K cuacrpio aas lBefinapun, BOCTOPXKECTBO-
BaJ 3ApaBblf cMmbIca: Oosiee 2,/3 HaceJeHHs MPOroJOCOBAJH IPOTUB
3alipeTa TeHHO-UHXEHEePHOU JesiTeJJbHOCTH.

CoBceM MHag KapTHHa HaGJI0AAeTCs IO APYryl0 CTOPOHY OKeaHa. B
CIIA, Kanazne, ApreHTHHe TpAHCT€HHBIE KyJIbTYPbl 3aHUMAIOT MUJIJIHO-
HbI T€KTapoB, W IJIOLIAIHM IO/l STHMH KyJbTypaMH HEYKJIOHHO pacTyT (B
1999 roxy 99,5% noceBHBIX ILTOWIAJel, 3aHATBIX FeHHO-HHXEHEPHBIMH
COpPTaMH B MHpe, TIPAXOAUJIOCh HA 3TH TPH CTPaHbl). Pacrer ypoxaii-
HOCTb M IOTPeOUTENbCKHE KayecTBA CeNbX03Mpoaykuuu. [IpakTudHbie
aMepPHKaHIIBI CIIOKOHHO moTrpebisor <numy OpankeHmTeiiHa» (Tak
Ha3Ba/H FeHeTHYeCKH MOAMMHUIMPOBAHHBIE POAYKTHl OCTPHIE HA CJIOBO
’KYPHANHUCTBI), TOCKOJABKY ee Ge30MacHOCTh TapaHTHPOBaHA TOCYAap-
cTBOM. OHHM HHKaK He MOTYT NOHSTH CTOJb OYPHOTO HENPUATUA TEHETH-
4ecKkoi HHKeHepuu B EBpome. «UTo e Takoe 3HAIOT eBPOTeHIbl, Yero He
3HAE€M MbI?» — CHIPAlIMBAIOT OHH,

ITonpo6yem pa3obparsces. [Ipeacrasiusercs, 4To aTo 6yA€T HHTEPECHO
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H JUIsl KUTened benapycw, IOCKOJBKY O TeHEeTHYECKOH MHXKEHEPUH H
I'MO onH He 3HAIOT IIPAaKTUYECKN HUYEro: KOe-KaKasi HHQOPMAIIHsl JIHIIb
U3peJKa IOSABJISETCS B NIPecce B BUJe HEBHATHBIX U CYOBEKTHBHBIX OTTO-
JIOCKOB Ha MaTepHaJIbl, MHOTa My6JUKyeMble B POCCUUCKON mewaTH. B
InpeAjlaraéMoOM H3JJaHHM C/iejlaHa IONbITKA B OTHOCHTEJbHO IIPOCTO
¢opMe MO3HAKOMHThH UMTATENS C JOCTHXXEHHUSIMH COBPEMEHHOH OHOTeX-
HOJIOTHH, pacCKa3aTh, KaK IOJy4aloT reHHO-WH)XeHEepHble OPraHu3Mbl U
YEM OHM OTJHMYAIOTCSA OT T€X, KOTOPbIEe CO3AaHbl C TOMONILIO TPAAMUIIHOH-
HOM CeJIeKIMM, B YEM 3aKJIOYAIOTCS OCHOBHBIE DA3JIMUUS MEXAY «CTa-
poil» M «HOBOH cenekiueit». Ilofpo6HO paccMaTPUBAIOTCS PUCKYU IS
37I0POBbS YEAOBEKA U OKPYXKalollei CPeAbl, CBSI3aHHbIE C MCHOJb30BAHU-
€M TeHHO-MH)XXE€HEPHDbIX OPraHUu3MOB, U MEPBI, KOTOPbIE IIPUMEHAIOT, YTO-
6b1 n36exxaTb aTnX puckoB. Oco6oe BHUMaHME YAEIEHO «HAYYHOMY aHa-
JIU3y» MHOTOYMCJIEHHBIX CTPALIN/IOK, nocBsmeHHbrx TMO. ABTOp BbIpa-
XKaeT HallexK 1y, 4TO HpeAcTaBieHHad B KHUre o6beKTUBHAasE MHOpMaILHs
IO3BOJIUT YUTATENsIM cPOPMUPOBATD CBOe COOCTBEHHOE, HEAHTAXKUPOBaH-
HO€ NpPeJCTaBJeHHEe O TeHHO-HH)KEHEPHbIX OpraHu3Max U TOH OIaCHOCTH,
KOTOPYIO OHHU SIKOOBL HECYT /I HBIHEIIHUX M 6yAynMx noxonaenuii. Bece
3TO AOJKHO IIOMOYb MM C/eJiaTh OCO3HAHHBIA BbIGOP: IPUHUMATD UJIH He
NpUHHMAaTh reHeTHYeckylo uHxeHepuio H TMO — ozaHo u3 HauboJiee BbI-
JAAI0IHMXCS AOCTHXKEHUH Iporpecca Ye0BeYeCKUX 3HAHUM MOCTIeJHUX Jie-
CATHJIETHH.



I'nasa 1

YTO TAKOE TEHETHYECKH
MOAUDOHIIUPOBAHHBIE OPTAHU3MbI?

Yro6bl Jyvllle MOHATb, YTO TaKOe T€HHO-HH)XE€HEPHble OPraHU3Mbl H
reHeTHYecKd MoAMUIMpOBaHHbIE NMPOAYKTbI, YeM OHM OT/IHYAIOTCA OT
OObIYHbIX OPTAaHHM3MOB M IPOAYKTOB, HEOOXOAUMO UMETDH NPE/ICTaBIEeHHE
0 TOM, Kak UX nonyyawot. OAHaKo, npexie 4eM 0ObsICHUTDb, YTO TAKOE Ire-
HeTH4YecKasi HHXXeHEPHs, CIe[yeT OCTAaHOBUTHCS Ha OCHOBHBIX OHOJIOTH-
YeCKUX IMOHSITHAX.

1.1. Yro Takoe KJAeTKH?

Knerxka — ocHOBHas cTpyKTypHas v GyHKIMOHAIbHAS eMHHIIA BCeX
XXHBBIX CYIIECTB, 6Yb TO pacTeHHe, XKUBOTHOE I MUKPO6. HekoTophie
OpraHH3Mbl, HapuMep 6aKTEPHH, OTAEeIbHbIE BOJOPOCIH U TPUGHI, SBJIA-
IOTCS OAHOKJIETOYHBIMY: BECb OPTAHU3M IEJTMKOM 3aKJIOYeH B OJHY KJIET-
Ky. HeJIOBeK, KaK NpeJCTaBUTEIb MHOTOKJIETOYHBIX OPTaHU3MOB, COZEPXKUT
NpUOIU3UTENBHO 3 THICSYM MIIINAPAOB KjeToK. KieTku, coeuHeHHbIE
MeXy co60H, GOPMUPYIOT Y MHOTOKJIETOYHBIX OPraHU3MOB PAa3JIHYHbIE
TKaHH, OPTaHbl UK CTPYKTYPbI (y JKHBOTHBIX MO3T, II€4eHb, KOCTH, KOXY;
Y PacTeHUu# AHMCThsA, KOPHH, TLIOAH H T.IL.).

Kaxk nmpaBujI0, KJIETKH OY€eHb MaJIbl, UX AHAMETP Yallle BCEro HaMHOTO
menbnle 1 MM. VX TpyiHO pa3inyuTh HEBOOPY KEHHBIM IJ1a30M. BriepBbie
UX yjajocb pasrasaznerh 6osee 300 et Hasaa, BCKOpe IOC/IE TOro, Kak
6bLIM CKOHCTPYHUDOBAHBI TIEPBBIE MHKPOCKONBI. KJeTKmM BBHICHIMX Opra-
HHU3MOB (pacTeHNH U XXHBOTHBIX) HMEIOT Ciaeayloinee cTrpoenue (puc.1).
Kierku oxpyxeHbl MeMOpaHoii, cocTosmei U3 aunuaos. MeMGpana npo-
HHI{aeMa TOJbKO [AJIS OIpeJesieHHbIX MOJIEKYJ ITHUTATEeJIbHBIX BEIeCTB M
HOHOB. Biarozaps stoMy cojepKUMOe KJIETKH YAepKUBAETCS BHYTPH U
He BbITEKaeT B OKPYXKaIOIIyIo cpely. PacTHTeapHble KJIETKH HMEIOT J0-
HOJIHUTEIbHYIO KJIETOYHYIO CTEHKY, COCTOAIIYIO U3 1EJIJII0JI03bI, KOTOpas
IPHUAAET PACTUTEIbHBIM TKAHAM CTPYKTYPHYIO XKeCTKOCTb. Bo Bcex KieT-
KaX, KpoMe 6aKTepHAJIbHBIX, BHYTPEHHeE KJETOYHOE IIPOCTPAaHCTBO Pas-
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Puc. 1. CxeMa CTpOEHHS KJIETKH pacTeHuit: { — sapo; 2 — AAPHINKO; 3 — sxepHas 060-
JI0YKa; 4 — BaKyoJs; 5 — JeHKomIacT ¢ o6pa3yionuMcs B HeM KPaxXMaJIbHBIM 3€pHOM; 6
— XJoponnaacT, 7 — MuToxoHApus; 8§ — ammapat loapmku; 9 — aHaonjIasMaruyeckas
cetb; 10 — sAnepHas nopa; /{ — obosouka KjaeTku; 12 — mopa B 060/104Ke KJIETKH

IrPaHNYEHO Ha OKPYKeHHOoe MeMOpaHO# cdepHuecKoe Tesblie, Ha3bIBae-
MO€e S/IpOM, W LUTOIIa3My. SlIpo — 3TO KOMaHJHbIA LeHTp KJjeTKu. B
Hem Haxoaurca [JHK (ne3oxcupu6oHyKI€MHOBAsA KMCIOTa), B KOTOPOM
3aKOAMPOBaHa IOYTH BCA HEO6X0AMMAsT AJIst dKU3HH KJIETKH, a TaKXKe Bce-
r0 OpraHM3Ma HacJeACTBeHHasi MH(pOPMALMA: MHCTPYKLHH, YIIPABJSIO-
IHe POCTOM, JEJIEHUEM H criennduieckuMu ocobenHocTssMu kiaetok. [JJHK
B A1pEe HaXOAMTCA B BHJE M3BUTBIX TSUKeH, M3BECTHBIX IT0J Ha3BaHUEM
xpoMocoM. Kierku, uMelolue siApo, HAa3bIBAIOTCH 3yKAPHOTHYECKUMH,
JIMLIEHHbIe si[pa KJIETKH 6aKTepHil u CHHE-3eJIEHbIX BOAOPOC/Ie Ha3blBa-
IOTCA ITPOKapHoTHYecKuMH. L{UTONIa3Ma colep>XUT pa3jityHble Oprase-
JIbl, KOTOPBIi€ BBIMIOIHAIOT (PYHKLMM, aHAJOrHYHble QYHKIHUAM OTAE]b-
HBIX OPraHOB MHOIOKJIETOYHOrO OpranuaMa (muiesapenue, HakOIJIeHHE
U COXpaHeHHWe NMUTATeJbHBIX BEUIECTB U 3HEPrHM, BhIAENeHHe). B xjo-
pomiactax (Mecro, rie MpoUCXoauT GOTOCHHTES), a TAKKe MUTOXOH/IPH-
sx (OHM OTBETCTBEHHBI 3a 3allacaHHe SHEPIMH) HAXOAUTCA HeGOBIIOE 10
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cpaBHeHHIO ¢ aapoM koaumuecrso JJTHK (a ciaegosaTesnbHo, U reHeTHYEC-
Koit mHdOpManuu).

B 6akrepuanbHbix kKietrkax ocHoBHasi Macca [JHK coaepxurca B
OHOH 60JIbLION KOJbLIEBOH MOJIEKYJe, KOTOPYIO Ha3bIBalOT 6aKTepyab-
Holi xpomocomoii (puc. 2). IlomuMmo Hee y MHOTHX GakTepuit ecTb 60J1b-
I110€ KOJIMYECTBO OYEHb MaJleHbKHX KoJblieBbix Mojekya [JHK, nasbiBae-
MbIX IJIasMuaamu. [11asMuapl cnocoOHBI pa3MHOXKATHCS U NEpeaBaThCs
ApYyTUM 6GaKTepHaJbHBIM KJIeTKaM He3aBHCHMO OT TJIaBHOH XPOMOCOMBI.
OHu 6bL1M BrepBble MAEHTH(UIMPOBAaHE KaK T€HETHYECKHE 3JIEMEHTHI,
Hecylllie TeHbl YCTOMYHUBOCTH K aHTU6HOTHKAaM. BripoyeM, ni1a3Muabl MO-
I'yT YAEp>XHBaTb U MHOTHE JAPYrHe TeHbl.

I'naBHOE CBOMCTBO KJIETOK — CITOCOOHOCTD PacTH M AEJHTHCS ¢ o6pa-
30BaHMEM [JOYEPHHX KJAeTOK. UTOObI BBINOJHATD 3TH PYHKUMH, KIETKH
JOJXHBI OBITH YCTPOEHBI OYeHb ca0xHO. U nelicTtBuTenbHO, axKe IMpoc-
Teilline M3 HUX cogepxkar MoJekyasl nmoytd 1000 pasHbIX BelecTs.
KeTkut MOXKHO CpaBHHTD C KpouleYHbIMH (pabpukaMu, KOTOPbIE, HCIIOb-
3y B Ka4ecTBe ChIPbsl, CTPOUTENbHBIX 6/I0KOB OTHOCUTEJIBHO IPOCThIE MO-
JIEKYJIbl, IPEBpAlialoT X B MHOTOYHUCJIEHHbIE HEOOXOAUMBIE s POCTa U
Pa3sBHMTUs KJIETKU CJOXHbIe MOJIeKyJbl. B mponecce pocra m JeseHHs
KJIETKH HYXAAI0TCS B 3Hepruu. B 6OMBIIMHCTBE C/IyyaeB OHHU NMOJIYYaloT
ee NpH paclleIVIeHNH MOJIeKyJ1, TOCTYNIMBIIUX ¢ muiied. Knerku pacrenuii,
CNoCOGHbBIE K (POTOCHHTE3Y, HCIOIb3YIOT IHEPrHIO COJHEYHOTO CBETA.

‘Bce MoJieky bl BemecTB B KJIETKE MOXKHO Pa3/Ie/IATh B COOTBETCTBHH C
HX pa3MepaMH Ha /iBa OCHOBHBIX KJacca. IlepBblit k1acc — Tak Ha3bIBae-
MbI€ MaJible MOJIEKYJIbI: IPOCTEHIINE caxapa, aMHHOKKCJIOTHL U )KUDHbIE
KHCJIOTBI. BTOpO# KJacc KJETOYHBIX MOJIEKYJ COCTaBJSAIOT MaKpoMoJe-
KyJIbl, KOTOPBIe ABJSIIOTCA IOTMMepaMH, 06pa3yioIMMHCS B pe3yJbTaTe
COE/IMHEHHS ONpe/ieJIEHHBIX MAJIbIX MOJIeKYJ (HanmpuMep, aMUHOKHCJIOT)

Mnasmuab Xpomocoma PuGocomb

HapyxHan mem6paHa

Knerounan crexka Liutonnaama
MNepunnaamaruyeckoe Mnasmatuyeckan
NpOCTpaHCTBO meMOpaHa

Puc. 2. CxeMa CTpOeHHs KJIETKH OGaKTepHil
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Puc. 3. Ctpykrypa MakpoMonekysibl 6enka (depMenta Hykneassl). Jlus, [ny, Tpe ut.a. —
COKpallleHHbie Ha3BaHWs aMUHOKHUCJIOT JM3MHA, [IyTaMMHa, TPeoHHHa U T.A. OTAebHble
MOJIEKYJIbl aMMHOKMCIIOT COeRUHEHbI MEXAY OG0 BOOOPOAHBIMHU CBA3SIMH B LENOYKY —
noaunentHa. Mosekyia 6eJiKa MOXET BKJIIOYATh TIOMHMO aMUHOKHMCJIOT M APYTHE MOJIEKY-
JbI ¥ aTOMbI, HanpuMep MmeTamtos (OKexesa, MarHusi, cepbl ¥ T.A.)

B AsmuHble Heny (Hanpumep, Gesnku). MaJible MOJIEKYJIb OGBIYHO COCTO-
ar u3 10— 50 aTtomoB, CBI3aHHBIX CTPOro ynopsno4eHHbIM 06pa3oM. ITo-
JIMMepHbIe MOJIEKYJIbI COepKaT G0JIbIIoe KOJMYECTBO MOHOMEPHEIX 3BEHb-
€B U3 MAJbIX MOJIEKYJ M B COTHU-THICSAYH Pa3 MPEBHIIIAIOT UX IO CBOUM
pasmepaM. B Kaxaoit xjeTke MOKHO OGHAPYKUTh NPUGIUIUTENBHO 750
THIIOB MaJIbIX MoJieKyJ u o 2000 pa3HbBIX BUIOB MaKPOMOJIEKY.JI.
Kaxpas 13 MHOTHX TBICSY Pa3/IMYHBIX MOJIEKYJ, COAEPKAIMXCSA B
KJIETKe, NOTeHLHaJ bHO CIIOCOOHA BCTYMATh B OYeHb OOJIBIIIOE YHMCJIO XH-
MMYECKHX peakLuii ¢ JPYTUMHU KJIeTOYHbIMU MoJjeKyiamu. OQHAKO MpHU
TeMIIEpaTypax CyIeCTBOBAHMSI )KMBBIX OPraHM3MOB HoJaBJsioniee 60b-
LWIMHCTBO STHX PEaKUMH IPOUCXOAMT CO CKOPOCTSIMHM, HEIOCTAaTOYHBIMHU
IS TIOAZEP>KAHUA XKU3HH. B KUBBIX KJeTKax HeoO6XOZMMEBIE CKOPOCTH
peakuuit 06eCNeYnBaIOT CriELMAIbHbIE KaTaIU3aTOPhl — TaK HA3BIBAEMBIE
¢epmentsl. Kak u Bce KaTaiu3aTopsl, epMeHTHI B XO€ XUMHYECKHX pe-
aKUMI He PacXOAYIOTCS!, M AaHHAsi MOJIEKYJIA MOXKET CpPaGaThIBaTh THICA-
UM Pa3 3a OAHY CeKYHAY. BoabmuHCTBO (pepMeHTOB BricoKocneluduy-
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HBI, ¥ KaXAbIH M3 HUX KaTaJU3UPYET CTPOrO OINpeAesIEHHYI0O XUMHYec-
KYIO PEAKIHIO.

Kak BbIACHUI0CH CpaBHUTEAbHO HegaBHo (k 1935 roay), Bce depMeH-
ThI JKUBBIX OPTaHU3MOB I10 CBOEH IIpupoje sSBJsAoTCS 6erkamu. B cBA3u ¢
3TUM HM3yYeHHe CTPYKTYpH ¥ (PYHKLUMH JAHHOTO THIIA MAKPOMOJIEKY.J
npusiexano (¥ nMpojo/Kaer NPHBJIEKATh) HaMOojbliee BHUMAHUE yye-
HBIX. BbLIO ycTanoBEHO, YTO 6€JIKM — 3TO MOJTUMEPHbIE MOJIEKY JIbI, 11O~
CTpOEHHbIe U3 aMHHOKHUCJIOT. MI3BecTHO 20 aMUHOKHCIOT, KOTOpbIE B pPa3-
HBIX 6eJIKOBBIX MOJIEKYJaX COeJHMHEHBI B LIENK B CTPOrO OIpeAeeHHOM
nopsigke u cootHomenuu (puc. 3). 310 o3Havaer, YTO JMI06GAA MOJEKYIa
6esika MMeeT YHMKAJbHYIO, XapaKTEPHYIO TOJbKO I AAHHOro Oeska
TOCJIe/IOBATEJbHOCTD aMHHOKHUCJIOT. HapyliieHne Takoro nopsaka MoxeT
IIPUBECTH K HapPYLIEHHIO KATaJUTHYECKO# crroco6HocTH (pepMeHTa. XOTs
6eJKM B OpraHM3Me MOTYT BBINOJHSATH CaMble Pa3HOOOpa3Hble, B TOM
qKcje CTPYKTypHble, GyHKIMM (HAMpUMeD, MBIIIEYHbIE TKAHU TIOCTPOE-
HBI M3 GEIKOB), OCHOBHAS UX POJb — KATAJIH3 XUMHYECKHUX PEaKIuii.
MoHO cka3aTtb, 4TO (pepMEHTH — OJAMH H3 BaXKHEHIIUX, KJIOYEeBBIX 3JIe-
MEHTOB JXMBOH KJIETKH, HENOCPEACTBEHHO CBSI3aHHBIX CO BCEMM €€ JKHM3-
HEHHBbIMU (QYHKIUSIMH.

1.2. Yto Takoe xpomocomei, JTHK, renernueckuii koa, reuni?

Wudopmarus o cocraBe ¥ CTPOEHUH BCeX O€JIKOB KJIETKH, TOPAIKe HX
06pa30oBaHusA B XOJ€ Pa3BUTUS OPraHuU3Ma, TO €CTb BCS HACJIEACTBEHHad
HHopMaua opranusMa, 3akoauposasa B Mojekyaax JJHK. ¥ aykapu-
otuyeckux opranusmoB [IHK copepxurca B xpomMocoMax, B KaxXAOH
XpoMocoMe o ofHoi MoJiekyJse [JJHK. KoauyecTBo XpoMOCOM 1 KaX-
JI0TO BHJA BHICIIMX OPraHN3MOB SIBJISETCS CTPOTO ONpPeAeJeHHON NOCTOo-
sAHHOH BenwyuHoil. Hanpumep, y yenoexa 46 XxpoMocoM, y MUIEHUIBI —
42. IloaBsenne AONOJHUTENBHBIX XPOMOCOM HJIM OTCYTCTBUE KaKOH-1160
XPOMOCOMbBI MOXeT IPHBOANTD K CEPbe3HBbIM HAapYILIeHUsAM B OpraHHU3Me.

BaxHelilee CBOUCTBO KJI€TOK — CIOCOOGHOCTH AEMUTHCS TaKUM 06pa-
30M, YTO KakJas U3 00pa30BaBIIUXCS JOYEPHUX KJIETOK HUYEM He OTJIH-
4aercs M0 XPOMOCOMHOMY COCTaBY OZHA OT APYIOH M OT MAaTepPUHCKOH
KJETKHA. JTO JOCTUraercsl 6J1arogapsi TOMy, YTO HaKaHYHE JeJeHUus KaXK-
Jasi U3 XpOMOCOM Y/JBauBaeTcsi: B HUX 0o0pasyercsi BTOpasi MOJIEKyJia
JAHK, a6cosioTHO HAEHTHYHAs] UMEUIEHc. DTOT NMPOLECC Ha3bIBaeTCs
permukauuen JJHK.

Y BBICIIMX OPraHH3MOB, KOTOpble Pa3MHOXAIOTCS IOJIOBBIM IIYTEM,
KOJIMYEeCTBO XPOMOCOM, Kak IIpaBHJIO, YeTHoe. Dojee toro, xaxigas u3
XPOMOCOM IpeACTaBJieHa B ABYX 9K3eMIIApaxX: OfHA OT <ITallbly», BTOpasi
OT «MaMbl». Takue mapbl XpOMOCOM, KOTOpPble KOAMPYIOT OAHH M Te Xe
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TeHbl, Ha3bIBAIOTCSI FTOMOJIOrMYHbIMU. B npouecce o6pa3oBaHusi 10J10BbIX
KJeTOK (SHHEKIETOK M CIIEPMAaTO30MA0B) TOMOJIOTHYHBIE XPOMOCOMBI
COJIUKAIOTCA U OOMEHUBAIOTCSI OTIEAbHBIMU YYACTKAMU: ITPOUCXOTUT Pe-
KoMOuHauust reHoB (puc. 4). B pesyibrare 1mosioBble KJETKH B CBOMX
XpOMOCOMaxX COJep>KaT HOBble KOMOMHAIIMM POAMTENbCKUX reHoB. [Ipo-
1ecc feJsieHus npu 06pa3oBaHUHU NI0JIOBBIX KJIETOK HECKOJIBKO OTJIMYAETCS
OT OOGBIYHOTO KJIETOYHOro JAeseHusi. Kaxkaas mojioBas KjeTKa ITOJydaeT
TOJIBKO 110 OZHOU M3 KaXKJOH Mapbl TOMOJIOTUYHBIX XPOMOCOM. TakuM
00pa30M, CIIepMaTO30Ubl U SHIEKIETKH YeJ0BeKa, HallpuMep, COJepKar
23 xpomocoMbl. OHAKO II0CJIE OIJIOJOTBOPEHHUS SAHIIEKJIeTKH CIIepMaTo-
30M/I0M HOpMAaJIbHOE YHUCJIO XPOMOCOM BOCCTAHABJIHUBAETCS.

Mounekyna JJTHK mo cBoeit XuMHYeCKO#H CTPYKType NMpeACTaBsIeT I10-
JIUMEP, COCTOSIIIIUM U3 BYX CITMPAJIbHO 3aKPYYEHHBIX APYT BOKPYT Apyra
1ereit, CoeIUHEHHBIX MEX 1y cO60M BOAOPOAHBIMH cBA3AMH (BceM HU3BeC-
THas «JBOUHAs CrMpasb» ). Kaxkaas us uenei coaepuT MHOTHE THICSYH
COEIMHEHHBIX MeXAy C060# B OIpeaesieHHOM IMOpsAKEe HYKJIEOTUO0B.
Kaxaplii HyKJI€OTHA B CBOIO OYepelb COCTOUT M3 Tpex 6oJiee MPOCThIX
MOJIEKYJI: a30THCTOTO OCHOBaHMS, caxapa Ae30KCHPHO03bl M OCTaTKa
docdopuoit kucaorel. HykneoTuas! pa3iuyaTcs Mexay co60H TOJIBKO
A30THUCTBIMU OCHOBAaHUSIMH: UMEETCS [Ba NypHHOBbIX (aJeHWH U ryaHHH)
M [Ba NUPUMUAMHOBBIX (TMMMH M I[MTO3MH) OCHOBaHHUA. [eHETHKH

a ) )

1 ] m

Puc. 4. YnpoliileHHas cxeMa KPOCCHHIOBepa. | — HCXO/HbIE TOMOJIOTHYHbIE XPOMOCOMBI; JI —
JB€ TOMOJIOTHYHbIE XPOMOCOMBI IIDH KOHBIOTALUX DPa3pbIBAIOTCA B TOYKE KOHTAKTA H
YYaCTKH MX BOCCOEAMHSIOTCS B MHOM COYETaHHH, B pe3yJIbTaTe 06pasyIOTCS JBE XPOMOCO-
mpl (JIT), kaxJasi U3 KOTOPBIX COAEPXKHUT YYACTKH 06EHX MCXOLHBIX XPOMOCOM
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0003HaYaIOT pa3Hble HYKJIEOTH/IbI IO COAEPIKAIEMYCS B HEM OCHOBaHHIO:
A — aJleHWHOBBIH HYKNEOTHA, WK ajeHuH, I — ryaHuHossii (ryaHuH),
Il — uurosuHoBbiit (uurosun) u T — TuMuHOBHIHA (TUMHH).

HBe nenn JTHK crporo xoMmieMeHTapHbI APYT APYTY: aJeHUHOBLIH
HYKJIEOTHA OAHOH LieNH COEAUHEH BOAOPOAHBIMHU CBSI3SIMU ¢ THMHHOBBIM
HYKJIEOTHAOM APYTroil LeNH, COOTBETCTBEHHO LUTO3MHOBBIH HYKJIEOTHI
coeannen ¢ ryaHuHoBeiM (puc. 5). Ilpu yasoennn JHK (pemukaiuu
JAHK), npeamectsyioieM JeJeHUIO KJIETOK, TPOUCXOAUT CUHTE3 HOBOH
Mosexkyasl JJHK, menu koropoit komnieMeHTapHBI ABYM IEIISIM MCXO/I-
HOM MoJeKyJibl. iMeHHO 6s1arofapsi MPpUHIMIYY KOMILIEMEHTAPHOCTH HO-
BasA ¥ crapast mojekyanl JJHK a6comoTHO HACHTHYHBI.

ITopsanok pacriosioKeHus: YeThIpeX pa3HbIX HYKJEOTHAOB B MOJIEKYJIE
I HK omnpenensier mocaenoBaTeIbHOCTh aMUHOKHCJIOT BO BCex 6efkax,
o6pasylomuxcs B kjaetke. To ectb HacieacrseHHas uadopMalusa opra-
Hu3Ma 3anucana B monekynax JIHK ¢ moMomnbio Bcero yeTbipex «6yKB».
BosHukaer BOmpOC: Kak ’Ke MOXHO 3amHcaTb HMH(GOPMALHIO O BCeX
CIOXXHEHIIUX Ipoleccax, IPOUCTEKAIOIUX B OPraHU3Me, YeThIPbMS OyK-
BaMu? Oxkasanoch, MOXXHO. IIpocTo fuisg 3TOro Hajlo UCIOJIb30BATH KOIU-
poBaHHylo 3anuch. [IpuyeM npuMeHseMbIi B IPUPOJIE KO/ TAKKe OKa3aJl-

Puc. 5. Cxema otpe3ka aBynureBoit Mosekyist JHK. Azorucrsie ocopanus agenut (A),
ryaunu (I), uurosun (1) u rumun (T) coeuHeHB! BOAOPOAHON CBA3BIO C CAXAPOM J€30K-
cupu6030ii, aToMbl 3' 1 5’ Ae30KcHpH603bI coeuHerb ¢ocdarubiMu cBassmu (D), obpa-
3ys LeNnoYKH HYKJIeOTHAOB — oTjejbHble HUTH Monaekyanl JHK. Hutu coeanusorcs
Mexay co6oil BOJOPOAHbIMH CBA3SMM, KOTOPbIE YCTaHABIHBAIOTCS MEX/]Y OTAe]bHBIMM
a30THCTHIMU OCHOBaHMsIMH HuTelt. IIpu atom A Bcerpa coeaunsetca ¢ T (aBoitHoi BoJO-
poanoit casbio), a I — c 11 (tpoitHoii caabio). TakuM 06pa3oM, coueTaHHe HYKJIEOTHAOB
B HUTSIX KOMILIEMEHTApHO APYT ApYTY
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Cs HECJIOXHBIM: KaXKJ0¥M M3 ABajAllaTH aMHMHOKUCJOT, M3 KOTOPBIX IIO-
CTPOEHBI 6eJIKOBBIE MOJIEKYJIbI, COOTBETCTBYET OIPeJeJeHHOE <«CJOBO»,
cocrosiee U3 Tpex «6yKB» — HyKJeoTuaoB. Hampumep, aMHUHOKHCIOTE
JIM3MH COOTBETCTBYeT TPUILIET HyKaeoTHa0B AAL (ameHuH-afeHUH-Tya-
HUH), a aMUHOKUCJIOTe apruHud — [ITA (UMTO3HH-ryaHHH-afieHHuH). ITH
TPHUILIETHl Ha3bIBAIOT KOAOHAMU. Hec/0XHO 3aMeTUTDh, YTO TAaKOU KO —
«BBIPOK/JIEHHDBIM . BO3MOXHBIX COYETaHWH U3 TpeX <«O6yKB» HaMHOIO
6oJbiie, YeM aMUHOKHCIOT. I1o3TOMy OTAE/NbHbIE AMUHOKHCJIOTBI MOTYT
6bITb 3aKOJUPOBAHBI Pa3HBIMU «CJIOBaMH-CHHOHUMaMu» . Hanmpumep, ToT
XK€ apruHMH MOXeT ObiTh 3akomupoBaH M xomoHamu LTI, IIIT, ATA,
ATT. U3 Bcex aMMHOKHCJIOT TOJIBKO METHOHUH M TPUNTO(PAH HE HUMEIOT
«CUHOHHUMOB» . TeM He MeHee KO/ SIBJISIETCS «HelepeKPbIBAIIIUMCSI» | KO-
JIOHBI, KOAUPYIOIINe KaKy-1u60 aMHUHOKHCIIOTY, HE MOTYT CJIYXKHUTb KO-
JIOM [JJIsT APYTO¥ aMUHOKUCJIOTHI. Biaroaaps stoMy 3amuch mocjienoBa-

Ta6nanuua 1
lenetuuecxnit kox:
aMHHOKHCJIOTHI # KOJOHN (TpumaeTn Hykieoruaos MPHK),
KOTOpHE HM COOTBETCTBYIOT

AMMHOKHCJIOTH! Kononbt
Caunun I'TT, ITA, ITY, ITQQ
I'myramMuHOBass KUCAOTA AT, TAA, TAY, TAI]
Banaun I'YT, TYA, TYY, I'VI]
AaHHuH I'ar, raA, ray, I'ill
JIusun AAT, AAA,
Acnaparus AAY, AALL
MeTnonun, crapr AYT
U3zoneiinns AVA, AYY
Tpeonun AIIT, AITA, AILY, ALIIL
Tpunrtodan VIT
Hucreun Iy, ¥yI1
Tuposun YAY, YAIL
OenunnalaHuH YVyy, ¥y
Cepun YU, YIA, YIIY, VIIII, ATY, ATLL
Aprunus C|IIT, UTA, LTy, II'H, AIT, ATA
I'nyramMun AT, TIAA
Fuctuauu IHAY, DALY
Jletinun LUVYT, OYA, IIYY, LIVL, YVYI, YYA
[Iposnn IIIT, LA, Y, ITIIL
Cron-xogonnt: ¥YTA, VAT, YAA
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TEJIbHOCTY KOA0HOB B /IHK mnOJIHOCTBIO COOTBETCTBYET ITOCJIEAOBATE/Ib-
HOCTH aMMHOKHCJIOT B COOTBeTCTByIomEeM Genke (taba. 1).

Yuacrok /IHK, Ha xoTopoM 3akoxuposaHa UH(OPMALUs O KAKOM-TO
ofHOM 6esike, Ha3biBaercsa reHoM. Cpeansia anmuHa JHK, xoaupyomas
OJ{H TeH, 06bIYHO cooTBercTBYeT npubausuresbro 1000 map Hykaeotu-
noB. Ha oanoit monekyae /ITHK, kak mpaBuso, pacnosaraercs 6oJblioe
KOJINYECTBO TEHOB, a TaKXe IOCJeI0BaTeIbHOCTH, OKa3bIBAIOLIUE BJIMs-
HU€ Ha UX aKTHBHOCTh, H HEKOAUPYIOIIHE II0CTeA0BaTEIbHOCTH, POJIb KO-
TOPBIX TI0Ka HesicHA. PacreHust umeior 25— 35 ThICSAY M€HOB, y Ye€JIOBEeKa
X 0KoJjio 70 Thicssd. MOXHO ce6e npeaCcTaBUTh, Kakol 06beM uHpOpMa-
uuu 3anucas Ha JJHK. Janna JJHK oxHoll kjeTKH yeloBeka — 2 MeTpa,
a obmas anuHa /JIHK oxnoro uesoBeka MOMCTHHE aCTPOHOMUYECKAS:
npu6u3uTEAbHO 60 THICSIY MUJLIHAD/I0B KHJIOMETPOB. JTO COOTBETCTBY-
eT paccrosuuio oT 3emuau a0 Jlyubl 1 obpaTHo, yMHOXXeHHOMY Ha 800!
HecMoTps Ha 5TO, MEXaHH3M UCTIOIb30BAHUS HACJEACTBEHHOH HHDOPMa-
1M pa6oTaeT UCKIIOYUTENBHO YeTKO U IIpaKTudecku 6e3 c6oes. Kak aTo
JNOCTUTAETCSI ?

1.3. Kakum oOpasom ucnoJib3yercs HH(pOpMaIHs,
3anmucanHas B MojekyJjax JHK?

JAHK He MOXeT HENMOCpeACTBEHHO y4acTBOBaTb B CHUHTe3e GeJKOB.
OHa siByisiercsl TOJIBKO MECTOM, IZie 3armucaHa uHopMalus o HUX, 10A06-
HO JKeCTKOMY JUCKY KoMmbioTepa. CiHTe3 6eJIKOB TPOMCXOUT B ClIelHa-
JIM3UPOBAHHBIX PHOOHYKIEONPOTEMIHBIX YacTHLaX (TO eCTb COCTOSLINX
U3 PHOOHYKJIEMHOBOM KHUCJIOTbI M Gesnka), Ha3blBaeMBIX PUOGOCOMAaMHU.
st Toro 4To6BI HOCTAaBUTh MHMOPMAIIMIO U3 «XKECTKOTO JUCKA KOMIIb-
forepa> (saapa KJIETKH ¢ XpPOMOCOMaMu) K MeCTy CGOPKH 6eJIKOB, HCIIOJIb-
3yeTcsl <«AMCKETa», B KauecTBe KOTOPO# BBICTymaeT MH(OpPMalHOHHaf,
WIN MaTpuuHasi, puboHykaeunosas xucjaora (MPHK). PHK no cBoeit
npupoje oyeHb 6;m3ka K JJHK. Ito Toxe nosMep, HO UMEIOITUHU TOJIb-
KO Oy HHTb, U HYKJIEOTHAbI BMECTO caXxapa /Ze30KCUPHO03bl cogepKar
pubo3y. Hykneotuzpr, cocrasisiomue Moexy sy PHK, ananornunsl co-
nepxamumcs B mosekyaax JHK: A, T, 11, a takxxke Y — ypalnuoBbli
HYKJIEOTH/I, KOTOPBIX 630K 10 CTPYKType T — TUMUHOBOMY HYKJIEOTH-
ny AHK u kotopslii Tak ke, Kak u T, xomniementapeH A. «CnuceiBa-
Hue» uHdopManuu ¢ «xKecTKoro gucka» (JIHK) Ha «IUCKeTy» IPOHCXO-
IUT myTeM obpa3oBanus moJexkyasl MPHK, xoMniemenrapHod oqHON U3
nureit ITHK. TaxuMm o6pa3oM, nocsie0BaTeIbHOCTh HYKJIEOTH/IOB B HEU
II0JIHOCTBIO MAeHTHYHa TakoBol apyroi Hutu JJHK (puc. 6). Pasymeer-
cs1, 3Toi MHMOPMAIIUU BIIOJHE I0CTATOYHO A/ CHHTe3a OesIKka CO CTPOro
ONpezie/ieHHON TIOCIe0BaTeIbHOCTBIO aMUHOKHCIOT B COOTBETCTBUHU C
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Puc. 6. Cxema, H/UTIOCTPHPYIOLIAA MEXAHHU3M TPAHCKPUNLMH. A — afieHuH, I’ — ryaHuH,
Il — uurosun, T — tumun. @epment PHK-nonumepasa npukpemnsgercsa k JIHK B o6aac-
TH IIPOMOTOpPa, «pacieraers ABoiiHylo cnupais JHK u, nepementasicb BAOJb OLZHOH H3
HUTEH, [10CJeJOBATEJIbHO CTPOMT PAAOM C Heil KOMNJIEMEHTapHYIO €H HHTb MOJIEKYJIbI
MPHK. ITo Mepe nepeasumxenns PHK-nonumepasst pactymas uurs MPHK orxoaur ot
marpuibl ¥ gsoiiHas crmupanb JHK mosagu depmenta BoccTaHaBamBaercsa. Korza
PHK-nosumepasa foCTHrHET TEpMUHAJIBHOM nocjegoBaTeabHocTu rena, MPHK otaenser-
ca ot JHK

nocsenoBaTebHOCThIO HykaeoTunoB B JTHK. Ilponecc cuutbiBanus uH-
dopmamuu ¢ JHK na MPHK nasbiBaercs Tpanckpuniuelf, cunte3 6eka
B pu6ocoMax B COOTBETCTBUH ¢ nHGpopManuel, 3anucanHoii Ha MPHK, —
TpaHcasuueit (puc. 7).

BosnpinHCcTBO reHOB HMeeT ciaenytomee crpoenue (puc. 8). Ilepen
KaXXAbIM reHoM Ha MoJiekyJie [JHK pacnosoxena 1nocyienoBaTenbHOCTb
HyKa1eoTua0B (0Ha MOXeT ObITh AJIMHHEE Ja’Ke CAMOTO reHa), KOTopast
peryjupyer €ro aKTHBHOCTB. <«BKJIOYE€HHE — BBIKJIIOYEHHE», UHTEHCHUB-
HOCTb, Mecto (Hanmpumep, B JUCTbIX PacTeHHs Ha CBETY) W BpeMs pabo-
ThI (HanpuMep, B IEPUOJ, LIBETEHHS). ITY PETYJATOPHYIO MOCIE0BATENb-
HOCTb Ha3bIBAIOT TpoMoTopoM. Koaupyromast o6actb reHa HaYMHaAeTCs C
Tpumjaera Hyki1eotunoB ATT, KoTopblil yka3biBaeT MeCTO Hadaja CYMTHI-
Bauust uugopmaunu ¢ MPHK npu ee tpancisuuu B pu6ocomax, u 3aKaH-
yusaercs cron-kogoHoM (TAT, uan TAA, wm TTA), yKasbIBalOLIMM MECTO
okoH4aHus TpaHcasaiuu. Caeaom 3a yqacrkoM JHK, xoTopblit kogupyer
MOC/Ie0BaTeIbHOCTD AaMHHOKHUCIOT B 6esike (CO6CTBEHHO I'eH), pacloJia-
raercs Mocjae0BaTeIbHOCTD, obecneunBapomias npucoegusenne k MPHK
TaK Ha3bIBAEMOTO <«IIOJHAEHUJIOBOTO XBo¢cTa» (OMA), KOTOpBIH mpe-
noxpanger MPHK ot paspymalomero nAeiCTBUS BHYTPHUKJIETOYHBIX
(bepMeHTOB TIpU NepeMenieHUuU ee U3 AApa K pubocomaM, U IMOCIeJ0Ba-
TEJIbHOCTb HYKJIEOTHZOB, YKa3bIBAIOU[ast MECTO OKOHYAHUST TPAHCKPUITHHH.

Tpauckpumust ocymecrBaseTcst ciaefyiouuM obpasom. B obnactu
IIPOMOTOpPa HaXOJUTCA CHeLUMaNbHAsl MOCJHeN0BAaTeJbHOCTb, K KOTOPOH
IIpUCOeINHAETCS MOJIEKyJIa pepMeHTa, KaTAJU3HPYIONIero o6pa3oBaHHe
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AnTuxoaoH TPHK ceasbipaercsa
¢ xopoHoMm MPHK

Pubocoma nepemetiaeTcs
K CreayowemMy KOZoRY

3I
Pubocoma nepemetlaerca
K cneayiouemy KOROHY

Puc. 7. Cxema MexaHu3ma TpaHcasuuin. IlosicHeHMs B TeKCTe M Ha PUCYHKe
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TepMuHanoHan

H i n K30H
OHxaHcep CainaHcep POMOTOP Ok30H | UHTpOoH | Jk30 NOCNEAOBATENLHOCTL

Puc. 8. Cxema rena sykapuot. IlpoMorop, aHxaHcep, cail1ancep — peryJiaTOpHbIE NocJjIe-
noBatesbHOCTH. Koaupyromas nociefoBaTeJbHOCTh TeHa BKJIIOYAeT SK30HBI U HHTPOHBI.
WNudopmanusa, sanucannas Ha MPHK ¢ UHTPOHOB, ynansiercs B XOJle <«CO3PEBAaHHSI»
(nocrrpaHckpunuuonHoro npeo6pasosanus) MosekyJibl MPHK. TepMuHa/bHBIE IOCIEL0-
BaTeJIbHOCTH FeHa BKJIIOYAIOT KOJOHBI, KOAUpYylomue MecTo oTcoeauHenus PHK-nonume-
pa3sbl ot Mosieky.Jibl JTHK u MecTo npHcoeauHeHust Tak Ha3bIBaeMOTO IOJAH A-XBOCTa MoJie-
kysasl MPHK (cocrosiiiero ua ocTaTkoB afieHUHa)

MPHK. Hutu [IHK BpemenHo pacnieraiorcsi, 1 (pepMeHT, <«MpOXOLA»
BJOJIb Koaupyoouleit o6actu ogHoit u3 Hutet J[THK u ucrosnbsys ee B ka-
vyecTBe MaTpHubl, o6ecrieanBaeT cuHres MPHK (cm. puc. 6).

IMonyuyennass MPHK u3 siagpa nepexoauT B UTONIa3My, TAE Ha pUOO-
coMax mpoucxoauT cuHTtes 6esnxa (rpancisums) (cm. puc. 7). Ilpu atom
MPHK BricTynaer B KauecTBe MaTPHIbI, HA KOTOPOI MPOUCXOAUT cOOpPKa
L[eNY aMIHOKHUCJIOT. B 3TOoM mpotecce y4acTByIoT Takke Mojaekyasl PHK
apyroro tuna — tpancnoptasbie PHK (tPHK), KoTopbie ¢BsI3bIBaIOTCA C
aMUHOKHCJIOTaMH Tlepell BKIOYeHueM uX B Oesok. MDaktuyecku TPHK
JIOCTaBJSIIOT aMUHOKHCJOTBI K MecTy cuHTe3a 6enka. IIpudyeM kaxjao
aMUHOKUCJOTe OTBevaeT onpejenentHas TPHK, koropas ymeer y3HaBaTh
COOTBETCTBYIOLIMI CBOEl aMUHOKUCIOTe KOfoH Ha Mosekyse MPHK. 910
0Ka3aJocb BO3MOXXHbIM 6Jslarogapsi y»Ke H3BECTHOMY HaM MPHUHLIUIY
KOMILJIEMEHTapHOCTU HYKJIEHHOBBIX Kucsor. TpancnoptHas PHK umeer
M0CJIeJ0BAaTeJIbHOCTD U3 TPEX HYKJIEOTUI0B, KOMIIJIEMEHTAPHbIX KOJOHAM
ONpeIeJIEHHbIX aMHHOKUCJIOT. [[aHHble 1OC/Ie/10BaTeJIbHOCTH HA3bIBAIOT-
cq antukogoHamu. B xoze Tpancisuuun MPHK nporsrusaercs: yepes pu-
6ocoMy TakuM 06pa3oM, YTO IOCJe0BaTeIbHbIE KOJAOHBI OKA3bIBAIOTCA B
MOJIOKEHUAX, MPH KOTOPBbIX BO3MOXKHO HPUCOEJHHEHUE Orpeae/eHHON
amuHokucaoThl. CoorBeTcTByIomIUe anTuKogoHb TPHK y3natoT roTosbiit
k c6opke kozioH MPHK u x cobupaeMoii mienu 6eska no6aBiseTcst ove-
peAHass aMUHOKHUCJIOTA, KOTOpas JOJ/DKHA HAaXOJUTBCS MUMEHHO B 3TOM
MeCTe IIEITH.
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1.4. Kak kierka y3Haer, Koraa u Kakoii 6€JI0K CHHTE€3HpPOBATb
H B KaKOM KOJHYecTBe?

Hu ogHa xneTka HUKOT/a He UCITOJIb3YeT BCI0 HHPOPMALINIO, 3aKOIH-
poBanHyIo B /IHK ee xpomocoM. KieTku B opraHusMe pasaessiior CBOU
06A3aHHOCTH — OHHU CIenyaau3upoBaHbl. KieTku Mo3ra He oOpasyior
MHCYJIMH, KJIETKH [e4YeHN — CJIIOHY, a KJETKH KOXKM — KOCTU. JTO XKe
OTHOCUTCS M K pacTeHHSIM: KJETKU KOPHSI He CHHTE3MPYIOT 3eJIeHbIH
MUTMEHT XJ0poduILI, a KJAETKH JHUcTa He 00pa3yloT NbLJIbIY MU HEeKTap.
Pa6oTta reHOB, OTBETCTBEHHBIX 3a NMPOM3BOJCTBO KAKHUX-JHOO BEIIECTB,
3aBUCHUT OT BO3pacTa opraHu3Ma. MoJsoble pacteHus1 He 06pa3yioT Be-
L[eCTB, CBSI3aHHBIX C MPOLIECCOM CO3pEeBAHHUA IJIOJOB, Y HOXHUJIBIX JIIO-
Jlell, KaK PaBUJIO, HE MOTYT PAcTH HOBBIE 3y6bl. KpoMe TOrO, peryasuus
aKTUBHOCTU T€HOB TECHO CBSI3aHA C YCJOBHSIMU OKpYXKalolled cpenbl.
Hanpumep, oceHb0 M3-3a HEAOCTATKA TEIJA U COKpPAlleHUs] CBETOBOTO
JHS B IUCTBSIX J€PEBbEB IIPEKpAlaeTCss CUHTe3 XJIOpo(uiia, U OHU NIPH-
06peTaIoT JKEJTYI0 WM KPacHyI0 OKpacKy 3a CYeT COXPaHEeHUS JPYTUX
IIUFMEHTOB — KCAaHTO(UJLIOB. |

PaccMoTpuM anst npuMmepa, Kak (GYHKIIMOHUPYET T'eH, KOAUPYIOLIUH
o6pa3oBanue WHCY/MHA (TOPMOHA, PEryIMPYIOIIETO COAEPIKAHUE caxapa
B KpoBu). CrenuanbHas MOJEKYJa-<IIOCHIAbHbIN», HECYIIast CHTHAI O
HeOCTaTKe MHCYJMHA B KPOBH, HAXOJUT IIPOMOTOP TeHa, KOJAUPYIOILero
UHCYJIHH, U MPUCOEIUHSIETCS B ONPEAEJIEHHOM MecTe IIpoMOTOpa, KOTO-
pO€ OHa MOXeT pacClo3HaThb. JTO CJHYKHT CUTHAJIOM K BKJIIOYEHUIO MEXa-
Hu3Ma pabothl (skcripeccun) reHa. Korga nHCy MHA B KDOBU CTAHOBHUTCS
JOCTATOYHO, IIOCTYNAET CUTHAJ O «BBIKJIIOYEHUH» TeHa.

CenexunoHep, 3aHUMAIOIIUHCS BhIBEEHMEM HOBBIX COPTOB PacTeHUH
HJIU TIOPOJ KMBOTHBIX, MOXKET € TIOMOMIBIO TToA60pa POAHTENbCKUX (POPM
NOJy4YUTb THOPUIHOE TIOTOMCTBO, ¥ KOTOPOTO aKTUBHOCTD OT/EJIbHBIX Te-
HOB BbIIII€ UJIM HUXKE N0 CPABHEHHIO C OObIMHBIM YPOBHEM, XapaKTePHBIM
IJIsi KaKoro-au6o pacTeHUs] HJIM KMBOTHOrO. JTO MOTYT OBITH copTa
KapTodens: ¢ MOBBILIEHHBIM COAepPXKaHWEM KpaxMaJja WJIM COpTa parica,
He coJep:Kalljie B Mac/e TOKCUYHbIE BellleCTBa TUMA IPYKOBOM KUCJOTHI.
Ho cenexiuonep He MOXET 3aCTaBUTh JIUCThSI TOrO XKe parca 06pa3oBbl-
BaTb MacJo, KOTOpoe OObIYHO CUHTE3UPYETCS B CeMeHaX, XOTs B XpOMO-
COMaX KJIETOK JIUCTa CONEPXKUTCS BCA HYKHasA [t 3TOro MHQPOpMaLus.
KoneuyHo, MOXHO MONbITaTbCAd «O6MaHYTb» pacTeHHe, 3aCTaBUB €ro
JIMCTBbs1 06pa30BbIBaTh Macjo. [lJs 3Toro Heo6XOAUMO y reHa, KOAUPYIO-
1ero o6pasoBaHue Macj0, IOMEHSITh MPOMOTOP, ITOCTABUB €ro Moj Ipo-
MOTOD TOTO TeHa, KOTOPbIi (OYHKIIMOHUPYET B JUCTbAX. OAHAKO 3/€Ch
KOHYaeTCd TPaAUIUOHHAs CeJeKLHUS ¥ HAYMHAETCs] reHeTUYeCKasl MHXKe-
HEDHS.
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1.5. Yro Takoe TpaaHLHOHHAS CEJEKIHA?

B ocHOBe TpaguIMOHHOH CEJIEKLIMU JIEXKUT IIPeXKIe BCEro MOUCK OIITH-
MaJIbHOI'O COYeTaHUA B OJ(HOM OPTraHU3Me IeHOB, II0JYYeHHBIX OT Pa3HbIX
poaureabCkux ¢opM. B 3Tux uensix mpoBoAAT rubpuIu3anuio pasyiny-
HbIX COPTOB WJIU CeJEeKLUUOHHBbIX JIMHUH{ OJTHOTO BHJA, 0O0JANAKIINX Ka-
KUMH-TUG0 LeHHBIMU NpU3HaKaMy (BbICOKAS IMIPOAYKTHBHOCTD, YCTOWYH-
BOCTb K O6OJNE3HAM W BpPEAUTENAM H T.I1.). UeM Bbillle TeHETHYECKAS
M3MEHYHBOCTb BHYTPH B (IIMPOKUN BBIGODP CeIeKIUOHHO-I[EHHBIX Te-
HOB), TeM, KaK IpaBuJI0, Bbllle 3¢ ¢deKTHBHOCTD cesexiuu. Ho ectb BU-
JIbI CEJIbCKOXO3SIUCTBEHHBIX PaCTeHHI, Y KOTOPBIX eCTeCTBEHHAS BHYTDH-
BUI0BAsI N3MEHYUBOCTb HEBbICOKA (HampuMep, cBeksa). MHOrUe eHHbIe
TeHBI Y BH/JOB KYyJ/IbTYPHbBIX DACTEHUl MOIYyT OTCYTCTBOBaTh coBCeM (Hampu-
Mep, TeHbl YCTOMYMBOCTH K HEKOTOPHIM 60JIe3HsAM, BpeauTeasM). IloaTo-
MY B CeJICKLIUH IOJIYYHU/IU MIUPOKOE PAcCIpPOCTpaHEHUEe MeTOo/lbl, HAllpaB-
JIEHHbIE Ha pacCIIMPEeHUEe IeHeTHYeCKOro pa3Hoobpasus BU/JA € IIOMOLIbIO
JKCIepUMEHTAJIbHOIO MYTareHe3a WJIM OTAaJeHHoU rubpuausanuu. B
IIEPBOM CJIy4ae OPraHu3M Io/BePraeTcs AeHCTBUI0 (PAaKTOPOB, BHI3bIBAIO-
IUX pa3nuyHble HapyweHus B cTrpyktype JHK: pagunauun, o6pa6orke
XUMUYECKUMHU BellleCTBaMU, O6JAJaloOlMMH MYTareHHOW aKTHBHOCTBIO.
BospmyHCTBO MHAYIMPDOBaHHBIX TAaKUM 06Pa30M HapyLIeHWH MMeeT He-
6JIaronpusATHBIE TTOCAECTBYS AJist opranuaMa. OMHAKO OT/Ae/bHbIE MyTa-
IIUY4 MOTYT OBITH BeCbMa IOJIE3HBI C CEJEKLIMOHHON TOYKU 3PEHUS.

OraajieHHast THOPUAM3ALIUA MeX/ly KYJbTYPHBIMH PAcTeHUSIMU U POJ-
CTBEHHBIMHU OUKHUMH BHIAMH I103BOJIAE€T HE TOJBKO paClINpUTDb I'€HETHU-
4YeCKyIO U3MEHUYHUBOCTb KyJIbTYPHOIO BU/Ia, HO, YTO HauboIee BaXKHO, U IIPU-
BHECTU OTAEJbHbIE LIEHHbiE IeHbI OT JAUKOr0 BHJA, OTCYTCTBYIOL[UE Y
KyabTypHoro Bua. Ilogo6Hble ckpemuBanusi 06bIYHO SIBJISIOTCS BECbMa
CJIOHBIM JIEJIOM, TTOCKOJIBKY MEX/Y BUZAMU CYLIECTBYIOT KeCTKHE Pelnpo-
AyKTUBHBIe 6apbepbl. Hallle BCEro mblyiblia 4y>KOT0 BU/JA HEe MOXKeT pacTu
Ha IIECTUKE M OILIOAOTBOPHUTH fAiinekiaeTrky. Ecau omnoaoTBopeHue Bce
e IIPOU30IIJI0, TO CEMEHA IOJYYaloTCs HEXXU3HEeCHOCOOHBIMUM U3-3a He-
JIOPa3BUTOro 3HAoCIepMa (IUTAIIIETO 3/IEMEHTA CEMEHH ), HJIH U3 CEMEHU
Pa3BUBAIOTCS CTepUJIbHBIE, He CNOCOOHBIE (GOPMUPOBATH XKU3HECTOCOO-
Hbl€ IIOJIOBbIe KJIETKM rMOpUbl. Mexay BUIaMH CYLIECTBYIOT TAKXKe XKeCT-
Kue 6apbepbl, 3aTPYAHSIOLINE eCTeCTBEHHYI0 PEKOMOMHALMIO. DTO O3HA-
4aeT, YTO XPOMOCOMbI MEXXBHJA0BOrO ru6pHja, MOAyYeHHBbIe OT Pa3HBIX
BU/JIOB, MOTYT OTJIMYATbCA MO KoaudecTBy U romojiorud (cxonacrsy). Ot-
CYTCTBHE FOMOJIOTUY MEXAY XPOMOCOMaMU IIPUBOJIUT K TOMY, YTO OHHU He
CITOCOOHBI COMUKATBCSA U OOMEHUBATHCS OT/AEAbHBIMY ydacTKamu (a ciie-
JOBaTeJNbHO, U OT/€JbHBIMHU T€HAMU) B TIpollecce 06pa30BaHuUs T0JOBBIX
KJIeTOK. B pesysibraTe cTaHOBUTCS HEBO3MO>XHBIM TEPEHOC HYXXKHBIX re-
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HOB OT JUKOIO BH/JA B reHeTHYeCKUI MaTepuas KyabpTypHoro Buza. Ilos-
TOMY OTJaJIeHHAsi THODUAM3ALHS MOXET OBITh 3¢h¢peKTHBHA TOIbKO B TOM
Cay4ae, KOTa CKPeNIMBAIOTCs OTHOCUTEIbHO OJH3KHe B 9BOTIOLIMOHHOM
OTHOLIEHUM BH/IBI.

IIpo6sieMa OTCYTCTBHA PEKOMOHHAIIMM Yy OTAAJeHHBIX TMOPUIOB MO-
XeT ObIThb pellleHa MOCPEACTBOM YABOEHUS Y HUX KOJIMYECTBA XPOMOCOM.
B stom caydae kaxxgast XxpoMocoMa NOJAy4uT cebe napy, ¥ npoiecc o6pa-
30BaHUS MOJIOBBIX KJIETOK OyeT IPOTEKaTh HOPMaibHO. Takue THOpUABI,
06 beJUHSIOUIME B CBOEM reHome noHble (T.e. [BoiHbIE) HaGOPbI XPOMO-
COM pa3HbIX BHAOB (MX Ha3HIBAIOT aM(PUAMIUIOWAAMH), BeCbMa IIHPOKO
pacunpocrpaHeHbl B npupozae. Hanbosiee n3BecTHbIE U3 HUX — IIIIEHMIIA,
cauBa. CesekuMoHep, 3ayMaBIINi NOMYYUTh aMPUANILIION] C yYacTHEM
KYJIbTYDHOrO ¥ JUKOTO BUAQ, JOJKEH YYHUTHIBATH, YTO Y 3TOTO rH6puia
TIOMHMO CeJIEKIIHOHHO-L{eHHBIX T'eHOB AHKOro BuAa 6yAeT IPHCYTCTBO-
BaTh M NOJIHBIN HAa6Op HeXKeJlaTeIbHBIX «IUKAPCKUX» reHoB. M36aBuThes
OT HMX MOJKHO TOJIBKO IIyTeéM BO3BPAaTHHIX CKPEIMMBAHHH C KyJbTYPHLIM
BH/JIOM, B XOA€ KOTOPBIX '€HOM JAMKOTO BH/JA 3aMeINAeTCS KYJbTyPHBIM U
JUIIb OTAeJIbHbIE LIeHHbIe IeHbl AUKOrO BHAA COXPaHSIIOTCA Giaropapst
cenexuuu. OfHAKO 3Ta npoleaypa MoxeT 6bITh 3P (EeKTHBHOU TOJBKO B
CJAy4ae OTHOCHUTE/NBHO BBICOKOH IOMOJIOTHH XPOMOCOM CKpeIlMBaeMbIX
BHIOB (TO eCTh OHU AOJIXKHBI GBITH OTHOCHMTEJIHHO GIH3KOPOACTBEHHDI-
mu). Kpyr 3aMknyncs. He cayvaiino n0sToMy eIMHCTBEHHBIM aMbUANTI-
JIOUJOM, IPEACTABJSIONIUM CeJIEKIMOHHYIO IeHHOCTDb H3 YUCJa [I0JIy4eH-
HbIX HCKYCCTBEHHO, OCTAeTCsi TPUTHKANIe — THOPHI MEXAY JABYMSI KyJIb-
TYPHBIMU BHAAMM. MIIEHHUEH U POXKbIO.

Kak BuauM, TpaAMUMOHHAs CeJeKIUS MMeEET LeJbld psg orpaHuye-
HUH, He NO3BOJAMUX 3PPeKTUBHO MCIO0Ab30BaTh Bce MHOroo6Gpasue
TeHOB, CylecTByiomee B nipupoge. [eHeTnueckass MHKeHepUsl JaeT BO3-
MO>KHOCTDb B 3HAYUTEIbHOM Mepe 060iTH BCe eCTeCTBEHHbIE MEYKBU/[OBbIE
pPenpoAyKTHBHBIE M PeKOMOHHAUMOHHBIE 6aphepbl. OHa MO3BOJISET Olle-
pupoBath (KOMGUHUDPOBATH, IIEPEHOCUTD OT OJHOTO BHJa K APYTOMY) JIKO-
ObIMM TeHaMM, IPUHA/JIEXKAIIUMH COBEPIIEHHO He DPOJICTBEHHBIM Opra-
HM3MaM MJM Jla)ke CHHTE3MPOBAHHBIMU MCKyccTBeHHO. Bce 3TO crajo
BO3MOXHBIM 6J1arofilapsi BBIAAIONAMCS HOCTHXKEHUSM B M3YYEHUH 3aKO-
HOB HaCJeJCTBEHHOCTH, CPE/U KOTODHIX Ha IEPBOM MECTe CTOMT OTKPHI-
THE YHUBEPCATbHOCTY NOCTPOEHUSA H (PYHKIIMOHUPOBAHUS reHETHYECKOTO
MaTepHaJla XUBbIX OPTaHMU3MOB Ha IlJJaHeTe 3eMJIA.

1.6. Uro Takoe reHeTHYeCKass HHXKEHEPHA?

Cy1uecTtByer MHOro onpeesienuit reHeTuyeckoil uHxenepuu. [lo Mue-
HHUIO aBTOpPa, CyThb 3TOH HOBOM TEXHOJOTHMHM MOXKHO BBIPA3UTh CIELYIONIUM
o6pasoM. I'eHeTHUecKass MHXKEHePUS — HTO TEXHOJOTHS IOJy4YEHHUS HO-
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BbIX KOMOMHalMHl reHeTHYeCKOro MarepHaja IyTeM IIPOBOJUMBIX BHeE
KJIETKU MaHUIYJISIIME ¢ MOJIEKYJIaMy HYKJIEMHOBBIX KHMCJIOT M IepeHoca
CO3JaHHBIX KOHCTPYKIUI reHOB B XKUBOH OpraHU3M, B pe3yJIbTaTe KOTO-
POro JOCTUraeTCs UX BKJIIOUeHUE M AKTUBHOCTD B 3TOM OPTaHHU3ME H Y €ro
IIOTOMCTBa.

I[lepBblit 3Tal CO3/1aHUA F€HHO-UHXKEHEPHBIX OPraHU3MOB — BBLAEJICHUE
M uaeHTH(PHUKAUUA OTAEJbHBIX FeHOB (COOTBETCTBYIOIHUX (parMeHTOB
JOHK umu PHK), xoropbie coGupaloTCs NIEPEHECTH APYTHM OpPraHu3MaM.
Jlns 3TOrO M3 OpPraHM3MOB, 00JaJaOIUX TAaKUMU FeHaMH, C ITOMOIIbIO
CHeIMaJbHbIX XUMHYECKHUX METOAOB BBIJIEJSAIOT HYKJeUHOBbIe KUCJIOTHI H
pa3pe3aloT UX Ha OTJe/bHbie (parMeHTHI, HCIIOIb3ys HA6Opbl (pepMeH-
TOB — pecrpukras. [lepBbie pectpukra3nl Beigeausa B 1970 rony I'.Cmur
(CIIA). Oka3sanoch, YTO PasHble PECTPUKTA3bI CIIOCOGHBI IPOM3BOUTH
pa3pbiBel MoJiekysel [JHK B cTporo onpejeseHHBbIX MOCJIeA0BAaTEIbHOC-
TsIX HyKJeotunos (u3 4 —6 map). HauGosblee 3HaYeH1Ee UMeJIO BBIzieIe-
HUe PeCTpHUKTa3, KOTOpble JAloT ()parMeHTHl C TAK HAa3bIBAEMBIMH <«JIMII-
kumu» (KOMILJIEMEHTADHBIMM) KOHIIaMM. B ciy4ae MX HCIIOJb30BaHUSA
paspeiBbl JHK npoucxoasit B MecTax, pacHoJIOKEHHBIX HAUCKOCh: Ha
KOHIIaX KaXKJOTO U3 TMOJYyYEeHHbIX (DParMeHTOB OCTAIOTCA KOPOTKHE OJHO-
IEI0YEYHbIE «XBOCTBI» U3 HECKOJBKHMX HyKJeoTHaoB (tabu. 2).

Ta6auuwa 2

HykeoTHAHBE NOCTEJ0BATEAbHOCTH, PAcNoO3HaBaeMbie HEKOTOPbIMH
dbepmenTamu pecTpHKIHH, U XapakTep noaydaemnx kouios JJHK

Pecrpukrasa Caiit y3HaBaHus XapakTep mosnyvaemeix kouunos JHK

EcoRI TVA-A-T-T-1 «Jlunkue» KoHuUBI ¢ 3’ -¢docdaTHol rpynnoH
II-T-T-A-A4T

BamHI T{T-A-T-1I-11 «JIunkue» koHUB! ¢ 5’ -PocdartHoit rpynnoii
[-II-T-A-T'1T

Pstl I-T-T-I[-AlT «Jlunxue» koHup! ¢ 3’ -ocdaTHoit rpynnoi
TtA-I-T-T-I0

Sau3Al IT-A-T-I1 «Jlunkue» koHUBI ¢ 3 -docaTHoM rpynmont

O-T-A-T?

Notl T4 U-T-T-1-1-T-11 «JIunkue» KoHuUB! ¢ 3 -docdaTHol rpynmoi
I-T-I-ICT-T-I04 T

Poull I-A-TVI-T-T «Tymnbie» KOHIIBE
I-T-II4T-A-I0

Hpal [-T-TYA-A-IT «Tynpie» KOHUBI
II-A-AtT-T-T

Haelll r-TVI-1T «Tynble» KOHIBI

IL-IT$I-T°
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Ecau o6benunnTts B ogHOM npobupke ¢gparmentsl JJHK mo6oro mpo-
HCXO0X/EHHUSI, TTOJyUeHHbIe C MOMOUIbIO OJHOH M TOH >Ke peCcCTpHUKTa3bl,
JaloIled «JUNKWe KOHUbI», U X00aButh pepment JHK-nurasy, To atn
dparMeHThbl CoeIUHSITCS MeXIy co6oit. B pe3ysbTaTe MOIyYUTCS XHUMep-
Hast (pekom6unanrHas) JIHK, xoropas MoxeT comepkaTb (pparMeHThI
JUHK, BbigenenHble U3 caMbIX Pas3HbIX MCTOYHMKOB MJIM CHMHTE3HMPOBaH-
Hble MCKyccTBeHHO. OnHcaHHasA MeTOAMKa MOJIY4YHJIa Ha3BaHUE «TeXHO-
jgorust pekoM6uHauTHeix JHK»>. Ee mo npaBy cuuTaoT LieHTpaJbHBIM
3BEHOM reHeTH4ecKoN mHKeHepuH. I103TOMYy MOXKHO CKa3aTb, YTO rOJOM
POXIeHusl TeHeTUYecKod MHxKeHepuu sABjsierca 1972 r., xorna nossu-
Jlach TepBad My6auKanua coTpyIHHKOB Jaboparopun I1.Bepra (CILIA),
B KOTOPOIf cO06INANOCh 0 NOJyYeHHuH KosbleBoi Mosnekyabl [JHK Bupy-
ca SV40, comepsxameit rennsl ¢ara nmambaa (dparu — 310 BHPYyCHI GakTe-
puii) ¥ rajgakrosubiii onepon (Ha6op TeHOB, OTBETCTBEHHBIX 3a PaCIHIENn-
JIEHHE MOJIOYHOTO caxapa J1aKTo3bl) 6akrepun Escherichia coli (E.coli).

B 1973 roay nonyyena nepBas ¢pyHKUIMOHAJIbHO aKTHBHAS MOJIEKY.JIa
pexom6unantroii JJHK. T.Boitep u C.Koan (CIIIA) cyMesnn «IIPUIIHTD»
K miasmuge E.coli ¢parment JHK naasmuzgs! apyroit 6akrepun u o6Ha-
PY>KHMJ/IM, 4TO TaKasd XHMepHas IJIa3MHU/ia MOTJia yCIlelHo (PyHKIHOHHUPO-
BaTh B KJeTKax E.coli, paaMHOXKaThCs ¥ NepeaBaTbCs IPYTUM KJeTKaM
KaK eCTeCTBEHHBIM IyTeM, TaK M C IIOMOIIbIO 4YesjoBeKka. JTO 03HAYAJO,
YTO TakUM 06pa3soM MOXKHO MOJIYYaTh MHOTOYMCJEHHbIE KOMMH JIOOGBIX
TeHOB, TO €CTb KJIOHUPOBAaTh reHbl, HapabaTbIiBaTh TpeGyeMble AJ1s1 NOCIe-
AYIOIMX MaHUIYJ/ALUNA 060beMbl TeHETHYECKOro MaTepuasa. B reneruyec-
KOH MH)XEHEePUHU B HACTOsAIlee BPeMs MCIOJb3YIOT Pa3MYyHble MUKPOOD-
TaHU3Mbl JJIg KJIOHMDOBAaHMA TEeHOB, HO 4Yallle BCero A/ 3TON lesH
IIPHBJIEKAIOT XOPOII0 U3y4YeHHYI0 OaKTepHI0 MUIleBapUTEIbHOTO TPaKTa
yenoBeka — E.coli.

C noMomutbio Ha60pa pasHbIX PECTPUKTA3 MOJIYYaldT MHOTHE THICSIYH
¢dparmenroB JHK, cozepxxammx cambrie pasnHoo6pasHble renbl. Kakum
06pa3oM B 3TO# cMecH HAWTH U BbIAEIUTb OJMH-€AHNHCTBEHHBIH, KOTOPBIH
KOJUPYeT HY>KHbIH HaM ren? IJTO OAMH U3 HauboJiee CJIOXHBIX H AOPO-
TOCTOSIIIMX ITANOB reHeTHYEeCKOH MHXKeHepuHu. /s peleHUs MpobjeMbl
nAeHTHdHUKANN TeHOB pa3pab0TaHbl U YCHEIHO NPHUMEHSIOTCS MHOTHe
MeToAbl. OCTaHABIMBATLCA HA UX ONMUCAHUM B PaMKaX Hay4YHO-TIOMYJISIP-
HOTO U3/1aHUs He NPeJCTaBJIsAeTCs 11eeCo006pa3sHeIM. JaMevy TOJIbKO, YTO
B OCHOB€ OOJIBIINHCTBA U3 HUX JIEXKUT XOPOLIO U3BECTHBIN HaM IPUHIUI
KOMIJIeMeHTapHOCTH HyKJeotH 0B JJHK.

YyeHble Hay4YHJIUCh He TOJBKO BHIJAENAATb M KJIOHUPOBATb HYIKHbIE
TeHBl, HO H BCECTODOHHE MX U3y4aTb: ONpeeJsiTh I0CJIe[0BATeIbHOCTH
HyKJ/1eoTHA0B B MosiekyJe JJTHK u amuHokucsnor B 6eske, KOTOPHIH KOAU-
pyeT reH, MeXaHU3M peryJisiliUd ero akKTHBHOCTH. Bce 3TO mo3BOIMIO
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YCIELIHO OCYINECTBJIATh CAEAYIOMIUI 3Tan CO3/JaHNs TeHHO-HHXXeHEePHBIX
OPraHM3MOB: MOCTPOEHNE KOHCTPYKIUH TeHOB, KOTOPBIE NIPEAIIOIaraeTcs
NepeHecTH B TeHOM PEelMITHEHTHOro opranu3Ma (10 onpeieseHHIo TeHe-
THYECKON MHXXEHEepUH — <«IIO0JydYeHUe HOBBIX KOMOMHAI[HI reHeTUYeCcKo-
ro MaTepuaJa myTeM IIPOBOAUMBIX BHE KJIETKH MAHUIIYJSILUN C MOJEKY-
JIAMJ HYKJIEMHOBBIX KHCJIOT» ). 3/€Ch He CIy4yaiitHo peub HAET O TePeHoce
HE OT/IeJIbHBIX T€HOB, a FTeHeTUYeCKUX KOHCTPYKIIHH, COCTOALIMX U3 He-
CKOJIbKUX TFeHEeTHYeCKUX 3JIEMEHTOB: [€HOB U PeryJSTOPHbIX MOocjel0Ba-
TeJbHOCTeH. Kak npaBuio, KOHCTPYKUMM cOOUPAOT Ha OCHOBeE OIpeje-
JIEHHBIX I171a3MHU/], K KOTOPBIM «IIPHIIUBAIOT» B HY>KHOH MOCJIeAOBATE b~
HOCTH HeO0OXOJMMbIe TeHeTUYECKUE 3JIeMEHTHI.

Kak ormeyasioch BbIllle, KOKABINA I'eH UMeeT CA0XKHYIO CHCTeMy pery -
LMY CBOEH aKTUBHOCTH, B OTCYTCTBHE KOTOPOH OH IIPOCTO He 6y AeT QyHK-
1uoHupoBath. ToabKO A TpaHcKpumuuHu rena (o6pasosanus MPHK)
00s13aTeJIbHO HAIW4YMe, HOMHMO KOAUPYIONeH 06/1acTH, TaKke IIPOMOTOpa,
MocJefoBaTeIbHOCTH, obecneyuBaionieil npucoegunenne k MPHK mosu
A-XBoCcTa, ¥ MOCJeAOBAaTeJbHOCTH, YKasbIBaloOUlell MeCTO OKOHYaHUS
TpaHCKpUnuuu. B npuaady K aTUM 00s513aTeTbHBIM 3JIEMEHTaM TeHeTHYec-
KH€ KOHCTPYKIUHM MOTYT COAEPXAaTbhb TAaKXe€ PeryJsTOPHble 3JIeMeHTHI,
onpefessIollie MeCTO W BpeMAd aKTUBHOCTH II€DEHOCHMOTrO TeHa
(tpancrena), apyrue reubl (C COOTBETCTBYIOLIMMM TeHETHYECKHMH 9JI€-
MEHTaMHU ), HAaIPUMEDP TaK Ha3blBaeMble CeJeKTUBHbIE T€HbI, C MOMOIIbIO
KOTODBIX BBLIEAAIOT TPaHCOPMHUPOBAaHHbBIE KJIETKU PelUIIeHTHOro opra-
au3Ma (kjetkd, B JTHK KOTOpBIX MPOM30IILI0 BCTpaMBaHHe TpaHCreHa)
cpeay npeobafaonied MacChl HeTpaHC(OPMUPOBAHHBIX KJIETOK.

Taxue reHeTuyeckue KOHCTPYKIMU «cobupaior» u3 ¢pparmentos JHK,
KOTOpbIE€ MOTYT NIPUHAJAJIEXKATh COBEPLUIEHHO Pa3HbIM OPFaHM3MaM, OTHO-
CANIMMCS K BecbMa OT/JAJIeHHbIM CHCTEMaTHYeCKHUM IPYIINaM, U Jaxe C
yuacteM ¢parmentoB [JHK, cunresnpoBannbix uckyccreenHo. Hanpu-
Mep, B IIa3Mu/Jy nouyBeHHOUW Oaktepuu Agrobacterium tumefaciens
(A. tumefaciens) scrpausaior res, BbigeneHnniii U3 JTHK poi6ot (red xo-
JOJOYCTOMYUBOCTH OT KaMOaJIbl), IIPOMOTOD Y 3TOrO 'eHa — OT BUpPYyCa
MO3auKK IBETHON KaIlyCThbl, NOCJIeI0BaTeJIbHOCTH IPHUCOEJUHEHHS TI0-
JTUA-XBOCTa U OKOHYAHHUS TPAHCKPUNIUMH (TePMHMHAJbHBIE I1OC/IEI0BA-
TeJIbHOCTH) — OT A.tumefaciens, CeJIeKTUBHBIN reH YCTOHYHBOCTH K Ka-
HaMULMHY — M3 TPaHCo30Ha (MMOABKHbIA reHeTHdecKuii ajeMent) E. coli,
IIPOMOTOP ¥ TePMHUHAJbHbIE IOCJIe0BATEIbHOCTH Y 3TOTO reHa Te JKe, YTO
H Y TeHa X0J100ycToiunBoCcTH. Ul Bea aTa reHeTHyecKast KOHCTPYKIMS Mpes-
Ha3HaueHa [JIs [IepeHOCa B PACTUTEIbHBIH OpPraHU3M.

Bri6op nmpomoTopa npH CO3ZaHUU TPAHCTEHHBIX KOHCTPYKIIMHA UMeeT
oco6oe 3Hayenye. CymecTByeT o61asi 3aKOHOMEPHOCTD: HPOKapHOTHYEC-
KHME IIPOMOTOPBI MOryT 06eCHeYHTb AKTHBHOCTb JIOGOT0 reHa, B TOM



26 - TJIABA IIEPBAS

YHCJIE ¥ 9YKAPUOTHYECKOTO, TOJBKO B POKAPHOTHYECKOM opraHuame (y
6akTepuii, CHHe-3eJeHbIX BOAOpOC/ei). B aykapuoTuueckoM opraHusme
MOeT (PYHKIIMOHUPOBATb TOJBKO T'eH, HMEIOUINi 3yKapHOTHYeCKHH 1Ipo-
MoTtop. IToaToMy npH nepeHoce reHOB OT OAHOrO BUJa PacTeHUH K Apyro-
My MOJXHO MCIHOJIb30BaTb reHbl C UX COOCTBEHHbIMH IpoMoTopamu. Ho
€CJI1 B pacTeHHe NepeHOCUTCST OaKTepUaJIbHBIN I'eH, TO IPOMOTOD Y HETO
JoJI)KeH ObIThb 3aMeHeH Ha pacTUTeJbHbIH. B nmocienHeMm ciaydae 4acTo
UCTIO/Ib3YIOT TIPOMOTOPHI OT PaCTUTENbHBIX BUPYCOB. BUpychl no cBoei
NPHPOJe — CYLecTBa HCKJIOYUTEIbHO aKTUBHble, HUYTO MM IMpakTu-
4eCKM HMYTO He MOXKET MX OCTAHOBMTDb IOCJE TOTO, KaK OHM HalllJIA CBOIO
xkeptBy (x03suna). [Tomas B KJeTKy xoasuHa, BupycHast JIHK unren-
CHBHO Pa3MHOXXaeTCsl M, UCIOAb3Ysl «CTPOUTEbHBIA MaTepHaJ U TeXHU-
Ky» (pHGOCOMBI M MOJIEKYJIbI, HEOGXOAUMbIE AJISI TPAHC/SLUHAM) KIETKH
X0351MHA, aKTUBHO BOCIPOHU3BOAMT cebe MoJ00HBIX. JDTO MPOUCXOAUT B
CHJTY TOTO, YTO B ITPOLiECCE 3BOJIOUHU BUPYCHI MOJYYUIH OY€Hb CHJIbHbIE
IIPOMOTOPBI, CIOCOGHBIe PYHKITMOHUPOBATD B JIIOOOM reéHETUYECKOM OKDY-
KeHHMM. /{115 reHeTHYeCKOH MHKeHepUM TaKoe CBOMCTBO BUPYCHBIX IIPO-
MOTOPOB O4YeHb 1I€HHO, OCKOJbKY ObeclieuuBaeT akTUBHY0 pabory npu-
BHECEHHOTO B OpraHmaM TpaHcresa. IIpaBna, peryaupoBaTb aKTHBHOCTD
TaKOTO TeHa O4YeHb CJIOXKHO: OH pab0oTaeT MOCTOSIHHO M C OAMHAKOBOH
HHTEHCHBHOCTbIO. BO MHOTHUX c/ly4adx 3TO Kak pa3 To, 4TO U Tpedyercs.
Ecmu uccreposarenb craBut 6oJiee cJI0KHbIE 33/1a4H B MIJIaHe pPeryJMpo-
BaHMsS aKTUBHOCTH TPAHCTEHOB, TO B €r0 PacMOpsDKEHUM MMeeTcs B Ha-
CTosiIIee BPeMs JOCTAaTOYHO HIMPOKUN BbIOGOP NPOMOTOPOB U JPYTUX pe-
I'YJISTOPHBIX 3/IeMEHTOB, KOMOMHMPOBaHUE KOTOPBIX MO3BOJISIET JOCTUYD
6oJiee TOHKOH peryjsiMu aKTHBHOCTH TPAaHCT€HOB B NpocTpaHcTBe (B
OIpeseNeHHbIX TKAHAX PAacTeHHs) U BpeMeHH (B Olpene/eHHbIN MepHO
PasBUTHS).

Crenylomuit 3taln cO3/aHusl TeHeTW4ecKu MOAUPUIUPOBAHHBIX Opra-
HU3MOB — II€peHOC TPAHCTE€HHBIX KOHCTPYKIMI BHYTPDb KJIETKH M BCTpau-
Banye ux B [JHK peuumnuentHoro opranusmMa.

Tyt Hapo MMeTh B BUAY, UTO CYLIECTBYIOT OPraHH3Mbl OJHOKJ/JIETOYHbIE
W MHOTOKJIETOYHble. B mepBoM ciyyae Bce mpOCTO: MMEIOTCS XOPOIIO
oTpaGoTaHHBIE MeTOJAbl BBeJeHHs peKoM6uHaHTHbIX MoJiekya /HK B
KJIETKH MUKPOOPraHu3MoB. Ecay ckoHCTpyHpOBaHHas ILJIa3MIZA CII0CO6-
Ha K CaMOBOCIIPOM3Be/JeHUIO, TO OHAa OyAeT pa3MHOKAaTbCSI BHYTPH KJIET-
KU. B cBo0O oyepenb caMU KJIETKH PELIMITUEHTHOrO OPraHu3Ma GbICTPO
JeJIATCSI BMeCTe ¢ IPUBHECEHHBIMU B HUX NJIasMHUAaMu. Tak ocyuecTsJis-
eTcs KJIOHHPOBaHUE T€HOB B MUKpoopraHusMax. Ecau ctouT 3agaya ro-
JIYYUTb T€HHO-UH)XEHEePHDbIH MUKPOOPraHu3M, TO JOOUBAIOTCS, YTOOBI IPU-
BHECEHHAsl B KJIETKY reHeTHYecKast KOHCTPYKIIUSA BKJIOYHIACh (yCTOWYH-
BO MHTErPUPOBA/IACh) B XPOMOCOMY PELIUITMEHTHOTO OPraHMU3Ma.
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151 osy4eHus: reHeTUdecKu MOANMUIIIPOBAHHBIX MHOTOKJ/JIETOYHbBIX
OpraHu3MoB NoHa4aay TpaHcopMupyioT (To ecTb BBOAAT HY’KHBIIA reH)
JIUIIBb OT/EeJbHbIE KJIETKH, U3 KOTOPBHIX 3aTe€M BOCCTAHABJMBAIOT IIEJIBIA
opranuaMm. [IoHATHO, YTO BOCCTAHOBUTb OPTaHU3M U3 OT/EJbHOH KJIETKH —
He mpocras 3agavya. OHAKO ydyeHble HAyYUJIUCh JeJaTh 3T0. Tak, AJd
TMOJyYeHHs] TPAHCTEHHBIX JKUBOTHBIX (HANpuMep, MJEKOMHUTAIOMUX —
MblIiei, KPOJIMKOB, OBEll, KOPOB M T.[.) Yalle BCEro MCIOJb3yIOT OILIO-
OOTBOPEHHBIE SHIEKJIETKH, B KOTOPble C NMOMOUIbI0 MUKPOMAaHUIIYJIATO-
poB BpsIcKuBAIOT nipernaparbl JHK. 3areM UMIIaHTHDPYIOT SHIEKTETKH
B MAaTKM CyppOTraTHBbIX MaTrepeH, IJe U3 HUX pa3BUBaercd ILJIOJ M 3aTeM
POKZAIOTCS MBIIIATa, KPOJAbYyaTa, sITHATA U T.A., YaCTb U3 KOTOPHIX MO-
’KeT CO/lepKaTh B CBOEM reHeTHYeCKOM MarepHraJie IpUBHECEHHBIE TEHBI.

B otHomenum pacreHuil cUTyalMs, ¢ OAHOH CTODOHBI, CIOXHEE, C
npyroit — npoute. CioxxHee — MOTOMY YTO KaXAas PaCTUTENbHAA KJIET-
K& OKPY>XeHa IUTOTHOM IeJITI0JI03HOM 000I0YKOi, YTO cO3/1aeT IPO6IeMbI
c BBeZeHueM B kJeTKy uyxepoasoit [[HK. IIpome — noToMy 4TO B OT/IH-
Yyyle OT >KUBOTHBIX GOJIBIIMHCTBO PACTUTENbHBIX KJIETOK TOTHIIOTEHTHBI,
TO €CTb M3 HUX MOYKHO BOCCTaHOBUTD Iiejioe pacTeHue (y XKUBOTHBIX 3TUM
CBOMCTBOM 00JIafAI0T TOJBKO OMNJIOJOTBOPEHHBIE AULIEKJIETKH U KJETKH
3apO/bIIA HA CAMBIX PAaHHMX CTaausax passutus). K roMmy ke aist pactu-
TEJIbHBIX KJIeTOK pa3paboransl 3¢hHeKTUBHbIE METOIbI UX KyJIbTHBHPOBA-
HUSI BHE OPraHM3Ma Ha CIlellHaJIbHBIX MUTATeJbHBIX CpeAax, a TaKxKe
METO/(bl HHAYKIIMM y HUX nporieccoB Mopdoreresa (¢ noMoupio ¢uro-
rOPMOHOB, U3MEHEHHS YCJIOBHH KyJbTHBHDOBAHHS), B Pe3yJbTaTe 4ero
INOCTHTaeTCsl pereHepanus U3 KJIEeTOK mebix pactenuil (puc. 9).

[Ipo6reMa BBejeHus B pACTUTENbHYIO KJeTKy uyXepoanoir [JHK
TaKXe B NpUHHHTIE penleHa. Vcmosb3yooTcs /Ba OCHOBHBIX NOAXOAA.
[lepBbiit U3 HUX — arpo6akrepuaabHass TpaHCopManus. IJTO CJAErKa
MOAU(UIMPOBaHHbIH €CTECTBEHHBI ITPOLECC TOPU3OHTAIBHOrO (TO €CTh
MeX/ly OTJAJICHHbIMH B CHUCTEMATHYEeCKOM OTHOLIEHUU TPyIIIaMH opra-
HU3MOB) IIepeHoca reHoB 0T 6aKTepuil B pacTeHusi. B npupose cymecrsy-
eT 60JIpLIAsA TPYINA NOYBEHHBIX OaKTepuit u3 pona Agrobacterium. OHu
MOTYT BBI3bIBATh y PacTeHHWi 60/J€3HH THIA paka — KOPOHYATBHIA ral
(onyxo041b) uau «60poarbie KOPHHU» . BBISCHEHO, YTO C TIOMOLIBIO CIIEIH-
aJbHOTO MeXaHn3Ma 6aKTepuH IepealoT B reHeTUYeCKU MaTepuaJl pac-
TeHui HeGonbmol ¢parment cBoeit [JTHK, copepskamuii reHni, akTUB-
HOCTb KOTOPBIX NPUBOAUT K 06pa30BaHUIO Y PACTEHUI OIIyXOJIH UJIH MHO-
TOYUCJAEHHBIX KOpHel. B HUX CUHTe3UpyIOTCd BellecTBa — OIHUHBI,
SABJSIOLUECS MUTAaTeNbHbIM CYOCTPATOM UCKJIIOUUTELHO A5 arpofaKTe-
puil. Ydenble mpocTo BbIpe3anu u3 nepeHocumoro ¢parmenra [HK
6axTepuaJbHble F€HbI, BBI3BIBAIOINNE 60JIE3HD, U 3aMEHUIH X HY KHBIMH
UM I'€HaMU C COOTBETCTBYIOUIUMH DeTyJISITOPHBIMU 3JeMeHTaMHu. Arpo-
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Puc. 9. KyabpTypa nblIbHHKOB KapTodens in vitro. A — IpH KyJAbTUBUPOBAHUM TIbIIBHY-
KoB KapTodesd Ha CNeHHaJbHOH IHTaTe/IbHOH Cpefe OTAesbHble KJETKH MHKPOCIOP
(He3pesible MbLIbLEBBIE 3€pHA) NEPEXOMAT K WHTEHCHBHOMY [€JEHHIO: 06pasyeTcsi Kajl-
Jioc. b — u3 Kajnoca MOXKHO MHAYIMPOBaTh MopdoreHe3 — o6pa3oBaHHe cTe6eBbIX MMO-
4ex. B — B KoOHIe KOHIIOB U3 No4ek o6pa3yercst pacTeHHe Kaprodens (¢ KOpHSAMH, CTe6-
JieM W JUCTbSAMH), KOTOPOE MOXKHO MepecajuTh U3 NPOOHPKU B TMOYBY
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6axTepuu 3aTeM y6HUBAIOT C IIOMOIIbIO AHTUGHOTUKOB, a U3 TPaHC(OPMU-
POBAHHBIX KJIETOK BOCCTAHABJHBAIOT 1i€JI0€ PACTEHHE.

K coxanenuro, Metoa arpo6akTepraabHON TpaHC(OPMAIUU 0Ka3aJ/ICs
HeI0CTaTOYHO 3¢ eKTUBHBIM 415 GOJIBIIMHCTBA O/{HOAOJIbHBIX pPacTeHUH
(x/1e6HBIX 31aKOB, KyKypy3bl, JUJIeHHBIX ¥ Apyrux). IloaTomMy A/ BBe-
nenus ayxepoaHoit JIHK B keTku Takux pacTeHU daille BCEro UCIHOJIb-
3yIOT Apyroi MeTtog — 60oMOapAUpPOBKY KJIETOK MHKDOCKOIIMYECKHUMH
YaCcTHLIAMU U3 30JI0TA WJIH BOJIb(paMa, Ha MTOBEPXHOCTh KOTOPBIX HaHe-
ceHa /IHK.

IIpouecc nepeHoca M BKJIOYEHUS B TeHeTHYECKHH MaTepHaJ KJETOK
pacrenuit uyxepoanoit [JHK mpoucxoaut B obieM ¢ He6OIbILOH YacTo-
TOM: B JiyullleM cJy4yae TpaHCHOPMUPOBAHHON OKa3bIBaeTCSA O/[HA KJIeTKa
Ha Tbicsyy. [ToaToMy Heo6XO0aAWMO KAaKUM-TO 06pa3soM OTAEeNUTb TaKue
KJIETKM OT OCTAJIbHBIX, CO3/IaTh JIJIT UX JeJIeHUs! U JaJbHEHIIero pa3Bu-
THS HauboJsiee 6JIAaroNpUsiTHbIE YCAOBUA. B 3THX IeJIX BMeECTe C XKeJlae-
MBIM reHoM (HalpuMep, YCTOHYMBOCTH K HACEKOMBIM-BDEUTEJNSAM, BUPY-
caM, repOULIMAAM) BBOJAT M BTOPOM, TAK Ha3bIBae€MblIli CE/IEKTUBHBII reH.
Yaie BCEro /IS 3TOr0 WCHOJB3YIOT T'eHbl YCTOWYMBOCTH K aHTHOMOTH-
xaM. Ecan nocse BBenenus gyxepoznsoit JJTHK noMecTuTb KiIeTKH Ha ITH-
TATEJIBHYIO CpPefy C aHTUOMOTHKOM, TO Ha Hel CIOCOOHBI GYyAYyT pacTH
TOJIbKO TPaHC(OPMUPOBAHHBIE KJIETKH.

O6b14HO B reHeTHYECKUH MaTepuaJs KJIeTOK pacTeHU! BKJIIOYAETCA O/~
HA UJIY JBe KOMUU IIPUBHECEHHBIX TeHOB. MHOTOKONUHHOCTD, KaK IIpaBu-
JIO, COIIPOBOXK/AeTCsl MOHUKEHHOH aKTHBHOCTBIO IIPUBHECEHHbIX FE€HOB, a
TeHOTHIIBI C HECKOJbKUMH KOIUSIMU TPAHCTeHOB He 06J1a/[al0T Tpe6yeMbl-
MU IIpU3HAKaMU U BBHIOPAKOBBIBAIOTCSI B XO/i€ CEeJIEKIIMOHHOro Mpoliecca.
Haxke B cirydae BCTpaBaHUSI OJHOH KOMUM TPAHCTeHa ero akTUBHOCTb MO-
XKeT ObITh HesfocTaToyHOU. [[oaToMy moJsydaloT MHOro TpanchOpPMaHTOB,
U3 KOTOPBIX OTOGUPAIOT JIy4lllMe MO AKTUBHOCTH TPAHCTEHOB U IO KOM-
IJIEKCY XO3SIMCTBEHHBIX IIPU3HAKOB, 6€3 BUAUMbIX MyTallUi U JIDYTUX Ha-
PYLIEHUH.

SBneHne ocsabieHUs] aKTUBHOCTY reHa IPH YBEJUYEHUM YUCJA €ro
Komnuit (OHO MOJIYYHIIO HA3BaHHE «CAIISHCHHI-3aMOJIKaHUE> ) BECbMA TIIU-
POKO UCIIOJBb3YeTCs B FeHeTUYeCKOU HHXXEeHEepHH JJIst yJIy4dlIeHus Kadec-
TBEHHbIX XapaKTePUCTUK COPTOB UJHU NOPOJ. Tak, ¢ MOMOIUbIO IIPUBHECE-
HUS JONOJHHUTEJbHBIX KOIMil OTAENbHBIX I'€HOB PACTEHMH MOJIY4Y€HbI TO-
MAaThl C JJINTEJbHBIM CPOKOM XpaHeHust (y HHX CHU)KEHA AKTHBHOCTD
¢dbepMeHTa, pa3pyHIAONETro B MPOIECCE ECTECTBEHHOIO CO3PEBAHUS IEK-
THH, WM (pepMeHTa, OTBETCTBEHHOTO 3a 00pa3oBaHue (PUTOTOPMOHA 3TH-
JieHa), KapTodeJb C MOBbILICHHBIM KadecTBOM Kpaxmasa (6e3 aMuJjio3bi),
COsI, paliC C yJIy4YIIEeHHbIM KaueCTBOM MacJa, kode 6e3 kodeuna. B rene-
TH4ECKOM MHIXKCHEPUHU >KUBOTHBIX TAaKUM 06pPa30M CHIDKAIOT AaKTUBHOCTH
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TeHOB, OTBETCTBEHHBIX 32 BHIPAGOTKY 6eJKOB-ajlepreHoB (B KpeBEeTKax,
B MOJIOKE KODPOB, K03).

Kak BuauM, reHHO-MH)KeHEePHble OPTaHU3MBbl OTIUYAIOTCA OT HUCXOJ-
HBIX T€HOTUIIOB BECbMAa HE3HAYUTENBHO: K 25— 35 ThICSAYAM CYILIECTBYIO-
IIUX TeHOB A06aB/SAIOT OAMH-ABA HOBBIX. IIpu aToM ciendr, uTo6bl ak-
TUBHOCTb COOCTBEHHBIX T€HOB PaCTeHHS WJIH KHBOTHOTO HE M3MEHUJIACDH
(ecau 910 U3MEHEHHE He ABJIAETCA LENbI0 FeHeTUIeCKoH MoIupUKalun),
4TOOB! He YXYAUINUJIUCDH ero NOTpebuTeIbcKUe KavuecTBa.



I'aaBa 2

YTO JAET 1 MOJKET JATHh B BYAYUIEM
TEHETUYECKAA UHXEHEPUSA

W3 npuBeseHHOro BblIllle OMUCAHUA TeXHoJsoruu mnouydeHus MO
BHUJIHO, YTO OHA I03BOJIeT 3HAYUTEJNbHO PACHIUPUTb BO3MOXKHOCTH Tpa-
JAULHOHHOU cesiekiMu. BoJee Toro, ¢ moMoInbo HOBOM TEXHOJIOTMH MOXK-
HO IOJIy4YaTh TaKKWe OPraHU3Mbl, KOTOPbIe B IPUHIUIIE HeJIb3s MOJIYYUTD,
HCIIOJIb3Ysl 0ObIYHYIO cestekuio. OHa fesaeT BO3MOXHBIM pellleHue IpPo-
6s1eM 60pb6BI C 60JIE3HSIMHU, TOJIOA0M, KOTOPBIE CYMTATUCH paHee IMPAKTH-
YeCKH Hepa3pelIMMbIMU.

ITepBble TeHHO-HHXeHepHbIEe Pa6OThI OBLIM IPOBEAEHB Ha MUKDPOOD-
raHu3Max. JTO BIOJHE OOBSACHUMO: MUKPOOPTaHU3MBbI, KaK NPaBUJIO, OJ-
HOKJIETOYHbie CyIlecTBa, HUMeIOle OTHOCUTEJbHO IPOCTYI0 OpraHM3a-
IIMIO almapaTa HacJeACTBEHHOCTH. 'eHeTHYeCcKHe MaHUIYJISLUM, B TOM
qUCJe ¢ NOMOIbIO TexHosorun pekomMO6uHantHeix JHK, Ha HUX nmpous-
BOAUTb 3HAYUTEJIbHO IPOILIE, YeM HA MHOTOKJIETOYHBIX opranu3aMax. He
CJIy4aifHO TO3TOMY, YTO MMEHHO C TeHHO-UHXXeHePHbIMU MHKPOOPTaHU3-
MaMH CBSI3aHbl IlepBble BbLAAOILUECS JOCTHKEHUS COBpeMeHHOM 61oTeX-
Hojtoruu. Cpellu 3TUX JOCTHXEHUH cJleyer Ha3BaTb IIpeXX/ie BCero mojay-
YeHHe XKM3HEHHO BaXKHBIX JIJI1S1 YeJI0BEKa BeIleCTB C HOMOMIBIO CIelHab-
HbIM 00pa30M reHeTHYeCKH MOAM(UIUPOBAHHBIX MHKPOOPraHu3MoB. To
€CTb JIOAU «HAyYHJIHU» MUKPOOOB MPOU3BOAUTH COBEPIIEHHO HECBOUCT-
BEHHBIE JUISI HUX COeJHHEHUsI, KOTOpble HAMHOIO KaueCTBEeHHee U JeilleB-
Jie¢ «HaTypaJIbHbIX» aHaJoros. B yucie TakuX coeMHEHUH HAUOOJIbIIEe
3HaveHue MUMEIOT Te, HeJOCTaTOK MJIM OTCYTCTBHE KOTOPHIX B YesoBevec-
KOM OpraHM3Me IIPHUBOJAMT K Cepbe3HbIM 3aGosieBaHUSIM: AHAaGeTy, reMo-
(UMK, KapJIUKOBOCTH, AHEMUHU U AP.

2.1. I'enHo-HHXKeHepHbIE OPTaHU3MbI Ha CJIYXKOe Me UIHHbI

B nacrosiuee BpeMst B Mupe, no fauHsiM BO3 (BcemupHoii opranusa-
MM 3/[PaBOOXPaHeHMs1), HACYNTBIBaeTCst okoso 110 MiIH mozel, cTpasa-
foux auaderoM. U sra mudpa B 6imkaiinine 235 €T MOXeT yABOUTHCS.
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Hduaber — crpamHoe 3a60jieBaHUEe, KOTOPOE BbI3bIBaeTCS HapylleHHeM
paboThl NOAXKESYAOUHON KeJe3bl, BbIpabaTbiBalolieil TOPMOH MHCYJIHH,
HEOOXOAUMBIH /11 HOPMAaJbHOM YTHUJIH3aLUM COAEPXKAIUMXCA B ITHIINE
yraeBogoB. Ha HavaabHbIX cTaguAX pas3BUTHS OOJE3HU AOCTATOYHO HC-
HOJIb30BaTh MePHI IIPOUIAKTHKH, PETYJSIPHO CIedUTh 3a YPOBHEM caxa-
pa B KPOBH, MOTPEOJISATh MeHbIle cjaaakoro, OaHako A1 MPpHOIU3UTE/Ib-
HO 10 MUJIJIMOHOB MalLMEHTOB II0Ka3aHa MHCYJIUHOBAsA TE€PAIUs: OHU Bbl-
Hy>X/IeHbl €)XXeJHEBHO BBOJUTb B KpOBb IIpemapaTbl 3TOTO TIOPMOHA.
Hayunas ¢ gBaglaThIX rOJ0B MPOULJIOTO BeKa AJsA 3THUX IeJed HCHOIb30-
BaJI¥ MHCYJIMH, BbIJIeJIEHHBIH U3 MOJIKeNyAOYHDIX XKejle3 CBUHEH U TeJAT.
sKUBOTHBIM MHCYJUH B OCHOBHOM aHAJOTHYEH YeJOBEYECKOMY, OJHAKO
MeX/y HUMU UMEIOTCS U OIpeJeJieHHble pa3dyusi. Tak, B MOJEKyJe
UHCYJIMHA CBUHBU B OTJIHYHE OT Y€JIOBEYECKOTrO B OJHOU U3 Leleil aMHHO-
KHUCJIOTa TPEOHHUH 3aMelieHa anaHiHoM. CudTaercst, 4YTo 9T He3HAYHTE Ib-
Hble Ha TIePBBIN B3TJISIT OTJUYUS MOTYT BbI3BIBaTb Y OT/eJIbHbIX ITallMeH-
TOB cepbe3Hble ocokHeHus (Hapyienue pa6oThl TOYEK, PACCTPOHCTBO
3penud, ajneprio). Kpome Toro, HeCMOTDSt Ha BBICOKYIO CTETIEHb OUHUCT-
KU, He MCKJIOYeHa BEPOSTHOCTb II€PeHOCa BUPYCOB OT XXHUBOTHBIX K JIIO-
asiM. VY HakoHell, 4yuca0 GOJbHBIX AMAOGETOM pacTeT TaK ObICTPO, 4TO
06eCcTevyuTh BCeX HYXJAAIIUXCS XKUBOTHbIM HHCYJIUHOM YXXe He Ipen-
CTaBJISAETCSI BO3MOXHBIM. 3aMeTUM TaK)Xe, YTO 3TO BeCcbMa [J0OpOroe Jie-
KapCTBO.

Pa3zpa6oTka TeXHOJIOTMH MPOU3BOJACTBA UCKYCCTBEHHOTO HMHCYJHHA
sIBJIsIeTCst ToucTHHe TpuyMdom reHetuku. CHavana ¢ MOMOLIBIO CHeLHU-
aJbHBIX MeTOZOB OIpeJe/JIMIN CTPOEHHEe MOJIEKYJIbl 3TOr0 TOPMOHA, CO-
CTaB M HOCJEJOBATEJIbHOCTD AMUHOKUCIOT B Heil. B 1963 rony Mosekyy
UHCYJIMHA CHHTE3UPOBAJH C MTOMOILIbI0 6MoXuMHYeckux MeronoB. OnHa-
KO OCYUIECTBUTb B MPOMbBIILJIEHHOM MaciiTabe CTOJb AOPOTOCTOSIINUN H
CJIOXKHBIH cHHTe3, BKJoYatomui 170 xuMuyecKHX peaklui, 0Ka3ajocCh
CJIOXHO.

ITosroMy B pmaJibHEHIINX MCCeLOBAHUAX yTlop OblLI ciejlaH Ha pa3pa-
60TKy TEXHOJOTMH GMOJIOTMYECKOTO CHHTE3a TOPMOHA B KJETKaX MUKPO-
OPraHu3MoB, /IJIST Yero MCTOJIb30BaJH BeCh apCceHal MeTOJ0B IeHeTHYec-
KOM MHXXeHepUH. JHasA MOCJIeJoBaTeJbHOCTb AaMMHOKUCJIOT B MOJIEKYJIE
WHCY/JWHA, Y4YeHble pAacCYMTAIM, KAKOH JOJ/DKHA OBITh MOCJeL0BaTe/Ib-
HOCTb HYKJIEOTHJOB B TeHe, KoAUpYyleM 3ToT 6enoK, 4YToObl NOIy4u-
JIach HY>KHas NOCJIeA0BaTe IbHOCTb aMUHOKUCIOT. «Cobpaln» MOJIEKYTy
AHK u3 oTaesbHbIX HYKJIEOTH/IOB B COOTBETCTBHHU ¢ OIpeAeJIeHHOH I10-
CJIe0BATEeILHOCTBIO, «J00aBUIHY K HEH PeryJsTOpHble 3JIeMeHTbl, He-
o0XoauMble A/ IKCIIPECCUM Te€Ha B ITPOKAPMOTHYECKOM OpraHu3Me
E.coli, u BcTpousn 3Ty KOHCTPYKUHIO B TEHETHYECKUH MaTepHaa MUKPoO6a.
B pesynbpraTe Gakrepusi cMorjia BbIpaGaTbIBaTh JBE ILIEMH MOJIEKYJIbI
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MHCYJHHA, KOTOpbIE B AaJbHEHIIEM MOXHO OblJIO COEIMHHUTH C IIOMOLIBIO
XMMHYECKOR PeaKIUK M MOJIYYUTh MOJHYIO MOJIEKYJTy MHCYJIMHA.

HakoHel, yYeHbIM yAaJI0Ch OCYIIECTBHUTD B KJeTKax E.coli 6uocunTe3
MOJIEKYJIbl IPOMHCYJIMHA, 2 HE TOJBKO ee OTAENbHBIX Ienei. MonekyJia
NPOUHCYJ/IMHA TOCJIEe GHOCHHTE3a CHOCOGHA COOTBETCTBYIOUMM 006pa3oM
npeo6pa3oBbiBaThCA (HOPMUPYIOTCH JUCYIbGHUAHBIE CBSI3H MEXAY Liemsi-
mMu A u B), npeBpaiasicb B MOJIEKYJTy MHCYJIMHA. DTA TEXHOJOTUSA UMeeT
cepbe3Hble TPEUMYIIECTBA, NOCKOIbKY Pa3/IMYHble 3TANbl SKCTPAKIUU U
BbIZieJIeHUsI TOPMOHA CBeZieHbl K MUHUMyMY. [Ipu pa3pa6oTke Takoi Tex-
Hostorny 6plia Bblenena uagopManuonsast PHK npouncynuna. Ucmons-
3ys ee B KauecTBe MaTPHIlbl, ¢ IOMOIIb0 (epMeHTa O0OpaTHON TpaHC-
KPUIITa3bl CHHTE3MPOBaJIH KOMILIeMeHTapHyo el Mosiekysny JJHK, xoro-
pas npeacTaBjgia co00il NMPAKTHYECKH TOYHYIO KOMMIO HATypaJbHOTO
reHa uHcysauHa. Ilocste mpuIIMBaHUS K FeHy HEOOXOAMMBIX DEryJIsTOp-
HBIX 3JIEMEHTOB U IIepeHOCAa KOHCTPYKIMM B TeHETHYeCKUH MaTepuall
E.coli ctamo BO3MOXXHBIM ITPOM3BOAUTh MHCYJHH Ha MUKpPOOHOJIOTHYEC-
KOi ¢abpuke B HEOrpaHUUEHHBIX KOJHYECTBaX. Ero UCMbITAHUS [TOKa3a-
JIY TIPaKTHYEeCKH NMOJIHYIO HAEHTHYHOCTb HaTypaJbHOMY MHCYJIUHY 4€JIO-
Beka. OH HAMHOTO JelIeRJIe penapaToB JXUBOTHOIO HHCYJIMHA, HE BbI3bI-
BaeT OCJIOKHEHUH. :

Jpyrasi, He MeHee Tparudeckas mpo6JeMa 3J0POBbs YeJIOBEKa CBA3a-
Ha C HapyuIeHHeM PaGoThl XKeJle3 BHYTPEHHEH CeKpeluH, IPUBOAAIIUM K
BBIPDAXXEHHOMY 3aMe/JIEHHIO POCTa JieTel U NOABJIEHHUIO TaK Ha3biBaeMbIX
JUJIUIYTOB, KapJUKOB. JTO 3a60jieBaHHE BBI3BAHO HENOCTATOYHOH CEK-
pelnei ropMOHa PocTa — COMATOTPONMHA, KOTOPBIH BbIPaGaThIBAETCS
runodusoM (5kenesoit, pacroIoKeHHOM B HIDKHEH yacTu Mo3ra). [o ce-
peaunb! 1980-x rogos Ty 6oJie3Hb NbITAMHCH JEUUTh IIyTeM BBEJECHHUS B
KPOBb IIaLIMEHTOB NpenapaToB rOPMOHA POCTa, BbLAEJEeHHBIX U3 THIIODH-
3a yMmepliux Jioaei. Het cMbica 06bsACHSITD, HACKOJIBKO CJIOXKHO ITOJIY-
9UTH HEOOXOAUMOEe [JIsl Tepallui KOJMYeCTBO Takoro ropmoHa. IIomuMo
YUCTO TexHUYeCKUX (B rumoduse CoAepKUTCS 0YeHb HeGOJIbIIoe KOJH-
YeCTBO FOPMOHa), ¢puHaHCOBBIX (IIpenapar HEMBICAMMO JOPOTOii), 3TH-
YECKUX U NMPOYUX NMpo6JieM UMeeTcsl pUCK IIepeHoca ManueHTaM OlnacHeH-
muXx 3a60/1eBaHUHM, HapuMep BCeM H3BeCTHoro cuHapoMa Kpoiindes-
na— ko6 — xoposbero 6eieHcTBa. /s JOCTHKEHUS NOJI0XKUTEIBHOTO
pe3yJbTaTa JeyeHUs] COMAaTOTPOIIMH BBOAST BHYTPUMBIIIEYHO TPU pa3a B
HEeAeNIo B Jo3ax nopsaka 6 — 10 Mr Ha KuJiorpaMM Beca IalHeHTa ¢ BO3-
pacta 4—J5 JIeT A0 TOJIOBOH 3pesiocTH M fgaxke goJubuie. M3 rumodusa
OJIHOTO YMepLIero MOXXHO HOJy4YuThb JUllb 4 — 6 Mr nmpenapara. Ilosromy
Jake pa3pa0OoTaHHble HA roCyJapCTBEHHOM YPOBHe CIIeHUaJIbHBbIE IIPO-
rpaMMBbI 110 IPOM3BO/JICTBY COMATOTPONMHA B TaKUX cTpaHax, kak CIIIA,
Bemiko6puranus, OpaHuusi, He MOIJIM MTOJHOCTBIO YAOBJIETBOPHUTD CIIPOC
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Ha 3710T npenapar. Tak, B CIIIA B 70— 80-e roan! mpoujioro BexKa exe-
roano Boigensanu runodgus y 60000 rpymnos. ITosyyeHHOro COMaTOTPOITH-
HA XBATaJ0 JJs afeKBaTHoro JevyeHus Jjumb 1500 gerel B rox.

len, xogupyomuii o6pasoBaHie TOPMOHA POCTA YesioBeKa, ObLI CHH-
TE3UPOBAH MCKYCCTBEHHO M BCTPOEH B reHeTuueckuii mMatepuan E.coli
aHaJOTUYHO TOMY, KaK 3TO CAesaJu ¢ TeHOM MHCyJuHa. B Hacrosiee
BpeMsi IpobJieMa IIPOU3BO/ICTBA BEICOKOKAYECTBEHHOT0, 6€3011aCHOTO /15
30POBbST MAlIMEHTOB COMATOTPOIIHHA B HEOOXOJMMBIX KOJHYECTBAX H
NpH MUHUMAJBHBIX 3aTpaTaX IIOJHOCTbIO pelirteHa. Bosee Toro, ¢ 1oMo-
HIbIO TeXHOJ0Tuu pekoMOuHaHTHLIX JJHK nosnyvenn mramMMbl MEKPOOD-
FaHN3MOB, CIIOCOOHBIE CHHTE3UPOBATb U Apyrue (akTopbl poCcTa YeIoBe-
4ecKoro opranusMma. /{1 mesei ceJbCKOTO X035HUCTBa 60IbIIOE 3HAUYEHHE
UMeJla OpTaHW3alUs MPOU3BOACTBA TOPMOHA POCTa KPYNHOIO POraToro
ckora (Brmepsble — aMepuKaHCKol dupmoit Moncanro). Ero npumMene-
HYe [03BoJsieT 3HaunTebHO (10 15% ¥ 60J1ee) MOBBICUTD YIOWHOCTD KO-
poB. CaM reH, KoAupyIOIHUii 06pa3oBaHie COMATOTPOINMHA, MBITAIOTCHA
UCIIOJIb30BaTh B I'€HETHYECKOH WHXXEHEPUH >KMBOTHBIX [JJIS1 BbIBEACHUA
YCKOPEHHO PacTyIIUX NopoA. Tak, moayueHsl 00HaJeXUBAOLUE PE3YIb-
TaTbl Ha pbl6ax. JIoCOCH C BCTPOEHHBIM TeHOM FOPMOHA POCTa CHOCOGHDI
JIOCTUTATh MIOTPEOUTETbCKUX PA3MEPOB 32 OAUH IOl BMECTO ABYX B OTJIU-
4yie OT OOBIYHBIX PHIO.

JlJIs1 HpOM3BOACTBA «TPAHCTeHHBIX» MEAWIMHCKUX IIPEnapaToB B Ha-
CTOsilIlee BPEMsI MCIIOJIb3YIOT HE TOJIBKO CIeIlHaIbHbIM 06pa3oM MoAUDH-
LIUPOBAaHHBIE MHUKDPOOPTaHM3Mbl, HO ¥ KYJbTYyPbl XXUBOTHBIX KJIETOK.
Hampumep, 6uocuHTe3 pexkoM6uHaHTHOro ¢dakropa VIII uenoseueckoii
KPOBH I103BOJIsseT 3 PeKTUBHO peniarh NpobsieMy JedeHus G0JbHBIX Te-
Modumneii (¢ MOHMKeHHO CBEPTHIBaeMOCTBIO KpoBH). J[0 aToro hakTop
VIII Boimensisiv U3 KPOBU JAOHOPOB, YTO CBSA3aHO C PHCKOM 3apaKeHHA
ITalIHEeHTOB BUPYCHbIMU HH(eKLUsIMU TuUna rernaruTa. [IpoM3BoaCcTBO TpaHC-
FeHHOTO 9PUTPONO3THHA (rOPMOHA, CTUMYJIMPYIOLIEro 06pa3oBaHue Kpac-
HBIX KPOBSIHBIX KJIETOK YeJOBEKa) IOMOTraeT GOpPOTHCS C PasJIMYHBIMU
anemusamu. [lo HelraBHero BpeMeHu Haubosiee 3(PeKTUBHBIM METOAOM
JledeHHSI aHeMHU CUYHTAJOCh HEOQHOKPATHOE ITEpe/SUBaHUE JTOHOPCKOH
KPOBHU, 06X0AMBIIEECS OYEHDb JJOPOT0 U TaK)Xe CBSI3aHHOE C pPUCKaMH, Ha-
3BAaHHBIMH BBIIIE.

ITH NIPUMEPBI MOXKHO NMPOAOILKUTh. ClaeayeT OTMETUTD, YTO B HACTOSI-
1ee BpeMst TexHosorust pekom6unanTabix [|HK no3Bossier nosyyats 60o-
Jiee fienieBble 11 6e30TacHble BAaKIUHBI AT JeYeHUs ONacHeHIIHX UHQeK-
UUMOHHBIX 3afosieBaHuii (rematura, IIOJIHOMHENUTa U Jp.). Bo MHOrMX
ClAyvassx Hojy4yeHue NMofoOHBIX BaKUHMH TPAJULUOHHBIMU METOJAaMU IO-
IIPOCTY HEeBO3MOXHO. Ha oCHOBe reHHO-MH)XeHepHbIX OUOTEeXHOJOTUMH
co3/aHbl 60jIee COBEPIIEHHbIE METOAbI /IMAaTHOCTUKH H JiedeHHs 601e3HeH
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gyesoBeKka. VIMEHHO c reHeTHueCKON HHXeHepHeH 4eI0Be4ecTBO CBA3bIBa-
€T CBOM HAJleXK/1bl Ha pellleHHe NMPo6yeMbl IeYeHUsT TPAKTHYECKH HEusJie-
YHMBIX TT0Ka 60/e3Heii: paka, CIIM [a, mmmzodpenun, 6ose3nu Anburei-
Mepa, HacJeICTBEHHbIX 6oJie3Heli: TanacceMuu, 6ose3nu XaHTHUHITOHA,
(pubpo3HOro UCTHTA U AP.

2.2. Hcnoap3oBaHue
reHeTHYeCKH MoAu(HIHPOBAHHHX OPraHH3MOB
B CEJAbCKOM XO03fAMCTBE

HecMoTps Ha Brevatstionmye JOCTUXKEHUS TeHeTHYeCKOH MH)KEHEPUH
B 06JacTH MeJWI[MHBI, HauOOJIbIIMI pe3oHaHC B OOIIeCTBe, OAHAKO,
BBI3BAJI0 NPUMEHEHUE TEHETHYECKH MOAN(PHULUPOBAHHBIX OPraHH3MOB
JUISL IPOM3BOJICTBA CENbCKOXO03SIMCTBEHHOH NMPOAYKIMH. JTO M IOHATHO.
ITpo6seMbl MeAMIIMHBI KACAIOTCSI B OCHOBHOM He(O0JIbIIOH 4acTH HaceJe-
HHUsI, CTpajamleii cepbe3HbiMH 3a601eBaHusIMU. BoJIbHOM YeI0BEK [OTOB
HCMOJIb30BaTh JIOObIE CPEACTBA AJsl TOro, YTo6bl NMONPABUTL CBOE 3/0-
posbe. IToaToMy oH 0c060 He 32 yMbIBaeTCs HaJ TeM, KaKUM 06pa3oM I10-
JIy4eHO JeKapcTBO. BaskHO, YTOOBI OHO IOMOraJO JieyuTb 60JIE3HH, HE
BBI3bIBast OCHOKHEHUH. CIOKUBIIASACSA B IUBUIM30BaHHOM MHDPE CHCTEMA
anpo6anuy HOBBIX JIEKAPCTBEHHBIX IMPENapaToB, MpPeAIoaramolas, cpe-
OU TIPOYEro, MHOTOYHCJIEHHbIE HCIIBITAHMUS Ha 6€30MacHOCTb, B ILIEJIOM
ce6s1 OITpaBAaJa U MOJb3yeTcs JoBepueM notpebureseil, Jaxxe HECMOTPA
Ha OTJEeJbHbIE, OYEHb PeJKHe TPAarudeCKue MHIMAEHThI, CBSA3aHHbIE C UC-
II0JTb30BAaHMEM HOBBIX JIEKAPCTB.

WHas cuTyalusi ¢ ceJbCKOX03sUCTBeHHOM poaykiueii. Ee nmpo6iembr
3aTParuBaloOT KaXKa0ro u3 Hac. [la ¥ mcuxosorust y 310poBOToO 4eJIOBeKa
OTJIMYAeTCS OT TAKOBOH Y 60J15HOTO, 0OCOOEHHO €CJIM 3TO Kacaercs ero Au-
eTbl. JI1060#1 HOBBIN, HE3HAKOMBIN MPOAYKT MUTAHUS BOCIPUHHUMAETCA C
MO03peHNEM, BO3PACTAIONUM B CJIyYasiX, KOr/la paclpoCTPaHSIOTCA Cay-
XU 06 OaCHOCTH ero g 3x0poBbs. Celyac ¢ yJabIOKOH BCIIOMHHAIOTCS
HEUIyTO4YHble 6aTaJUM, KOTOPBIE B CBOe BpeMs GylIeBaii BOKPYT HOBBIX
JUISL eBpOTIeiilleB IPOAYKTOB — Kaprodens, kode, kykypy3snl. CpabaTbl-
BaeT NPUHLUI TPUHATHS Mep HPEeJOCTOPOXKHOCTU: €CJU IPOAYKTa He
3Haelllb, JIy4llle BO3/IEP’KAaThCS OT €ro NoTpebyIeHus.

TeM He MeHee JIIOAW BIpaBe 3HATh, KaKHe MPEUMYIECTBA IO CPaBHe-
HUIO C TPAAMUIIMOHHOMU CeJleKIUel pacTeHU uMeeT reHeTHYeCKas HHKEHe-
pusi, KAKUMHU HOBBIMH CBOHCTBaMHU OOJaZalOT MPOAYKTHI MUTAHUSA, TOXY-
YeHHbIE U3 TPAHCTEeHHBIX COPTOB, KAKHE PHCKU AJIS1 3A0POBbS UeJOBEKa U
OKpY:Kalolliel cpeibl C HUMH CBA3aHBI. ITO HEOOXOAUMO JJISI TOrO, YTOOBI
ceJaTb OCO3HAaHHBIH BBIOOD: eCTh MU HE e€CTb. A B OCHOBe BbI6opa
BCer/Ja JIEXKUT OLIeHKA COOTHOIIEHHST MEXK /Y NOJb30H U BpeJoM, IPeuMy-
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HIECTBAMU U HEJOCTATKAMU TEXHOJIOTHH, IpoAyKTa. Beap a6comoTHO 6e3-
BpPEJHLIX NMPOAYKTOB MUTAaHHA B IIPUPOJIE HE CYILECTBYeT!

B cBa3u ¢ BbIIECKA3aHHBIM B HACTOALleH KHUTe OCHOBHOE BHUMaHHE
yZAesleHO UMeHHO eHHO-HH)XXEHEeDHBbIM PAaCTeHUSIM H CBSI3aHHBIM C HUMH
npo6JieMam.

2.2.1, YUro yxke umeerca?

B ra6muie 3 npeacTaB/ieH MCUEPIBIBAIOMINIL epederb (110 COCTOSTHUIO
Ha KoHel 2003 roza) BceX TPAHCTEHHBIX CEJbCKOX03INUCTBEHHBIX 1 JEKO0-
PaTHUBHBIX KYJbTYpP, OpHUIHAJbHO PAa3PEIICHHBIX K XO3IHCTBEHHOMY HC-
0JIb30BaHHUIO. B Tabauie 4 TNepeuucyeHb! IPUBHECEHHbIE IMPU3HAKH,
IPOAYKTHI TpaHCreHoB (TO eCTh mpoTenHbi, PepMeHTbI, 06pa3yomHecs B
pesysbTaTe (QYHKIMOHHPOBAHUS 0GaBIEHHBIX B PAaCTEHHsi TEHOB), a
TaK)Xe UCTOYHHKH, OTKY/Ja COOTBETCTBYIOIIHE reHbl ObLIN BblAesaeHbl. Kak
BUJIUM, JOIYIIEHbI K UCIOJb30BAHHIO COPTA pacTeHui, OTHOCsHecs K 16
BMAaM, o6Jajaonye 7 HOBBIMHU IPU3HAKaMU WM UX KoMOUHalued. 3aMe-
THM, YTO OTAEJbHbIE IPU3HAKH, HAIPUMEP TOJEPAHTHOCTD K repOULHIaM,
MOXXHO KOHKPETM3UPOBAThb B 3aBUCHMOCTH OT repOUItM/a; TOJEPAHTHOCTb
K raudocaty, raodo3uHaTy, HUKJIOTEKCaHy, CyJIb(OHUIMOYEBHHE H T.A.
YCTONYMBOCTL K HAaCEeKOMBIM: KOJOPAJACKOMY JKYKy, ITOBpeXAalouleMy
KapTodeib, IMIHHKAM MOTHLIBKOB (eBponeHcKuil TOUUIBIIUK KYKYpY3Hl,
XJIOTIKOBBIII KOPOGOYHBIN 4YepBb, PO3OBbI KOPOOGOYHBIN YepBb XJIONKAa U
Ap.), KOPHEBBIM YepBELaM Ha KyKypy3e u T.J.

Ta6anuwa 3

Hepeqem. AONYHICHHBIX K HCIIOJb30BAHHIO B X03fiicTBeHHOM AeSATENbHOCTH
TPAaHCTEHHbIX COPTOB CeJbCKOX03AHCTBEHHBIX pacTemiii

H Koaugecrso
a3BaHue .
TPaHCTeHHbIX @eHOTHMHYECKHIT IPH3HAK
KYJbTypbl o
«CO6BITHIT»
Panc 3 YcroituuBocTh K PoCHUHOTPUIMHOBBIM repOuIMiaM
apreHTHHCKUI (rmogozunaty aMMOHHS)
Panc 1 MoaudbuunpoBaHo cojiepxaHie XUPHBIX KUCJIOT
apreHTHHCKHit B CeMeHaX, 0COGeHHO BBICOKHME YPOBHH JlaypaTa
¥ 06pa30oBaHUsl MUPHCTHHOBON KHUCJIOTHI
Panc 2 MoandnunpoBaHo cofepxaHue XXUPHBIX KHCIOT
ApreHTHHCKUH B CeMeHaX, 0COGeHHO BBICOKOE COJepKaHue
OJIEMHOBOH KHCJIOTBI M HH3KOE — JIMHOJIEHOBOW
Panc 1 YcroitynBoCTh K OKCHHUOBBIM TepOHIIUaM,
apreHTMHCKUH BKJIIOYasi 6POMOKCUHHMA M MOKCUHHJ




YTO AAET TEHETUYECKAJ MHXXEHEPUA? - 37

Ipodorxenue mabruyse 3

Kosnugectpo
Haspauue
I—— TPAHCTEHHBIX MenoTunnueckuil npuanak
Y +COObITHI>

Panc 3 CucTeMa KOHTPOJIA ONBIACHHS: MYKCKas

apreHTHHCKHH CTEPHJIbHOCTD / BOCCTaHOBJeHUE (PEePTUIDHOCTH,
ycroituuBocTh K $ocMHOTPUIIHHOBBIM IrepOHIHIaM
(rmo¢o3unaTy aMMOHHs)

Panc 2 YcroiturBocTh K repSuumay raudocary

apreHTHHCKUHN

I'so3auka 1 YBenHYeHHBIH CPOK XpaHeHHs 6jarogaps
CHIDKEHHOMY HaKOIUIEHHIO STHJIEHA MyTeM BBEJICHUSA
yCEe4eHHOTO reHa aMHHOIMKJIONPONaH IHK/a3a
CHHTA3bl; YCTOHYHBOCTD K CYJb(OHHIMOYEBHHHBIM
rep6unngam (TpuacynbdypoHy H MeTCYMb(ypOH-
METHY )

I'vo3xuka 2 Moaudukanusa oKpacky LBETKa; YCTOMYUBOCTD
K Cy/IbpOHHIMOYEBUHHBIM repOuIMAaM
(Tpuacyabdypory U MeTcyandypoH-MeTHIy)

uxopmii 1 MyKckas CTEPHJIBHOCTD; YCTOHYMBOCTD
K pochuHOTPHIKHOBHIM repbuunaaM (rmodo3HHATY
aMMOHHS)

X10nYaTHHK 2 YcToilyMBOCTb K YellyeKPbIJIbIM HaCEKOMbIM
(MoTbibKaM), BKAOYasi (HO He TOJMBKO) XJIOMKOBYIO
COBKY, PO30BOr0 KOpOGOYHOTO Y€pPBSI XJIOMYATHHKA,
coBky Heliothis virescens (tobacco budworm)

XI0ImYaTHHK 1 YCTOHYHBOCTD K CYAb(MOHNIMOYEBUHHBIM
repbunuaamM (TpuacyapQypoHy M MeTCYab(dypOH-
MeTHITY )

XI0MYaTHHK 1 Y cTofYMBOCTD K OKCHHUJIOBBIM repOHLiHIaM,
BKJIIOYass GPOMOKCHHHJI W MOKCHHHI

X 10NMYaTHHK 1 YcToHUHBOCTD K YellyeKPhIJIbIM HaCeKOMBIM
(MoTBLIBKAM); yCTOMYMBOCTD K OKCHHHIOBBIM
repOHUUHMIaM, BKJIIOYast GPOMOKCIHWII

X mom4aTHUK 1 YcroitunBocTh K repbuuuay raudocary

XonyaTHHK 1 Ycroityuocth K HocHHHOTPHUMHOBBIM repOULIHAAM
(rmodosuHaTy aMMOHHKA)

Jlen i YcToiunBOCTb K CYIb(OHHIMOYEBHHHBIM
rep6uuuaaM (TpHacysbdypoHy U MeTCYJabypPOH-
METHIY)

Kyxypysa 3 YcroltuuBocTh K repbunmay raudocary

Kykypysa 1 Y cToHYMBOCTD K KYKYPY3HOMY KODHEBOMY YepBIO
(vewyexpsoinbie, Bunpl Diabrotica sp.)

Kykypysa 2 Y cToHYHBOCTD K HMHAA30JHHOBBIM repOHIHIAM

Kykypysa 2 YCTOYMBOCTD K €BPONEHCKOMY KYKYPY3HOMY

tTounabinuky (MorbiabKy Ostrinia nubilalis);
yCTOWYHMBOCTD K TJIM(OCATHBIM repGuuBgaM
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IIpodonxenue mabauyot 3

KosauuectBo
Haapanue "
TPaHCTeHHbIX QEHOTHITHYIECKHIT TIPH3HAK
KYAbTYPBbI N
<«COOBITHIT»

Kykypysa 1 Y cTOi4UBOCTD K HMUAA30JHHOBBIM repbuLIHIaM
(uMazeranupy)

Kykypysa 3 My’KcKasi CTEPHJIBHOCTD; YCTORYMBOCTD K (POCHHHO-
TPULMHOBLIM repbunugaM (riaodo3uHaTy
aMMOHMA)

Kykypysa S YCTOHYHBOCTD K €BpONEHCKOMY KYKYPY3HOMY
rounnbuuky (MoTbLIbKy Ostrinia nubilalis);
YCTOHYNBOCTD K (HOCHHHOTPULIMTHOBBIM TepOHLIMIaM
(rmodo3unaTy aMMOHMS)

Kykypysa 2 YeroituuBocTh K PoCHUHOTPHIMHOBBIM repOHIHAaM
(rnodo3uHaTy aMMOHHA)

Kykypysa 2 Ycro#uHBOCTE K €BpONEHCKOMY KYKYPy3HOMY
tTouunbmuKky (Morsinbky Ostrinia nubilalis)
U repbuunay raudocary

Kykypy3a 1 Y cToitYHBOCTD K LUKJIOr€KCAaHOBBIM repOULAaM
(ceToxcnauHy)

HAbius 1 YnuHeHUe CPOKOB co3peBaHuA Onarojaps
BCTPANUBAHMIO T€HA, KOTOPBIH IPUBOIUT
K Jerpajanyy npeulecTBEHHUKA PacTHTEJIbHOro
TOPMOHA 3THJIeHa

Manaits 1 YcroitunBocTh K BUpYcHOH HHQEKUHH, K BUpPYCY
KOJIbIleBOM MATHUCTOCTH Nanaiin (PRSV)

Panc noasckuit 1 YcroiuuBOCTDb K rep6uuuay ramdocary

(Typuernc)

Panc noabckuii 1 YcroitunBocTb K GOChUHOTPHUILHMHOBLIM

(Typuernc) rep6uuuaaM (raodo3uHaTy aMMOHUS)

Kaprodenn 1 YcroituuBocTb K KoopaackoMy xyky ( Leptinotarsa
decemlineata, Say)

Kaproders 1 VYcroituuBocTs K KoaopaackoMy xyky ( Leptinotarsa
decemlineata, Say); ycroiuusoctb ¥ (J1I0TE0)BHPY-
Cy CKpyumBaHus aucTheB Kaptodens (PLRV)

Kaprodens 1 VYcroitunsocTts K KosopaiackoMy kyky ( Leptinotarsa
decemlineata, Say); ycToituuBocTb K Y BUPYCY
kaprodeas (PVY)

Puc 1 YcroiuuBocTh K $HoChHHOTPHLIMHOBBIM TepOHIINAaM
(rn0¢do3uHATY aMMOHHS)

Puc 1 YCTORYNBOCTD K MMM/Ia30JTMHOBBIM repOrUUIaM

Cos i YcToHuMBOCTD K repbunuay radocary

Cos 1 Moandukalus colep>kxaHusl XHPHbIX KHCHAOT
B CEM€HaX, 0COOEHHO BBICOKAs IKCIIPECCHs
OJIEUHOBOM KHCJIOTHI

Cos 4 YeroitunBocTh K GOCHUHOTPUIIMHOBBLIM repOuIIIaM

(rmodosunary aMMoHuA)
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Ipodonxenue mabaruyw 3

Hassanue
KYJbTYPbI

KoanvecTso
TPaHCT'eHHBIX
«COOBITHI»

QeHOTUNHYECKUI IPH3HAK

Cos

1

Moaunpukanus coaepxaHHug XHPHBIX KUCJIOT
B ceMenax (HM3KOe cojiepXaHue JIMHOJIEHOBOM
KHCJIOTDI)

Ka6auku

YcroiuuBocTh K BUPYCHO!N MHQEKUHH; BUpYCY 2
Mo3anku ap6ysa (WMV), supycy XeNToH MO3auKK
uykkuuu (ZYMV)

KaGauxu

YcroiturBocTh K BUPYCHOM HHEKIHH; BUPYCY
mo3auku orypuos (CMV), supycy 2 mo3auku ap6y3a
(WMYV), Bupycy Xenroil MO3aHKM LyKKUHH
(ZYMV)

CaxapHas cBeKsa

YcroituusocTh K (HoCcHUHOTPUIMHOBBIM repOUIIKIaAM
(rmodosunary aMMOHUS)

CaxapHas csexsa

YcroilyuBocTb K rep6unuay ramdocary

Tabak

YcToHYNBOCTD K OKCHHHJIOBBIM IepOMITHAAM,
BKJIIOYasE GPOMOKCHHMI M HOKCHHHJ

ToMmartb!

Y anuHeHue CPOKOB CO3peBaHusA 6aroaaps
HHTPOAYKHUUH reHa, KOTOPbIH NPUBOAUT

K Jerpajalliy HpeuIeCTBEHHHKA PaCTHTEJbHOro
TOPMOHA 3THJIEHA

ToMatnl

YanuHeHHBIH NepHOj XPaHEHHA: MJOABI KOJbile
COXPaHAIOT ynpyroctb 6jaroJaps NoAas/JeHHIO
AaKTHBHOCTH ¢epMeHTa, PacUleIisIIoImero NeKTHH —
TOJIMTFalaKTyPOHA3hl

ToMmaThl

Y anuHeHHe CPOKOB CO3peBaHus Giarojaps
HHTPOAYKUHHU TeHa, KOTOPHIH MPHBOAUT

K JlerpajlalMH NpelleCTBeHHUKA PacTUTEbHOI0
TrOPMOHA 3THJIeHa

ToMmaTts!

YcroitynBOCTD K YeIyeKPbLIbIM HaCEeKOMbIM
(MoTbibKaM), BKJIIOYas (HO He TOJIBKO) XJIONKOBYIO
COBKY, PO30BOr0 KOPOGOYHOTO 4epBs XJIOMYaTHHKA,
cosky Heliothis virescens (tobacco budworm)

ToMmaTtsl

YanvuHeHe CPOKOB co3peBaHus 6jarojaps
TOH}>KEHHOMY HaKOIJIEHHIO STHJIEHA U3-32 BBEJEHUs
yCEeYeHHOro reHa aMHHOLIMKJIONPOMNAH LUKa3a
CHHT23bI

Ha pucynxe 10 nokasana fuHaAMHKa PoCTa MMOCEBHBIX IIOIIazei, 3a-
HATBIX TIOJ TPaHCTeHHBIMU KyJbTypaMu B Mupe. HecyoxHO 3aMeTHTb,
YTO MMeeT MeCTO MTOCTOSIHHBIN U BEChMa CYIeCTBEHHBIN €)KeroJHbI! IIpHU-
poct. Ecau 6pats 32 Touky orcyera 1996 rox, mepBblii roJl JeHCTBUTED-
HO 3HAYMMOTrO KOMMepuecKoro ucnouab3oBanus MO, to pedyp uzaer o6
1,7 man rexrapoB. Yxe B 1997 roxy ara niomaznp yBeauuyuaach 6ojee
ueM B 6 pa3 (11 muiH rektapos). BricTpo pacimpsics U aCCOPTUMEHT BbI-
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Ta6nuuma 4

I'eHeTHYEeCKHE JJECMCHTHI, IIDHBHECCHHBIE B JOITYII€HHDBIC
K HCIIOAb3O0BAaHHIO TPAHCI€HHbLIE€ COpTAa CeNbCKOXO035HCTBEeHHBIX paCTeHnﬁ,
H HCTOMHHKH HX [IDOHCXOXACHHA

lenetnueckuii

IMpuanak Hcrounux
3JIeMEHT
Y nnunenue [Tosuranaktyponasa Tomatbl Licopersicon esculentum
CPOKOB XpaHeHHUS
MIJI0JI0B
3anepxka S-anenosuMeTuoHMH Bakrtepuodar T3 E. coli
CO3peBaHus THApOJIa3a
3azepiKKa Cunrasa 1-aMunonukao- |{IBosauka Dianthus caryophyllus L.
CO3peBaHusA nponas-1-yriekucaon
KHCJIOTEI
3azepixka Cunraza amunonukonpo- |ToMarer Licopersicon esculentum
CO3peBaHus NaH LHKJIa3bl
3anepxka Heamunasa 1-amu- Pseudomonas chlororaphis
CO3peBaHHUA HO-IMKJIONpONaK-1-yrJe-
KUCJOH KUCJOTHI

Mysxckas AHK anenun merunasa |E. coli
CTepPUJIBHOCTD
Myxckas Pu6onykneasa 6apuaza  |Bacillus amyloliquefaciens
CTePUJIbHOCTD
Boccranossienue “barstar” — wunruburop |Bacillus amyloliquefaciens
epTUIBHOCTH pubonykieasn 6apHasza
YcrolynBocTb J-3HOIUPYBHJIIHKHU- Agrobacterium sp. CP4

K repOHIHIaM

Mmart-3-docdar cuHTaza

YcToluuBOCTD
K repGuIugaM

J-3HOJNUPYBUIALINKH-
Mat-3-ocdaT cHHTa3a

Kyxypysa Zea mays

YcToiuuBOCTD
K rep6unuiaM

I'nmadocar
OKCHAODeAyKTa3a

Ochrobactrum anthropi

YcroitunBocTh
K repbuyujaamM

®ochunorpunun N-ate-
tuarpancdepasa (bar)

Streptomyces hygroscopicus

YcToHYnBOCTD
K repObuuujamM

®ochunoTpuuuH N-ale-
tuarpancdepasa (pat)

Streptomyces viridochromogenes

YcroiiuuBocTh
K repbunmngaMm

AleToNaKTaT CHHTa3a

Jlunus apabuponcuca Arabidopsis
thaliana, ycroiyusas
K XJ0pCYyAbdypoHy

YcroitynpocTh
K repbunuigam

AlleToslaKTaT CHHTAa3a

JIuung tabaxka Nicotiana tabacum,
yCTOHYMBAsA K CYJIbpPYPOHY

YcroiyuBocTh
K repbutinnam

AlleTonaKTaT CUHTa3a

Xnmepa 2 ycroiiunBbix renoB AHAS
(S4-Hr4)

YcToituHBOCTD
K repbunuaaM

Hurpuaasa

Klebsiella pneumoniae subsp.ozanae

YcroityuBOCTH
K HaCceKOMbIM

crylF nenpra-3HAOTOKCHH

Bacillus thuringiensis var. aizawai
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ITIpodorxenue mabauyv 4

K HaC€KOMbIM

[exeruyeckuit
ITpusnak Ucrounuk
3JIEMEeHT
YcroityuBOCTb cry9C nenvra-snporokcuH |Bacillus thuringiensis subsp.

tolworthi

K HaCeKOMbIM

¥YcroityuBocTb crylAc pesnbra-aHmoTOK- |Bacillus thuringiensis subsp. kurstaki
K _HACEeKOMBIM CHH (Btk)

YcroityuBocThb cry3Bb1 nenvra-annortok- |Bacillus thuringiensis subsp.
K_HACEKOMBIM CHH kumamotoensis

VeroitunsocTs cry3A penvra-sHAOTOKCHMH |Bacillus thuringiensis subsp.
K_HACEKOMBIM Tenebrionis

YcroituuBoCTD cry1Ab menbra-sugorox- |Bacillus thuringiensis subsp. kurstaki
K_HACEKOMBIM cud (Btk HD-1) (Btk)

YcroiuuBOCTD HWnru6éurop nporeasnl Kaptodenw Solanum tuberosum

H3MeHeHHbI 1IBeT

AuruapodaBoHon peayk-
Ta3a

Ileryuus Petunia hybrida

HN3MeneHHbIT 11BET

Danasonousa 3p, Sp
THAPOJIa3a

Ierynus Petunia hybrida

H3aMeHeHHbI 11BeT

dnasonoun 3p, Sp
rHApoJa3a

Duanka Viola sp.

H3meHnennblit
coCTaB Macna
(>KHPHBIX KHCIOT)

Hlenbra-12 pecarypasa

Cos Glycine max

H3MeHeHHDbLIH
COCTaB Macja
(HPHBIX KUCHOT)

Tuoacrepasa

Kamndopuuiickoe naBposoe aepeso
Umbellularia californica

YcroityuBocTb ITporenn o6onoyku Bupyc kosbieBoit IATHUCTOCTH
K BHpPYCY Bupyca PRSV namaitu (PRSV)
YcroituuBocTh ITporenn 060104KH (IloTu)BHpPYC XeATOH MO3auKH
K BHDYCY Bupyca ZYMV uykkunau (ZYMV)
YcroitunBocCThb TIporenn o6onouxu KykyMOBHpyC MO3aHKH OTypHOB
K BHDYCY (xykyMo)BHpyca MO3aHKH
OryploOB
YcToituuBOCTD IIpoTenn 060J09KkH (Ilotu)Bupyc ap6yaa
K BUpYCY (noru)Bupyca ap6ysa
Ycroituusoctp ITpotens 060104KH MItamm O (o6brunbiii mtamMm) Y
K BHDyCY Bupyca PVY supyca kaprodens (PVY)
Y croftuuBocTb l'enukasa (JTroTeo)sBUpyC CKPyYMBAHUS JHCTHEB
K BHPYCY kaprodens (PLRV)
YcTOHYHBOCTD Pennukasza (PHK 3asucu- | (JI10Teo)BUpYC CKPYUYHMBAHHUS JUCTHEB
K BHpPYCY masg PHK moaumMepasa) |kaprodens (PLRV)

pamBaeMbIX KyJabTyp. K repbuniugoyctoiiuuBsiM coe U KyKypy3e no6a-
BHMJIUCH XJIONOK, paric, kKaprodenab u Ap. B mpeaenax ka0t 3 Ha3BaH-
HBIX KyJbTYp (PUIYpPHUPYIOT (OPMBI, TOJEDAHTHbIE K PAa3HbIM repOHIHU-
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JaM, a TaKXXe YCTOHYMBBbIe K HACEKOMBIM, BUPyCaM, € YIy4YIlleHHBIMH Ka-
4eCTBeHHBIMH XapakTtepuctukamu. B 2003 rogy o6miast miomaab «TpaHC-
TeHHOr0 KJMHa» COCTaBUJIa BHYLIMTEJAbHYI0 Hudpy — 67,7 MIH rekra-
poB (114 cpaBHEHHS: BCe TIOCEBHbIE IIOMAM Belapycu 3aHUMMAIT OKO-
710 5 MiH rekTapoB). To ecTb 3a 8 et oHa yBeanuuaach moutH B 40 pas!
I'me BbIpamMBalOT reHHO-MHXKEHEpPHbIe copra? 42,8 MJH reKTrapoB
(63% obmeit miomaan) npuxoaurcs Ha CIIA, najee ciexyloT ApreHTu-
Ha — 13,9 M rexrapos (21%), Kanana — 4,4 mana (6%), Bpasuiusa —
3 man (4%), Kurait — 2,8 man (okono 4%) u IOxuas Adpuxa — 0,4
MJH rektapoB (oxoso 1%). Ha atu 6 crpan npuxoaurcs 99% Bcex moces-
HBIX IJIOMaJed TpaHCreHHbIX KyabTyp. MO BbIpamuBamT TaKke B
Wupauu, ABcrpamuu, Vcnanuu, Pymenun, Bosarapun, I'epmanun, Mexk-
cuke, Ypyreae, Komymbuu, l'ongypace, Ha @uaunnueax u B MHI0HE-
3uH, Bcero B 18 crpaHax, 3aMeTHYIO J0JII0 KOTOPBIX COCTaBJAIT Pa3BH-
Baomuecss crpadbl. IIpakTudyecku BO BceX IEpEYUCIEHHBIX CTpPaHaxX B
2003 rogy uMesn MeCTO 3HAUUTENBHBIN POCT ILIONIaAEH MO/ TPAaHCTeHHBI-
MU KyabTypami 1o cpaBHeHuIo ¢ 2002 rogoM: B Kurae u IOxHo0it Adppu-
Ke — 33%, Kanage — 26, B CIITA — 10, Uugun — 100, 8 Ucnanuu —
33%. 3amernmM, uro Bpasmausa nauana selpamusath TMO (comw, ToJe-
paHTHyIO K rep6unugam) uMenHo B 2003 roay u cpasy Ha 3 MJIH TeKTa-
poB. 1 B pmajpHelnieM 37eCh IJIAHMDPYIOT PACHIMPATH IJIOWAAM IOX
TPaAHCIreHHBIMH KYyJIbTypPaMi MaKCHUMAaJIbHO BO3MOKHBIMHM TEMIIaMH.

701

604

501

40+

Mnowags, MnNH ra

201

10+

1996 1997 1998 1999 2000 2001 2002 2003

Puc. 10. PocT noceBHBIX TJI0MaAeil B MUpe, 3aHATHIX 110/ TPAHCIEHHBIMH COPTAMH CeJlb-
CKOXO03sH1CTBEHHBIX pacTeHuil
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O nepcrieKkTHBaX BbIPAIUBAHUS reHHO-UH)XKEHEPHBIX COPTOB KpacHope-
YHBO CBHJIETEJBCTBYIOT LMQPbI, XapaKTepH3yIOIlHe MX J0JI0 B obIei
TJIOIAU MOA KOHKPETHON KyJAbTypoi, 3aHATol B Mupe B 2003 roay. [Anasa
cou 3tH LUQPHI COCTaBASeT 53%, A4S XJaonka — 21, pamca — 16 u ans
KyKypy3bi — 11%. B nesioM ajs ueTbipex 3THX KyJbTYp ILIOUIAAH, 33HS-
Thie IO/ TPAHCTEHHBIMU COPTAMH, COCTABJSIOT YETBEPTYIO YacTh (25%).

Yro xe 3acrasysier 7 MaH ¢epMepoB HA BCeX KOHTMHEHTAX BbIpally-
BaTb MMEHHO 'eHHO-HHXXeHepHbIe copTa pacteHuit? Ilpexxsae Bcero, KoHey-
HO e, POCT AOXOO0B 3a CUET CHIXKEHUSI M3/IepXKeK IIPOM3BOJACTBA U YBEJIH-
4eHusA MpoAYKTHUBHOCTH pacTeHuid. Tak, B 2002 roay TpaHcreHHble copTa
Jay CeJbCKOXO03AHCTBEHHOM npoaykuuHu Ha 1,8 Mapa Toun 6oJblle, yeM
OObIYHbIEe Ha TeX JKe ILIOMALAX, IPH 5TOM NECTHUMAOB HCIOJIb30BAHO Ha
21 ThIC. TOHH MeHBIlle, a A0XO/bI yBeIMYUIMCh Ha 1,5 Mapx nosurapos CIITA.

Kpome ¢unancoBoit npu6biin BbipamuBande TMO HeceT omryTHMbIe
COUMaJbHbBIE M 3KOJOorHuueckue BoiroAbl. Cokpamenue o6paGOTKH moJiel
IIECTHIMIaMH M OTKa3 OT BCHAIUKU YMEHBIIAIOT MHTEHCUBHOCTb 3KCILIya-
TALUUH CeIbCKOXO03SHCTBEHHON TEXHUKH H COOTBETCTBEHHO PacXoj TOTLIH-
Ba U BbIOGPOCHI yrjiekucJoro rasa B arMocdepy. Biarogaps ucmoJip3oBa-
HHIO MeHee BDPeAHbIX AJA OKpYyXKalolield cpelpl repOUIUAOB CHHXKAETCSA
XUMHUYECKasi 3arpA3HeHHOCTh BOABI M mouBbl. IIpenoTBpaliaercs apo3ust
NOYBbI, MOCKOJbKY HCIIOJb30BaHHE TeHETHYECKH MOAU(UIIMPOBAHHbIX
pacTeHui, yCTOHYUBBIX K repOHLIMIaM, II03BOJISAET NEPeiTH Ha INAASUIHi
6ecriaxOTHbBIH MeTOA 00paGOTKHU MOYBbI. JTO, A TAKXKE UCIIOJIb30BAHHE COP-
TOB C U36MpaTeIbHON YCTOWYHUBOCTBIO K HACEKOMBIM-BPEAUTE/SIM B YCJIO-
BUSIX CHIDKEHUS WHTEHCHBHOCTH MPHMEHEHUsI HHCEKTHIUAOB YBEJIUYUBAET
6nopa3noo6pasue. Ha mossix, 3aHATHIX TPAHCTEHHBIMHM COPTAMH, OTMEYe-
HO yBeJIMYeHHe YHCJIEHHOCTH MOMYJIALUNA NTHI, ITOJIE3HBIX HAaCEKOMBIX.

IJTO BCe peasbHOCTb. MOXKHO CKa3aTh, YTO 3HAYMTE/IbHAS YacTh Hace-
JIEHUSI MHpa <«IIPHHsJIa» IeHeTUYeCKH MOAUG(ULIHMPOBAHHbIE OPraHU3MbI B
KayecTBe BaXXHOTO MCTOYHHUKA YJIyYIIeHHs cBoero 6Jarococroguus. IIpu-
BelleHHas Bollne HHQoOpManusa y6euTebHO TTOATBEPKAAET 3TO 3aKJI0Ye-
HHe. TeM He MeHee 3a oOmUMH 1H(paMH CTOST KOHKpeTHble (haKTHI.
PaccMorpum ux.

2.2.2. TpaHcreHHbie COPTa CEAbCKOXO3SHCTBEHHBIX PACTEHHIA,
TOJEPAHTHbIE K repOHIM/aM

Opnmoit u3 OCHOBHBIX IIPOGJIEM CEIbCKOXO03AMCTBEHHOrO IMPOU3BOACTBA
siBJIsieTcst 60pbba ¢ COpHSIKaMu. B UHAyCTpUANBHO Pa3BUTHIX CTpaHaX Ha-
PAAY C arpOTEXHUYECKUMHU MeponpuaTHsaMu (06pa6oTKa MOYBHI) /IS THX
1eJielt IHPOKO NPUMEHSIOTCS TepOULMIABI, TO €CTh XHMUYECKHE Mpenapa-
ThbI, CITOCOGHbBIE TOTAJbHO /M H36MpaTeNTbHO MOJABJIATE POCT PACTEHHIA.,
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Paspa6oTtanbl JBa crocoba MCIoab30BaHus repOuuyaoB. VX NpUMeHsIOT
nepes MoCagKoi UM CEBOM pPacTeHHH, BHOCS B IOYBY JAUO0 ONPbLICKHBAs
TPOHYBIIUECS B POCT cOpHAKH. OMHAKO 3TOT crioco6 He MOXKeT B IOJIHOM
Mepe pelluThb pobsieMy, TTOCKONAbKY COPHSIKHM IOSIBJISIIOTCS M IIOCJE BCXO-
OB OCHOBHOHM KYJbTYpbI, ¥ B XOJ€ BCero mepuoja Bererauuu. Kpome
TOr0, BHOCUMBIE B IIOYBY repOMLIUAABI, KaK NpPaBUJIO, AJIUTENbHOE BpPEMS
pa3JIaraloTcs, 3arpsasHss OKpYyXKalolryio cpeny. [Apyroi crioco6 — obpa-
60TKa rep6uuMaaMu BereTupyoumx pacreHuit. OH 6osee 3deKTUBEH,
HOCKOJIbKY TO3BOJISIET 3AIUIIATh TIOCEBBI B TeueHue Bcero ce3oHa. Ho rpu
UCIIOTb30BaHUU repOULIMI0B TOTAIbHOTO AEHCTBHUST BOSHUKAIOT Cepbe3HbIe
npo6.ieMbl 3aLIUTHI KYJIbTYPHBIX PACTEHHii, HEe YCTOWYMBBIX K 3TUM repOu-
nuAaM. [[ns sToro cosgaHe! crelasbHble MPHUCIOCOOIEHNs, TT03BOJIAI0-
1{1ie CMaYuBaTh repbunaoM 6ojiee BbICOKHE COpHble PacTeHus, He 3aTpa-
ruBasi KyJbTypHble. JTa Ipolefypa 3HAUUTEAbHO YIPOILAETCA, €CJIH B
PacTOpsIKEHNH PACTEHHEBOA UMEIOTCS COPTA PACTEHUM, YCTOHUYUBBIE K
UCTIOAb3yeMoMy repbunuay. C noMoupo TpaIULIMOHHON CeIeKIIHK BbIBEC-
TH TaKue cOpTa BecbMa CJIOXKHO. B 4acTHOCTH, He CyUIeCTByeT COPTOB
CEJIbCKOXO3IICTBEHHDbIX PAaCTeHUH, TOJIEPAHTHBIX K Hau6oiee MUPOKO HC-
MIOJIb3yeMbIM IepOULINAAM TOTAJIBHOIO AeicTBus: raudocary U riaodo3u-
HaTy.

T'enetuueckass mH)XXeHepus1 3Ty NpoOjeMy pellaeT AOBOJBHO IIPOCTO.
[locTtaToyHOo NepeHecTy B TeHEeTHYECKUH MaTepuasl pacTeHHsl Hy KHBIN I'eH
OT YCTOHYUBBIX K repOMLMIaM MAKPOOPTaHW3MOB. YueHble, H3y4dasl MeXa-
HU3M JeHCTBUS repOHIIMAOB, BbIICHHIIN, YTO Yallle BCEr0 OHH BO3AEHCTBY-
10T Ha OfMH KaKOH-JMO0 BaXKHBIN /i1 MeTaboM3Ma pacTeHUul (pepMeEHT,
CBS3BIBAsICh C HUM M TaKHUM 06pa3oM 0CJIabJisisg ero aKTHBHOCTb. JTO IPH-
BOJMT K Cepbe3HbIM HAPYINEHHSIM pPOcTa ¥ pa3BuTHs 00pa6oTaHHbIX repOu-
IIUOM pacTeHuil, 1 ouu morubaroor. Cpean 6akTepuil Jerko MOKHO OOHa-
PY>KUTb YCTOWYMBDIE T€HOTHUIIbI, BbICEBAs X Ha IIUTATEIbHYIO Cpely, B KO-
TOPYIO A00aBJAIOT repOUIUA.

Bb110 nokasaHo, 4TO TOJIEPAHTHOCTD K repOHIMiaM 00ycJI0BaeHa, KakK
IpaBUJ/I0, MyTallied OJHOTO OIpe/leIeHHOTO reHa. [I3BecTHO /1Ba OCHOB-
HbIX MEXaHH3Ma YCTOMYMBOCTH. [IepBbIif M3 HUX, MOSYYUBIIMN Ha3BaHUE
«MyTaiyg Mumenn» (Muiens — dpepMeHT, Ha KOTOPbIi AelicTByeT repbu-
UU), CBA3AH C HU3MEHEHHEM IIOC/IEN0BATEIbHOCTH AMUHOKHCJOT B TOM
0071aCTH MOJIeKy bl (bepMeHTa, B KOTOPOI MPOUCXOAMT ero CBSA3bIBAHUE C
repbunuzioM. B pesysbTare repOuini «He y3HaeT» CBOIO MHIeHb, (ep-
MEHT COXPaHseT aKTUBHOCTD, & OPTaHU3M CTAHOBUTCS TOJIEPAHTHBIM K Jlei-
cTBUIO repOunnaa. OnucaHHBIA MEXAHU3M XapaKTepeH JAJIs YCTOIYUBOCTH
K TaKkuM rep6uiuaaM, xak riaumdocar (Xopoiio ussecTHbIH Paynupam),
CyIb(pOHU/IMOYEBHHA, UMUA030JHHOH U aApyrue. Bropoit mexanuaM cBs-
3aH ¢ BbIPaGOTKOH Y YCTOMYMBBIX OPraHU3MOB (PepMEHTOB, CIIOCOOHDIX €3-
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aKTUBHPOBaTh repOUIM/, HallpuMep, IyTeM MPUCOEAUHEHUS K HEMYy KaKo-
ro-1u60 XMMUYECKOro pajaukana (alueTuIbHOW IPyNNbl, HATPATa U T.A.).
ITOT MEXAHU3M JeHCTBYET Y OPTaHU3MOB, YCTOWYUBBIX K repOHIIUILY TJII0-
dosunar ammonus (pupmeHHble HazBaHusA mpenapara: Jlu6eptu, Bacra,
Dunam).

Cpenu Bcex TPaHCTEHHBIX KYJAbTyp repOULHA0YCTOHYMBbBIE (POPMBI CO-
CTaBJIAIIOT NoAasJidtomtee 6onpmuncTBo. Tak, B 2003 roxy B Mupe noa
HUMH OBIJIO 3aHATO 73% IJIOUIAHU, 3aCesTHHOM IeHHO-UHXXEHEPHbIMHU COP-
TaMu, uan 49,7 maH rektapos. Eme 8% o6ieit mioma i 3aHHMaIA TPaHC-
TeHHble cOpTa, 06Jajalolue yCTONYUBOCTBIO K repOUIIMIaM B COYETAHHH C
YCTOHYHUBOCTBIO K HACEKOMBIM-BPEOUTESIM. JTa CUTyauus oObiacHAeTcs
ciaepyromuMu paxktopaMu. Bo-nepBriX, YCTOHYMBOCTH K repbuLidjgamMm —
OYEHDb BaXXHBIN JJIA CEJIbCKOXO3AMCTBEHHOM KyJJAbTypbl IPU3HAK, II03BOJISA-
IOIIMI CYIIECTBEHHO CHHU3UTb H3JEPKKM IPOU3BOACTBA 3a cyeT OoJjee
9(¢eKTHBHOTO KOHTPOJIST HaJl COPHBIMU pacTeHusiMu. Bo-BTopbIx, 6s1aro-
Jlapsi OTHOCHTEJIbHO IIPOCTOMY XapaKTepy reHeTUYeCKOro KOHTPOJIA 3TOTrO
IIPU3HAKa, XOpOUIed HM3Y4EHHOCTH COOTBETCTBYIOIIMX T€HOB I0JIy4YaTh
rep6uniuaoycroiyuBeie MO HaMHOrO Iponie, 4eM, CKaXkeM, YCTOH4MBbIE
K 3acyxe WIH 3acoJieHuio. Y HakoHel, He cieayeT 3a6bIBaTh, 4TO MEPBbIE
TeHHO-MHKeHeDHble UCCJIE[IOBAaHUSI B OCHOBHOM (DMHAHCHPOBAJIICH KPYII-
HEHHIMMH TPAaHCHAUUOHAJbHbIMM KOMIIAHUAMM, ClleHUaJIU3UDPYIOIIUMUCS
Ha MTPOU3BO/ICTBE BBILIE HA3BAHHBIX IeCTUIMAOB. EcrecTBeHHO, OHU ObLIN
3aMHTEPECOBaHbl NIpeX/e BCETO B CO3[JaHUU COPTOB PacTeHHH, yCTONYHU-
BBIX K UX IPOAYKLUHU.

PaccmoTrpuM mnogpobuee, 4To U3 cebs NpeACTaBJSIOT HEKOTOPble U3
TPAHCTEHHBIX KYyJbTYpP, TOJIEPAHTHBIX K repOUIIHIaM.

be3yc/I0BHBIM JIHAEPOM Cpeld BCeX TPAHCTeHHBIX KYJbTYD SABJSAETCA
cos1, ycToM4YmMBas K repounuay riaudocary. [losBnenne reneTuyeckn MOIH-
(pMUMPOBAHHBIX COPTOB, MOXKHO CKa3aTh, MIPOU3BEJIO HACTOSIIYIO PEBOJIIO-
IIUIO0 B TEXHOJIOTUH BO3/EJIBIBAHUA COU. [les1o B TOM, 4TO KyJbTypHas COsI
Pa3BHBaeTCA Ha PaHHHX 3TallaX BereTalluu BechbMa Me/IeHHO. [la 1 KOHKY-
PEHTOCIIOCOOGHOCTh B3POCJBIX DPACTEHHH TOXe HEBBICOKA. JTO O3HAYaeT,
yro 6e3 NpUMeHeHHs] repOUIMIOB IOJIYYUTh TpeGyeMblil ypokail Takoit
Ba)KHEHIIEH CeJIbCKOX03ANCTBEHHON KyAbTYPhl, KaK O, IPaKTHYECKN He-
BO3MOXXHO.

Tep6uuua raudocar (PayHian) oTHOCHTCS K repOUIaM TOTAJIbHOTO
nerctBus. Ero «MulleHpio» B pacTeHHM SABJsIeTCS (DEPMEHT S-3HOJIHPY-
BuIKUMaTt-3-pocdar cunrasa (EPSPS), KoTOpbIi Hrpaer BaXkKHYIO POJIb
B CHHTE3€ apOMAaTHYECKHX AMUHOKHC/IOT (TUpO3uHa, (peHHIanaHUHA H
tpunrodana). [lox meiicTBrEM repOUIM/Ia Y HEYCTOHYUBBIX K HEMY pacTe-
HUIl Ha6JIOJAIOTCA CHMITOMBI a30THOro rosofandsi (M3-3a HeHOCTATKa
Ha3BaHHBIX aMUHOKHUCJIOT — <«CTPOMTEJBHOr0 MaTepHaia» [AJs CHHTe3a
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6eJIKOB), M OHH MOTHGAIOT B TEYEHHE JBYX HeJeb. 3aMETUM, YTO Iudo-
caT OTHOCHTCSI K repOULIIaM HOBOTO TIOKOJIEHHS, AJ1S1 KOTOPBIX XapaKTep-
Ha OTHOCHUTeJbHasA 6e30MacHOCTDb AJs1 310POBbs YeJIOBEKA H OKpYKalollei
cpennl. Beap ero «Muiedb» uMeeTcs TOJIbKO Y pacTeHui, rpuboB u Gaxre-
PHii ¥ OTCYTCTBYeT Yy KUBOTHBIX. I109TOMY €ro TOKCUYHOCTD AJIS1 YeJIOBEeKa
Ja)ke HUXKe, 4eM y noBapeHHo# cosu. Kpome Toro, riaudocar oTHOCUTE1b-
HO GbicTpo (MPUOIU3UTENBHO B TEUEHHE HEeNM) Paspyllaercs Mnocje mno-
NaJaHUg Ha PacTeHUs WX TMOYBY.

Y HexoTopbIx 6aKTepHil OOHAPYsKeHbI TeHbl, Kogupyloiue EPSPS, xo-
TOpbIE HECYT TOYKOBYIO MyTaiuio (OueHb He3HaYMTeJIbHOE U3MEHEHHE B
monekyse JTHK). Pe3ybTaToM MyTaluM SBJISETCS 3aMeHa OHOHW aMHHO-
KUCJIOTHI B 06sacTu depMeHTa, B KOTOPOH IIPOUCXOIUT €r0 CBS3bIBAHHE C
rep6urtuoM riaugocaroM. [loatoMy rep6uia TepsieT CIoCOGHOCTD Ae3akK-
TUBHPOBATh TaKO! MyTaHTHbIN (pepMeHT, K 6aKTepusi IpuoOpeTaeT yCTOMU-
YMBOCTb K €r0 AelCcTBHIO. BblaeseHo M KJIOHHMPOBAaHO HECKOJBKO T€HOB
EPSPS ¢ «MyTauueit Mmumenn»: aro A ot 6akrepuit poga Aerobacter; sml
or Salmonella; cp4 ot Agrobacterium.

B BBIpanuBaeMbIX BO BCEM MHPe TPAHCTEHHBIX KOMMEpPYECKUX COPTaX
COM BCTPOEH UMEHHO ITOCJIeTHAN U3 Ha3BaHHbIX MYTaHTHbIX reHoOB (TO eCTh
reH cp4 oT mouBeHHOU GakTepuu Agrobacterium tumefaciens CP4). Tene-
THYeCKast KOHCTPYKLUS, CO3/ITaHHAS C TIOMOIIbIO TEXHOJIOTHH PEKOMOUHAH-
tHbIX [JHK m71s mepenoca 3toro reHa B pacTeHUs, COIEPXHUT TaKXKe IIPO-
Motop CaMV35S or Bupyca MO3auKU LBETHOH KaIlyCTbl, TEPMHHAIBHYIO
TI0CJIe{0BATEIbHOCTb OT FeHa NOS HOMAJUHCHHTA3bl Agrobacterium tume-
faciens u HeGombIUyIO IOCJIEAOBATENBHOCTD, KOAUPYIOLIYI) XJIOPOILJIAC-
THBII TPaH3UTHBIA menTus (MOMEKyJIa MeNTHAa B OTJIMYME OT GeaKOB-TIO-
JIMIIETITU/IOB TIPEICTABIAET COO0i KOPOTKYIO 1ENOYKY aAMHHOKHUCJIOT) OT
IIETYHHH, HeoOXoAUMBIH 4/1a nocraBku MytantHoro EPSPS k xjoponac-
TaM — MECTy CHHTE3a apOMaTU4YeCKHX aMUHOKHCJIOT B KieTke. /(4 mepe-
HOCa 3TOH KOHCTPYKIIMM B TeHETWYeCKWil MaTepuasl COM MUCTOJIb30BAaH Me-
TOA «60MOGAPAMPOBKH» KJETOK C IOMOINBIO «TeHHOM myuiku». ([a npoc-
TUT MeHs YuTaTeJb 3a oO0uiue CrelHaJbHOM HayyHOU HH(pOpMaLUH.
OpHako aBTODP BBIHY/IEH 3TO eJaTh, YTOOBI HCIIOIb30BATh €€ HIXKe B Ka-
4ecTBe BECOMOI'0 apryMeHTa IIpM PacCMOTPEHUU HeGBLIUI] PO TPAHCTeH-
HYI0 COI0, COYMHEHHBIX TaK Ha3bIBAEMBIMH OIMIOHEHTAMU TeHETHYECKOH
umkeHepuu.) Kak BHAMM, B MOJIy4eHHON TPAHCTEHHON COE OTCYTCTBYIOT
CeJIeKTUBHbBIE T€Hbl YCTOMYUBOCTH K AHTHOMOTHUKAM, IOCKOJbKY CaM IeH
YCTOMYUBOCTHU K TIUPOCATy MOKHO HCTIOJIB30BATh B KAUECTBE CEJEKTHBHO-
ro. OKoJIO ThICAYH Pa3JNYHBIX COPTOB yCTOHYMBOH K raudocaty cou, BbI-
pall¥BaeMbIX Ha pa3HbIX KOHTHHEHTaX, IIOJIyYeHbI ¢ MOMOUIBIO TPAIHIU-
OHHOMH CeJIeKLUH, B KOTOPOH HCI0JIb30BAHO B KaueCTBe MCTOYHMKA MYTAHT-
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Horo EPSPS rena ogHo-eiMHCTBEHHOE TEHHO-WH)XXEHEPHOE pacTeHUe C
OTIMCAHHOM BbIIIE€ TeHHO-UHXXeHePHON MoaugUKaIei.

Taxum o6pa3oM, reHeTHYeCKH MOAMMHUIIMPOBAHHBIE COPTA COU OT/IHYa-
IOTCSI OT OOBIYHBIX TOJIBKO T€M, UTO y HUX 06pa3yeTcs JBa TUIA OJHOTO M
Toro ke ¢epmenta EPSPS. IlepBbiii — cBO# cO6CTBEHHBIH, KOTOPBIA MO-
XKET CBA3BIBATbCS repOUIUAOM, U BTOPOH — IPUBHECEHHBIH OT OaKTepHH,
KOTOPBIH He CBS3bIBaeTcA ¢ repbunugoM. VIMeHHO Hajuyue BTOPOro THIIA
yKa3aHHOTO ¢depMeHTa JeJIaeT 3TH COpPTa YCTOMYMBBIMYM K JEHCTBUIO IJIU-
docara 1 coxpaHseT UM JKHU3Hb Iocjie 06paGOTKU MOCEBOB repOUITUAOM.
¥xe ot ¢akT, uto 6akrepuanbueiii EPSPS crioco6eH BhIMOMHATD (PYHK-
LMH PaCTUTEJbHOIO aHajora, roBOpUT 06 MX 3HAYUTEJBHOM CXOACTBE, B
TOM YHCJe U B CMbICIe 6e30MacHOCTH JJIS1 3[0POBbs 4esoBeka. BTODBHIM
HOBDBIM 3JIEMEHTOM SIBJISIETCS. XJIOPOIJIACTHBIN TPaH3UTHBIN IENTHA, KOTO-
pbiit AocTaBisieT TpaHcredHbiii EPSPS k xjoporuiactaM M KOTOPBIH IpeX-
CTaBJsI€T COO0 KOPOTKYIO LIENNOYKY aMUHOKHCJIOT, GBICTPO pa3pyLIalonly-
10CS B IIpOLIECCE NEpeBapUBAHUS ITHILH.

2.2.3. TpaucreHubne COpPTa CeIbCKOXO3AiCTBEHHBIX PacTeHHH,
ycTOHYMBBIE K HACEKOMBIM-BPEIHTEISIM

Bropo# katoueBoit npo61eMoil paCTeHHEBOACTBA ABJSAETCSA MMOBBIIIEHHE
3(eKTHBHOCTH KOHTPOJI YHCICHHOCTH HaceKoMbIX-Bpeaureneil (u aApy-
THX T1apa3suTOB, HANpPHUMep KJElIei) CeJbCKOXO3SIACTBEHHBIX KYJIbTYP.
Jlnst aTUX Uenell yaine BCEro UCIOJb3YIOT HECTULIMAbI — JHUG0 XUMUYec-
Kue, 1u60 6uosnornyeckue (mpemnaparsi, MOJTyYeHHbIE HA OCHOBE MUKPOOD-
TaHW3MOB, BbIPAGATHIBAIOIIMX TOKCUYHBIE [JISI HACEKOMBIX BEIECTBA).
Wcnonp3oBanue nocjaefHUxX IpearioYTUTENIbHEE C TOUYKH 3peHust 6e3onac-
HOCTHU JI7Is1 3I0POBbsSI YeJioBeKa M OKpyxkamomeil cpeasl. OaHako addex-
THBHOCTb XMMUYECKUX CPEACTB 3aLlMThl PACTEHUH OCTAE€TCS HAaMHOIO BBI-
1re, yeM 6HOJIOTHYECKUX.

Cpenu OMOMECTHINACB UIMPOKO HCHOJB3YETCSI TaK HAa3bIBAEMbIiH
Bt-rokcun (cuHOHMMBI: Bt-mpoTenH, KpUCTaIM4eCKUi MPOTEUH, [eJIb-
Ta-3HIOTOKCHH ), KOTOPBIHA MOIyYaloT Ha MUKPOGHOJOrHYECKUX TIPEeAIIPUs-
THAX TyTeM KyJIbTUBHPOBaHUS MOYBEHHBIX Gaktepuit — Bacillus thurin-
giensis. JlanHpie 6auuiiiapl ObLTH OMUCAHBl B Havaje NPOLIJIOrO BeKa, B
TPUJLATBIE TO/Ibl OBLIO YCTAaHOBJIEHO, YTO OHM CHOCOOHBI BhIpabaThiBaTh
TOKCUYHBIE [JI1 HACEKOMBIX NPOAYKTbI, 06J1aal0IUe, YTO OUYEeHb BAXKHO,
BBICOKOH HM30MpPaTeJbHOCTBIO AeHcTBHA. JTO O3HaYaeT, uto Bt-mporeus,
BbIJIeJICHHbIN OT OJHOTO OINpeieIeHHOTO TamMMa 6aiuibl, criocobeH you-
BaTb ONPEAEJICHHbIN BUJ HAaCEKOMbIX, HallpuMep JKYKOB, U He JeHCTByeT
Ha ApYTUX HaceKOMBIX, HarpuMep 6a6ouek, mues 1 T.4. M36uparebHOCTD
ofycioBiieHa creluUIeCKUM MeXaHU3MOM TOKCHYHOCTH Bt-mporenHa.
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[Tonapas B nmuieBapuTebHBIN TPAKT YyBCTBHTEJIBHOIO K HEMY HaCEKOMO-
ro, Bt-nporeun nperepnesBaeT usMeHeHUs: OJ AEUCTBUEM ONPEAEIEHHOTO
IPOTEOJIUTHYECKOTO (epMenTa B miesnoyHoit cpexe (pH 7,5—8,0) or
MCXO/IHOM MOJIEKYJIbI IPOTeMHa OTAeasAeTCs HeGobiuasi 4acTb (pubansu-
TeJIbHO paBHAsA OJHOM TPETH MOJIEKYJIBbI), PeACTaBasionast co60il aKTHB-
HyI0 (popMy aToro Gesnka. TobKO OHa CHOCOOHA IPUKPEILIATHCSA K CHEIU-
(budyecKuM perienTopaM B CpeHel YacTU MUIeBapUTeJbHOIO TPaKTa Hace-
KOMOTO U BBI3bIBaTh JH3UC (pacTBOpeHUE) KJIETOK, KOTOPbIi MPHUBOAUT K
o6pasosanuio nop. HacexoMoe nmepecraer mUTaThCs, MPOUCXOIUT 06€3BO-
KUBaHWe OpraHNu3Ma, U B KOHIIE KOHI[OB HACTYIIAeT CMepTh. Y HEUyBCTBU-
TeJIbHBIX K KOHKPETHBIM IpenapataM Bt-mpoTenna HaCEKOMBIX OIMCAHHbIE
IIPOLIECCHI He NIPOMCXOAAT, U Bt-MpoTenH y HUX NIPOCTO IepeBapUBaETCA.

EctectBenno, Bt-nporens He npeacras/sgeT yrpoabl s TENJIOKPOBHBIX
XUBOTHBIX U 4eJI0B€Ka, NMOCKOJbKY NHINEBAPUTEIbHBIH TPAaKT y HHUX yC-
TPOEH HHAye, YeM Y HaCeKOMbBIX, U Y HUX JpyrHe NpOTEeOJUTHIECKHe (ep-
MeHTbl. Bosee Ttoro, Bt-nmporenn — BecbMa HeCTOHKHH 6€JIOK, KOTOPDIH
JIETKO JeHAaTypPUPYeT [IPH HarpeBaHWH, B KHCJIOH cpefie ey IKa, ObICTpO
TIIEPEBAPUBAETCA JKENYJOYHbIM COKoM (JMInb pasGaBieHHe >KeayJOYHOTO
COKa B ThICAYY Pa3 MO3BOJIMJIO IIOCTPOUTDH KPUBYIO €r0 AerpaJallui BO Bpe-
MEHH: yXXe 4yepe3 JECATb MUHYT OT HEr0 He OCTAaBaJIOCh U CJeNoB). B oc-
TPOM 3KcTepuMenTe Ha Mbimax (15 aHeit ckapmiuBanua Bt-iporenna B
Z03aX ZI0 5 TPaMMOB Ha OIHH KHJIOIPaMM Beca) He YCTAHOBJIEHO HUKAKUX
OTKJIOHEHHH B 3710POBbe OIBITHBIX 0coOel. 3a MOYTH COPOKAJIETHIOI UCTO-
PHIO MCIIOIb30BaHUSA NIpeNapaTos Ha OCHOBe Bt-mporenHa He oTMEYEHO HU
OJHOTO Cy4Yasi ajiepruil UM ero TOKCUYHOCTH AJISI JIIoJeH, B TOM Yyucje
COTPYAHMKOB NPEANPUATHN, HA KOTOPBIX €r0 MPOU3BOMIAIT.

Hauunas ¢ 1960-x rogoB 6uonpenapatsl Ha ocHoBe Bt-nporenHa Becs-
Ma LIXPOKO HUCIOJIb3YIOTCS B CEJIbCKOM U JIECHOM XO3stHCTBe A1t 60pbObBI €
HaCeKOMbIMM-BpeauTe/siIMU. X MOXKHO KyNUTh B XO3SHCTBEHHOM Marasu-
He JJ11 IpUMEeHeHUs Ha JayHoM y4actke (Burokcubaumiun, Jlemuaowuun,
Konenrepun, [lenapoun, Bauurypun u apyrue). K HecoMHeHHBIM JOC-
TOMHCTBaM 3THX IIpeNapaToB CJeAyeT OTHECTH IIpeXAe BCero mojHyio Ge-
30TI2CHOCTb JIJIs1 3X0POBbs YenoBeka (He TOKCHYHBI, HE BbI3BIBAIOT aJljiep-
TMH), a TaKXe [ OKpYyKamomel cpensl (BbICOKas M36HMPATENbHOCTD Jeit-
CTBHMS, OHHM JIETKO CMbIBAIOTCSI C JIHCThEeB, OBICTPO PaspyLIAIOTCA IIOA
AeHCTBUEM YAbTPadUOIeTOBBIX JyYel, He CIOCOOHBI HAKANINBATLCSA B Pac-
TeHUH U 1MoYBe). B To Xe BpeMs JOCTOMHCTBa Npemnapara, o6ecreduBa-
e 6e30MacHOCTb OKDY’Kalouleil cpepl, SBIAIOTCA €ro CYIIeCTBeHHbIM
HETOCTATKOM C TOYKHU 3peHMs 3(PeKTUBHOCTH: NMpenapaTr CHoco6eH 3amiu-
TUTh PAacTE€HHE TOJbKO Ha OYeHb KOPOTKOE BpeMs.

Pemenune aroit npo6eMbl CTas0 BO3SMOXKHBIM 6J1arofiapst MCIOJIb30Ba-
HUIO TEHETHYECKOH MHDKeHepUH. BakTepuapHBIi reH, OTBETCTBEHHBIN 3a
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BbIpa6oTKy Bt-nportenna, 6611 Boigesen us JIHK 6axrepuii, KIOHUPOBaH,
B HEKOTOPBIX CIyYasiX CYILIECTBEHHO MOAU(HUUMPOBAH BILVIOTh IO MCKYC-
CTBEHHOrO CHMHTE3a OTAENBHBIX €r0 aKTHBHBIX (ParMeHTOB, COEJUHEH C
HeOOXOAUMBbIMH PEryJ/ISITOPHBIMH 3JIEMEHTaMH H BCTDOEH B Pa3jM4yHbIE
BUABI CEIbCKOXO3AUCTBEHHBIX pacTeHni. Yamie BCero UCIOJb3YIOT TaKue
BapuaHThl Bt-renos, kak crylA(b) ot B.thuringiensis v. kurstaki (nns xy-
Kypysbl), crylA(c) ot B.thuringiensis v.kurstaki (ans xnonka), cryllIA
ot B.thuringiensis v.Tenebrionis (ana xaprodes).

Ocob6enHo BbICOKaA 3(p(PeKTUBHOCTb TPAHCTeHHOrO Bt-nporenHa oTMe-
YyeHa Ha KYKypy3e U xJionke. [leso B TOM, YTO BpEAUTEIN 3THX KYJbTYpP —
JITYMHKH MOTBHLIbKOB €BPOIEHCKOro TOYMJIbLIIMKA KYKYPY3bl, XJIOIIKOBOI'O
KOpPOGOYHOTO U PO30BOro KOPOGOUHOro yepBella — HAaXOAATCA Ha I0Bep-
XHOCTH PacTeHusI B TeYeHUe Oo4eHb KOPOTKOTO BpeMEHH. 3aTeM OHHM BHe-
OPAIOTCS B TKAHM PaCTEHHS M MPOTPBI3AIOT TaM XOAbI, HaHOCA, TaKUM
06pa3oM, CyIeCTBeHHBIH YPOH 3I0pOBbIO pacTeHuit u ypoxkao. ITocko/bKy
y TPaHCTeHHbIX cOpTOB Bt-mporeun o6pa3yerca Bo BceX 3eJIeHBIX TKaHAX
pacTeHusA U NPUCYTCTBYET TaM MTOCTOSIHHO, TO 3TO ITO3BOJISAET PACTEHHUIO 3a-
IMIaTh ceGsi OT BpeauTesell Ha MPOTSAXKEHUM BCEro NepHOAa BereTaluH.
ITpu aTom TpaHcreHHslil Bt-npoTenH BbicOK03(p(peKTUBEH B UCKJIIOUHUTE b~
HO HH3KHX KOHIIEHTpaLMsIX. Tak, BO Bcell 3eeHOl Macce KyKypys3bl B Ie-
PMOJ IIBeTEHHUsI Ha NJIomaau B 1 rektap comep>xurcs Bcero 8 — 16 rpaMMoB
Bt-mporenna. B koH1ie ce30Ha sTa nudpa UMeeET ellie MeHbIllee 3HAYeHHEe —
0,8 rpamma. B 3pesioM 3epHe U B cuI0CHOH Macce Bt-ipoTenH oTCyTCTBYET
BoOOIIE: ero HeBO3MOXKHO OGHAPYKUTD Jjake ¢ MIOMOIIBIO CaMbIX YyBCTBH-
TEJbHBIX aHAJUTHYECKHUX METO/0B.

ToBopst 0 resernyeckn MOAMGHUIMPOBAHHBIX COPTaX, YCTOMYMBBIX K
HaCeKOMBIM-BpeJIUTEJSIM, CIeAyeT OTMETUTh OJHY BaXKHYIO fieTalb. Bece oHu
ABAAIOTCST 60Jiee COBePIeHHBIMH IPOAYKTAMY T'€HETHYeCKOU UHKEHEPHUH
O CPaBHEHUIO C IIepBBIMH repOuIMpoycroiyuBbiMU popMmaMu. [lpu ux
CO3[IaHUM, B YACTHOCTH, MCIIOJIb30BaHbl 60jiee TOYHbIE MEXAHHU3MbI pery-
JMPOBaHUsI aKTUBHOCTH TPAHCI€HOB 32 CYeT IPHMEHEHMsl He BHPYCHBIX
IIPOMOTOPOB, & pacTUTebHBIX. Tak, B Bt-kykypy3e ucrosb3oBaH npoMo-
TOp reHa ¢ocdoesoMnupyBaTKapOOKCHIA3bl CaMOi ke KyKypy3bl, KOTO-
pblii o6ecrieuuBaeT aKcnpeccuio (aKTHBHOCTB) Bt-reHOB MCKJIIOYMTENBHO B
3eJIeHbIX TKaHAX pacreHust (JIMCTbAX, crebie). IMeHHO 6aarogapst 3ToMy
HeT Bt-nporenna B 3pesioM 3epHe u cunoce. [las co3ganus Bt-xaprodens
UCTNOJIb30BaH APYrod npoMorop — ats 1A Mamoit cybbeguauIipl pu6y1030-
1,5-6udocdarkapbokcuiassl JIOOUMOro TeHETHKAMH MOAEJbHOTO PacTeHUs
Arabidopsis thaliana (Menxuil copHsk u3 ceMeiictBa KpecTolseTHbIX).
Bt-ren, perymupyemslit ¢$OTOUYBCTBUTEIbHBIM IPOMOTOPOM, SKCIIPECCH-
pyercst Ha cBery B 100 pa3 cusnbHee, yeM B TeMHOTe. COOTBETCTBEHHO B
KIyOHAX Bt-npoTteuna o6pasyercs B 100 pa3 MeHblle, 4eM B JTUCTbAX.
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Eciu 6bITh TOUHBIM, peus uzer o 0,09—0,053 mukporpamma Bt-nipotenna
Ha 1 rpaMmM ceiporo Beca Kiy6OHeit. TakuM 06pa3oM, YT06bI NOTPEGUTD CY-
TOYHYI0 103y Bt-mpoTemHa, KOTOpPyI0 CKapMJIMBA/JIM MbIlIaM B OCTPOM
axcrepuMeHTe (6e3 KaKuX-11M60 OTPUIIATEbHBIX MOCIEACTBHI JJIs HX 370-
POBbsi), O YeM TOBOPHJIOCH BhIIE, Y€JOBEKY BecOM 70 KMJIOrpaMMOB He-
06X0OAMMO CBECTb 33 CYTKH Kak MMHUMyM 700 ToHH KiyGHeii!

ITU KpPaCHOPEYNBbIE JaHHbIE CBUAETENbCTBYIOT, YTO HU TPAHCreHHbIH
KapTodesib, HU TPAaHCTeHHAs KyKypy3a He COAepKaT B CBOEM ypoKae Mpo-
AyKTa IPUBHECEHHOTO UM 6aKTepHAJIbHOTO reHa. TO €CThb OHU MOJIHOCTBIO
MIEHTUYHBI 110 CBOUM IIOTPEOUTESbCKUM CBOMCTBAM COpPTaM, OJy4eHHBIM
METOIaMU TPAIULIHOHHOU CeJIeKIIUH.

2.2.4. TpaHcreHHbIE€ COPTa CEAbCKOXO3AHCTBEHHBIX pacTeHHH,
yCTOHYHBBE K BHPYCHBIM 00J1€3HAM

BupycHbie 60/1€3HH ABIAIOTCA NPHYHUHOHM BeCbMa 3HAUUTENBHBIX IIO-
TePb yPOXKas AJIs LeJIOTO Psiia KyJIbTYp, B IEPBYIO oYepeb TeX, KOTOpbIe
Pa3MHOXAIOTCS BEreTaTUBHO (KAyGHAMH, YePEHKaMH, JIyKOBHIIAMU, MIPH-
BHMBKOI1), a Tak)Ke THIKBEHHBLIX, TOMATOB U HEKOTOPBIX APYrux. B cBsa3u ¢
3THM pa3pab0TKa MPUHIMIIHANBHO HOBBIX NOAX0A0B B 60phOe ¢ BUPYCHbI-
MK 60J1e3HAMU NIpeAcTaBisieT 60JbIIOi NpakTHieckuii uHtepec. CoBpeMeH-
Hble T€HHO-UH)X€HEePHbIe TEXHOJOIHU CO3JAAHMS YCTOMYMBBIX K BHPyCaM
COpPTOB pacTeHu#l 6asHMpPYIOTCS1 Ha HCIOJb30BAHMM H3BECTHOTO ¢ He3ama-
MATHBIX BpPEMEH MeTOAa, IOJyYUBIIEro Ha3BaHUE NePeKPeCTHOH 3alMThI
(cross protection). OH OCHOBaH Ha ABJEHUH IIOBLIUIIEHHON yCTOHYMBOCTH
pacTeHuH K arpeccuBHBIM (hOopMaM KaKoro-au6o BUPyca IPU YCJIOBUH, YTO
OHO ObLJIO paHee 3apaXX€HO MeHee BPeOHOCHOH (DOPMOI TOTO e CaMoro
BHU/Ja BUPYyCOB. MexaHU3M 3TOr0 SBJIEHHS TOYHO He BBIACHEH, OJHAKO €Tro
AOCTAaTOYHO IIMPOKO UCIOJAb3YIOT B SIMOHMM 11 3aIMMTHI TOMATOB OT IIO-
pa’KeHus BUpyCaMH TOMAaTHOH ¥ OTypeyHOl MO3auKu, B bpasunuu ajs 3a-
UTHl HUTPYcoBeIx (citrus tristera closterovirus), nanaitu (ringspot po-
tyvirus), Ka6auKoB IyKKUHH.

B 1986 roay Ilayan Abenb ¢ cOTpyIHUKAMU BIIepBbIE MOJYYHJIH YCTOIM-
Y¥BBbIe K MO3aUYHOMY TOOAMOBHUPYCY pacTeHust Tabaka IIyTeM MepeHoca B
UX TeHeTHYeCKHHI MaTepuaJ reHa 3TOro BUpYyca, Koaupylollero o6pa3oBa-
HUe Geska o6osouku (coat protein — CP). C tex mop sToT moaxoz 6bi1
yCHeIIHO anpo6upoBaH Ha MHorux pacreHusax (ceuime 30 BuioB) ¢ 6oJee
yeM S0 BupycHbiMu CP. Ilo3zaee oka3anoch, YTO aHAJIOTHYHBIN, a MHOTZA
JA2Ke JIyYIIUil pe3y/IbTaT AOCTUTaeTcsl Npu Ucnojb3oBanuu He CP-TpaHc-
reHoB, a F€HOB, KOJUPYIOIUX JPyrHe IPOTEeNHbl BUPYCOB — (PepMEHTOB
pennukasel, PHKa3sl.
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Jl/1s reHeTHYECKON MHXXEHEPHUU BUPYCOYCTOMYUBBIX OPM B LieIsaX Ge-
3011aCHOCTH HCNoIb3yIoT CP-reHnl, KOTOpble NpeABapUTEIbHO MOTUMUIIHL-
PYIOT TakuM 06pa3oM, yTo6bl OHU He MOTJIH MEPEHOCUTHCA OT PacTeHHA K
pacreruio, 1u60 BbiaenasaioT CP-reHnl U3 €CTECTBEHHBIX «HETPAHCMHUCCH-
6eNbHBIX» TaMMOB. TaK)Ke OIEpHUPYIOT 'eHaMM OT HITaMMOB, He CIIoco6-
HbIX HH(HUIMPOBATbL pacTEHHS B eCTECTBEHHBIX YCJOBHAX, MO0 MaHMILY-
JIUPYIOT YKOpoueHHbIMUH CP-reHaMu, KOTOpbIe KOXUPYIOT 00pa3oBaHHe JAe-
dextabIX, HedyHKIMOHUPYIOIMX CP-niporenHoB. Oka3anoch, YTO MOXKHO
o6ecrieydTh 3alllUTy OT BHPYCOB Ja)Ke B TeX CHydasix, KOrZa BCTPOEH
HacTobKO AedekTHbiit CP-reH, yto o6pa3oBaBLIasics IIpU €ro CYMTHIBA-
HuM uHQopMamonHass PHK He cnioco6Ha Kk TpaHCaA1MH, TO €CTh K CHHTE-
3y coorBeTcTBYIomero CP-nporensa.

U3 Bcero pasHoo6pa3susl MOJYYEHHBIX BUPYCOYCTOWYMBBHIX (POpM AJIA
KOMMEPYeCKOT0 HCI0/Ib30BaHUS JOMYIeHbl CPAaBHUTEJbHO HEMHOTHE: Ma-
maiist, yCTOiYMBasA K BUPYCYy HATHUCTOCTH, ABe (OPMBI LHYKKHHH, YCTOMR-
YHBble K HECKOJIBKUM BUPYCaM, U COPTa KapTodessi ¢ KOMIUIEKCHON yCTOH-
YHBOCTBIO K KOJIOpaJcKoMy xyKy (Bt-reH) u K 0fHOMYy U3 BUPYCOB KapTo-
dens: urpex-supycy (PVY) umu supycy ckpyuusanus jucrbes (PLRV).

3aMeTHM, 4YTO ONMUCAHHASI TeHHO-UH)KeHepHas TEeXHOJIOTHS 3allUThI
pacTeHU# OT BUPYCOB IO3BOJISIET MOJY4YaTb COPTa, B 3HAUYUTEJbHOH Mepe
UICHTUYHbIE 10 CBOMM IOTPeOUTeIhCKUM KadecTBaM COpTaM TPaJMLIMOH-
HO# cesieKIuu. MBI MMeeM yXe IIMTENIbHYIO MCTOPHIO 6e30MacHOro Io-
TpebeHus NpoAYKTOB TpaHcreHoB CP-IIpoTeHHOB, NOCKOJIbKY Ha3BaHHbIE
BUDPYCHbIE IIPOTEUHbI MOCTOSHHO IPUCYTCTBYIOT B IHMIIe U3 Kaprodes,
Ka6auyKoB M ApPYrux pacrenmii. Bosee Toro, B 06bIMHBIX COPTaX KOHIIEH-
TPalMs 3TUX 6eJIKOB MOXKeT ObITh B IECSITKY, @ TO U COTHH pa3 Bhille, YyeM
y TpaHCTeHHbIX (POpM: Bellb OHU-TO He YCTOHYUBBHI K BUPYCaM U IO3TOMY
HAKaIJIMBAIOT UX B CBOUX TKaHAX.

2.2.5. TpancreHnbie COpPTa CeIbCKOXO3AHCTBEHHBIX pacTeHHit
C yJAyUIIeHHbIMH KaYeCTBEHHbIMH XapaKTepHCTHKAMH

ITO rpyIlia UCKIIOYUTEIbHO IEHHBIX AJIs noTpeburenas opM, IIpH 1o-
JIy4eHHH KOTOPBIX He MCIIOJIb3YIOTCS Yy>XKepoAuble reHbl. J[o6aBiss B re-
HeTMYECKU MaTepuas PacTeHHs AOIOJHUTE/IbHbIE KOMMH ONMpeaeseHHbIX
reHoB, BbiAesJeHHbIX H3 co6crBenHol /ITHK pacreHus, MOXXHO HOGUTHCA
CyIIeCTBEHHOro Oc/1ab/ieHusT aKTUBHOCTH 3THX reHoB. B cBoIo ouepeab 310
MOJXXeT IPUBECTH K M3MEHEHWIO KaueCTBEHHBIX XapaKTePUCTHK TOTO IIPO-
AyKTa, B FeHEeTUYEeCKOM KOHTPOJie GHMOCHHTE3a KOTOpPOrO 3aJeHCTBOBAHBI
JIAaHHBIE TEHBI.

Tak, a1 KauecTBa pacTUTEILHOTO MaC/Ia UCKJIIOYMTEIbHO BAXKHOE 3Ha-
YeHHEe UMeeT COOTHOIEeHNe B HeM Pa3/IMYHbIX KUPHBIX KUCJIOT. B accopTu-
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MEHTe JOIYUIEHHbIX K HCIOJb30BAHUIO TPAHCTEHHBIX COPTOB MMEETCS P
OpM MaCIMYHBIX KYJbTYP C YJAYYIIEeHHBIM COCTaBOM Macja. Cpeau HUX
cJle[lyeT Ha3BaTh, HaPUMeEP, TAaKyIO KYJIbTYpPY, Kak cosi, KOTOpoil f06aBu-
JIX JIOMOJIHUTENbHYIO KOMHIO reHa ¢pepMeHTa AecaTypasbl, B pe3yJibTare
yero ee COOCTBEHHDIIT I'eH JecaTypasbl «3aMo/4aay. JTO IIPHBEJIO K CHH-
XEHHUIO B COEBOM MacJjle YPOBHS MOJUHEHACHILEHHDBIX XKHUPHBIX KHCJIOT JIH-
HOJIEBOM U JIMHOJIEHOBOU U KOMIIEHCAIlHOHHOMY YBE/JIMYEHHIO YPOBHS MO-
HOHEHACBHIIEHHON KUPHOM KUCIOTH 0JienHoBOlH f0 807%, 4yTo maxe 60.b-
1ie, 4YeM B OJIMBKOM MacJie; B HeMOAU(UIMPOBaHHOMN cOe ee ypoBeHb ObLT
Bcero 23%. IlomydeHHOe Mac/0 3aMETHO IIPEBOCXOAUT IO NOTPeSUTEb-
CKUM CBOMCTBaM MacJio COM TPAJHIMOHHBIX COPTOB, B YaCTHOCTH, OHO 60~
Jee cTaOWIBbHO IIDH HarpeBaHUM, BCerja COXPaHsieT NpPHBJEKATE/IbHbIH
ast norpebutens xuaxuii Bua (He sarycresaer).

BTopoit uHTepecHBIH NTpUMep UCIIOIb30BaHUS SBJEHUSA <«3aMOJIKaHUS
TeHOB» — CO3/laHUe COPTOB TPAHCIeHHOIo KapTodess ¢ yJIydllIEeHHbIM Ka-
4eCTBOM Kpaxmasa. KpaxmaJ, BblZieIeHHbIH U3 OOBIYHBIX COPTOB KapTO-
(ess1, comepKUT /iBe OCHOBHBIE (POPMBI 3TOTO MOJIUCAXAPH/IA: BETBUCTHIM —
aMUJIOTIEKTUH U HEBETBUCTBI — aMmuso3a. Uem Gosblile aMUJIONIEKTHHA H
MeHbllle aMUJIO3bl, TeM BhbIlle KayecTBO Kpaxmasja. [eHHO-HHXKeHEepHbIH
COPT KapTogesd ¢ MOBbIIIEHHBIM KayeCTBOM KpaXMaJla CO3/laH IIyTeM J0-
6aBKH JOTOJHUTETbHOH KONMM reHa aMuiio3sl (B ITlepeBepHyTOM II0 OTHO-
IIEHHUIO K IIPOMOTOPY BHJE, TO eCTb B BH/E TaK Ha3bIBaeMOM aHTHCMBbICJIO-
BOM KOHCTPYKUMH). B pesysibTaTe ypoBeHb MeHee IIEHHONH aMUJIO3blI B
KpaxMaJie TPaHCT€HHOro copTa 6bLT IOHWXKEH IIPAKTUYECKU A0 HYJIs.

AHaJIOTUYHAsT «QHTUCMBICIOBasI» reHeTHYecKasi KOHCTPYKUMA HCIIO0JIb-
30BaHa W NPM CO3JaHUM TpaHcreHHoro copra ToMaroB FLAVRSAVR c
yAJHHEHHDIM 1T€PHOJOM XpaHeHus naonoB. OObIYHO B polecce co3peBa-
HUs IJIOABI TOMaroOB BCKOpe IOC/e TOKPACHEHUs IIOCTENEHHO TepsoT
YIPYrocThb, CTAHOBSITCSA MATKUMH ¥ 3arHuBaioT. IIpnurHOH 3TOr0 ABJISIETCA
o6pa3oBaHue (pepMeHTa MOJUTANAKTYPOHA3a, KOTOPBIX JlerpaJupyer IeK-
THH, HaXOJSIIHICS B MEXKJIETOUHOM TIPOCTPaHCTBe miona. Ilpu cosganuun
TPAHCTEHHOro copTa Oblja UCIIOIb30BaHA AHTUCMBICJIOBAS KOHCTPYKILIHA
Ha3BaHHOro resa. B pesysbrarte y mOJy4eHHOTO COPTa MOJIMIaJaKTypOHa-
3a 00pasyeTcs B IOHW)KEHHOM KOJIMYECTBe, 6Jaroaapsi 4eMy cliesible TOMHU-
J0pbl B TeYeHHe IIPO0/KUTETbHOTO BDEMEHU COXPaHIOT TOBApHEIN BU/L.

IIpu cospaHuM TpaHCreHHOTO palca ¢ yJIy4YIIeHHBIM COCTaBOM Macja
UCIIOJIb30BaH 60Jiee TPAAULMOHHBIA JJ11 reHeTHYecKON HHXXEHEpHH MOoJ-
XO0Jf TOPU30HTAJBbHOTO IlepeHoca TeHOB OT HePOACTBEeHHbIX BHAOB. B rene-
THYECKUH Martepuas parca 6blJ «IIOACaXKeH» T'eH THO3CTepassl OT Kaju-
(POPHHUICKOTO JIABPOBOTO JepeBa. BcieacTBue 3TOr0 TPaHCTEHHBIH COPT
MOJIyYuJl CIIOCOGHOCTh OOpa3oBbIBaThb Macjio, B KOTOPOM IOSIBUJIUCH He
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CBOMCTBEHHBIE /IS parica JaBpoBask U MUDHUCTHHOBAS JKUPDHbIE KHCJIOTHI.
Takoe MacJo o KayecTBY IMPUOIU3HIOCH K Haubosiee leHHbIM PacTUTeb-
HbIM MacJ/laM: aJbMOBOMY ¥ KOKOCOBOMY.

2.2.6. HoayyeHne TPaHCTEHHBIX reTEPO3UCHBIX FHOPHAOB
CeJbCKOXO3ANCTBEHHMX PACTCHHH Ha OCHOBE CHCTEMBI
MYXCKOHil CTEPHIBHOCTH / BOCCTaHOBJICHHE dbeprrabHOCTH

T'eTepo3ucHbie THOPUIBI, TIOJy4YEHHbIE B PE3yJIbTATe CKPEIIMBAHUS CIIe-
UHAJbHO NMOJOGPAaHHBIX POJUTENbCKUX (popM, NMPOYHO BOILIM B HAIILy
x)u3Hb. Takue ru6puabl MIPEBOCXOIAT POAUTEIEH II0 YPOXKANHOCTH, YCTOH-
YHBOCTH K 60/Ie3HSIM U HeOJaronpusiTHbIM (pakTopaM Cpelbl, BbIpaBHEH-
HOCTH BCXOJ0B. JI1060i1 JayHUK BIOJHE OCO3HAHHO IPEAINIOYHTAET IOKY-
nMaTh MUMEHHO T'MOpH/IHbIE ceMeHa TOMAaToB, INeplia, OTypLOB, KaIyCThl.
HecMOTpSI Ha TO YTO 3TO NMPUXOAUTCA JeaTh Kakabli rog (cemeHa co6-
CTBEHHOTO NMPOU3BOJICTBA PE3KO CHIDKAIOT CBOM NMOTPe6UTEIbCKHE TT0Ka3a-
TeJM), BCE PABHO 3aTPaThl OKYIAIOT cels C JUXBOM.

Ho MaJsio KTo 3HaeT, KaK CJI0XXHO MOJy4aTh Takue rHOpHHbIE CEMEHa.
Benw nsst aroro He06X0AMMO NMOJTHOCTHIO UCKJIIOYUTD NTONA/JlaHHE NbILIbIbI
MaTepUHCKUX (OpM Ha MecTHK coOCTBeHHOro lBerxa. MHave mosyyarcs
He ru6puaHBIe, 2 CAMOOINbLIEHHbIE CeMeHa, KOTOpble MOTyT JaTh B ABa U
6071ee pa3 MeHee IIPOAYKTHBHOE IIOTOMCTBO. UTOOB! yIIPOCTUTD NMPOLIEAYPY
NOJIy4YeHUs] THODUAHBIX CeMSH, TIPUMEHSIIOT CllellHaJIbHble TeHETHYECKHE
TIOAXObI AJSI CeJEKIMU MYKCKH CTepUJbHBIX JUHHH, KOTOpbIE MOXXHO
CIIOKOWHO UCIIO/Ib30BATh B CKPEIIMBAHUSIX B Ka4yeCcTBe MaTepUHCKUX (opM,
He G6eCroKosiCh, YTO Npou3oiifer camoonsuienne. C cepeaunbl 30-x rogoB
IIPOLLJIOrO BeKa [JUIS 3THX IeJiel CTayli UCITIOJIb30BaTh LIUTONIa3MaTHYeC-
Ky10 MyXCKyt ctepuibHocts (IIMC), Bo3HHKHOBeHHE KOTOPO# 06YCI0B-
JeHo crienugryecKMM B3auMOAEHCTBUEM TeHOB SIPa W 4yXKePOJHOH IH-
TOIJIa3Mbl kJeTKH. OgHaKo He JJIs1 BCeX KYJIbTYP YAAJIOCh CO3JaTh aje-
kBaTHble cucteMbl [IMC, na u cama cucreMa pa3MHOXKEHUSI TaKUX JIMHUHU
0CTaBaJIaCh BeCcbMa CJOXKHOI U He Bceraa 3 PeKTHBHOMH.

lenetnyeckast UHXeHepHsl BHeCJIa BeCOMBbI BKJaJ B peIICHUE 3TOH
npo6JieMbt. /11 CO31aHUS MY)XKCKH CTEPHJIBHBIX TPAHCTEHHbBIX JIMHUH pac-
TeHU GBbLIO MPEeIIOXKEHO UCI0/Ib30BaTh IeH barnase ot 6aktepuu Bacillus
amyloliquefaciens, koTopslit Koaupyer o6pasoBanue ¢depmenta PHKaszbi,
ydacTBymoulero B pacuienyienud mosekysa PHK. Bbaaromapsa tkanecneuwu-
¢uaeckomy npomoropy PTA29 or tabaka aror depmeHT obpa3yercsi y
TPAHCTEHHOTO PacTeHUsl TOJbKO B OAHOM MecTe (B TBLIbHUKE) U TOJHKO B
onHO BpeMa (B mepuon uBeTenusi). Pe3yJbTaT NpeicKasaTb HECTIOXKHO!
serpaganuss PHK B TkaHAX nnIIbHUKA O3HauYaeT OTCYTCTBME CHHTE3a
6eska U B KOHEYHOM UTOre — 06pa30BaHHe HEXKU3HECIOCOOHOM IBLIbIIBI.
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s o6nerdyeHus npouesypbl Pa3MHOXKEHHSI TAKUX JIMHUH reH barnase 6b11
CKOOIIEPUPOBAaH B OZIHON reHeTUYECKOH KOHCTPYKLIMM C T€HOM YCTOHYHBOC-
TH K repOUUuAy riao¢o3uHaTy, KOTOPHIH K TOMY Ke BBICTYIIA] B KayecTBe
CeJIEKTUBHOTO TeHa IIPH OCYLIeCTBJIEHHU TeHEeTHYeCKOH TpaHC(OpMaluH.

Ecnu onblLaATh pacTeHMs TaKOH MY>XCKHM CTEPUJIbHON JIMHUM NbLIBLIOH
CIIEIMaJIbHO TIOA06PaHHON JIMHUM TPaJULIMOHHON ceneKlUH, Aalolel Ipu
CKpelllBaHHH TeTepO3MCHOE TOTOMCTBO, TO AEHCTBUTENBHO MOXHO 6e3
npo6JeM MOJyYduTh TUOPUAHBIE CEMEHA, TTOCKOJIBKY CAaMOOIIbIJIEHHE Mare-
PHHCKUX (popM UCKI0YeHO. OHAKO CaMO reTepo3UCHOE IIOTOMCTBO IOJTY-
YUTCA MY>KCKU CTEpHJBHBIM, YTO COBCeM HexesaTtenbHO. IlosToMy B Ka-
4eCTBE ONbLINUTEJISE UCIIONb3YIOT TaKylO K€ JUHHUIO, HO HeCyILyi0 TPaHCTeH
barstar ot Toit xe 6akrepun Bacillus amyloliquefaciens. 31oT ren xoau-
pyer o6pa3oBanue ¢epMeHTa-unruéuropa PHKas, 6;1arogaps yeMy y ru-
6pH/I0B BOCCTAHABINBAETCSA (PePTUIBHOCTD MBLABLGI. VIMEHHO MCIOJIb3YS
CUCTeMY TPAHCI'eHHBIX JHHHMH C 3TUMH ABYMS OaKTEPHAIBHBIMU TeHaMH,
yIaJ0Ch CO3/aTh 1ebli PSAJ KOMMEPYECKHX COPTOB palica, KOTOpbie Ipej-
CTaBJIAIOT CO60i retepo3ucHble THOpUABL F1,

Yro npuBJekaeT B 3TOH HHTepecHOU pa3paboTke? IIpexxnae Bcero BhI-
COKO€ Ka4eCTBO KOHCTPYHPOBaHUSI TPAHCTeHHBIX Maa3Muzl. OCcoO6eHHO Ho-
paxkaeT BbICOYAHINAsA TOYHOCTb PETYJIHPOBAHHUS AKTUBHOCTH pPabOTHI
TPaHCreHOB: CTPOrO B OIIpe/Ie;IEHHOM MeCTe M B olpe/iejieHHOe BpeMs. B
pesyJsbTaTte B pacTeHUH IIOCJe LIBeTEHHs1 BOBCE HE OCTAeTCS MPOAYKTOB
TpascreHoB (1BETBI CO CBOMMH IBLABHUKAMH OTLBEJH M OCHIIAJIUCD).
CaenoBaresibHO, IOJIy4eHHast POAYKUHUs (paICcoOBOE CEMs, PAriCOBOE Mac-
70, 3eJieHas Macca) IOJHOCTBIO MIEHTHYHA 110 MOTPeGHTEeNbCKUM CBOM-
CTBaM NMPOAYKLUH, TOMYYEHHOH OT aHAJOTMYHBIX COPTOB TPAAMIIMOHHOI
CeJIeKIIHH.

2.2.7. Yro nac xaer B 6am:kaiimem 6yaymem?

Mb1 npuBesM IpUMepHI TOJBKO KOMMEDYECKMX COPTOB TPAHCTE€HHBIX
pacTeHH}, TO eCTb COPTOB, MOJYYUBIIUX OQHUIMAIBHOE pa3pelieH’e Ha
HCIIOJIb30BaHME B XO3AWCTBEHHOH AesTelbHOCTH. B TO Xe BpeMst HayuHbie
MCCJIeJOBaHUS B 3TOH 061aCTH BeAYTCS 10 1IE€JIOMYy PALY NEepPCHEKTUBHBIX
HalpaBJieHUH. YiKe IOJyYeHbl HHTepeCcHble pe3yJbTaThl, 3HAYUT, B OJU-
XKaliueM OyayuieM cCJeAyeT OXWAATb IOSBJIEHHS HOBBIX, HEBHIaHHBIX
COPTOB C HOBBIMH BO3MOXHOCTSIMHU. IIpexxge Bcero 6oJipliioe BHUMaHUE
yaAeJisieTcs nospileHno 3¢ eKTUBHOCTH GOpbOBI ¢ GOJIE3HAMH PACTEHUM.
Y1op nenaercst Ha CO3/IaHHE YCTOMYMBBIX K GOJIE3HSIM COPTOB CEIbCKOXO-
3siCTBeHHbIX pacreHuit. IIpu atoM ucnosp3ayiores asa nogxoza. Bo-mep-
BBIX, BblJI€JIEHDbI, KJIOHHPOBaHbl U IlepeHeCeHbl B TeHETHYECKUH MaTepHa
pacTeHnii MHOTOYHCJ/IEHHDIE T€Hbl, CBA3aHHbIE CO CTHUMYJIAIMENd Hecnemu-
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¢uyeckoro (To ecTb HE HAIIPABJIEHHOro NPOTUB OIpe/eIeHHOrO MaToreHa)
MMMYHUTETA pacTeHuA. 1A 3Toro mpmMeHsoT reHbl ¢GepMEeHTOB aMUJIa3,
XUTHHA3, NMoaudeHOJI0KCHIa3, MMepoKCHAa3, a TakKe (PUTOANECKCHHOB M
JIM3031MMOB, JEeKTUHOB. BTOpO# IMOAX0J OCHOBAaH Ha BbIAENEHUU U KJIOHH-
POBAaHUH MOULIHBIX T€HOB YCTOMYMBOCTHU K 60JI€3HSAM OT AMKUX BUAOB. TakK,
He/IaBHO aMEPUKAHCKUM Y4YEHBIM Y/aJI0Ch NEpeHEeCTH reH YCTOWYMBOCTH K
CaMOMy OIlacHOMY 3a6oJieBaHuI0 Kaptodena — ¢GuropTopo3y OT JUKOTO
BuAa Kaprodens Solanum bulbocastanum K MIHPOKO UCIOJIb3YEMOMY, HO
He YCTOWYMBOMY K 3TOMy martoreHy copry Karamgun. Braronaps stoit rex-
HOJIOTUH MOSIBUJIACh BO3MOXKHOCTD CYIECTBEHHO TIOBBICUTD (pUTOTOPOYC-
TOWYMBOCTD MHOTHX IIPOBEpEHHBIX COPTOB KapTodesda. B mpunHiune ueH-
HbIe F€Hbl 0T JUKUX BHJIOB MOXKHO HCIIOJIb30BATh U C MOMOIIBIO METOAOB
TPaJMLIMOHHON cesiekuud. Ho Juib reserndeckast MH>XKEHEPUA II03BOJISIET
IleJIeHaNpaBJIeHHO YJIy4dlIaTh COpTa, A06aBJsis OTAENAbHBIE I'€Hbl M HE W3-
MeHsIs1 OCTAJIbHBIX XaPAKTEPHCTHK COPTa. JTO 0C000 aKTYAJIbHO A1 TAKUX
BBICOKOT€TEPO3UTOTHBIX KyJbTYpP, KaK Kaprodenab, /s KOTOporo mo6oe
CKpelllMBaHye B X0/I€ TPAAULIMOHHON CeJIeKIHH COIPOBOXKAAETCS IOJHBIM
MU3MEHeHNeM UCXO/IHOTO TeHOTHIIA.

Cirenyrolee Ba)XHOE HalpaBjieHHEe I'€HETUYECKOM WHIXKEHEPHH — ce-
JIEKI[UA COPTOB, YCTOMYUBBIX K CTPECCOBBIM (paKTOpaM CpeJbl: 3acyxe, XKa-
pe, X0JI0AY, OBBIIIEHHOMY 32C0JIeHUIO OYBbI. 110CKOIBbKY BCe 3TH CTpec-
Cbl OTHOCSITCSI K pa3psfy OCMOTHYECKHX, TO H IIOAXO/bI 10 BCEM 3THUM Ha-
npaBiaeHusiM obmue. Mper pa6ora Haj BblaeseHHEM, KJIOHHDOBAHUEM H
[IEPEHOCOM B PACcTEHUS TPAHCTeHOB, KOAUPYIOUMX 06pa3oBaHUE Pa3/IHy-
HBIX OCMOIIPOTEKTOPOB (HMOHOB, MPOTEMHOB, aMHUHOKMCJIOT, CaXapoB, IO-
JIMaMUHOB), PEryJUDPYOIUX COJEPKAHUE HEHACHINIEHHBIX JKHPHBIX KHC-
JIOT B MeMOpaHaX KJIETOK M T.J.

Oxka3bIBaeTcs, ¢ MOMOLIbIO TeHETUYECKOU MH)KEHEPHH MOYKHO NTOBBIIIIATH
H YPOXaHHOCTb CEeNbCKOXO3SIMCTBEHHBIX PacTeHUi, HECMOTPS Ha TO 4TO
3TOT NIPHU3HAK ABJAETCS MOJUTeHHBIM, TO €CTh OH OIpeeNsAeTcs aKTUBHO-
CTbIO O4YeHb OOJHLIOTO KOJTHYECTBA FEHOB. TeM He MeHee MOXHO HalTH U
IIPUMEHSATH OT/IeJbHbIE FeHbl, IPOAYKThI KOTOPBIX IIO3BOJIAIOT CYLIECTBEH-
HO YCHJIUTD ITPOILIECCHI POCTA U B HTOTe MOBBICHTD IIPOAYKTUBHOCTD PACTEHUSI.
Tak, BcTpauBaHue B reHOM KapTodess reHa ¢puroxpoMa B or apabugomncu-
ca NIPUBOANJIO K TOBBIICHUIO MHTEHCUBHOCTH (POTOCHHTE3a U YBEJUYEHHIO
ypoxas kiay6neit. Ilo gaHHBIM poccHiickuX yuyeHbIX U3 VIDKYTCKOro yHu-
BEPCHTETa, IEPEHOC B FeHOM KapTodesisi reHa, KOAUPYIOIero o6pasoBaHue
depmenta Y IDI TpaHcdepassl co3peBalolero sepHa KyKypysbl, COpo-
BOXKJAJICsl yCUIeHUeM GHOCHHTEe32 POCTOBBIX (PMTOTOPMOHOB, YTO IIO3BO-
JIAJI0 TIOBBICUTD yposKail KIyOHel B ABa pa3a, YpPOBEHb CYXUX BelIeCTB B
kiay6usx no 27% (y o6biunbix Menee 20%), aCKOPGHMHOBOM KHCIOTHI A0
9%. PaspesanHble KIy6HU He TEMHEJH Ha BO3AyXe. BCXoAbl OT Takux
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KJIyOHel mosiBjsiich Ha 7 — 10 gHelt paHble, 4eM y OOBIYHBIX COPTOB.
ITpumeHeHHMe 3TOrO e reHa [Jig TeHETHYeCKOH MOAW(UKANUU TOMATOB
TIO3BOJIMJIO JIOCTUTHYTh YPO’kKast IJIOAOB B TeIlTHIEe 10 32 KUIOIPaMMOB, a
B COYETAHUHU C JPYTMMHU reHaM — Aaxke 46 10 KMIOrpaMMOB C KBaIpaTHO-
ro Merpa (y HeMOAU(DHULMPOBaHHBIX PacTeHHi ypoxai cocrasui 20,7 Ku-
JIOrpaMMa ¢ KBaJ[paTHOTO MeTpa).

HinreHCHBHO UCNIO/Ib3YS TPAAULIMOHHbBIE TEHHO-UHXEHEPHBIE IOAXO0/bI,
MOKHO JOOUTHCSA TMOBBIIEHUS KaYeCTBEHHBIX U NMOTPEOUTETbCKUX CBOUCTB
CeJIbCKOXO3sUCTBEHHOH npoaykiu. BenyTcs paGoThl u 1mosydyeHnsl o6Ha-
JeXHUBaOLMe pe3yJbTaThl MO co3gaHuio Kode 6e3 KodeuHa, Tabaka 6e3
HHUKOTHHA, apaxyuca, He COJAepKallero XapakKTepHBIX [/ HEro ajjepre-
HOB. Doubmioii pesonanc B o6uiecTBe BbI3Basa pa3paboTKa MIBeHIIAPCKUX
YY€HBIX, TIOCBSAIEHHAA CO3/JAHUIO TaK HA3bIBAEMOTO «30JI0TOrO» puca. M
YAAJOCh TIOMYYHUTb WM IIEPEHECTH B PACTEHUS pPHCA TeHETHYECKYI0 KOH-
CTPYKIMIO, COAEPKaUIyio Cpa3y TPH IreHa OT Pa3HbIX OPraHU3MOB, He06X0-
JAMMBIX st GuocuHTE3a KapoThHa (IpoBHTaMHHa A): reHbl ¢pHTOEHAeca-
TYpa3bl U JIMKONHMH (3-IUKJa3bl OT HapLHKCCa ¥ I'eH KapOTHHAeCaTypasbl OT
6axrtepuii. B pe3sysbpTaTe pacreHHs puca HPHOOpEH CIIOCOOHOCTb CHHTe-
3MpOBaThb KapOTHH, KOHIIEHTpalUHUs KOTOpOro B 3epHe pocruraaa 1,6—2
MHKPOrpaMMOB Ha IpaMM cbIpoil Maccel. KoHeuHo, 3TOro HeZOCTaTOYHO,
4To6bl B IOJHONH Mepe pelmuTh mpobyeMy ociabJeHHOTO 3peHHs Aereit
IOro-Bocrounoit A3uu, BbI3BaHHYIO AePHIIMTOM BUTAaMHHA A B IIPOAYKTaX
nuTaHus. [[ns atoro aersaM 4 —6 ser Heo6XOAMMO eXXeTHEBHO CheAaTh IT0-
panka 1,2 xunorpamMMa «30JI0TOTO pHcay, YTO HepeasbHO. TeM He MeHee
NEepBbIM [Iar B 3TOM HAINPaBJIEHMU CJejiaH, U TOJIyYeHHble pPe3yJbTaThl
JNeHCTBUTEJIbHO OTKPBIBAIOT LIMPOKUE MEPCIEKTUBBI B PEHIEHMM JIAHHOIT
HPOOJIEMBI.

W e ucnosb3oBaHUsI TPAHCTEHHBIX PACTEHUH B KAYeCcTBe «OMOPEaKTo-
POB» [JI IIPOU3BOJCTBA Pa3/IMUHBIX IeHHBIX (papMalieBTUYECKUX COeIH-
HEHUH, TaK Ha3bIBA€MBIX DPEKOMOMHAHTHBIX TPOTEHHOB, MOCTOSHHO IIPH-
BJIEKaeT BHMMaHUe y4eHbIX. SINOHCKUM Hcc/lenoBaTesisiM yAAJI0Ch MOJy-
YUTh pacTeHHs Kaprodess U Ta6aka ¢ BCTPOSHHBIM M€HOM 4Y€JI0BEYeCKOro
uHrepdepoHa anbda, KOTOPLIH NPUMEHSIOT A/ JIeYeHUs YeJoBeKa OT re-
natuta C 1 HexotopbIXx ¢opM paka. Co3maHbl pacTeHus Tabaka ¢ 4eJioBe-
yecKUM uHTepeikutoM 10 (CTUMYISTOD UMMYHHTETa), pacTeHusa apabu-
Jorcuca, cuHTesupyoinye sutaMuH E. [Ipenmyniecrsa takux «6uodabpuks
O4YeBUIHbI. MOXHO IPOU3BOIUTD BELIECTBA, SIBJIIBIINECS] PDAHEE QUEHD Pejl-
KMMU M JOPOTMMH, IPAKTUYeCKH B HEOTPAaHWYEHHBIX KojuyecrBax. Ilpu
3TOM He CTOMT NpobJieMa WX TLIATeJbHOH OYUCTKH, KaK B CJIy4ae C FeHeTH-
YeCKH MOAU(DUUMPOBAHHBIMM MHUKPOOpTaHu3MaMH. [[a M BO3MOXHOCTH
pPacTeHUH IO CPaBHEHHUIO C MHKPOOPraHHM3MaMH I GMOCHHTE3a CIHely-
(bUYECKHUX AJIST BBICIIMX OPraHH3MOB BEIECTB CYIECTBEHHO IIHMPE, MOCKOJIb-
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Ky PacTeHHs HaMHOro 6JIMKe K HUM B 3BOJIIOIIMOHHOM IiaHe. OTCyTCTBY-
IOT PUCKH IlepeH0ca CKPHITBIX MHQEKIMii, XapaKTepHble JJA TpaAULHOH-
HBIX METO/IOB IIPOU3BOACTBA HEKOTOPHIX IIpelapaToB ITyTeM BbIIeJIEHHs U3
TPYMHOTO MaTepuajia, OPraHOB JKUBOTHBIX MJIM JOHOPCKOH KDOBHU.
Bosbioit uHTEpEC NMPEACTABAET HCHNOAb30BaHHE TPAHCI'EHHBIX pacre-
HH B UEJISIX MOJIyuYeHUs Che06GHBIX BaKIUH JJIs1 TOBBIIIEHUSI YCTOHYMBOC-
TH OPTraHM3Ma 4eJIoBeKa K OMacHbIM 3a60/eBaHusAM. [/ 9TOro mpejJara-
€TCs1 JOCTATOYHO IPOCTasi cxeMa. B reHeTuyeckuii MarepHas pacTeHus Iie-
penocat He6oapmoit ¢pparMent JHK kakoro-mm6o narorena (uame Bcero
BHpyca). B pesysbTare B IUI0/IaX TaKOrO TPAHCTEHHOTO pPacTeHHs o6pasy-
eTCs1 OIpe/IeIeHHbIA IMPOTENH, XapakTepHbld i1 maTorena (cam mo cebe
OH He MOXXET BbI3BaTh 3a6osieBanue). IIpu moegaHuu aTOT IMPOTEUH MOXKET
JIOCTUTAThb TOHKOTO KUIIeYHNKa, I/ie IPOMCXOAUT ero BCaChIBaHHE B KPOBb.
31ech OH BBICTYHAeT B KaueCTBe Yy KePOJHOro areHTa — aHTHUreHa, K Ko-
TOpPOMY OpraHu3M BbIpaGaTbiBaeT 6J1arofaps €CTECTBEHHOMY MEXaHH3MY
UMMYHUTETA COOTBETCTBYIOLIHE aHTHTEA. Teneph B C/Iydyae MONMAJaHUSA B
OpraHu3M aKTUBHBIX BHPYCHbBIX YacTHMLl UX JKJET yXKe CO3JaHHasA cHUCTeMa
060poHBI, KOTOpas crocobHa ux obe3BpexxuBaTh. Mcnonp3ysa onucaHuyio
CTpaTeruio, yJajJoch, HaupuMep, TIOJIyYUTb pacTeHHs: 6aHaHOB, MOEAaHHE
ILJIOAOB KOTOPHIX MHAYILMPYET 0Opa30BaHKe aHTHUTE/ K BUPYCaM MaIHJLIO-
MBI, KOTOpbIE MOTYT BBI3bIBATh Yy JIIOJleH HEKOTODbIe (POPMBI PaKa.
Hamnpas/ieHust UCIIOb30BAaHUA TPAHCTEHHBIX pacTeHUl MOTyT OBITh CO-
BEPIICHHO HEOXXUJAHHBIMU. Tak, NpeAaraercsa NPUMEHSITb UX IS OYUCT-
KM IIOYBBI OT 3arpsi3HeHHid HeThIO U TXKeNbIMUA MeTataMu. [l 3TOro B
HHX BCTPAaHBAIOT COOTBETCTBYIOIUIME T€HbI OT MHKPOOPraHU3MOB, CIOCO6-
HBIX YTUJIU3UPOBATh U JErpaJHpOBaTh 3TH BellleCTBa. B Ijapcrse MHUKpO-
608 Takue opMbl — He peakoctb. CaMoe yAUBUTE/bHOE, YTO PDacTeHHs
TabaKa ¢ MOJOOHBIMU CBOHCTBaMHU yxe nosydennl. Ha odepenn — cospanue
reHeTH4ecKd MOAU(DUUUPOBAHHBIX pPacTeHHH, KOTOpbIe MOXKHO HCIIOJIb30-
BaTh HEMOCPEJCTBEHHO B MPAKTHYECKOHU AeSTeAbHOCTH, HAIlpUMED Pa3/y-
HBIX [ApeBeCHbIX Mopod. Kak yKasbIBaJoCch Bbliile, pacTeHus1 — YAOOHas
cUCTeMa JJIs1 MPOU3BOACTBA cheAoOHbIX BakiuH. OKa3asoch, 4YTO aHaJIO-
TMYHBIA TIOX0 MOXKHO HMCIIOJb30BATDh /IS TIOJYYEHHs] BaKIIWH, 06J1a1a10-
IMX KOHTpauenTtuBHbiM (IIpoTHBO3avaToyHbiM) aeiictBuem! Jluis atoro B
HX T€HOM J0CTaTOYHO BCTPOHUTH I'eHbl, KOAMPYIOLIUE AHTHIEHBI IIOJOBBIX
KJAeTOK (CrepMaTo30MI0B) MM IIOJIOBBIX TOPMOHOB. Ilosie mMpUMeHeHUs
TaKMX OPaJIbHBIX KOHTpPAIIENITUBOB OYeHb mupoko. Hanpumep, npeasara-
eTCs UCIOJIb30BATh MX JUJISL OTHOCUTEJIBHO JEIIeBOr0 M TyMaHHOTO PeryJiu-
POBAaHMS YUCJIEHHOCTH MOMYJSIMH HEKOTOPBIX AUKUX >XKMBOTHBIX.
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2.3. [JocTuxkeHus reHeTHYECKOI HH)KeHepHH >KHBOTHBIX

HecMoTps Ha TO YTO NEpBble TPaHCreHHBIE XKUBOTHBIE ObLIH I10JIy4YeHbl
6onee 20 seT Ha3az, A0 CUX MOP Ha PbIHKE HET HU OJIHOTO FreHeTHYeCKH MO-
JUGUIHPOBAHHOTO XXMBOTHOI'O AJIS UCIIOIb30BAHUS B XO3SHCTBEHHON A€es-
TEJIBHOCTH. JTO CBA3aHO C ONpeJe/eHHBIMH TeXHHYECKUMH (CJI0XKHOCTH
NOJTydeHHs] H Pa3MHOXKEHUS), (PHHAHCOBBIMH, a MHOTAA M 3THYECKUMH
npo6ieMaMu. TeM He MeHee yclleXH B TeHeTHYeCKOH MHXXEHEePMM >KUBOT-
HBIX O4eBUHBI. Pa3paboTanbl pa3/MyHble METO/IbI IEPEHOCA FEHOB B reHe-
THYECKUH MaTepHasl XKUBOTHBIX H TOJyYeHbl TPAHCTEHHbIE OCOOU y MJIEKO-
MUTAIOUMX, HU3IIUX IIO3BOHOYHBIX U Y 6eCIIO3BOHOYHBIX XUBOTHbIX. Co3-
JaHbl 3(peKTHBHbIE TEXHOJOTHH KJIOHUPOBAHUA, OCHOBAHHbIE HA 3aMeHe
SIIEDP Y OTLJIO/IOTBOPEHHBIX STMIIEKJIETOK. Y YeHble HAYYH/IUCh He TOJBKO ITe-
PEHOCUTb B T€HETUYECKHH MaTepuas >XUBOTHBIX OTAe/NbHbIE TeHbl, HO U
«BBIKJIIOYATb» UJH 3aMEHSTb HEKOTOPbIE KOHKPETHbIE I'eHBbI.

Besyc/10BHO, OCHOBHBIM HallpaBJieHUEM HCCJIeJOBaHUI B 06J1aCTH rede-
THYECKOH HH)KEHEepPHH KMBOTHBIX SBJIsieTCs BbIBeJleHHe TOPOJ ¢ NOBBIIIEH-
HOM NMPOAYKTHBHOCTBIO, YCTOMYUBOCTBIO K 6OJI€3HAM, H3 KOTOPBIX MOXHO
II0JIy4aThb IPOAYKIMIO ¢ HOBBIMHM, IIPUBJIEKATEJbHBIMU /1 NOTPeOUTENS
KaYeCTBEHHbIMH XapAKTEPUCTUKaMU. B 5TOM HampaBJieHUH YK€ CO3/JaHbI
TpaHCreHHble (POpMBbI PAa3HBIX BHIOB PbI6, B T€HOM KOTOPBIX A06aBjieH
reH, KOAMpYIOIUNA GHOCHHTE3 FOpMOHA pocta. bBiarogaps aTroMy pbIObI
6picTpee pacTyT, ap¢eKTUBHEe. HCIIOIB3YIOT KopMa. TpaHCreHHble CBUHbU
¢ 106aBJIEHHBIM T€HOM TOPMOHA pocTa 6oJiee MYCKYJIMCTbIe M MEHee XKHp-
Hble. To ecTb U3 Ty TpaHCreHHOTO KaGaHYNKa MOXKHO MOJIYYATH 6OJIbIIe
MsICa, YeM M3 OOBIYHOrO, U MeHbllle caja.

CBHHBH C 106aBJIeHHBIM reHoM (putasbl (oAHH U3 PepMEHTOB TepeBa-
puBaHus muiy) 3¢ PexTUBHEE YCBAHBAIOT KOPMA 3a CyeT JIyylied ycBosie-
MocTH ocdopa, 4TO BhIpaxaercs B ycuaeHHH ux pocra. K ToMy e aro
JA€T BO3MOXXHOCTb B MEHBIIEH CTeleHu 3arpsi3HsThb OKPYKAIOUIYIO CPeRy
¢docdaramu. TpancrenHble CBHHOMATKY ¢ JOOABJIEHHBIM HM IeHOM B-/aKT-
anbOyMuHa 60see 3(pbeKTUBHO BCKapMJIMBAIOT CBOKX IIOPOCHT.

Pax npoeKkTOB uUMeeT LeJbI0 YJAYYIIEHHE MOTPe6GUTEbCKHUX CBOHCTB
NIPOAYKTOB, BbIpalaTblBaeMbIX JKHBOTHBIMH HJIM U3 >KUBOTHBIX. Peusn, B yacT-
HOCTH, HMAeT 00 yJydlleHNH KavecTBa IEPCTH OBell, O BbIBEJEHHH C IIO-
MOIIbIO reHeTHYEeCKO) MHKEHEePHH TT0po KPYITHOTO POraToro cKoTa, B MO-
JIOKE KOTOPOro CHHXX€Ha KOHLEHTPalus f-1aKTOrJI06yIMHA, OCHOBHOTO €TO
ajlepreHa, HJIM M3MEHEHO COOTHOIIEHHE OT/EJbHBIX ero 6eikoB (ka3eu-
HOB ¥ CBIBODOTOYHBIX MPOTEHHOB). [Ipyroil moaxXo/ cocTouT B MoAudUKa-
1MUY OTAEJbHbIX T€HOB [JI yJIydllleHUsI (PU3UKO-XMMUYECKHX CBOMCTB CO-
OTBETCTBYIOLIMX IPOTEMHOB MOJIOKA C IIeJIbI0 NOBBINIEHHS COJEPKAHUSA B
HEeM KaJIbliusd, M3MEHEHHS] COOTHOUIEHHUS OTAeJbHBIX aMHHOKHCJIOT, MOJIY-
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YeHHs MOJIOKA, CHIp H3 KOTOPOro co3peBaer B 60see KOPOTKHE CPOKHU. Bce
3TO JOJDKHO CYLIECTBEHHO YJIYYIIHTH ITOTPEOUTENbCKHE M TEXHOJOTHYeC-
KHe CBOMCTBA KOPOBBETO MOJIOKA. BBIMIpAaroT OT 3TOr0 M CaMH XHUBOTHBIE,
HOCKOJIbKY YJIyUIIEHHOE MOJIOKO — HEMaJIOBOXKHBIA (DAKTOp 3A0pPOBbS
BCKapMJ/IMBAaeMbIX UM TeNAT. MHOTHe M3 3TUX TOAXOXO0B yXKe pean30BaHbl
Ha MOJEeJIbHbIX 06beKTax (J1aGopaTOPHBIX MBINIAX ).

Y nydmieHne 340pOBbS AOMAIIHUX >KMBOTHBIX, IIOBHIIIEHNME HX yCTOH-
YHBOCTH K 60JIE3HAM C ITIOMOINBIO METOJOB reHeTHYeCKONH HH)KEHEPUH HMe-
eT 60JIbIIIOE TIPAKTHYECKOE U COLIMAIbHOE 3HaYeHHe. JTO He TOJIbKO I03BO-
JIAT TIOBBICHTb MX IPOAYKTHBHOCTb, YMEHBIIUTD 3aTPaThl HAa JEUEHHE HKH-
BoTHBIX (Ha yro yxoaut mo 10—20% or obuieit cyMMbl 3aTpar), HO H
CHM3UT YPOBeHb yNoTpeOJeHUs aHTHOHOTHKOB IJI UX JIEYEHHS, BEPOAT-
HOCTb NepeHoca MH(EKLU OT JXUBOTHBIX K uesioBeKy. [l pelleHus NaH-
HOIt IIpo6J1eMBbI MCITOJIB3YIOTCSI TPH OCHOBHBIX FeHHO-UH KEHEPHBIX IIOAXO-
na: (1) mo6aBKa reHOB, MOBBINAIIMX YCTOWYMBOCTH K GonesnsM, (2)
<yZlaJieHne» reHoB BocpuumMuuBocTH K 6oaesnsaM (knockout) u (3) same-
Ha OT/JEJIbHbIX I'€HOB JKHBOTHOTO Ha aHAJIOTHYHbIE T'eHbI, HO B 6oJbIIeH
Mepe CIIOCOGCTBYIOIINE aKTHBHOMY mpoTuBocTosHuio Gomesru (knockin).
B uesoM uccie10BaHUsA O 3TUM TPeM OCHOBHBIM HAIPABJIEHHUSIM C Iepe-
MEHHBIM yCIIEXOM IPOBOASITCS Ha JaBOpaTOPHBIX XKUBOTHBIX. [lo o6Haze-
JKUBAIOIUX Pe3yJIbTAaTOB Ha CeJbCKOXO3AUCTBEHHBIX XKUBOTHBIX AEJO IO~
Ka He JAOIIJIO.

B 10 Xe BpeMs KOHKPETHOrO IIPaKTUYECKOT0 BBIXOAA CAEeLyeT 0XKUIATh
y’ke B Ou’kaiilree BpeMs B TAaKOM Ba’KHOM HaNpaBJeHHU IeHeTUYECKOH
HH)KEHEPHH, KaK HMCI0JIb30BaHHE KUBOTHBIX B KayeCTBe «0HOPEaKTOPOB»
ZUIs1 IPOM3BOACTBA (hapMaleBTHYECKUX NpenaparoB. IlepCcrieKTHBEI 3TOTO
HallpaBJIEHUS TeHETHUECKON UHXXeHepHH TIPUMEHUTENBHO K PAacTeHUsIM 06-
Cy>XJaJIuch Bbllle. HecMOTpA Ha TO YTO U pacTeHHs, U KUBOTHBIE B OTJIH-
YHe 0T MUKPOOPraHU3MOB OTHOCATCS K L[aPCTBY 3YKapHOT, TEM He MeHee
6UOJIOTHSI PaCTUTENHHON U KMBOTHOM KJIETOK BCE-TaKU CYLIECTBEHHO pas-
muyaercs. IloaToMy M/ mpoM3BOACTBA HEKOTOPBIX KUBOTHBIX PEKOMOH-
HaHTHBIX IIPOTEHHOB 6oJlee 11e1ecO06Pa3HO BCe-TaKHM MCIOJIb30BATh KUBOT-
Hble OPTaHU3MbI, HeXXeJIU pacTuTeapHble. B Hacrosee BpeMs y6enuTesin-
HO [JOKa3aHO, YTO C IIOMOLIbI0 MOJIOYHBIX JKeJie3 TPAaHCTeHHbIE JKUBOTHBIE
CNIOCOOHDBI IIPOU3BOAUTH BCEBO3MOXKHBIE TIPOTEUHBI, TaKHe, KAK pa3Hble
(paxTOpbI KPOBH, (pepMEHTDbI, MOHOKJIOHAJIbHBIE aHTUTEIA, KoJLIareH, Gpub-
PHHOTeH, LIEeJK MayKoB U T.A. Pa3pa6aTbIBaioTcs U APyrHe CUCTEMEI IIPO-
M3BOJACTBA PEKOMOMHAHTHBIX GEJKOB, B YACTHOCTH, GOJbIIKE IIEPCIIEKTH-
BBl CBA3BIBAIOT C CUCTEMOM SIMYHOrO GesiKa Kyp.

Yro MoKeT [aTb 4eJOBEYECTBY HCIIOJb30BaHUE XUBOTHHIX-OHODEAKTO-
POB, MOXHO NPOMWJLTIOCTPUPOBATh Ha ciexyiomeM npumepe. CoBMeCTHBIM
IIPOEKTOM POCCHUCKUX M 6€J0PYCCKUX YUeHBIX MPeJyCMOTPEHO CO3[aHue
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CUCTEMbI IPOU3BOJCTBA ABYX JIEKAPCTBEHHBIX IIPOTEHHOB: MPOYPOKUHA3DI
U JaKTogeppHHa YeJI0BEKA B MOJIOKE TPAHCTeHHbIX Ko3. [IpoypoknHasa —
MOIHBIH TpOMGOIUTHYIECKNH (pepMEHT, MCNOIb30BaHHe KOTOPOrO B Iep-
Bbleé Yachl IOCJe HACTYIJIEHUs MH(papKTa MHOKapAa B J pa3 CHHXKAaeT
CMEpPTHOCTb OT 3toro 3aboseBanus. CTOMMOCTb OJHOTO Kypca JieueHMs
IIPOYPOKMHA30Hi coCTaBjsieT B Hacrosiee Bpems OkoJso 1000 mosnapos
CHIA, yTO menaer 3TOT mMpenapar MaJIOJOCTYNHBIM JJi1 GOJbIIHHCTBA
rpaxzaan. Mexay teM B TakoM JedeHuH B Poccuu u Benapycu HyxaaioTcs
6onee 400 ThIcSAY KapauoJOrHUeCKNX GonbHbIX. JlakTodeppuH — 6enok
JKeHCKOoro MoJioka ctouMocteio 2000 — 2600 xosnapos CHIA 3a 1 rpamm,
npemnaparbl KOTOPOro o6JalaloT CHIBHBIM JETOKCHIMPYIOIMM, aHTHOAK-
TEepUATbHBIM U IPOTHBOBOCIIAJINTENbHBIM AelicTBHeM. [IpuMeHeHne JaKTO-
deppuHa Kak nuuieBoil 1o6aBku nospossdger B 10 pas cHu3uTh 3a60seBae-
MOCTb TaCTPOSHTEpHUTaMU y IDYAHBIX AeTeH-UCKycCTBeHHUKOB. ['onoBas
NOTpeGHOCTD B IIPOYPOKHHA3€e U JIaKToeppHHe B MUpPeE OlieHHBaeTcs B 6,
mipa posutapos CIIA. Mcnonbs3oBaHue TPAaHCTEHHBIX KMBOTHBIX CHU3UT
CTOMMOCTb 3THX M GOJBLIIMHCTBA APYTHX MOAOOHBIX mpemaparos B 10— 20
pa3, YTO NMO3BOJIUT NEPEBECTH MHOTHE JIEKAapCTBA U3 pa3psAla dJIUTHBIX B
4YHCJI0 O6LIEJOCTYHBIX.



T'aasa 3

YTO TAKOE BUOBE3OIIACHOCTD
U JIAA YET'O OHA HEOBXO/IUMA?

[IepBble reHHO-MH)KEHEPHDBIE COPTA CENbCKOXO3SHCTBEHHBIX PacTeHuH
HOSIBUIKCDH B mpousBoAcTee B 1992 roay. 3a nmpomeamuii nepuos OHHU 10~
Ka3aJM CBOIO BBICOKYIO 3 PeKTHBHOCTD, IPEUMYLIECTBO NEPEM COPTaMH,
CO3/JaHHBIMH C TIOMOIIBIO TPAAMIIMOHHOH cenexumu. [lnomaau mox HUMH
CTpeMHTeJIbHO pacumpsiorcst. IloyeMy xe K0 cux mop ObITyeT MHEHHE O
AK06bI 60JIbIION ONMACHOCTH reHeTHYeCKH MOAH(UUUPOBAHHBIX OPraHu3-
MOB AJIs1 3I0POBbs YeJIOBEKa U OKPYJKalolle# cpeanl, OMacHOCTH, COIOC-
TaBUMOM, HAapHMep, € IOCJHEACTBHUSIMH 4epPHOOBIIbBCKON KaTacTpodsni?
YuraTesb yxe MOJYy4YHJ peabHOE NpeACTaBJeHHE O TOM, 4YTO U3 cebd
npeacTasAiorT ITMO, kak UX NOIy4yaloT ¥ 4eEM OHM OTJHYAIOTCS OT COP-
TOB, IOPO/], INTAMMOB OPraHHU3MOB, BBIBEJEHHBIX C IIOMOIIBIO TPAXMLIM-
oHHOY cestekimu. OH 03HAKOMMJICS ¢ TeMH OOJIBIIMMH NIPEUMYINECTBAMH,
KOTOpbIe AaeT UX UCIMOJb30BaHKe. Tenepnr mMonmbiTaEMCS pacCMOTPETH NO-
TEHI[UAJbHbIE PUCKH AJI 3[J0POBbS YeJIOBEKA U OKpYIKaloleil cpeabl, KO-
TOpbie MOTYT OBITb C HUMHU CBSI3aHbl, KaK MX MOXKHO OLIEHHTD U IpeayIpe-
OUTb, KaK B 1eJ0M o6ecreuyuTb 6€30MacHOCTb M'eHHO-UHXKeHepHOH aes-
resibHOCTH (6106€30macHOCTD).

K nHacrosmemy BpeMeHu pa3pa6oTaHa 3peKTHBHAS CHCTEMA OLIEHKH
6esonacnoctny 'MO pns1 3m0poBbA YesiOBeKa M OKpPYJKalomeil Cpenbl.
OHa conep>XuT LeJbli psj MOAX0A0B M METOAOB, IPUMEHSAEMBIX, HauU-
Has C 3Tana IJIaHMPOBAHHA NpEANOJaraeMoil reHeTudeckod Moauduka-
ITUM M 3aKaH4YMBasi rocyJapcTBeHHo# perucrpauueit TMO, paromeit npa-
BO HCIIOJIb30BaTh €r0 B XO3IMCTBEHHOM AesATeJbHOCTH.

3.1. OcHoBHbIE NPHHIMNIBI OLIEHKH PHCKA
BO3MOXHBIX HeOnaronpusarubix 3¢ dexros TMO
Ha 30pOBbE YEJOBEKA H OKPYXKAIOILYIO Cpeay

Ixcnepmu3a 6esonacnocmu I'M O ocywecmsasemcs Hayuno 060CHO-
gantnvim o6pasox. IIpu ee NpoBeeHHH MOXET YYUTHIBaThCS MHGPOpMa-
45, ony6JMKOBaHHAA B HAYYHO-TEXHHYECKOH JIMTepaType M CoJAepiKa-
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mascs B CIelHaTH3UPOBAHHBIX 6a3aX NAHHBIX, PE3YJbTaTbl MCIIBITAHHIMA
M CBeJeHMs TI0 MpeaecTByoueMy ucnonabsopanuo MO, 3akmodeHus
3KCIEPTOB, METOAHYECKHE PEKOMEHAaluH, pa3pabOTaHHble HALMOHAJIb-
HBIMU M MEX/IYHAPOAHBIMH OPraHU3allUAMH.

Ouyenxa pucKos 00NXKHA OCYUECMBAAMC HA UHOUBUODYANLHOU OC-
noge. Nudopmanusi, Heo6X0AuMAasA QA NPUHATHS 3aKA0YEeHHsA 0 6e3o-
nacHocT T'MO, MoxeT BapbHpPOBaTh MO XapaKTePy U YPOBHIO JeTalu3a-
IIM¥ B Ka)XXKJIOM KOHKDETHOM CJydae B 3aBHCHUMOCTH OT COOTBETCTBYIOILETO
I'MO, xapakTepa ero npeamnojaaraéMoro MCHoJb30BaHUs ¥ TOTEHIUAb-
HOY NMPUHHUMAIONEN Cpenpl.

Pucxu, ceasannvie ¢ TMO unu codepxawumu ux npodyxmamu, 0ou-
HHBL PACCMAMPUBAMBC 8 KOHMEKCME PUCKOS, CYUECMEYOUUX NPU UC-
NONL30BAHUU UHMAKMHBLY PEYUNUEHMHLIX OPZAHUIMO8 6 NOMEHUUANL-
HOU npunumarowet cpede. Bellb NOTEHIIMAIBHO ONACHBIMYA JAJIS 30POBbS
yej0BeKa ¥ OKpYKalolei cpebl MOTYT ObITh M COPTa, NOPOADI, LITAMMBI
OpPraHM3MOB, BbIBEJEHHbIE C MOMOILIBIO TPAJHUUMOHHON cedekuuu. [ias
TOro 4TOGbI BBIYJAEHMTb 3((eKT MMEHHO IeHeTHYeCKOH Moav(pUuKaluH,
HEOOXOAUMO CPAaBHUBATh MeHeTHYECKH MOJAU(PUIMPOBAHHDBINA OPraHU3M C
MCXOJHBIM, OOBIYHBIM COPTOM.

O6mast METOAHKA OIEHKH PHCKA BO3MOXKHBIX He6JaronpuATHBIX 3¢d-
¢dextoB 'MO BxIIOYaeT caenyomue STaIb:

— BbIfIBJIEHHE JIIOOBIX HOBBIX F€HOTHITMYECKMX U (PEHOTHUIIMYECKHX Xa-
PaKTEPUCTHK, CBS3aHHBIX C NPUCYTCTBHEM TPAaHCT€HOB, KOTOPblE MOTYT
BbI3BaTh HeOJiaronpusaTHoe Bo3geiictBue MO Ha 370poBbe YesOBeKa U
OKPYKaloIIyIo Cpeny;

— OIleHKa BEPOSATHOCTH BO3HUKHOBEHUS HEOJAarONpPUATHBIX NOCJEACT-
BUH HCXO/J U3 HHTEHCHBHOCTH, MPOAOJ/DKUTEJBHOCTH M XapaKTepa BO3-
AeHCTBHUS reHETHYECKU MOAU(UIMPOBAHHOIO OPraHU3Ma Ha YeJIoBeKa MJIH Ha
TIOTEHIIHAJIbHYIO IPHHUMAIOLIYIO CPEAY;

— OlleHKa MOCJeCTBHI B TOM CJIy4ae, eCIM Takoe He6JaronpHUsTHOE
BO3/eiiCTBHE JeHCTBUTENBHO 6YAET HMETb MECTO;

— OIeHKa COBOKYIHOIO pHcKa, BeisbiBaeMoro 'MQ, Ha ocHoBe OlleH-
KM BEPOSITHOCTH BO3HUKHOBEHHS H NOCJIEACTBUN BbISBJIEHHBIX HeGJIaron-
PHATHBIX 3¢ EKTOB;

— BbBIHECEHUE PEKOMEH/JAUHUH OTHOCHTEIbHO TOTO, SIBJISIIOTCS JIH PHC-
KM NpHeMJIEeMbIMH WM peryjJMpyeMbIMH, BKJIOYAsi, eCJU 3TO HeoOXOAH-
MO, OnpefesieHHe CTPaTerHii JJIsi peryJIHpOBaHUS TAKUX PHCKOB.
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3.2. Ilpupoaa pucKoB AaA 3A0POBbS YeJOBEKa
H OKpyxalomeii cpeabl, CBA3aHHbIX C F€HHO-HHXXEHEPHBIMH
OpraHu3MaMH

Jns jmyvniero TNMOHWUMAaHMS MPUPOJbl PUCKOB, CBSI3aHHBIX C TE€HHO-
MH)KCHEPDHbIMH OPraHH3MaMM, YMECTHO BKpaTlle HAlIOMHUTD, YTO U3 cebst
MPEeACTaBISIOT reHeTHYeCKH MOoAU(HIIMPOBaHHbIe OPTAHU3MBI ¥ YEM OHH
OTJINYAIOTCA OT OOBIYHBIX, «HeMoaudUUUpOBaHHbIX». B Kapraxenckom
IIPOTOKOJE 10 6M06e30IaCHOCTH COAEPXKUTCS CJAeAyloliee UX Onpesese-
HUE. <«XWBOM M3MEHEHHbIH OpPraHu3M» O3HayaeT JI00OH >XUBOH Opra-
HU3M, O61aal0nMui HOBoi KOMOHHAI[Mel reHeTHYeCKOro MaTeprana, Io-
Jy4eHHOH Ojarofapst HCIIOJIb30BAHUIO COBPEMEHHOH OMOTEXHOJOTHH
(KapraxeHCKHii TIPOTOKOA Mo 6M06€30macHOCTH, cTaThd 3). TunuuHas
<HOBasi KOMOMHAlMA TeHeTH4eCKOro Marepuasa, HOJy4YeHHas C IOMO-
LIbI0 COBpeMeHHO# 6MOTeXHOJIOTHH», TIOKa3aHa Ha pucyHke 11.

TaxuM 06pa3oM, KaKo#-1HO0 TPAHCTEHHBIH COPT PacTeHHs! OTINYAET-
Cs1 OT HCXOJHOTO TOJIBKO T€M, YTO B €r0 reHeTHYeCKOM MaTepHaJe K 25—
30 ThICAYaM CYLIECTBYIOIIUX T€HOB A06aB/IeH OTHOCHTEIbHO HEGOJIbINOM
¢dparment [THK, B xoropom 3anucana uadopmanusi 06 0JHOM-ABYX HO-
BBIX TeHaX U HX PeryJATOPHBIX 3jleMeHTaX. AKTHBHOCTb 3THX J06aBJieH-
HBIX TEHOB B OpPraHHM3Me BBIPaKaeTcsi B 6MOCHHTE3€e OJHOTO-ABYX HOBBIX
IS opraHuaMa mpoTeHHOB ((epMeHTOB MM CTPYKTYPHBIX G6eJIKOB).
ITockosbKy reHeTHYECKass HHXXEHEDHS MOXKET OMepUpOBaTh JIOOBIMYU Te-
HaMH, CYLIeCTBYIOUIUMH B IIPUPOJE, A HE TOJBKO reHaMu OT OPTaHU3MOB,
COCTOSIIIUX B 3BOJIIOIHOHHOM POJCTBE C OTAEJIbHBIMM BHAAMH KYJbTYp-
HBIX PaCTE€HHUH, KAK 3TO /Ie1aeTCsl B TPAAVLIMOHHOH CeJIeKIUH, TO IPOAYK-
Thl IPUBHECEHHBIX reHoB (hepMeHThI, TPOTEMHBI) MOTYT BBITJISIAETD B Te-
HETHYECKH MOAU(HIIMPOBAHHOM OpraHH3Me KaK HeOObIYHble, HECBOMCT-
BEHHbIE, Yy>XepOJAHble A/ JaHHOTO BU/JA, KOTOPbIE B IPHPOZE Y HETO He
BcTpedatorcsi. COOTBETCTBEHHO UMEHHO NpOOYyKmMbl. MPAHCZEHOE A6A5A-
1omes Haubonee cyuecmeeHnbiMU, OCAIAEMYMU (DAKMOPAMU PUCKOS,
CEAIAHHBIX C ZEHHO-UHIKEHEPHBIMU OP2ZAHUIMAMU.

L TepmMuxansHas TepmunansHas| R
MpomoTo - -
8L o0nre Joenormm| "7 | Moonoro | 1oy mocreaces- (B
Fena 9 res* cenexrvnoro | TPEHCTEHa TeNLHOCTb
KTvs TpaHcreHa

Puc. 11. Tunnynas TpaHcreHHasi KOHCTPYKIMsI, MCHOJb3yeMas B reHeTudyeckoil mHKene-
puu pactrenuit. LB — nemwiit kpait, RB — npasuiii kpait: ¢pparmentsr JHK, conepskanine
110 25 nap Hykseotuaos ot Ti-nnasmuanst Agrobacterium tumefaciens, Heo6XoauMbBIe AJIS
MepeHoca TPAHCTEHHBIX KOHCTPYKUMH B PacTUTE/IbHbIE KJETKH ¢ MOMOUIBIO METoJa arpo-
GaxrepuaibHoil TpanchopMauun. *Bo MHOTHX reHEeTHYECKHX KOHCTPYKUUAX CeJIeKTUBHBIN
TeH M ero Pery/fTOPHbIE 3JEMEHTBl OTCYTCTBYIOT
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C yBEpeHHOCTHIO MOXKHO YTBEPXKAATh, YTO 3TO HE OTHOCUTCSA K 106aB-
nenHoMy ¢pparMenty JHK, rak kak crpoeHue HacaeACTBEHHOr0 MaTepH-
ajla y BceX OPraHM3MOB Ha Haiuell raHere yHuBepcaabHo. M y yenoseka,
U Y )KUBOTHBIX, pacTeHuit, rpu6oB, 6akTepuil U BUPYCOB OH YCTPOEH OH-
HaKOBO: peYb HET O MOJMMeDE, COCTOSIEM U3 JBYX CBA3aHHbIX L[eNIOYEK
yepenyIOLMKUXCSA B pa3/IMYHOM COYETAaHMHM YeThIpeX HykJaeotHaoB. Cama
no ce6e JITHK B uncrom Buzae sB/asieTcs a6COMIOTHO 6€30IaCHBIM /IS Ye-
JOBeKa nmpoayKToM. Ha mporspkeHHH Bceil JKM3HH 4Y€JIOBEK €XXeTHEBHO
norpebser ero 6e3 kakoro-1u6o ymepda A CBOEro 3[0POBbA.

Y10 KacaeTcd pPeKOMOMHAHTHBIX MPOTEHHOB, TO He BO Bcex TMO oxu
SBJIAIOTCA aGCOIOTHO Yy K€POJAHBIMH, HECBOMCTBEHHBIMHU JJIA OIpeE/e/IeH-
HOTO BHJA CO€AMHEHUsAMH. Bo-TepBBIX, CYIIECTBYET NOCTaTOYHO 6OJIb-
asi TPyIIa TPAaHCTEHHBIX COPTOB pacTeHUM, KOTOPbIe MOJIy4eHbl 61aro-
[aps reHeTUYEeCKMM MaHMITYJSLMAM C UX COGCTBEHHBIMM reHamu (ToMa-
THI C YAJMHEHHBIM IIEPHOJOM XpaHEHWs, COsI, panc C YJIy4lIeHHbIM
COCTaBOM MacJa, Kaprodesb ¢ yAy4lIieHHBM KayeCTBOM KpaxMasa, Koge
6es kodenna, Tabak 6e3 HUKOTHHA U JPYTHe).

Bo-BTOpbIX, MHOrMe BecbMa OTAAJIEHHbIE B 3BOJIOIIMOHHOM ILJIaHe
OpTraHHU3MbI UMEIOT GOJIBIOE KOJIMYECTBO HAEHTUYHBIX ITyTell MeTa6o/Iu3-
Ma, ¥ COOTBETCTBEHHO COCTaB M CTPOeHHe pepMeHTOB, KOTOpbIe obecre-
YHBAIOT UX peajM3aluio, TakXke WAeHTHYHbI. B KadecTBe mpuMepa MOXK-
HO NpHUBECTH ynoMsiHyThIil Bbliie depmenT EPSPS, koropsifi asisercs
KJII04YeBbIM B OHOCHHTE€3e apOMaTHYEeCKHX aMHHOKHCJOT y BCeX pacTe-
Huit, rpuboB, Gaktepuii. Dakrepuanbnbiii EPSPS, o6pasyoonmiics y
TPaHCTeHHOH COH, TOJepaHTHOH k repOuuuay Paynzaarn, BroJjiHe yCIenHo
BBINOJIHSAAET COOTBETCTBYIOINE QYHKIIMK B PACTUTEIBHOM OPraHHU3MeE I10-
cyie 06paGOTKH pacTeHUH repOULHIOM, KOTa CBoM, pacTureabHbrii EPSPS
cou ae3akTHBUpOBaH. ONHAKO MPH OlleHKe 6e30MacHOCTH TaKUX GIU3KUX
no GyHKUHOHATBHOM aKTHBHOCTH I'€HOB CJe/lyeT o6palaTh BHUMaHUe He
CTOJIbBKO Ha caM 6eJlOK — MPOAYKT TPaHCI€Ha, CKOJbKO Ha BO3MOXKHOE
H3MeHeHHNe OTAENbHbIX MyTeil MeTab0au3Ma TPAHCTEHHOI0 pacTeHHA U3-3a
MOBBINIEHUST KOHIIEHTPAIMKH OHOTO U3 UX KOMIIOHEHTOB. B ciy4ae ¢ TeM
xe EPSPS npu ouenke 6e30macHOCTH reHeTHYeCKH MOAMQUIMPOBaHHOM
COM NPMHHUMAJIOCh BO BHHUMaHHWE, YTO 3TOT (pepMEHT KaTaJU3UPYET pe-
aKuuIo, He JHMUTHPYIOINYI0O KOHEYHYIO CKOPOCTb CHHTE3a apoMaTHYec-
KUX aMHHOKHCJIOT, II03TOMY, KaK U OXKHJAJ0Ch, IOKa3aTeJu HX CHHTE3a
y 'MO He OT/IMYaIuCh OT TAaKOBBIX Yy HCXOAHBIX PacTeHMH.

B-TpeTbux, mocsjenHue HaydHbie AaHHbIE, NOJYYEHHBIC B pe3yJbTaTe
HU3yYeHUsS] CTPOEHUS FeHeTHYECKOrO MaTepHaja YejOBeKa, HEeKOTOPBIX
XKMBOTHBIX M PaCTeHMit, CyIIeCTBEHHO PaCIIMPH/IM HAaUI¥ NIPEACTaBJICHUS
0 CXOZCTBE Y OTJIMYHUAX T€HOB PAa3HBIX CHCTEMATUYECKUX IPYII U BEPOAT-
HOCTH UX IN€PEHOCa OT OAHOW OTHAJEHHOW CHCTEMaTH4YeCKOH Tpymnbl K
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apyroit (ropu3oHTasIbHBIA MepeHoc redos). OKa3anoch, YTO B TeHOME YKe
3HAKOMOTO YMTaTe/NsIM pacTeHHs apaOUAOINICHUC IIPHCYTCTBYET OKOJIO
COTHM I'eHOB YeJIOBEeKa, B TOM YHCJIe TaKUX, KaK I'eH paka MOJIOYHOH Xe-
neswt! Ilousennas 6akrepust Agrobacterium tumefaciens peryaspHo Ie-
PEHOCHUT YaCThb CBOMX I'€HOB B pPacTeHMs], BbI3bIBAS y HUX 06pa3oBaHUE
OIyXOJ¥ — KOPOHYATBHIH raya. ITo alCOJIIOTHO ecTecTBeHHbIH, borom
J2HHBIN IIpoLecC, KOTOPHIH C yCIeXOM UCIIONAb3YIOT U T€HHbIE MHXEHEePHI.
[Tono6ubIX TPUMEPOB MOXHO IIPUBECTU OYE€Hb MHOTO.

TakuM 06pa3oM, To, YTO JeJAIOT F€HETUKH, HU B KOell Mepe He IPOTH-
BOPEYHUT 3aKoHaM npupozasl. O6MeH reHeTH4eCKoi HHPOpManueil MexIy
OTZaJIleHHbIMU BUAAMHU B Hell IIPOMCXOAMT IMMOCTOSIHHO. B oTAebHbIX Ci1y-
Yasx [ 5Toro TpeGyrTCsa MAJIJIMOHBI JIET, a B HEKOTOphIX (arpo6axTepu-
ajibHas TpanchOpMalds) 3TO MOKET NIPOHCXOIUTD e3KeHEBHO U eXKeyac-
HO. TeM He MeHee 060 y4eHbI, IJAHADPYSA AOOABUTH PAaCTEHHUIO, MM-
KpoOy HJIH XXUBOTHOMY KaKO#-71160 HOBBIM reH, JOKEH THIATEJbHO U3Y-
YUTh CaM 3TOT I'eH, a TaKXXe IPOAYKT ero aKTUBHOCTH U yOeAUThCA B MX
6€e30TacCHOCTH.

Bropast ocHOBHasl rpymmna puCKOB CBsi3aHa ¢ caMuM ()aKkTOM BCTaBKH
TPAaHCIe€HOB B TeHeTH4YeCKUH MarepHaJs opraHu3Ma. Ectb OCHOBaHUS IO-
J1araTh, YTO BCTpaHBaHHe TPAHCI€HOB MPOUCXOAUT CIIyYaltHbIM 06pa3oM,
TO €CTb OHH MOI'yT BCTPOHTBCS IIPAKTHYECKH B JI06YI0 06,1aCTh MOJIEKY I
JAHK, conepxxamuxcs B TpancopMUpyeMoii KyieTKe: B TI06YI0 XpPOMOCO-
My, JI00YI0 YaCTh XPOMOCOMBI, €CJIM peyb WAeT O BHICUIMX OpPraHHu3Max.
Yem ato upesaro? Ilpexae Bcero TeM, YTO NMPUBHECEHHBIM reH MOXKET
3aTpoHyTh obsacte JJHK, koTopas xoaupyer CTpyKTypy MM PEryJsaTop-
Hble 3JIEMEHThI KaKoro-iu6o resa Moxuduuupyemoro opranuama (puc.
12). BeposSTHOCTb 3TOro COGBITUSA B LIEJOM He TaK BEJHKA, KaK MOXeT I10-
Kas3aTbCs Ha INepBbId B3rasa. Jleso B TOM, 4TO reHeTUYECKUH MaTepuas
BBICIIMX OPraHU3MOB YCTPOEH TaKUM 06pa3oM, 4TO COOCTBEHHO reHaMu H
UX PEryJATOPHBIMU 3JJIeMEeHTaMH 3aHSTO MeHee 10% IJTUHBI MOJIEKYJIbI
OHK, uto, Kak nojaraior, 1opblmaeT cTabMIbHOCTD, YCTOHYUBOCTD MO-
Jexkyansl JIHK k BHeTHUM BO31eHCTBUAM. JTO O3HAYAET, UTO I'eHbI Ha MO-
nexyne [JHK pacnosnoxens! He TJIOTHO OAMH 3a APYTUM, KaK KaJpbl Ha
KMHOILJIEHKe, a 4yepe3 60JIblIie TIPOMEXXYTKH, 3aHSITbie HEKOAUPYIOIIUMH
NoCAe10BaTENbHOCTSIMU HYKJI€eO0THA0B. BoJjee Toro, naxe B npenesiax xo-

4 5 42 31 31 13

TepMUHanobHas

SHxaHcep Caiinaxcep MpomoTop 3K30H |MHTPOH | SK30H [OCNE0BATENLHOCTD

Puc. 12. Bo3amoxHble MecTa BCTpaUBAHUS TPAHCTeHa B FeHOME DACTEHUS
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AUPYIOUIMX MOCJae0BaTeNbHOCTeH reHoB (To ecTh TOM 06JacTH MOJEKY-
gl [THK, B kortopoil 3amucana uHGpOpMaUUs O NOCJHEIOBATEIbHOCTH
aMHUHOKHCJIOT B 6ejiKe — MPOAYKTe reHa) UMeIOTCs 061acTH, TaKk Ha3bIBae-
Mble HHTPOHBI, KOTOPbIE TaK)Xe He HECYT HUKaKoi reHeTHyecko# uH(oOp-
Mamuu. OHH BBIPE3AIOTCSA B XO/€ «CO3PEBAHHSI» MOJIEKYJIbl MHpOPMalH-
ogHoit PHK, o6pazoBaBiielicss npu TpaHCKPUIILIMHU TeHa.

TeM He MeHee BepOSATHOCTb TOTO, YTO TPAHCTE€H MOXXeT BCTPOUTHCA B
ob6nacte IHK, yxe 3aHsTYyI0 ADyrMM reHOM, BCe XXe cyllecTByeT. Eciu
NpH 3TOM OyZeT 3aTpoHyTa 06JIaCTh, KOAHPYIONU[asd CTPYKTYpY IOBDPEXX-
aentoro rena (crpenka 1 Ha puc. 12), To B pe3y/bTaTe IPOAYKT JaHHOTO
reHa 06pa3oBbIBaThcA He OyZeT. ITOT reH Kak 6bl paclaJaeTcs Ha JABe He-
MOJIHOLIEHHbIe YaCTH: OJHA, NEpeqHsisA, UMEET 3JIeMEHTbI, HEOOXOAHMbIe
ans Havana tpanckpunuuu (o6pasosanus mHdopmauuonunoit PHK), Ho
He MMeeT TePMUHAJMBHOH MOC/e0BaTebHOCTH, APYras, 3aJHssi, UMeeT
TOJIbKO TEPMHHAJIbHBIE 3JIeMeHTbl. K ToMy ke 06e yacTu KORMpYyIoLleH
00JaCTH ABJAIOTCA HemoaHbIMH. OuYeBHUAHO, YTO aHAJOTHYHBIA pe3yJib-
TaT 6yZeT UMeTh MECTO U B CJIy4ae IOBPEXAECHUS IIPOMOTOPA UJIH TEPMH-
HaJIbHBIX IOCjefoBaTesibHOCTeH. EcCM 3aTpOHYTHINH reH BHIMOJHSET Ka-
KYIO-TO BXXHYIO (DYHKIIMIO B OPraHuM3Me, TO OTCYTCTBME €ro IpOAYyKTa
MOXKET MMeTb BeCbMa Ile4aibHble [JJiS HETO MMOCIEACTBHSA, BIIOTH 0 N0Te-
pu xu3HecrocobHoctu. I1OHATHO, YTO 10 YPOBHSI KOMMEPYECKOTO COpPTa
FeHOTHIIbI C MOBPEXXACHHbIMU TeHaMH JOHTH He MOTYT B NPUHIIUIIE.

Ecau B npouecce BcrpanBaHus 6yAyT 3aTPOHYTbI APYTHE PEryJsATOp-
HbIE 9JIEMEHTBI — JHXaHCepHl («yCHIMTENIM» AKTUBHOCTU TEHOB) WJIH caii-
n3HCephl («3aMefINTENHN» ), TO 3TO MOXKET MIPUBECTH K W3MEHEHMIO aK-
TUBHOCTH 3aTPOHYTBHIX BCTaBKOi reHoB. Copra pacTeHHMi#, o6pasymomue
Kakue-TH60 TOKCHYHbIE coequHenus (HanpuMep, cOJaHUHbBI KapTodes)
B KOHI[eHTPauusaXx, 6e3BpeAHbIX [Js1 3JOPOBbA YeJ0BEKa, B pe3yJbTaTe
reHeTH4eCKoH Moaudukanuyu croco6HBl YCHJIUTb MX CUHTE3 [0 YpPOBHS,
IPeBBINIAIONIETO NIPeIeTBHO JOYCTUMBIE 3HaYeHHs1. Takue reHOTUIIbI yXKe
CTAaHOBSITCSI OMACHBIMU JAJIS1 310POBb.

Haxonen, TpeTbss OCHOBHAsI TPyNNa PHCKOB, CB3aHHBIX C F€HHO-UH-
KeHEepHbIMH OpPraHM3MaMU, OCHOBaHa Ha HeOJaronpuaTHnix 3ddexrax,
BBI3BAaHHBIX [EPEHOCOM TPAHCT€HOB JPYTMM OpraHM3MaM: BepTHUKAaJbHbBIM
neperocoM reHoB ot 'MO aukuM copoauvaM KyJIbTYPHOTO BHAA HJIH IO-
PU3OHTAIbHBIM MEPEHOCOM IeHOB, HAIIPUMEP CEeJIEeKTUBHBIX TeHOB YCTOMH-
YHBOCTH K aHTHOMOTHKAM OT reHeTU4YeCKH MOAUQUIIMPOBAHHOIO pacTe-
HUSA MUKPOOPTraHU3MaM IHIEeBapUTEIbHOTO TPaKTa. 34eCh BCe MOHSATHO!
reHbl ¥ UX NpoAyKTbl, 6e3o6ugnbie y TMO, MOoryr okasaTbcsi BeCbMa
OINIACHBIMH B JPYroi reHeTHYeCKON U 3KoJIoTHYecKol cpeae. Tak, mpHo6-
pereHue G6OJIE3HETBOPHBIMH OaKTEPHAMH IHIIEBAPUTENIBHOTO TPaKTa
YCTOHYMNBOCTH K aHTHOMOTHKAM MOXET CYIIeCTBEHHO 3aTPyAHUTH Jeye-
HUe 60Jie3HeH, KOTOpble OHH CIIOCOOHBI BBI3HIBATh.
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3.3. Boamoxnubie HeOaaronpusaTHeie 3¢ PeKTh
reHHO-MH>X€HEPHbIX OPraHH3MOB Ha 3710POBbE 4€JIOBEKA,
METOAbI HX OUEHKH H Cnoco0bl MpeaynpeskIeHns

Cpenu noTreHUHATbHBIX PUCKOB JJIS 3/J0POBbS YeJI0BeKa, CBA3aHHBIX
C HCNOJIb30BAHHEM €HHO-HH)KEHEepHBIX OPraHU3MOB, PAacCMaTPHBAIOTCS
ceAyIouue:

— CHHTe3 HOBBIX /151 PELUIIMEHTHOrO OpraHu3Ma 6eJIKOB — IIPOJYKTOB
TPAHCT'€HOB, KOTOPBbIe MOTYT ObITh TOKCUYHBIMU M /UM a/1JIePreHHbIMH;

— N3MeHeHHe aKTHBHOCTH OTAEeJIbHBIX TeHOB KMBBIX OPraHU3MOB IO/
BnUsiHMEeM BcTaBku uyxepogHoit /[JHK, B pesysabrare KOTOPOTro MOXET
IIPOM30HTH YXYAIIeHUEe MOTPEOGUTEIbCKUX CBOMCTB IIPOAYKTOB ITUTaHUA,
II0JIy4aeMbIX M3 3TUX OpraHusMoB. Hampumep, B reHeTHYeCKU MOAH(HU-
I[IUPOBAaHHBIX IIPOAYKTAaX MOXeT ObITh MOBBIIIECHHBIH 110 CPABHEHHUIO C pe-
LUIIUECHTHBIMA OpraHM3MaMH YPOBEHb KaKUX-JMO0 TOKCHYHBIX, aJljiep-
FeHHBIX BEI[ECTB, KOTOPLIA MpEeBbIlIaeT yCTAHOBJIEHHBIE Npeje/ibl 6e30-
IIaCHOCTH;

— rOPHU30HTAJIbHAS Ilepefaya TPAHCTEHOB JDYTUM OpraHu3MaM, B 4acT-
HOCTH MapKEpPHbIX [€HOB yCTOHUMBOCTH K aHTHOHOTHKaM oT MO MuKpo-
Opra"su3MaM MUIIEeBAPUTEIBHOTO TPAKTA.

[TonATHO, YTO KOTAa rOBOPAT O PHCKaX /JISI 3A0POBbs YeJIOBEKa, CBA-
3aHHbIx ¢ MO, UMeOT B BHAY HpeXXJe BCero PUCKU IpH NorpebeHnun
IPOZYKTOB, MOJYYEHHBIX M3 HUX WM NPOU3BeAeHHBIX uMu (Hampumep,
MOJIOKA OT TE€HETHYEeCKH MOAM(HUIMPOBAHHBIX KOPOoB). CTparerus oueH-
K1 6€30I1aCHOCTH TeHeTHYECKH MOJAU(PUIINPOBAHHBIX IPOAYKTOB MUTaHUS
OCHOBaHa Ha TIPUHIINIIE «CYHIECTBEHHOH 3KBHBAJIEHTHOCTHY, pa3paGoTaH-
HoM OECD (Opranusanueil 3KOHOMHYECKOTO COTPYAHHYECTBA H Pa3BU-
THS ).

CorsracHO 3TOMy NIPUHILUITY, OLlEHUBAETCS. He YPOBEeHb 6e30IaCHOCTH
HOBBIX ITPOJYKTOB NUTAHUS KAaK TAKOBOH, a €ro U3MEeHEeHUEe B CDABHEHHH C
TPAAULUOHHBIMY MUIIEBBIMU aHAJOTAMU, HMEIOIIUMU AIUTEIbHYI0 HCTO-
puI0 6e30I1aCHOTO UCIO/b30BaHust (CM. Bbille OOIIHe TIPUHIMNDBI OLIEHKH
PHCKa BO3MOXHbIX He6J1aronpusTHbIX s¢gdexToB, cBs3aHHbIXx ¢ TMO).

JList uperTuduKay B HOBBIX NIPOAYKTaX M HCXOJHOM ChIpbe OTJHY-
HBIX OT QHAJIOTOB IIPU3HAKOB, BJAMSIOIIUX Ha YpPOBeHb 6€30ITaCHOCTH U
IMUTATE/JbHYI0 UEHHOCTb NMIUEBBIX MPOAYKTOB, TINATEJbHOMY aHAIU3y
noxBepraerca WHQOpMALUsa, Kacaoniascs XapaKTePUCTUK HCXOJHOTO
OpraHM3Ma, OT KOTOPOTO B3SIT TeH, NpeAHa3HauYeHHBIH A7 TPAHCTeHO3a,
a Tak’ke Xapakrepa reHeTudeckoil Mogudukauun. /lanee npoBoJAT CpaB-
HUTEJbHBIA aHAMN3 TeHeTUYecKH MOAM(HUUHPOBAHHOTO OpraHu3Ma MU
ucxoaHoro (HeMoAM(pUIMPOBAHHOTO) OpraHusMa. [l sTOro Comocras-
JISTI0T arpOHOMWYECKHUE MOKa3aTeNM, MPOAYKTHl BCTPOEHHBIX T'€HOB, CO-
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CTaB KJI0YEBbIX XUMHUYECKHX KOMIIOHEHTOB (B TOM YHCJIe MUTATEbHbIX U
AHTUITUTATEIbHBIX ), TPOQPHUIb OCHOBHBIX MeTab0IUTOB, 3 deKTh! nepe-
pabOTKH HCXOJHOIO ChIPDA.

Hosoiit npoayxT (copT pacTeHuit) MOXKET GBITH:

- 1) SKBMBAJIEHTHBIM O CYUIECTBEHHBIM MPU3HAKaM BbIOPAHHOMY aHa-
JIOTY ; ‘

2) 5KBHUBaJEHTHbBIM aHAJOTY, 32 HCKJIOUYEHHEM OAHOro (HECKOJIbKHX)
CYIIeCTBEHHOI'0, XOPOLIO ONPEeeNAEMOro IPU3HaKa;

3) He 3KBMBAJEHTHbIM AHAJIOTY IO CYIIECTBEHHBIM NMPU3HAKAM.

Bo 2-M u 3-M cayyasix IIPOBOJUTCS TIIATENbHAS OlleHKa 6e30MacHOCTH
OTJIMYHBIX OT HCXOAHOro anasora npusnakos 'MO no Takum noxasare-
JISIM, KaK IOTEeHUAJbHASI TOKCHYHOCTDb, TIOTEHLIMAJIbHAS aJ/IepTreHHOCTbD,
BO3MOXXHOCTb IepEHOCA T€HOB YCTONYWBOCTH K aHTHOMOTHKAM MHKDPOOP-
raHM3MaM IHIEBAPUTEBHOTO TPAKTa, BEPOSITHOCTb IMOTEHUMAJIBHOIO
yXyAUIeHHsl TUIEBOH 1IeHHOCTH U YCBOEHUS ITMTATEJbHBIX BEUIECTB.

Crparerust OLEHKHM NOMEHUUANIbHOU MOKCUYHOCU HOBbLX NPOJYK-
Mo6 numMaHus COCTOUT B cieayiomeM. ECau UccienyeMOe OTJMYHOE OT
aHaJIOra BEUIECTBO SIBJISIETCSI U3BECTHBIM KOMIIOHEHTOM PAaCTUTEIbHOU ITH-
M, UMEIOIIUM JIJIUTEJIbHYIO UCTOPHIO 6€30I1acCHOTO MCIIOJIb30BaHMA, HC-
CJIeIOBAHUSA TOKCUYHOCTH HOBBIX MPOAYKTOB HE SIBJSIOTCA 00513aTEIbHbDI-
MU. B uHBIX ciy4asx oCyHIeCTBISAIOTCS:

1) ompeseieHne KOHIIEHTPAIMH IOTEHIIMAIBHBIX TOKCHHOB B ¢bef00-
HBIX YaCTAX DACTEHUH;

2) yCTaHOBJIEHHE Y/EJbHOIO BeCa AaHHOrO MIPOAYKTA B IMINEBOM pa-
I[MIOHE OTpeAeeHHbIX IPYII HaceJeHus;

3) cpaBuenue (719 6eJKOB) MX aMUHOKUCIOTHOM ITOC/IE0BATEIHOC-
TH C TAKOBON y M3BECTHBIX TOKCHHOB M ITHILEBBIX aHTAaroHHCTOB (Hampu-
Mep, HHrM6UTOPOB [IpoTea3) 10 3JeKTPOHHBIM (6a3aM JaHHBIX;

4) oueHKa CTaGHIbHOCTH HOBBIX BEIIECTB K TEPMUYECKOiT 06pabOTKE;

5) omnpejesenne CKOPOCTH Pa3pylIeHHs MOTEHIMAIbHBIX TOKCHHOB B
KeJTy A0YHO-KUIIeYHOM TpakTe (B MOJENbHBIX CHCTEMAX);

6) aHa/IM3 YPOBHS TOKCHYHOCTY HOBBIX BEIIECTB B MOAENBHBIX CHCTE-
Max (KyJbTypa KJeToK in vitro);

7) aHa/Mu3 TOKCHYHOCTH B 3SKCIEPDUMEHTAX II0 NPHUHYJHTEJBHOMY
CKapMJUBAaHHUIO Ja0OpaTOPHBIM HJH JOMAIIHUM JKMBOTHBIM IMIHH, CO-
Aepxaiieil MPOAYKTHI, MOJYYeHHbIe U3 U3YYaeMOIO IreHeTHYeCKH MOAU-
(pUUIMPOBAHHOrO OpPTaHyu3Ma, MK ee HOBBIX KOMITOHEHTOB B TEYEHUE JJIH-
TEJIbHOTO BpeMeHH (XPOHUYECKUH SKCIIEPHMEHT — TPOJAOIKHUTENbHOCTD
1—2 roaa) mu60 B TeyeHHe KOPOTKOTO BPEMEHH, HO C HCIIOJb30BAHUEM
BBICOKHX KOHLIEHTPAIIMil H3y4aeMbIX POAYKTOB (OCTPBIA SKCIIEPUMEHT —
IIPOAOKUTENIbHOCTD OKOJIO IBYX He/lesIb, KOHLIEHTpAIUs H3y4aeMoro Ipo-
AYKTa TPAHCTreHa A0 5 rPaMMOB Ha KMJIOTPaMM Beca )XMBOTHOTO).
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JINsi OLEeHKM anepzentoz0 hOMEHYUAara npooyKmos mparczeHos
ucronb3yercst cxeMa (Ha6op ¥ NOC/Ie0BaTeIbHOCTh AHAJTHTHYECKHX DKC-
NepuUMeHTOB), paspaborannas akcnepramu BO3 (BcemupHo#i opranu3sa-
muu 3apaBooxpanenuss) 1 MAO (Oprauusauun OOH nmo npogoBosib-
CTBHIO U CEJIbCKOMY X03siicTBy) (puc. 13). 5 He crany noapo6uo o6bsic-
HSATb YUTATENI0 BCe AETAJH 3TOH M YNOMSHYTOH BbIIE cXeMbl. [laxe
6eryioro B3rjsfja Ha Hee JOCTAaTOMHO AJIS TIOHMMAsi TOTO, YTO JiI060ii
TPaHCTEeHHBIN COPT, Nnpexzae yeM 6yaeT opUIIHaNIbHO JONYIIEH K UCHOJb-
30BaHUIO B XO3SAWCTBEHHOH AEATEJBHOCTH, IIPOXOJUT TINATEJbHYIO BCe-
CTOPOHHIOI0, MHOTOJIETHIOIO IIPOBEPKY Ha 6€30MacHOCTh, OCOGEHHO B TEX
cyyasix, KOTZa ero ypoxail mpejmojaraercs NoTpe6/isArb B KayecTse
IIPOJOBOJILCTBEHHOIO ChipbsA. Huke Mbl Ha KOHKDETHBIX IIpUMepax pac-
CMOTDHM, KaK NPUMEHSIOTCS IepevYrcIeHHble IPHHIMIBI 1 METOAbI NH-
nieBoit 6M06€30NMACHOCTH.

BHuMaTesbHBIN YuTaTeMb, O3HAKOMHMBIIUCH C XapPaKTEPHCTUKOU BHI-
pallUBaeMbIX B HACTOsILIEEe BpeMs TPAHCTeHHBIX COPTOB pacrenuit (riasa

AnnepreHHOCTb MCTOYHMKA TPAHCTeHa
i 1

Aa Her
AHanus roMonorum AHanu3 roMonoruu
nocnenoBaTelbHOCTU aMUHOKUCNOT nocneAoBaTeNLHOCTH aMUHOKUCNOT
C U3BECTHbIMK annepreHamm C N3BECTHLIMK annepreHamu
i L
Ja Her /
B fa Het
Cneunduyeckni
Ceponorv4yeckuit aHanua
T N
Aa Het Lieneson ceponornyeckuii
aHanus
1
Aa Het

YCTORYMBOCTL K NepeBapuBaHUIo
TPUNCUHOM U TECTbI Ha XUBOTHbIX

/ N

BeposiTHOCTL annepredHoOCTH

L \

HU3Kan cpeaHsaA BbICOKan

fMlpoaykT asnserca
annepreHom

Puc.13. Cxema BO3-®AOQ oueHKH al1epreHHOCTH NPOAYKTOB TPAHCTe€HOB
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2, Tabia. 3), MOXET CaMOCTOATEIbHO NMPHIATH K BBHIBOAY, YTO CPEAM Mpo-
AYKTOB IIPMBHECEHHbIX I'€HOB €/Ba JIM MOXHO OOHapYXUTb TaKue, KOTO-
pble BBI3bIBAJIM OBl Cepbe3Hble MMOJ03PEeHUA HAa MpPeAMET MX MOTEHIIMAJIb-
HOH TOKCHYHOCTH MJIM aJIJIEPTeHHOCTH. B OZHUX Cydyasax peyb HJET O Ma-
HUNYJIAUMAX C COOCTBEHHBIMM [eHAMH pacTeHUs1 6e3 IpHBJEYECHUS
uyxxkepoanoit JTHK (tomarsl ¢ yAJIMHEHHBIM CPOKOM CO3PEBaHMA H Xpa-
HEHUs IJIOAOB, [bIHA C aHAJOTMYHBIMH CBOMCTBaMH, COA M pallC C yayy-
IIEHHbIM COCTAaBOM Macja). B Apyrux ciydasix TpaHCreHbl KOAHDPYIOT
o6pa3oBaHue (pepMEHTOB, KOTOPbIE SIBJISIOTCS aHAJIOTHYHBIMH KaK y pac-
TEeHMH, TaK ¥ MUKPOOPraHu3MoB (TpaHCreHHble PaCTeHUsA, YCTOHYUBbIC K
rep6uuuny raudocary). A [asS NOJIy4eHHS reHeTMYeCKH MOAUQHUIUPO-
BaHHBIX COPTOB, TOJIEPAHTHBIX K repOuuuaaM cyabGOHUIMOYEBHHE,
HMHUIO30JIMHOHY M HEKOTOPBIM JPYruM, BooOLIe GbLIM MCIOJIb30BAHbI B
KayeCTBE TPAHCTE€HOB pacmumenvHuie TeHbl hepMeHTa alleTOJaKTaTCHH-
Ta3bl ¢ «MyTanueil mumenu» (or Tabaka wiau apabugoncuca). IIpu atom
1x 6e30nmacHoe NOTpe6IeHne HMEeT JIHTEbHYI0 HCTOPHIO. To JXe MOXHO
cka3aTb (B CMbIC/JIe HCTOPHM) M O TPAHCTEHHHX COPTAX, YCTOMYMUBBIX K
BUpycaM. B kiny6HaAX n060r0 06bIYHOTO COpTa KapTodeas Bcerja conep-
XKATCA BUpPYCHbIe O/IKH, MPUYEM B KOJIMYECTBE, B COTHH pa3 NpeBbIIalo-
IeM MX COJAepXKaHHe Y TPAHCTeHHBbIX copToB. B 3pesoM 3epue, cuioce
KYKYpPY3bl, KIy6HAX KapTodess reHeTHyecKd MOXU(PUIMPOBAHHBIX COP-
TOB, YCTOHYUBBIX K HACEKOMBIM, He COAEPXHUTCS MPOAYKTAa TPAaHCreHa —
Bt-mpoTtenna, KOTOpBIIl TaKKe HMeET JIUTEbHYIO HCTOPUIO 6€30IacHOro
IpUMeHeHHA. JTOT IlepeYeHb MOXXHO NPOJOJIKHUTD.

13 Bcero MHOroo6pa3usi TpaHCTEHHBIX COPTOB MOXKHO BhIGpaTh ¢ax-
THYeCKH TOJIbKO eJHHUIbI, Y KOTOPBIX B pe3y/bTaTe reHeTUYECKOH MOIH-
¢pukauuu o6pasyioTcsi NeHCTBUTENbHO HOBBIE, HE XapaKTepHbIe JJis
OOBIYHBIX COPTOB JAHHOTO BHAA coefuHeHUs. IT0 depMeHTH GocuHO-
TpHLMHAUeTUATpaHCPepasa u neomuuuHdochorpancdepasa, KoTophie
06ecnieYnBalOT Ae3aKTHBAIMIO COOTBETCTBEHHO repbuuyia riaodo3nHaTa
ammonnst (JIu6epru, Bacra) ¥ aHTHOMOTHKOB-aMHHOTJIMKO3UIOB KaHa-
MHUIIMHA, HEOMUI{HHA, TreHeTHIMHA. TeM He MeHee U BelleCTBa, UMeIOLIHE
JJUTENbHYIO MCTOPUIO 6e30IIaCHOTO HCIIOJIb30BAaHUA, TOXE IIPOXOIAT
TIIATEJbHYIO0 IIPOBEPKY.

B Ta6smnue 5 npezacraBiieHbl HEKOTOPbIE U3 NePEYUCIEHHBIX BbIIIE Xa-
PaKTEPHUCTUK 6eJKOB — POAYKTOB TPAHCI'EHOB, HauboJiee LIKPOKO Mpea-
CTaBJICHHBIX B T€HHO-UH)XXEHEPHBIX DACTeHUSX, AONYIIEHHBIX AJS HC-
MOJIb30BAHUS B XO3SIHCTBEHHOM J1eSITeJIbHOCTH.

Kax BuauM, 60JbIIMHCTBO 0€JKOB — IPOAYKTOB TPAHCTEHOB OTHOCSIT-
Cs K HeCTOWKUM COeAWHEHUSM: OHM JIeTKO AEHAaTYPHUDPYIOT Ja)ke IPH
OTHOCHTEJIbHO HEBBICOKHMX TeMIiepartypax (a cieJoBaTejJbHO, paspymia-
IOTCSL IIpU ItepepaGOTKe PACTHTEJIBHOTO ChIPbs) M KHUCJIOTHOCTH CpeAbl.
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Ta6anunua S

XapakTepHCTHKH 6€1K0B—NPOAYKTOB HEKOTOPHIX TPAHCTEHOB

pH ze- . K BpeMs nepeBapHBaHus
Benok! | Harypa- n::::f;:g}:: 01;!:::‘7}?:;1 " »|B XenynouHoM| B ayoaeHan b~
UHH coke HOM COKe
NPT II Kaprogenp (kay6un)— | [Tonosuna - | IlonoBuna —
2,7 MKr /T = 10 cex; 2-35 MHUH
Xnonok (cemena) —7 | noAHOCTBIO —
MKT /T 20 MuH
EPSPS 5 65°C Xnomnok (cemena) ~ | I[Tonosuna — | IonosuHa —
B TeueHue 60-70 Mxr /T s 135 cex <10 Mun
15 MHH
PAT 4 75°C 1 MuH;
npu pH 4 -
10 MuH
CP PVY <2 MKr/r
(B 12-244 pasa
HHXKE eCTeCTBEHHOIO
YDPOBHS)
CRY Kykypyaa Bo Bpems | Passenenne: |He nepepapn-
I A(b) LBETEHUSA 1:1000 - BaeTcs
8-16r/ra; 10 Mun;
B KOHLie BereTaluH 1:100 ~
<0,8 r/ra; 05 MHH
B 3epHe M CHJOCE He 90% B Teue-
o6HApYXeH HHe 2 MHH
CRY IIIA Kaprodenn: AHaJOTHYHO | AHAJIOTHYHO
JIMCTBA ~ CRY CRY
20—63 Mkr /T; I A(b) I A(b)
Kay6Hu —
0,1-0,6 Mxr/r

! B ra6nnne npeacras/ieHsl XapaKTePHCTHKY caeaylomux 6enkos: NPT 11 (seomuuun-
¢docdorpancepasa II) — NpoAYKT CeneKTHBHOrO reHa YCTOHYMBOCTH K aHTHOHOTHKAM
KaHaMHIIHHY, HEOMWIIMHY, TeHeTHIMHY, BblJeJIeHHOr0 M3 TpaHcmo3oHa Tn 5 E.coli;
EPSPS (5-ssHonnupysunmukumat-3-¢pocdar cMHTa3a) — NPOAYKT MYTAHTHOTO TeHa cpd
ot Agrobacterium sp. (unu aro A ot Aerobacter; sm I ot Salmonella), xotopsiit oGecre-
YHBaeT yCTOMYMBOCTb Kk rep6uuuay raugocary (¢pupMenubie Hassauus Payupan, Ypa-
ran); PAT (¢ochunorpuunnauetnarpancdepasa) — npoayKr rena pat or Streptomices
viridichromogenus (nnn bar ot S. hygroscopicus), KoTophlii 06ecnieyuBaeT yCTOHYHBOCTD
K repbuunay rmocdosnHary ammonns (Gupmennsie HassaHus Bacra, JIn6eptu, @unan);
CP PVY (6enok kancuasl Bupyca Y kaprodenss) — obecrneydBaeT yCTOHYHBOCTb KapTo-
¢ens k Bupycy Y; CRY I A(b) (xpucrannnuecknit npotens, 8-3HA0TOKCUH, Bt-ToxcHH,
Bt-nporenH) — NMPOAYKT YKOPOUYEHHOr0 reHa NoYBEHHOU GaxTepuu Agrobacterium tume-
faciens v. kurstaki, xoTopblil 06GecrieYnBaeT yCTORYMBOCTD pacTeHuit K HaceKOMbIM U3 Le-
pidoptera, nanpuMep K JMYHHKaM TOYMJAbIIHKA KyKypy3bl Ostrinia nubilalis; CRY IIIA
(xpucrannnveckunit poTenH, 8-3HA0TOKCUH, Bt-Tokcun, Bt-mporeun) — IPOAYKT YKODPO-
4YEeHHOro reHa noyseHHol Gaktepuu Agrobacterium tumefaciens v.Tenebrionis, KOTOpbIi
obecneynBaeT yCTOWYMBOCTD pacTeHH#t Xk HacekombiM u3 Coleoptera, HanmpuMep K KOJO-
paackomy xyky Leptinotarsa decemlineata.
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Bce oHm 6bICTPO IepeBapuBalOTCA B XKeJdyxouHoM coke. CojepikaHue UX
B PACTHTEJbHBIX TKAHAX O4YeHb HU3KOoe. JTO O3HayaeT Majylo BeposT-
HOCTb TOrO, YTO IIepEeYHCIEeHHbIE IPOTEHHBI MOTYT BBI3BIBATh aJlJiepruyec-
KHe peakiuu. Beap n1s ajsiepreHOB XapaKTEPHBI CIEAYIONUINE MPU3HAKH!
YCTOHYMBOCTD K MepeBapHBaHMIO, K MepepaboTKe, MOJIEKYJIAPHasA Macca
10~70 xmanpTOH, copepkanue B nuige 6osee yeM 1%. st Toro 4To6nl
pa3Bujach ajieprudeckas peakuusi, 6eJJOK JOJKEH IOCTYIIaThb B TOHKHHI
KHIIEYHHK B IPAKTHYECKH HEM3MEHeHHOM COCTOAHMH (TaM IPOUCXOAMT
€ro BcachblBaHHE B KPOBb C MOCJEAYIOMMM 06Pa30BaHHEM AHTHUTE).
Ouenxa 8epoamnocmu NOMERYUANLHOZ0 YXYOWeHus nuwesol yeH-
HOCMU U YceoeHus numamenvuovix eeujecme. Ha mpakrike o6br4HO MO-
Jy4aloT 60JIbLIOe KOJUYEeCTBO TPAHCTeHHBIX (POpM, H3 KOTOPBIX B XOAe
nocJeayoleil TpaAUILMOHHOH celeKIIuN OTOUpaloT 06pa3lsl 6e3 BHAHU-
MBIX MyTauuii. 3aTeM TIHaTeabHeHITMM 06pa3oM U3y4yaloT 6e301acHOCTh
oto6paHHBIX (OPM AJIST 3I0POBbSI YeJOBEeKa M OKpyxKaiomeu cpeiabl. B
YaCTHOCTH, aHAJU3UPYIOT COAEP>KAaHUE B PACTUTEJIHHOM ChIPbe KaK MUTa-
TeNbHBIX (6e/IKH, )KUPBI, YIieBOAbl, MUHEPAJIBHBIE 3IEMEHTbI, BHTAMUHBI
M T.I.), TaK H IOTEHUHAJbHO OMACHBIX JJIA 3/0POBbA BellecTB. UTOObI
TPaHCre€HHBbIH COPT OBLI AOMYINEH K XO3SHCTBEHHOMY HCIOJIb30BaHHIO,
OH He JOJDKEH CYIECTBEHHO OTJIHYATHCA OT UCXOJHOIO COPTa, KpOMe Kak
II0 IPUBHECEHHOMY B pe3yJ/bTaTe TPAHCIeHO3a IPU3HAKY UJIM 110 IIPU3HA-
KaM, KOTOpble OblLIH LIeJbI0 reHeTHyeckoit Moaubuxauuu (KOHIEMIUA
CyulecTBEeHHON 3KBuBajneHTHocTH). Tak, pesyasrarsl 1400 ananuruvec-
KMX 3KCIIEpUMEHTOB, IIPOBEJEHHBIX NPU HM3YYEHUH BbINIEYIOMAHYTOH
RR-con (ycroituusoit k PayHaaymy), mOATBepAHIM NOJHYIO HIEHTHY-
HOCTb TPAHCT'EHHOTO ¥ HCXOJHOTO COPTOB COH KaK IO IMHTATeabHBIM, TaK
M aHTHIIMTaTeJbHBIM CBOlicTBaM. B kavecTBe mepBbIx GUTypHPOBAJIHU: CO-
Aep>XXaHHe 6enKa, >KHpa, BOJIOKOH, 30JbHBIX 3JIEMEHTOB, YIJI€BOJIOB, Ka-
JIOPUAHOCTb, BJAAXKHOCTD 3€PHA, «IIUTATENbHbBIE» CBOHCTBA NepepaloTaH-
HOTO 3€pHa — CYXO# MyKu, 00e3>KHpeHHOI MyKH, 6eJIKOBOr0 M30JTa,
KOHI[EHTpaTa, JIEIMTHHA, OYUIIEeHHOr0 Macjia, Je3040PHPOBaHHOr0 Mac-
Ja ¥ 1.11. He BrIfBn€HO pa3auymii mo cnenuduIeCKUM XHUPHBIM KHCJIO-
TaM, aMHHOKHCJIOTaM, B YaCTHOCTH apOMaTHYECKMM aMHHOKHCJIoTaM (rep-
6uULMI0YCTOMYNBOCTD TPAHCTEHHOH COM CBSI3aHA C KJIIOMEBBIM (pepMeH-
TOM MeTa6osm3Ma apoMatudeckux amubokuciaor EPSPS). EcrectenHo,
oco60e BHUMaHHe GBLJIO yJAeJeHO «aHTHIIMTATEJIbHBIM» KOMITOHEHTaM CO-
eBOr0 3epHa: MHrHOGUTOPY TPHINCHHA, JIeKTHHaM, ¢urtosctporeHam (re-
HUCTEMHY U JOA3€MHY), cTaxuose u ¢urary. Ilo comepkaHuo 3THX Be-
IECTB FeHeTHYECKU MOAM(UIMPOBAHHBIH OPraHM3M M HUCXOAHAST JIMHMS
TaKXXe He pa3ju4ajuch. AHANMM3 «CYLIECTBEHHOM 3KBHBAJEHTHOCTH»
I'MO u ucxoaHo# 1UHUM Hau6OIee aKTyasieH JJIS BHIOB PacTeHHIt, KOTO-
pble B IPHHIUIIE MOTYT OBITb OIIACHBIMU JJIA 340POBbS YeJIOBEKA: KapTo-



YTO TAKOE BUOBE3ONTACHOCTbL? -« 73

¢denp, ToMarh! (K3-32 TOKCHYHBIX [VIMKOAJIKAJIOUAOB), XJIOMOK (13-3a TOK-
CHYHOTO TOCCHIIOJIA) M HEKOTODbHIE APYTHE.

CienyromuM ¢daxTopoM, KOTOPHIA paccMaTpuUBaeTcss B KayecTBe II0-
TEHIIMAJbHOTO HeOnaronpusaTHoro 3¢dgexra reHeTHYeCKH MOAU(DUIINPO-
BaHHBIX OPTaHM3MOB HA 3/I0POBLE YeJIOBeKa, SIBJISAETCS 20PU30OHMANIbHbLU
neperoc mpauczenog (npexde 6cez0 2eH08 YCMOUUUBOCMU K anmubuo-
muxan) om T'MO muxpogrope nuweeapumensnozo mpakma 4ea06exa
u xueomnvrx. B coctas sm060H TPAHCTEHHOM KOHCTPYKIMH, KaK IIPaBUJIO,
BXOAMT IIOMUMO COGCTBEHHO TPAHCreHa U ero PeryJsaTOPHBIX 3/eMEHTOB
M TaK Ha3bIBaeMblil ceJeKTHBHbIN (UM MapKepHBIH) TeH, HeOGXOMUMBIN
A1 oT60pa TpaHC(OPMUPOBAHHBIX KIeTOK. B KavecTBe ceJleKTUBHBIX Te-
HOB OGBIYHO UCIIOJB3YIOT T€HbI YCTOMYUBOCTH K aHTHOHOTHKAM (KaHaMu-
LUMHY, aMIMIUIMHY, CTPENTOMHLMHY), KOTOpbIe YK€ YTPATUJH CBOe
3HaYeHUE KaK aHTUMUKDOOHbIe Mpenaparhl U3-3a IMIMPOKO pacnpocTpa-
HeHHOH yCTOHYMBOCTH MMKPOOPTAaHHU3MOB K STHM aHTHOMOTHKaM.

KpomMe TOro, BeposTHOCTh IepeHoca celektuBHbIX reHoB u3 JHK
IPOAYKTOB IIUTAHUSA, TIOIYYEHHBIX U3 TeHeTUYECKU MOQUMHUIIMPOBAHHDIX
OpraHM3MOB, K MHUKDOOPraHM3MaM IHIIeBapUTeJbHOTO TpPaKTa KpahHe
Hu3kast (OHa omeHuBaeTcsl Kak mpu6ausuresnsno 10717). lnsa atoro Tpe-
6yeTcst HECKOJIBKO KpaiiHe MasoBeposiTHBIX cobbituit: yyacrok [JHK, co-
JepXalliui CeJTeKTUBHBIA reH, He JOJKeH ObITh TOBPEXAEH B IpoIecce
nuueBapeHus, Heo0X0UMa FOMOJIOTHS CeJIeKTUBHOTO IreHa WY IIpuJjera-
fomux K HeMy paitonoB JJTHK ¢ /IHK xpoMocoms! nian niaasmuael 60J1e3-
HETBODHOH 6aKTepUy IMHIEBaPUTEJILHOrO TPAKTa, a AJsI TOro, YToOHl ce-
JIEKTUBHBIM I€H 3KCIPECCUPOBAJCA B HEH IOcJle MepeHoca, OH JOJXKEeH
BCTPOHUTHCA II0O[ NMOAXOAALINM IPOKAPHOTHYECKHUM IpoMoTopoM. Eciu
YMHOXHUTb BEPOATHOCTb FOPHU30HTATbHOTO IlepeHOCa CeJeKTHBHOTO IreHa
Ha BO3MOJKHbBIE TIOCTEACTBUA TAaKOro mepenoca (mosBJieHye 0/{HOH HOBOH
6aKTepuH ¢ YCTOHYMBOCTbIO K AHTUGHOTHKY B NMPHUIAYY K ThICSYaM yKe
CYILECTBYIOIIMX C TaKoOil Xe YCTOHYHBOCTBIO), TO CEPbE3HO 06CYKIATh
10A06HbIE PUCKH MOXHO, MOXKAJIY, TOJbKO Iepe/ HEMPOCBENIeHHO! Ty6-
JIMKOJ B IIpONaraHAuCTCKuX Hesax. Eme 6osiee Hecepbe3HBIM BBITJISIUT
pPaccMOTpeHHe IOCIeJCTBUI IIepeHoca TPAHCTEHOB MJIH CeJIEKTHBHBIX Te-
HoB B JIHK kJieTok yesioBeka: npoJo/KUTENbHOCTb KU3HH KJIETOK 3TH-
TEJIHA MUIEBAPUATEIbHOTO TPAKTa OKOJIO 7 AHEH, HHKAKOro KOHTAKTa ITH-
LM C TIOJIOBBIMU KJIETKaMH YesoBeKa He MOXKeT ObITb B IPUHIUIIE.

Xots, Kak 6bIJI0 MOKa3aHO BbIllle, HAJMYUE B TPAHCTEHHBIX KOHCTPYK-
IMAX CEeJEKTHBHbIX F€HOB aHTHOMOTHKOYCTOWYHBOCTH HeE SIBJISIETCS OIac-
HBIM JJIS 3/0pOBbsI YeJIOBEKa M OKpY Kalollei cpe/bl, HO, YYUTHIBAs 03a-
604eHHOCTD, a 4aCTO U HellpHATHe OGUIeCTBEHHOCTHIO 3TOTO (haKTa, yue-
Hbl€ NPHUJIAraloT YCHIUA II0 pa3padOTKe aJibTEPHATUBHBIX CEeJeKTUBHBIX
cucteM. Tak, Bce 4alle B KaueCTBe CeJIEKTUBHBIX I'€HOB UCTIO/Ib3YIOT FeHbl
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yCTOIMMBOCTH K rep6uuuaaM (npaBAa, 5KOJIOTH OIACAIOTCA, YTO 3TO IPHU-
BEZIET K POCTY TepOHLIMI0YCTOHYUBOCTH COPHSIKOB), HETOKCHYHBIM CaXapaM
(THma KCHJIO3BI, MAHHO3bI, 2-AEOKCHUTIIOKO3bI), FeHbl HHAYLHNPOBAHHOH
aKcrpeccHuu (pUTOropMOHOB H aApyrue. Pa3pa6oTaHbl METOABI yAaJIeHHUS
CeJIEKTUBHbIX I'eHOB y TPaHC(OPMaHTOB IOCJIE IIPOBEJEHNUS CeJJeKTHBHOM
IPOLEAYPHI UM TOJAYHUeHHsT Ge3MapKepHBIX TPaHCreHHBIX JHHHHA C IO-
MOILbIO KOTPaHC(OPMALMH C [TOCIeIYIOUUM HEraTHBHBIM OT6OPOM I1O ce-
JIEKTHBHBIM reHaM B 6eKKPOCCHBIX MOKOJIEHUSX.

3.4. He6aaronpusraple NOCAEJCTBHSA BHICBOOOXKICHHA
I'MO B okpyxaiomyio cpeiy H METOAbI HX OLEHKH

B npeacraBiieHnH OOBIBATeNs reHETUYECKH MOAM(ULUPOBAHHBIE OP-
raHU3MBI ACCOLMHPYIOTCS MPEXKAE BCETO C AKOOBI CTPAILHOM ONAaCHOCTDIO,
yrpoXarolieii 370poBbI0 HaceneHUs. Ilo MHeHHIO e CIelHaIHCTOB,
HaMHOro 6oJjiee CyIleCTBEHHBIMH IIpeICTaBJSIOTCA PUCKH AJI OKPYKalo-
meit cpeabl. Bean mepsyio rpynmy puckoB (Ui 340pOBbS Ye€JIOBEKA)
MOXXHO OLIEHUTH JOCTATOYHO TOYHO, YTOOBI X MpEeAYNpeAUTb U IMPaKTH-
YeCKH TOJIHOCTBHIO HCKJIOYUTH. B ciyyae ke ¢ pUCKaMH i OKpYXKalo-
el cpeJbl CUTYalHs HaMHOrO cJoXHee. Heo6X0oauMO yYHTBIBAaTh pas-
JIMYHBIE CJI0XKHBIE B3aUMOXEHCTBHA OpPraHu3Ma 1 Cpebl, MHOIHE U3 KOTO-
PBIX € TPYAOM IIOAJAIOTCS TOYHOH OlleHKe UM JaXke HeNpeACKa3yeMbl.
Oco6eHHO CJI0’KHO ObIBaeT CIIpOrHO3UPOBATh OTAAJIEHHbIE NOCJIEACTBUA,
pasyMyHbie Kackaaubie 3¢ dexThl: Beab B AUKOH MPUPO/E BCe B3aUMOCBS-
3aHO. /la M yCTPaHUTb BO3MOXKHbIE HE6IarONPUSTHBIE NOCJIEACTBHS ObI-
BaeT O4eHb CioXxHO: ecad 'MO nmonmanym B OKpyXKaOUIYIO CPeRy, pPa3MHO-
XKWJIMCh M, YTO CaMOe HeHmpHUATHOe, MepefaqH CBOK TeHEeTHYEeCKYIO MH-
dopMaluIoO APYTdM BUJAM, TO NPAKTUYECKU HEBO3MOXKHO BEPHYTh BCE B
HCXO/HOEe COCTOSIHME B CJIy4yae O6HAPYKeHUS KaKHX-THO0 HeOJaronpusT-
HbIX 3(pPeKTOoB.

BoaMosxnsr caenyromue He6maronpuarasie 3¢pdexrter TMO Ha okpy-
XKAILYIO Cpeay:

— Ppa3pyuIuTeJbHOE BO3JelCTBHE Ha Ouosormueckue coobuiecTBa u
yTpaTa lieHHbIX 6HOJIOTHYeCKMX PECYPCOB B Pe3yJIbTaTe 3aCOPEHUS MeCT-
HbIX BMJOB I'eHaMH, [lepeHECEHHBbIMH OT reHeTH4ecKH MOAH(HUIMpPOBaH-
HbIX OpPraHU3MOB;

— CO3/laHHie HOBBIX NTapa3uTOB, IPEX/I€e BCEr0 COPHSIKOB, H YCHJIEHHE
BPEOHOCHOCTH Y’Ke CyIieCcTBYOIUX Ha ocHoBe caMux 'MO unu B pe-
3yJbTaTe MepeHoca TPAHCTEHOB APYTHM BH/JaM;

— BbIpa00TKa BelleCTB — IPOJYKTOB TPAHCT€HOB, KOTOpPbIe MOT'YT ObITh
TOKCHYHDBIMU [IJIf OPTraHHU3MOB, XXUBYILUX MJIH [TUATAOIUXCS Ha IeHEeTH-
YeCKH MOAU(PUUUPOBAHHBIX OPraHHU3MaX U He SBJISIIOIIUXCS MUIIEHSIMU
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TPAHCTEHHbIX MPU3HAKOB (HAIpUMED, IYeJI, APYTHUX TOJE3HBIX HJIH 0XPa-
HAEMBIX BU/OB);

— He6aronpusATHOE BO3ACHCTBHE HA SKOCUCTEMBbI TOKCHYHbBIX BEIIECTB,
IIPOU3BOIHBIX HEIIOJTHOrO pa3pylLIeHHsI ONAacCHBIX XMMMKATOB, HalpUMep
rep6uuKAoB (3HAYUTENbHOE KOJMYECTBO CO3AABAEMbIX B HACTOsALIEE Bpe-
Ma TMO — c¢opmsi, ycroituussie K repOuLuIaM).

Pa3spywumenvroe 8030elicmeue zenemuuecku MOOUPUUUPOBAHHBLY Op-
zanu3moe na 6uonozuueckue coobuiecmea. Kax u3BectHo, B IpHpoO/e HET
HUYeTO JIMIIHEro: CyLIeCTBYeT ollpeJesieHHbI 6ajJaHC MEXAY OTAEJbHbBI-
MU BUJaMH¥ B TIpefiesax Jio6oro 6uoJIorTHYecKoro coobuiectsa. sKusble
OpraHU3Mbl HaXOJATCS MeXy cOO0H B TECHOM KOHTaKTe U B3alIMO3aBU-
cuMocTH. BeposiTHOCTh M3MeHeHHS GMOJIOrHYeCKOr0 MHOroo6pasusi 6e3
BMeUIaTeJIbCTBA YEJIOBEKA HUYTOXKHA. Y BeIMYEHNE YHCAEHHOCTH IOy JIsi-
IMd KAKOro-nu60 BUOA B OTAeJbHbIE IIPOMEXYTKH BpPEMEHM, HalpUMeEp
U3-32 KoJe6aHul KIuMaTHiecknX (pakTOpOB, HEMEJEeHHO BKJIIOYAET Me-
XaHU3M, OTPaHHYMBAIOMIUI 3TOT POCT, ¥ 6aaHC MeXAYy BUAAMHU BOCCTa-
HaBauBaercs. [TosToMy, TOBOPSA 0 iepBO# IpyIne pUcka U3 YKcCJjia IpHBe-
NEHHBbIX Bbllle {pa3pyuUuTeIbHOE BO3AEHCTBUE TPAHCTEHOB Ha GHOJOTH-
yeckHe cooOmecTsa), HUMeEIOT B BUAY cJielyioumee. Ilpun mepeHoce
OTJEJIbHBIX TPAHCTE€HHbIX IPU3HAKOB, IpeX/Je BCero UMeIIIUX afalTUuB-
HOe 3HaueHue B OKpyxKamolell cpene (ycTof4HBOCTD K XOJ04Y, Kape, 3a-
CyXe, 3aCOJIEHHIO), OT KyJbTYPHBIX COPTOB K HX AHKHMM COpOJMYaM BO3-
MOJKHA CUTyallus, IIPU KOTOPO# MocJeJHAE MOTYT pUo6pecTH AOMOIHH-
TeJIbHbIE IIpeuMyniecTBa B 6opble 3a CylleCTBOBaHHE. A 3TO 4YpeBaTo
U3MEHeHueM TOro camoro 6ajaHca MexXXQy BUAaMH, CYLIECTBYIOLIETO B
npupoae. IlocaeacTBust MoryT ObiTh IedaJbHbI: yBeJIWYEHHE YUCIECHHOC-
TH OJHUX BUJOB MOXKET COMPOBOXKAATHCS CHUKEHHWEM YHCJIEHHOCTH JpY-
THX M JaXe UX yTpaToil.

Co3danue nosvix napasumos. IlpoGjeMa NOABAEHUS CYNEePCOPHIKOB
1 cynepBpenureiedl Takxke (QUIypHpyeT CpeAu OCHOBHBIX, KOTJa pac-
CMaTpPUBAIOT 3KOJIOTMYeCKUue pUcKHU, csizanHble ¢ [MO. CopHAKU — 3TO
rpynia pacTeHHH C omnpejefeHHBIM HaGOpOM aJanTHBHBIX TPU3HAKOB,
KOTOpbIe TIOMOTaT MM CyIIecTBOBATb B OKpy’Kaiolledl cpege, B TOM
YycJie Cpeau II0CEBOB KYJbTYDHBIX PACTeHMil, HECMOTPS Ha JKECTKYIO
KOHKYDEHUHUIO CO CTOPOHBI JIPYTUX OPraHM3MOB, a TaKxe IIOCTOSIHHOE
BO3/eHCTBUE CO CTOPOHBI YeJI0BEKa, KOTOPBIN BCeMU BO3MOXXHBIMU CPeJl-
CTBaMM IIBITAETCS WX M3BECTH, NpaBia, 6e3 ocoboro ycnexa. B tabauie 6
IIpMBE/EH TaK Ha3bIBaeMbId Nepedenb balikepa, B KOTOpOM cHCTEMATH3U-
POBaHbI NIPU3HAKH, XapaKTepHble AJIT COPHAKOB. 3aMeTHM, YTO MOJHOTO
Habopa U3 NepevrCcIeHHbIX IPU3HAKOB HET HU ¥ OJHOrO BHJIa PACTEHUH.
Opnnako yxe xoM6uHAuUMu 3—4 W3 HUX JOCTATOMHO, YTOOBI IMOJIYYHTD
BECbMA OMAaCHbI COPHSIK.
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Ta6banunta 6

IlpusHaku, XapakTepHble jia pactennii copuskor (no Baitkepy)

Ne
n/n
1 |CeMeHa nmpopacTaioT B Pa3JHYHBIX YCJOBHUSAX CPEJbI
CemeHa AuTesIbHOE BpeMsl COXPAHSIOT XU3HeCTIOCOGHOCTD
Pacrenns 6bicTpo NpoxoaaT ¢a3bl BereTalldy A0 LBeTEHHS

Pacrenus 06p33y!0'r CeMeHa B TeUeHHEe AJIHTEJIbHOIO BPEMEHH B X0J€ BereTauun
A0 TEX IIOp, NMOKa MO3BOJIAIOT YCJIOBHS IPONU3pACTAHNA

Pacrtenns CaMOCOBMECTHMBI, HO HE SABJAAIOTCA CTPOTHMH CaMOONBIJIHTENAMH

et NpH NEPEKPECTHOM OIBIIEHHH NEPEHOCHTCSA HECHEIHAJIH3UPOBAHHDBIMH
HaCEeKOMBIMH HJIH BETPOM

7 [Pactenust HopMHDYIOT OYeHb MHOTO CEMSAH B 6JIaTONPHATHBIX YCJAOBHIX Cpebl
8 [Pacrenus 06pa3yloT ceMeHa B IIHPOKOM JHAaNa3oHe YCJIOBHI Cpeabl

9 |PacreHus azanTHpPOBaHBI K PAaCCEHBAHUIO KaK Ha GOJblIME PAacCTOSHUS,

TaK ¥ Ha KOPOTKHE

10 |Ecau MHOroseTHHKH, TO CIIOCOGHBI OYeHb XOPOIIO Pa3MHOXAaTbCsl BEreTaTHBHO,
CIIoCOOHBI K pereHepaluy 3 (PparMeHTOB pPacTeHHs

[Tpusnaxu

el RN

(%

2]

11 |Ecau MHOrOJeTHMKH, TO pacTeHHsl OYeHb XPYIIKHe B obJsacTu crebis,
PacrosioKeHHOH Ha YPOBHE IOYBBI, YTO NpPeJOXPaHseT UX OT JETKoro
H3BJIEYEHUS K3 MOYBLI

12 [Pacrenusa npucnoco6ienbl K KOHKYPEHIMH ¢ TOMONIBIO CHEIHANBHBIX CPEXCTB!
(OpMHpPOBAaHHA PO3ETOK, POCTA, MOAABJIAIONIErO COCEJHHE PACTeHus,
06pa30BaHHs TOKCHYHBIX BEIIECTB

Ienetruecku MoauduIIMpPOBaHHbBIE OPraHU3MBI PACCMAaTPHUBAIOT B KOH-
TEKCTe HCceqyeMoi npo6/ieMbl, UMesI B BUAY [TOTEHI[UAJbHYIO BO3MOX-
HOCTb YCHUJIEHMs arPeCCUBHOCTH CYLIECTBYIOIIUX COPHSIKOB 3a CYET IPH-
O6peTeHUsT UMH KaKOro-iu60 [JOIOJHHTENbHOTO NPH3HAKA H3 IepevyHs
Bolikepa, KOTODbIf KOAMPYETCS NPUBHECEHHBIM TreHoM (TpaHCreHoM).
Peub nzer npexze Bcero 06 aJaTUBHBIX I'eHAX YCTORYMBOCTH K Pa3jny-
HbIM cTpeccoBbIM (pakTopaM. C 0AHOH CTOPOHBI, 6J1arofapsi TAKHM TPAHC-
reHaM OIIaCHBIMM COPHSIKaMHU MOTYT CTaTh HEKOTOpPbIe KYJIbTYPHbBIE PacTe-
Hus, KOTOpbIE IO CBOEH MIPUPOJE He CUJIbHO OTJIHYAIOTCS OT JUKUX BHAOB
(macT6uiusie TpaBsl, panc, mouepHa i ap.). C Apyroii CTOPOHEI, Cylec-
TBYET BEPOSATHOCTD IEPEHOCA TPAHCTEHOB OT KyJIbTYPHBIX BM/I0B K UX JH-
KHM COpOAMYAM, KOTODbIE MOTyT ObITh COpHsikamMH. He ciyuaitHo moaTo-
My TIDH OLIEHKE PUCKa HeOIaronpUaTHBIX 3KoJdorudeckux adpdexro IMO
06s13aTeJIbHO aHAJU3HUPYETCS CaM TPAHCTEHHBIH PU3HAK HA IIPeJMET ero
aJJaNTHBHOCTH, 2 TAaKXe BEPOSTHOCTb €ro IepeHoCa AHKHM COpOAMYaM.

Hebaazonpusmmuwie achgpexmovr TMO na opzanusmot, ne A681810WUECSA
CMUULEHAMUS MPaHCeennbix npunarxos. IlpuMeneHre TPAaHCIEHHBIX COP-
TOB C HHCEKTHULIUIHbIMU cBolicTBamu (6marogapst Bt-reny) cpasy xe To-
POJNJIO BONIPOC: & HE MOBIUSIOT JIU OTPULIATENBHO 3TH COPTa HA GHOJIOTH-
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YecKoe pa3HooOpasue, BO3/IEHCTBYS Ha HACEKOMbBIX, KOTOPbIe He ABJSAIOT-
Csl «MUIIEHbI0O» TPAHCreHHOTro IpusHaka? lMewoTca B BUAY Npexae
BCEro Takue MoJie3Hble HAaCEKOMbIe, KaK IT4eJsibl, 60KbU KOPOBKHM, 3J1aTOr-
Ja3ku. K cyacTtbio A9 mpuponbl, Bt-IpoTeuHb! OTIMYAIOTCA BBICOKOM
U36MpaTeJbHOCTDIO CBOETO JIeCcTBUSI. TeM He MeHee BO3MOXKHBIE Hera-
TUBHBIE 3(hPeKThI, CBSI3aHHbIE C HelleseBbIM Bo3aedcTBueM MO Ha apy-
riue OpraHm3Mbl, 0053aTeIbHO TINATEJBLHO B3BEIIMBAIOTCS NIPH IIPOBEJE-
HUHU OLIEHKH MX 6H06e30I1aCHOCTH.

Yeenruuenue o6vemo8 npumenenus zepbuyudos. B cBA3U C TEM YTO
nepeole TMO o6js1asanmu B OCHOBHOM IIPU3HAKaMM TOJIEPAHTHOCTH K
rep6ULIgaM, BO3HUKJIO OllaceHHe, YTO UX HCIO0/Ib30BaHHE MOXKET NPUBEC-
TH K HeGJIaronpUsATHOMY BO3JEHCTBHIO HA 3KOCUCTEMb] TOKCHYHBIX BEIECTB,
TIPOM3BOJHBIX HEMOJHOr0 pa3pyllieHus OMAacHbIX XMMHMKATOB, HallpUMep
rep6unioB. OgHAKO MPAKTHKA HCNOJIb30BAHUA repOULUA0YCTOMYNBBIX
TeHeTHYECKH MOAMGULIMPOBAHHBIX COPTOB [T0Ka3aJla IIPOTHBONOJIOXKHYIO
TeHAeHIU. I1ocKoIbKY 3¢ heKTUBHOCTH KOHTPOJISI HaJ COPHAKAMH C IO-
Motrbsio koM6uHani I'MO u cooTBeTcTBYIOHIEro repOuIIia BbIlle, YeM B
OOBIYHOM MPaKTHKE MPUMEHEHUA XMMUKATOB, TO 061IHit 06beM repOULIU-
JIOB, BHECEHHBIX HA TOJISt C FeHeTU4eCKH MOAMDUIIMPOBAHHBIMH COPTaMH,
OKa3bIBAETCSA HUXKe OOBIYHOTO.

3.5. Ouenka pucka BO3MOXKHbIX HeGaaronpuaTHbix 3¢¢peKToB
I'MO Ha oxpyxKamomyio cpeay

714 onpeznieIeHUN PUCKa BO3MOXKHBIX He6JAaronpusitHbIX a¢deKTos,
CBSI3aHHBIX C BbIicBOOGOxAeHueM TMO B OKpyXkalomylo cpeny, paspabo-
TaHa CliellMajJbHasi METOAMKA, MO3BOJIAIONIas IPOBOAUTb KOMIIJIEKCHYIO
BCECTOPOHHIOIO OLIEHKY MX 6e30IIacHOCTH. IJTa MeTOAMKA IIPUMEHSeTCs
BO BceX cTpaHax, rae BbipamuBaioT MO, OCHOBHbIE ee TOJIOKEHUA
3aKpeIUIeHbl B psi/ie MeKAYHAPOAHBIX COrJIAIIEHHH, 4YTO JEJAeT ee IpH-
MeHeHMue 00s13aTeJIbHOI MpOoleAypoll AJs CTPaH, K HUM IIPMCOEIUHHUB-
muxcsa. MeToauKa Xopouo 3apekoMeH/ioBasa ce6a Ha nipaktuke. [lo cy-
1IeCTBY He W3BECTHO HU OJHOTO CJyuasl HeraTUBHOIO BO3AEHCTBUS reHe-
THYEeCKH MOAM(UUMPOBAHHBIX OPTAaHHM3MOB Ha OKDY’KAIOIIYIO CpPely BO
MHOTOM OJiarofaps TuiaTeJbHOH oleHKe 6e3omacHoctu Bcex MO, koro-
pbie BbICBOOOX/JAIOT B OKPYXKAIOHIYIO CPeny.

Ilpu onenke pucKa BO3MOXHBIX HeGJAarONPUSTHBIX IKOJOTMYECKUX
nocsaeacTBUi BbICBOGOXAeHNsT MO B OKpyXamoIlyl cpely B IIEPBYIO
odyepe/lb IIPUHUMAIOT BO BHUMaHUe MH(POPMALMIO, KACAOIyIocs 610J10-
THYeCKMX OCOOEHHOCTEH PeLUITHEeHTHOTO U JOHOPHOTO OPTraHU3MOB:

— CHCTEeMaTHYeCKOe IO0JIOXKeHUe, Coco6 PasMHOMKEHHUS U pacCceuBa-
HUs, BbDKMBAeMOCTb B OKpyXKamwouleil cpefie;
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— reorpaduyecKkoe paclpoCcTpaHeHue, ONUCaHHe MECT eCTECTBEHHOr0
IIPOU3PaCTaHus;

— TMOTEeHUHAJHHO 3HAYUMOE B3aUMOJeHCTBUE C OPraHH3MaMH, OTJIHY-
HBIMM OT pacTeHHil (TOKCHYHOCTD).

Oco6oe BHMaHUe yaenseTca HHPOpMaLHu, OTHOCAUIEHCS K XapaKTe-
Py reHHO-UH)X€HepHOH MoAudUKanuy:

— ONMCAHHIO BCTPOEHHOTO B reHoM (ILIa3MOH) PelHITHEeHTHOTO Opra-
nusMa pparmenta JHK (pasMep u MCTOYHMK, HpeAmnosaraeMas QyHK-
IUST KAXKJOTO COCTaBHOrO 3JIeMeHTa MJIH paiioHa BcrpoeHHo [[HK, Bxito-
Yas PevyJISATOPHbIE U APYTHE 9JIEMEHTHI, BAUSIONME Ha (PYHKLIHOHUPOBA-
HHUEe TPAHCTEHOB);

— JIAHHBIM O CTPYKType U (PYHKLMOHAJIBHOM COOTBETCTBUM BCTPOEH-
Horo ¢dparmenta JJHK, mpucyrcTBUM B HeM HM3BECTHBIX IOTEHIMAJIbHO
OTIACHBIX ITOCJIEZOBATEIbHOCTEH, JOKAIU3AIMH BCTAaBKU U CTaOUIbHOCTH
HHKOPIOpALMH, KOJTHYECTBE KOMUH TPAaHCrEHOB.

BcecroponHeMy paccMOTpeHHIO ToaBepraeTcd MHQOpMauusi, Kacaoo-
masicss 6uostornueckux ocobenHocteir 'MO u xapakrepa B3aMMOZIEHCT-
BHA €r0 ¢ OKPYXXalolled cpefiod, a UMEHHO:

— JlaHHbIe O HOBBIX NIpU3HaKaX M XapaKTePUCTUKaX, KOTOPbIe CTAJIH
TIPOSIBJIATHCS WU TIePeCTasiy IPOSABISITBCS Y TeHETHYECKH MOJUQPUIIUPO-
BAHHOr0 OPraHM3Ma 110 CPAaBHEHUIO ¢ DEIIUITMEHTHBIM OPraHU3MOM, B OCO-
6eHHOCTH Te, KOTOPbIe MOT'YT OKa3blBaTh BJIMsIHHE Ha BbDKMBAEMOCTD, pa3-
MHOXXeHME U paclpocTpaHeHNe B MOTEHIIHAJIPHON IPHHUMAIOINIEH Cpeae;

— CBeleHHus O reHeTuueckoii crabusnbHoctu I'MO, crenenu u ypoBHe
sKcmpeccun TpaHcrena(os);

— AKTHBHOCTb M CBOHcTBa mpoTenna(os), kogupyemoro(six) TpaHc-
reHoM (HaMH);

— CHOCOGHOCTD K IepeHoCcy reHerwveckoil nudopManun (Haniuune B
IIOTEHUMAIbHON IIpUHUMAIOLIEH cpele AVMKHMX WJIM KyJbTYDHBIX POACT-
BEeHHBIX BHU/JOB, COCOOHBIX K rubpuguzaiyu ¢ 'MQO, BeposATHOCTb nepe-
Hoca TpaHcreHOB of 'MO K TakuM OpraHH3MaMm);

— BEPOATHOCTb KOHKYPEHTHOTO INpeHMYNIecTBa reHeTHYeCKU MO/IHU-
($bUIMPOBaHHOIO OPraHM3Ma Mo CPABHEHUIO C UHTAKTHBIM PEeLMITUEeHTHBIM
OPraHU3MOM, PE3KOro yBeJHW4YeHUs1 yucaeHHoCcTH nonyaauun MO B no-
TeHIIMaJbHOU MDHHUMAIOLIEN cpeje;

— CBeACHHSI 00 Op1ahu3MaX-MULIEHSAX M OpraHM3MaX-HeMHIIeHSX,
IIpeAIioIaTaéMOM MEXaHu3Me W pesyJbTaTe B3auMogeiictBua I'MO c
HUMH.

OxoHuaresbHOe 3akjioueHne o 6esonacHoctd MO s okpy:xaro-
e cpeabl JesaeTcs ¢ yYeToM IepeyrcIeHHOH Boilie nHOpMallMy U Xa-
PaKTEPUCTUKU NIOTEHIMAIbHON NMPHHUMAIOUIEH Cpebl:

— reorpaM4yecKoro rnoa0XeHuA y4yacTka, rae 6yeT oCylueCTBIsAThCS
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BbICBOGOX1eHHUe, 6JU30CTH ero K 3all0BeIHUKAM, 3aKa3HUKaM U APYTHM
IPUPOAOOXPAHSIEMBIM 0OBEKTaM U TEPPUTOPHSIM;

— ero pasMepa ¥ 06pabOTaHHOCTU, KJIUMATUYECKOH, Ie0J0rMYeCKOH
¥ IOYBOBEJYECKOH XapaKTepUCTHKH, (PJIOPBI U (PayHBbI.

3.6. TocynapcTBeHHOE peryavpoBaHuie 6e30NMaCHOCTH
IreHHO-HHIKCHEPHOi AeATEeIbHOCTH

Jlo Tex nop mmoka uMeeTcs 3JIeMEHT HayYHOI Heollpe1eIEHHOCTH OTHO-
CUTEJbHO BO3MOXKHBIX HeGJAroNMpHUsITHBIX T0CeACTBUI TeHHO-MHXXEeHeD-
HOM J1eATeJbHOCTH JUISI 30POBBS YeJIOBeKa U OKPY’Kakolled cpeabl, OHa B
COOTBETCTBUM C MPHUHIUIIOM [IPeJOCTOPOXXHOCTH [JOJXKHA PeryIupoBaTh-
Cs Ha TOCyJapCTBEHHOM ypoBHe. 3agava 3(¢¢eKTHBHOrO rocynapCTBeH-
HOTO PeryJMpOBaHMsI COCTOUT B TOM, YTOOBI 06eCTIeYUuTb, C OJHOH CTOPO-
HbI, MaKCHUMaJbHO 6JIaronpugTHbIE YCIOBUS A1 Pa3BUTUA TeHeTHIECKOH
MHXeHepUHU KaK OJHOTO M3 IPHOPHUTETHBIX HAYYHLIX HANPaBJIEeHHH H, C
APYTOH CTOPOHBI, rapaHTHPOBaTh 6E30IIaCHOCTD IPH OCYLIECTBJIECHHUH H
UCIIOJIBb30BAHUM Pe3yJIbTaTOB U IPOAYKTOB FeHHO-UH)XEHEPHOH JesiTelb-
HOCTH.

B 6onpinHCTBE Pa3BUTBHIX CTpaH MHpa MPUHATO U 3¢pdeKTUBHO PYHK-
IIMOHUPYeET CIlelalbHOe 3aKOHOAATeIbCTBO, Kacawmieecsa 6uobesomnac-
HOCTH, a TaKXXe CO3[aHbl COOTBETCTBYIOIIUE KOMIIETEHTHbIE OPraHbl, KO-
TOpbIe TIPETBOPSIOT €T0 B XKU3Hb.

B Benapycu B HacTosuee BpeMs cucreMa 6106e301acHOCTH HaXOqUT-
€A Ha HavaJbHBIX 3Tanax popmupoBaHus. IlepBbIM marom B ee mocrpoe-
Huu 610 co3fanue B cootBercTBuM ¢ [loctanoBnennem Cosera MuHuMC-
TpoB Pecniy6imku Benapych Ne 963 or 19 uionst 1998 rona Haunonasn-
HOTO KOODJWHAIMOHHOTO IeHTpa OumobGe3omacHoctu. lleHTp ycrmemHo
(PYHKUMOHHpYET B KayecTBe CTPYKTYPHOro rnoapaszesenus HMHcTutyTa
renetuku u nutosoruu HAH Benapycu ¢ 1 suBaps 1999 roga. CoraachHo
3TOMY MOCTAHOBJEHUIO, B 06s13aHHOCTH l[eHTpa BXOAMT:

— c6op, aHamu3 U cucreMaTU3alus UHQPOPMALHH O 3aKOHOJATeJlb-
CTBE, Hay4YHBIX HCCJIe/IOBaHUSX, MOJIEBBIX UCTIBITAHUSX, BBO3€ / BbIBO3E,
KOMMEPYECKOM UCIOJb30BaHUH TeHHO-UHXKEHEPHBIX OPTaHM3MOB U IIPO-
JAYKTOB Ha X OCHOBe B benapycu;

— Cco3ZaHue, Nnojjiep XKaHue U NOIOJHeHNe HAIlHOHAJIbHOU 6a3bl AaH-
HBIX 110 6M06€30ITacHOCTH;

— mpenocTaBsieHne uHGopMauuu 1Mo 61M06e30MaCHOCTH 3aUHTEPECO-
BaHHbIM MHMHUCTEPCTBAM M APYTHM OpraHaM rocyJdapCTBEHHOI'O YNPaB-
JIEHUS, CpeCTBaM MaccOBOH uH(pOpMaUH;

— o6mMen uHpOpMalyeii Mo 6106e30IaCHOCTH ¢ KOOPAMHAIIMOHHBIMU
LEHTPAMU JIPYTUX CTPaH, MEXAYHAPOIHBIMH OpPraHU3aLMSAMH;
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— ofecriedeHne TIPOBEIEHUST HAYYHOU aKcriepTu3kl 6e3onacHocty TMO,
UCII0Jb30BaHUE KOTOPBIX IIpeAIoJiaraercst Ha tepputopuu Pecry6iuku
Benapycs;

-—— OKa3aHHe KOHCYJbTaTHBHBIX yCJIyI MUHUCTEPCTBAM M APYTHM pec-
My6JUKAHCKUM OpPraHaM TOCYAapCTBEHHOrO yIIpaBJieHHs B pa3padoTke
3aKOHOAATeJbHBIX aKTOB U PYKOBOACTB 110 6M00e30I1aCHOCTH;

— OKa3aHHe KOHCYJbTaTUBHBIX YCJAYT MHHUCTEPCTBAM U JPYTHM pec-
My6/IMKaHCKUM OpraHaM rOCYJAapCTBEHHOTO YIpPaBJEHHS B NOJTOTOBKE
IPeANOXEeHHH 0 3aKJIIOYEHHUIO JBYCTOPOHHUX H PErdOHaJbHBIX COTJIa-
IeHui, B pa3paboTKe MeXIYHAPOAHBIX COTJIALIIEH It N0 6H06e30IIaCHOCTH;

— y4eT Ja6opaTOpuil TeHETHYECKOH MHXEHEPHH.

Corpyanukamu IleHTpa COBMECTHO ¢ I0OPHCTaMHU NpeAJIO’KeHa KOHLeI-
1M HOPMATUBHO-NIPABOBOit 6a3bl AJIs1 TOCYAapPCTBEHHOTO pery JIHPOBaHHs
TreHHO-MHXXeHepHOH AesaTenbHocTH B Besrapycu. B ocHOBY KOHIlennuu mo-
JIO’KEeH UMEIONMUICS ONbIT Psila BeAYIUX CTPaH, CyIecTByomiee 3aK0OHO-
natenbcTBo Pecmy6iuku Benapych M ClI0XKHBINAsICS B CTPaHe CHCTEMa
rOCY/JapCTBEHHOTO yIpaBJeHHs, 06s13aTeIbCTBa NI0 MEXKIYHAPOAHBIM CO-
rnameHusmM. [lo HameMy MHEHMIO, CO3[aHHME CHCTEMBI 6HO6E30IIACHOCTH
He JOJDKHO COIPOBOXAATbCA NOSBJIEHUEM HOBBIX OIOPOKPAaTHYECKUX
cTpYKTyp. CoOTBETCTBYIOUINE MUHUCTEPCTBA U BEOMCTBa 00sI13aHBI B3SITh
Ha cebs ONpeaeNeHHbIe JOTIONHUTEbHbIE (DYHKIMH, CBA3aHHbIE C 6e30-
IIACHOCTbIO I€HHO-UHXXEHEPHOU AeATeJbHOCTH. VI3MeHeHHs1 B HOPMAaTHB-
HO-TIpaBOBOM 6a3e JOJKHBI ObITh MUHUMAJBHBIMH.

[IpunnunuanpHbie NOJOXKEHHA NpelsaraeMoi KOHIeNUuU chHopMy-
JHpOBaHbI B npoekte 3akoHa Pecny6imku Besapycy «O 6esomacHocTH
reHHO-UH)XXeHepHOH! JesTebHOCTH> (B HacTOsllee BPEMs OH HAXOMUTCS
Ha PacCMOTPEHMH B IapJjaMeHTe). B HeM ompeesieHbl OCHOBHbIE IIOHS-
THA, 3aJa4Yd, HAIpaBJeHUS U OPraHU3AI[HOHHO-IIPABOBBIE OCHOBBI TOCY-
JApCTBEHHOTO peryJHpOBaHUA B oOsactu 6uobesomacHoctu. K oCHOB-
HbIM HaIPaBJIEHHSIM TeHHO-UHXXEHEePHOH AesiTeJIbHOCTH, PEery/IHupyeMbIM
3aKOHOM, OTHOCATCS: TeHHO-UHXeHepHas AesTeJbHOCTb, OCYyILecTBJsie-
Masi B 3aMKHYTO# cucreMe (B 1a6opaTopusx, rie ofecnedeHa HalexHast
H30JIILHSA FeHeTHYeCKH MOAM(HUIMPOBaHHBIX OPraHH3MOB OT OKPYXKalo-
el cpe/ibl U HaceJleHHs); AeATeNbHOCTDb, CBA3aHHAasl C BbICBOGOKIEHUEM
reHHO-HHXKEHEPHBIX OPraHU3MOB B OKPYXKAIOIIYIO CPeNY; MCIOJb30BAHHE
I'MO B X034iCTBEHHOH AeATEAbHOCTH, BBO3 M BbIRo3 TMO. B coortser-
CTBHH C IIPOEKTOM 3aKOHA [/ OCYIIECTBIEHUS HEKOTOPHIX BHIOB reHHO-
HHXXE€HEePHOH 1eATeJIbHOCTH HeO6X0AUMO MTOJIYYNTh Pa3pelleHHe COOTBeT-
CTBYIOIUMX KOMIIETEHTHBIX OpPraHOB. TaKue paapellleHHs BbIZAIOTCSA Ha
OCHOBAaHMHU Pe3yJ/IbTaTOB OCYAaPCTBEHHOM 3KCIIepTU3bI 6€30TMACHOCTH re-
HeTH4eCKM MOIU(MULHPOBAHHBIX OPraHU3MOB /I 3[0POBbSA YENIOBEKA U
OKpyXamwuleit cpenpi. B npoexte 3akoHa NpecTaBJIeHbI MOJ0XKEHHS, Ka-
CalOIHECS TIOPSAKA BhIIAYU paspelleHuii, HX mepecMoTpa, paspelleHus
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CIIOPOB, OTBETCTBEHHOCTH 3a HapylleHHe 3aKOHO/JaTeJbCTBa, (PUHAHCH-
POBaHHUS [esATeJbHOCTH, CBSI3aHHOH ¢ obecnedyeHueM 6u06€30IIaCHOCTH,
HOJOXKEeHUSI 0 MeXXAyHapOZHOM COTpyAHU4YecTBe. B 3aKOHOIIpOEKTe ra-
PaHTHPOBAHO TIPaBO IPaK/aH Ha NoJiyyenue uHpopManuy B obaactu 61o-
6€30ITacHOCTH.

Cucrema 6e3011acCHOCTH T'€HHO-UHXEHEPHOH JeATETbHOCTH, COTJIACHO
IPOEKTY 3aKOHa, BKJIOYAET:

— TOCYAapCTBEHHOE PETyJIUPOBAHUE;

— YCTaHOBJeHMe M cobiaiofeHye Tpe6OBaHUH 6G€30MTacCHOCTH IO Ha-
IIPaBJIEHUAM TeHHO-UHXXEHEPHOH JesTebHOCTY;

— MpOBeJleHHe TOCYAapCTBEHHON 9KCIIepTU3bl 6e30TTaCHOCTH TeHHO-
UHKEHEeDPHBIX OPTraHH3MOB;

— IJIAaHMPOBAHUE W PEaNU3AIUI0 MEPONPUSTHH TI0 obecnieyeHHIO Oe-
30MaCHOCTY T€HHO-UHXEHEPHOH JesiTeIbHOCTH;

~— OCYILeCTBJEeHHE rOCYJapCTBEHHOT0, BEJOMCTBEHHOI'O, TPOU3BOACT-
BEHHOT'O U 06LIECTBEHHOTO KOHTPOJIs B 061acTH 6€3011aCHOCTH T€HHO-HH-
JKeHEPHOH JesITeIbHOCTH;

— BeJeHue ydeTa B 06sacTi 6e30I1aCHOCTH T€HHO-HH)XXEHEpHOH aesi-
TEJbHOCTH;

— YCTaHOBJIEHUE MeD OTBETCTBEHHOCTH 3a HapylleHHe TpeOOBaHHH 3aKO-
HOJaTeIbCTBa B 06/1aCTH 6€30IIaCHOCTH TeHHO-MH)XKeHePHOH esaTeIbHOCTH.

[TpuMep QYHKIMOHMPOBAHUS TIpeAaaraeMoil cucteMbl 6e30MaCHOCTH
TEeHHO-UH)KECHEDHON [esTeJbHOCTH OT 3Talla CO3[aHMs TeHHO-HHXXeHep-
HBIX OPTaHU3MOB O MOMeHTa UX O(UIHAJbHOH PErUCTPAIUU B KaueCTBe
COPTOB CEJIbCKOXO03SIMCTBEHHBIX pacTeHWH, KOTopas JaeT IPaBO UCIOJIb-
30BaTh UX B XO3SICTBEHHOHN /IeATEIbHOCTH, MTOKa3aH B Tab/ue 7.

B 3axoHomnpoexTe mpeasoxeHa TpexcTylleHYaTas Tpoleypa OLEHKU
61006€30ITaCHOCTH TeHHO-UHKEHepHBIX opranu3MoB. Ha stane cosganus
I'MO yueHbIH-reHeTHK OCYIIECTBJISIET BBIGOP F€HOB JJIS1 TPAHCTEHO3a, TO
€CTb TeX reHOB, KOTOpble 6YAYT MPUBHECEHBI B TeHETHYECKUH MaTepHas
copra, IOPOJADBI, lUTaMMa B Ipoilecce ux yaydiienus. OH u3yyaeT ux
CBOMCTBA M CBONMCTBA NPOTEUHOB— IIPOAYKTOB DTHX T'€HOB, CPaBHUBAET
X C M3BECTHBIMH OIIACHBIMU T'€HAMM M IIPOJAYKTaMH, aHAJIM3UPYeT BO3-
MOXXHble He6aronpusitHoie 3(pPeKThl 6yAYIUX TeHHO-UHXEHEePHBIX Op-
raHU3MOB, COJEPIKAIINX OTOOpaHHBIE TPAHCTEHbI, HA 3TOPOBbE YEJIOBEKA
H OKpY>Xamwllyio cpeay. Ilocse mojyyeHus reHHO-UHXXEHEPHBIX OPTaHU3-
MOB y4Y€HbIH IIPOBOJUT OLIEHKY UX 6uobe3omnacHocTU. Pe3ypraThl NpoBe-
JNEHHBbIX MCCAeJOBaHH 1o 6Ho6e30macHOCTH OH 06061IaeT B Joche 0 Ge-
30MMaCHOCTU reHeTHYeCKH MOAUMDUILIMPOBaHHBIX OPraHU3MOB IS 340DPOBbS
YesI0BeKa M OKpy:kawoue cpeant (110 dbopMe, yTBEpKACHHOR CHELHATb-
HO YNOJHOMOYEHHBIMU TOCYAAPCTBEHHBIMH OpTaHaMu).
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Ta6bnuma 7

Cucrema oGecnedyenuss 6e30NacHOCTH

B COOTBETCTBHH C HpoekToM 3akona Pec

ny6auxu Benapycn

«0 6e30naCHOCTH reHHO-HHKEHEPHOH AeATeAbHOCTH »
(Ha npuMepe reHHO-HHXEHEPHBIX COPTOB CEJAbCKOXO03ACTBEHHRIX pacTenHii)

.

Crynenn

WUcnonnurensb

I crynens. Cosdanue zenno-unxenepHbix Opeanu3Moe

1. Bri60p reHOB 47151 TDAHCTEHO3a, M3yYeHUe UX CBOMCTB
U CBOMCTB IIPOTEHHOB — HPOAYKTOB 3THX IeHOB, CPaBHe-
HHe MX C U3IBECTHbIMU OMACHbIMH FeHaMH, aHaJU3 BO3-
MOXHBIX He6JaronpusiTHeIX 3¢ QexToB OyAyIHX TeHHO-
UH>KEHePHbIX OPraHM3MOB, COfIePXKallMX OTOOpaHHbIE TPAHC-
reHbl, Ha 3/J0pPOBbe YeJI0BEKA H OKPYXAIOMIYIO Cpeay
2. CosjlaHue reHHO-UHKEHEPHbIX OPraHH3MOB, OLEHKa
ux 61uo6e30nacHOCTH

3. lloaroroBka focke 0 6e30MaCHOCTH TEHHO-UHXEHED-
HbIX OpPraH¥3MOB /i1 3/J0POBbsI YeJI0BeKa H OKpYXKatolleit
cpelsi (1o onpeaeJieHHO# 3aKOHOaTeIbCTBOM (hopMe)

Pa3zpaboTuuk reHHO-HHXeHEp-
HBIX OPraHU3MOB

Pazpaboryunk
HbIX OPraHHU3MOB

T€HHO-HHKECHED-

npoeedenun ucnvimanui

II ctynenb. Boicgoboxdenue zetto-unKeHEPHBIX OPZAHUIMOS 8 OKPYXKAIOUYIO Cpedy Ons

1. TocynapcTBeHHas akcrepri3a 6e30HACHOCTH T'eHHO-
UHXCHEPHDbIX OPraHUu3MOB [JIf 3J0OpPOBbSI YejiOBeKa H
OKpYy»xaromeil cpeas

2. Bblgaya paspelneHHs Ha BbICBOGOK/IEHHE reHHO-MH-
’KEHEDHBIX OPraHH3MOB B OKPYXAaIOIYIO Cpeny

3. HcnblTaHUsA TEHHO-WHXKEHEPHBIX OPTaHW3MOB B yC-
JIOBHSIX KOHTPOJUPYEMOro BBICBOGOXAEHHS (TO €cThb ¢
co0JII0/leHHeM Mep, OrPAaHHYMBAIOIIMX PAaCpPOCTPaHeHue
TeHHO-MHXXEHEPHBIX OPTaHU3MOB B OKpY)Kaloluei cpesie)

4. TocynapcTBeHHOe COPTOMCIBITAHHE OTOOPAaHHBIX IO
KOMIJIEKCY IOJIOKUTENbHBIX MPU3HAKOB (dopM

JKcnepThl, IKCNEPTHbIH COBET
npy MuHHCTEPCTBE IPUPOAHBIX
PECYPCOB M OXPaHbI OKpY’Kalo-
1iei cpeabl

MUHHCTEPCTBO NPUPOAHBIX pe-
CYPCOB H OXPaHbl OKPY>XalouleH
Cpebl

Pazpaboryuk noj KOHTpoJIEM
Munrnpupoas! {(ero TeppuTopu-
aJlbHbIX OPraHoOB)

KomureT Mo rocy1apcTBeHHOMY
HCIBITAHUIO W OXPaHe COPTOB pac-
TeHui npu Muncenbxosnpoje

III crynens. locyOapcmeennan pesucmpayus 2eHHO-UHXEHEPHDBLY COPMOE PACMeHUT

1. BriioueHue BbiJeJUBIIMXCSA [10 Pe3yJbTATAM COPTO-
UcnbiTaHUS POPM B CIIHCOK COPTOB — KaHIM/JATOB Ha
3aHeceHue B [ocyaapcTBeHHBIN peecTp COPTOB M Ape-
BECHO-KYCTADHUKOBHIX IIOPOI

2. TocyaapcrBeHHast akcnepTu3a 6e30NMACHOCTH A1 3/10-
pPOBbS YeJIOBEKA TeHHO-HH)KEHePHBIX COPTOB, KOTOpHIE
MOIYT ObITh HCHOJIb30BaHbl B XO35ACTBEHHON JeATe b~
HOCTH B KavecTBe NPOJOBOJBCTBEHHOTO ChIpba (TecTbl
Ha TOKCHYHOCTD H a/UIEPTeHHOCTb, CYIIECTBEHHYIO 3KBHU-
BaJIeHTHOCTH). [I0AroTOBKA SKCHEPTHOTO 3aKIOYEeHUs

3. TlpunaTHe pellleHHs O BKJIIOYEHHH FeHHO-HHXKeHep-
HOro copra B ['ocyaapcTBeHHBIH peecTp cOpTOB H Ape-
BECHO-KYCTapHUKOBBIX NOPOJ

Komurer no rocyJapcTBeHHOMY
UCIIBITAHUIO U OXpaHe COPTOB
pacteHuit npu MuHce1bX03MpoJe

IKCHepThl,  aKKpeAMTOBaHHbIE
naboparopuu, IKCIOEepPTHBIH co-
BeT nipy MuUHUCTEDCTBEe 3/paBo-
OXPaHEHHs

Komurer 1o rocyaapcTeeHHOMY
UCIIBITAHMIO M OXpaHe COPTOB
pacreHuii pu Muncenbxo3npoe
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ITH MaTepHUaJIbl SBJISIIOTCS NPeMETOM TIATEJIbHOTO U3YYEHHs B X0/
TOCYJapCTBEHHOH 3KCIepTU3bl 6106e30MacHOCTH TeHHO-MHKEeHEPHBIX Op-
raHU3MOB Ha CJeAyIolieM dTalle — IPH BHICBOOOXKJAEHUM TeHHO-WHXKe-
HEDHBIX OPraHU3MOB B OKPY’KAIOWIYIO CpeRy A/ HPOBEAEHMS] UCIIbITa-
HUU. JKcnepTu3y 61M00e30MaCHOCTH OPTaHU3yeT JKCHEePTHBIA COBET MPH
MuHucrepcTBe NMPUPOAHBIX PECYPCOB U OXPaHBl OKPY’KaIolled cpeibl.
Ee npoBoAAT sKCNEPTHI H JAGOPATOPUH TI0 PA3HBIM 06J1aCTAM HAyKH: re-
HeTuke, OOTaHWMKe, IKOJIOTHH, TOKCUKOJOIHH, a/lIeproJIoTHd H T.X., KO-
TOpble BKJIIOYeHb! B HanuoHaJ BHBIN peecTp sKCIepToB o 6uobesomac-
HOCTH. JKCIepPThl aHAJTM3UPYIOT AOoche MO yTBepxKAeHHOoN CoBeroM Mu-
HUCTpoB Pecny6muiku Desapych Meroauke, NPOBOAAT HEOOXOAUMBIE
KCCJIeJOBAHUS AJS MPOBEPKU IIPUBEIEHHBIX B 0Che JaHHBIX.

Ilo pesynbTaTaM aKCIePTU3DI IPUHUMAETCS SKCIIEPTHOE 3aKJIIOYEHHE,
Ha OCHOBaHMM KOTOPOro MHHHCTEPCTBO MIPUPOAHBIX PECYPCOB H OXPAHBI
okpyxatomeil cpensl (MUHIPUPOADBI) AA€T pa3pelieHue Ha BBICBOGOXK e~
Hue I'MO B okpyXawowyio cpeay. B paspemennu Ha BbICBOOOXK/IEHHUE
OTOBapHBAIOTCS CTIENUATbHBIE YCJI0BUS, KOTOPble He0OX0UMO COOII0aTh
B xoJe BbICBOOOXIeHUs. OHM BKJIIOYAIOT Mephbl NpelylpeXIeHusl pac-
IPOCTpaHeHHst FreHHO-HH)XKeHEePHBIX OPTaHU3MOB B OKPY>KaloUleH cpene, a
TaK)Xe NepevyeHb JONOJHUTEIbHBIX MCCAe0BaHuH 1Mo 6H06e30nacHOCTH,
KOTOpble HaJJIeXHUT NPOBecTU B XoJe BbIcBOOOXIeHuA. HMHCmexTopbl
MUuHIpUPOAB! OCYWECTB/ISAIOT KOHTPOIb 332 BBINOJHEHUEM IIepeYUC/IeH-
HBIX TpeOOBAHUI B COOTBETCTBUHU ¢ 3aKOHO/ATEJIbCTBOM O MOHHTODHHTE.

Jlanee oro6paHHbIe IO KOMILIEKCY MMOJOXXUTETbHBIX TPU3HAKOB (OP-
MBI IIEpefaloT B TOCyAapcTBeHHoe copToucibiTanue. COpTOUCIBITaHHE
IpOoBOAUT KOMUTET 110 TOCY/[apPCTBEHHOMY UCIIBITAHUMIO U OXPaHe COPTOB
pacTeHuit 1pu MHUHUCTEPCTBE CeJIbCKOro X0351HCTBA U NMPOJAOBOJIBCTBUA
(MuHce1pX03Mpo/Ie) Ha COPTOYYACTKAX BO BCEX 06IACTAX PeCcy6IHKY B
teuenue 2—3 ner. IIpu 3TOM copTa OLIEHUBAIOTCSA O IEJOMY DALY XO-
3SIHCTBEHHO IT0JIE3HBIX MPU3HAKOB (yPOXKAHHOCTH, YCTOMYHBOCTH K 6O-
JIe3HSAM, Ka4eCTBEHHBIM NMPH3HAKaM U T.A.). [eHHO-HHXXeHepHbIE COPTa,
KOTOpbIe MOryT ObITh HCIOJb30BaHbI B XO3AHCTBEHHOIH /1€ATEJIbHOCTH B
KauecTBe INPOJOBOJbCTBEHHOTO CBHIPbS, JOJKHBI IIPOHTH A0 rocyaapcCrt-
BEHHOH perucTpauiu rocyJapCTBEHHYIO0 3KCIEpPTU3Y 6e30ITacHOCTH AJA
30pOBbst YeaoBeKa (B 4aCTHOCTM, TECTHI Ha TOKCHYHOCTb M ajJiepreH-
HOCTh ¥ T.I.). JTa 3KCIEPTH3A OCYILECTBAAETCS CHJIAMM SKCIIEPTOB,
UHCTUTYTOB U JabopaTopuii, BXOAIUX B cUcTeMy MuHUCTEPCTBa 3Apa-
BooxXpaHeHusA, HannonanbHoil akageMuu Hayk besapycu, BKIIOYEHHBIX
B BbIIIEYNOMAHYTBIH ['ocy/1apcTBeHHBINH peecTp aKCHepTOB Ho 6uo6e30-
nacHoctu. Ee opranusyer JkcrepTHbI coBer pu MuHuCTEPCTBE 3Apa-
BooxpaHeHus. [lo pesysbraraM coproucHbITaHUS U 3KcHepTu3 6uobe3o-
nmacHocTH KoMuTeT 1o rocy1apCTBEHHOMY HCIIBITAHUIO ¥ OXpaHe COPTOB



84 - IJVIABA TPETHA

pPacTeHHH IPHHUMAET pelleHUe O BKJIOUEHUHU copTa B 'ocy1apcTBEHHBIN
peecTp COPTOB M JpeBeCHO-KYCTaPHUKOBBIX ITOpoA. TOJBKO I10CJIE 3TOr0
T€HHO-WHXXEHEPHBIA COPT AONMYCKAETCS K HCIOJb30BAHUIO B XO3SHCTBEH-
HOM JeATeSbHOCTH /U MPOHU3BOJACTBA CEJIbCKOXO3SUCTBEHHOW M WHOM
OPOAYKLIMH.

AHaJlornyHas Mpolexypa IPUMEHAETCA U /A reHeTH4ecKn Moaudu-
LIUPOBAaHHBIX COPTOB 3apy6exHoro npoucxoxaenusi. B Berapycu paspe-
IIAETCA UCIO0JIb30BATh B XO3AHCTBEHHOU JeATeIbHOCTU TOJBKO 3apybex-
Hble COPTa, 3aHeceHHble B [0CyapCcTBEHHBIN peecTp COPTOB M JAPEBECHO-
KYCTapHHKOBBIX nopox. /a5 BkIoueHus B Peectp oM AO/KHBI TPOHTH
roCylapCTBEHHOE COPTOHUCIIBITaHHE, CBSI3aHHOE C BBICBOGOKZEHMEM B
oKpyxalomyio cpeny. CiaenoBaresnbHO, 4TO6bI 6BITH JOIMYLIIEHHBIM K COP-
TOMCIIBITAHUIO, COPT JOJKEH NPOHTH NMPOLEAYPY rocyZapCTBEHHOH 3KC-
NepTH3bl 6H06€30MaCHOCTH M NIOJIYYUTh pa3pelieHne Ha BhICBOOOXK/IeHHE
or Munnpupoasr. Kak BUAMM, B 3TOM CJIyyae MEPBYIO M3 PacCMOTpEH-
HBIX BBlIlIe cTyHeHel 6uo6e3onacHoctu (aran cospanus 'MO) copr npo-
XOMUT B CTPaHe IPOUCXOXKAEHH, a [Be mocaeayoume (Ha srame BBICBO-
60XXJIeHUA B OKPY)KAIOMYIO CPEAY H IIPH FOCYAAPCTBEHHOM PErMCTPaLluH
copTra) — B Hallleif CTpaHe.

Heckosbko HHast cUTyanus C reHHO-MH)KeHEePHBIMH OPTraHU3MaMH, 3a-
BO3MMbBIMH M3-3a py6exxa 1 HeMOCpPeACTBEHHOrO HUCIOJIb30BaHUA B Ka-
4YeCTBe IUIIEBOTO CHIPbS, KOPMOB WJH JJs mepepaGotku (1o ecth 6e3
BBICBOOOXKAEHHUS B OKDPYXKAIOIIYI0 cpedy). B aToM ciyyae BBO3 ocyuec-
TBJISIETCS. B COOTBETCTBHHM cO crarbeit 11 KapraxeHckoro mporoxosa mo
6uoGesonacHocTu (11oApoGHee 0 HEM HMXeE), COTJIacHO KOTOPOH OCHOBa-
HHeM /1A BBo3a 'MO sBiserca dakTt perucrpaliyu reHHO-HHXXEHEPHOTO
COpTa, IOPO/bI, LITaMMa B CTPaHe IIPOUCXOXKAECHUs. ITO 3HAUMT, YTO BCe
TPH CTyneHH 6M06e30IacHOCTH OT CO3JAaHHUS A0 PErHCTPALMM TPAHCIeH-
HBIH COPT, MOpOJa, IITaMM IPOXOJAT B CTPaHe NpoucXoxiaexus. Hamo
UMeTh B BHAY, YTO B CTPaHaX, Ije NPOU3BOAAT IIPOAYKLMIO HA OCHOBE
FeHHO-UH)XEHEPHBIX OPraHM3MOB, AeHCTBYyeT cHcTeMa 6H06€30IacHOCTH,
aHaJIOTHYHAs TOH, 4TO nIpensaraercsa niaa Pecnmy6muku Bemapyces. Kaxk-
A0€ rocyJapcTBO, IPDHHUMAIOIIEe pelleHre OTHOCHUTEJIBHO HCIIO0/Ib30Ba-
Hus uMIoprHoro I'MO, Bkjouasi peajiM3alUio HA BHYTPEHHEM pDBIHKE,
06s3an0 MH(POPMUPOBATH 06 3TOM APYTHX y4yacTHUKOB [IpoToKosa yepes
MEeXaHH3M IIOCPEJHUYECTBA B TeueHHe 15 AHeH Ioc/ie IPUHATHS TaKOTrO
pewenusi. IIpu 5TOM OHO JOJIKHO MPEAOCTABUTH MOJHYIO HH(POPMALIUIO O
6e30I1aCHOCTH reHeTHYeCKU MOAUMUIHPOBAHHOTO COPTA, TOPOADI, IITAM-
Ma. [IepeueHp BOnpocoB, Ha KOTOPbIe HEOOXOAUMO OTBETHTD, ONpeesIeH
B npuioxxenuH II k IIporokosy. TeMm He MeHee Jr06ast CTOPOHA MEXYHA-
poaHoro jgorosopa, HanpuMep Benapych, HMeeT nmpaBo 3alIpPOCHUTh y Ta-
KHX OpraHoB JAOIOJHUTeJbHYIO HHMOpMaLuo, Kacamoilyocs 6uobe3o-
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MACHOCTH BBO3UMDIX T'€HHO-WH)XXEHEDHBIX OPraHM3MOB, JUOO NMPUHATD B
paMKax CBOEro 3aKOHOAATeJbCTBA AOIMOJHUTEIbHbIe Mepbl 61obe3omnac-
HoCTH. B yacTHOCTH, mpeasiaraeTcst NpoBoAuTh cuyamMu HaunmoHaabHOro
KOODAMHALIMOHHOrO IieHTpa 6u06e30MacHOCTH BbIGOPOYHBI KOHTPOJIb
3aBO3UMBIX U3-3a pybexxa 'MO, ecsiu oHM npefHa3HadyeHbl A HeIoc-
PEACTBEHHOTO HCIIOJb30BAaHUA B KayecTBe IIPOAOBOJILCTBUS, KOpMa HJIH
JUIA nepepaboTKu. Takoi KOHTPOJIb MOXKET BBIITOJHATHCS B pAMKaX TaMO-
KEHHOro O(pOpMJIEHHS TOBapa M BKJIOYATh ONpejeseHle XapaKTepa reH-
HO-MHXXeHepHO Moxudukauuu (To ecTh WAEHTU(PHKAIMIO TPAHCTEHOB,
COIEPXKAIIMXCSA BO BBO3UMBIX OPraHH3MaX ), a TAKXKe ee COOTBETCTBHE TO-
My, YTO YKa3aHO B CONIPOBOAMTEIbHBIX JOKYMEHTaX.

KoHrenius mosy4uja pasBUTHE B MPOEKTaX HOPMATUBHBIX aKToB (C
COOTBETCTBYIOLMMH IIPHIOKEHHSIMM ), KACAIOMMXCA MOPSIAKA BbIIAUH pa3-
pellleHHH Ha MpoBeeHue paboT, CBSI3aHHBIX C BhICBOOOKIEHNEM B OKPY-
JKAIWYI0 cpeay, TPaHCIIOPTHPOBKOM, INepenavyei, BBO3OM H BBIBO3OM,
UCIIOIb30BaHMEM B XO03siicTBeHHOH aesitesphocTd I'MO. Paspaboran
TaKXe NpoeKT «MeToIUKN NTpoBeleHUs dKCIepTU3bl 6e3011aCHOCTH TeHHO-
HHXXEHeDPHBIX OpPTaHM3MOB JJIsI 3J0POBbS YeJ0BeKa W OKpyKalolleH cpe-
Abl», IIPOEKTHI APYIrUX HOPMaTUBHBIX JOKYMEHTOB.

3.7. Buob6e3zonacHOCTh B cHCTEMe MEXKYHaPOAHBIX OTHOIIEHHI

B cucteme MexayHapoAHBIX OTHOIIEHHW BOTPOCHI 6H06e30TacHOCTH
BBIIJIM B TMoOcJegHee BpeMsi Ha nepBblil miad. B 2000 roay crpana-
My — Ctoponamu KonBenuuu o GuosormueckoM pasnooOpasun (Bena-
pych sBasiercsa CtopoHoit aroit Konsenuuu) npunsar Kapraxenckuii mpo-
TOKOJI 10 6H06Ge30IIaCHOCTH, OCHOBHAS leJIb KOTOPOTO — <«COAEHCTBHE
00ecIieyeHHIO HA/JIeXKAllero YPOBHS 3aIUThl B 061acTH 6e30MacHoil Ie-
pefauu, o6panleHuss U UCTIOJIb30BAHUS XKUBbIX U3MEHEHHDbIX OPraHUu3MOB,
ABJISIOIUXCST PE3yJIbTAaTOM COBPEMEHHOH OMOTEXHOJIOTHMH, CHOCOOHBIX
OKa3bIBaTb HeOJAroNpUsITHOE BO3/IEHCTBHE Ha COXPaHeHHe U YCTOHYMBOE
UCIOJIb30BaHHe OHOJIOTHYECKOTO Pa3Hoo6pasust, ¢ yYEeTOM TaKXKe PHCKOB
A1 310POBbSI YeJIOBEKA U ¢ yAeJeHHeM 0co60ro BHUMaHUsI TPaHCTPaHUY-
HoMy nepeMmemennio» (KapraxeHckuil mporokos, craths 1). Bemapyce
npucoequuuiaach K Ilporokony B Mae 2002 roga. KapraxeHckuil mporo-
KoJ1 Bcrynua B cusy 11 cenrsa6ps 2003 roaa.

OcnoBHoe nosoxenue IIporokosa cocTour B Tpe6OBaHMH HUCMOJIb30-
BaTb NPOLEypPY 3a0J1arOBpeMeHHOI0 060CHOBAaHHOTO COTJIacus [0 epBO-
ro TpaHCTpaHWYyHOro TepeMemenuss MO, npeaHasHaYeHHBIX AJIS1 ITpes-
HaMEpPEeHHOTO BBICBOOOXKAEHUS B OKPYKAIOIIYIO CPely CTPaHbl HMIIOPTA.
ITO O3HavaeT, 4TO JI060e IPHANYECKOe MU (PU3MUECKOe U0, UMEIO-
lllee HAaMepeHHe BBe3TH B CTPaHy IeHeTUYeCKH MOJU(PUIMPOBAHHBIA Op-
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ranu3M (HampuMep, ceMeHa CeJbCKOXO3IUCTBEHHBIX KYJbTYp, HpeaHas-
HayeHHbIe JUUIS 110CeBa), MOJDKHO 3a6/1aroBpeMEHHO HHMOPMUPOBATh 06
9TOM KOMIICTCHTHbIe OPTaHbl CTPAHbl UMIIOPTA, IIPEJOCTABUB COOTBETCT-
Byomywo uHdopmanuio o 'MO, MecTe ¥ BpeMeHH €ro BBICBOGOXKIEHHUS.
Beo3 I'MO ocymecTBasieTcss TOIBKO B CAy4ae MOJYYEHUs SKCIIOPTEPOM
paspellleHus CTpaHbl MMIIOPTA, KOTOPOE BBbIJAETCsi IOCJE TIIATEJIbHOIO
aHaJIu3a PHUCKOB BO3MOJXKHbIX HEOGJArONpHSTHBIX INOCIAEACTBUH BBICBO-
6oxaenna TMO s 310poBbS YesToBeKa U OKPYXKaloulel cpelsi.

7KuBble OpraHusMbl, roNnasIIKe B OKPYKAIOIIYIO CPeAY, He MPU3HAIOT
rpaHMIl MeXAY rocyaapcreaMu. 1JosToMy HMeeTcss BO3MOXHOCTb AJIS He-
IpeAHaMepPeHHOro TpaHcrpanuyHoro nepememtenuss TMO. B c¢Bsasu c
atuM Croponnt IIpoTokosa 6epyT Ha cebsi 0613aTENbCTBO IIPUHSATHS MEP
IO PETyIHPOBAHHIO PUCKOB BO3MOXXHBIX HEGJIAroNpUATHBIX ITOCTeCTBHH
BbIcBOOOXK AN MO B oKpyKamoIryo cpeny. B yucio tTakux mep Bxo-
JUUT TIPEXJe BCEro BhIABIKeHHe TPe6OBaHHSI OTHOCUTEJIHHO IIPOBEAEHUS
OLIEHOK PHCKOB [0 NEPBOTO BBICBOOOXKAEHHS B OKPYXKAOIIYIO CpEdy
I'MO, cosgannbix B crpane. Kpome Toro, B IIpotokosie moapo6Ho omu-
canpl AeucTBUA CTOPOH B Ciryyae HellpeJHaMePeHHOrO BBHICBOGOKAEHHUSA
I'MO, KoTOpbie MOTYT OKa3aTh 3HAYUTENbHbIE HEOIATONPUSTHBIE BO3/AEH-
CTBHS Ha 3J0POBbE Ye€JI0BEeKa ¥ OKPYXKAIOINYIO CPeAy KaK B caMoil cTpaHe,
TaK M B COCEJHUX CTPAHaX IIpH mepeMellleHUU B HUX takux MO,

Kaxaas CropoHa npuHNMaeT HeOOXOAUMbIE IPABOBBIE, aJMHUHUCTPA-
THUBHbIE M APYIrUe Mephl JJIA BBIOJTHEHUS CBOUX 00s13aTEbCTB, MPENyC-
MOTpeHHHIX B paMkax IIporokosa. Peun uner, B yactHOCTH, 0 pa3paboT-
Ke M MPHHATHH COOTBETCTBYIOIIETO 3aKOHOJATEIbCTBA, PETYJIMPYIOIEro
6e30MacHOCTb B F€HHO-HH)KEHEPHOH AeATeJbHOCTH, CO3JAHHH aJMHHHUC-
TPaTUBHBIX CTPYKTYp (MM HaJeJeHUH COOTBETCTBYIOIMMH ITOJHOMOYH-
SIMH YKe CYIeCTBYIOIINX ), OTBETCTBEHHbIX 3a PEAJH3aALMIO ITOTO 3AKO-
HoAareJabCTBa. TakuM o6pa3oM, nmpucoefuHenye k Kapraxenckomy npo-
TOKOJIy KakKOH-IM60 CTpaHBl HE TOJBKO OOECIeYHBAET BO3MOXKHOCTD
ypery TupOBaHUA BOIIPOCOB, CBA3aHHBIX C 3KCIOPTOM U umnoptoM I'MO,
HO M CO3JaeT NPEANOChIIKY AJIS CO3/JaHUA HAllHOHAJIBHOU CHCTEMbI 61O-
6€e30MacHOCTH, KOTOpast SIBJASETCS BaxkHeHmuM arpubyToM 3¢ GeKTuBHO-
ro ¥ 6€30MaCHOrO UCIIO/Ib30BAHMS JAOCTHXKEHUN COBPEMEHHBIX GHOTEXHO-
JIOTMH, Pa3BUTUA TeHeTHYECKOHW WHXKEHEPUM KaK OJHOro u3 HauboJjiee
MEPCIIEKTUBHbIX HAyYHBIX HallpaBJeHUH.



T'naBa 4

TPAHCTEHHBIE Y>XACHI,
UJIH «4TO OHU HUKOTIA HE PACCKAXYT
O T’EHHO! UHXEHEPUU»

O/HUM U3 Ba’KHBIX UCTOYHUKOB HH(POPMALIMU O TeHeTHYECKON MHIKe-
HEpUHU Ui HaceJieHUs SIBJSETCs HAy4YyHO-TIONyJsipHas JiuTeparypa, 3a-
METKH B ra3eTax, BBICTYIJIEHHS II0 PaJHd0 U Ha TeJeBUeHUH IIPeCTaBH-
TeJIell BCEBO3MOXXHBIX 9KOJIOTHYECKUAX OPraHU3aluil, KOTOpble 0COGEHHO
aKTHBHBI HA HallleM KOHTHHEHTe ¥ II0YEMY-TO CHJIBHO He JIIOOAT TPAHCHA-
ITHOHA/JIbHBIE KOMIIAHUM — IIPOU3BOAMTENEH TPAHCTEHHBIX NPOAYKTOB, a
C HMMH ¥ TeHeTHYEeCKYIO UHXKeHepuIo. Y xurtejei benapycu HegasHo 110-
SIBUJIaCh, HaKOHell, pe/iKast BO3MOXHOCTD II03HAKOMUTBCA ¢ HEKOTOPBIMH
BBIAAIOLIUMHCS. TIDOU3BEAEHUSIMU 3TOro ’KaHpa. B wacTtHOCTH, MOXHO
Ha3BaThb Takue KHUTH, Kak «Koponu u kKanycra. UTo OHM HUKOTJa He
PacCKaXXyT 0 TeHHOM umxXeHepuu» (M.: M3marenbctBo MexyHapoaHO-
TO COI[HAIBHO-KO0/JJIOTHYecKoro cor3a, 2000); «/IpaMa Ha KyXOHHOM CTO-
Jie, WK TIOIY ISIPHO O reHHOM MHxeHepun» (Kues: 3enenoe nocwe, 2000),
a taxkxe <«benmapych u reHeruyecku Moau¢pULHPOBAHHDBIE OPTraHU3MBbI:
4TO HaC KAer B OGmkaiimeM 6GyaymeM» (MH.: MexayHapoaHast akaze-
musa sxosioruy, 2001). B nocneanem usgaHuu UMTUPYIOTCS HauboJiee
HHTEPECHbIE TIOJIOXKEHHS ABYX MpeAbIIyIIUX KHHT.

Xoresnoch 6bl cpa3y NpeaynpensuTb CAaGOHEPBHBIX UYWUTaTesed, 4TO
3Ta JUTepaTypa He JJ HUX. [HeTyuas KapTUHA IPSAAYIIero arnoKa ui-
cuca, MacCOBble OTpaBJIEHUS HH B 4YeM He IIOBHHHBIX OObIBarejed H
«6paTheB HALIMX MEHDBIINX», KYTKUE CLEHbI CTPALIHBIX MyueHni ot 60-
Jie3Hei, MOsIBJIeHHe Ha CBeT BCEBO3MOXKHBIX YPO/JOB, AOCTOHHBIX (DHJIb-
MOB y>KacCoB, MOTYT BbI3BaTh Pe3KO HeraTHUBHbIe peakuuu. OJHaKO BO3-
HMKaeT BONPOC: HAaCKOJIBKO BCE 3TO COOTBETCTBYET JAEHCTBUTEIHHOCTH?
PaccMoTpuM oTAesbHBIE TOJOXKEHUSI, cOAep’Kallliecsi B 3TOU JIUTepary-
pe, u monbiTaeMcsl pa3o6paTbcs, YTO K YEMY.
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4.1. Oun XOTAT HaC OTPaBHUTH

B knure «Benapycs u renernyecku MoxuuPOBAHHbIE OPTAHU3MBI!
4TO HAc JKJeT B GumxaiiieM GyayuieMs uuraeM ciaeayiomee: «I'M-npo-
OyxmbvL A8HO Mozym Obimb MOKCUUHBIMU U ONACHUIMU 013 300P08bA
mooeid. B 1989 e zenno-unxenepnas modughuxayus L-mpunmogpana,
06bIUHOZ0 KOMNOHEHMA PAUOHd, 6bl364AA CMepmb 37 amepuxanyes u
clenana ungarudamu ewe 5000 uenosex u3-3a npurocsweli 6oavuiue
CMPAOaAHUSL U NOMEHYUANLHO CMEPMENLHOU OONCINU KPOBU — CuHOpOMA
sosunopurvrnoi muareuu (EMS). Juwv nocae amozo npodyxm Goin
omo3sean Ynpasarenuem numanus u rexapcmeennovix npenapamos CLIA
(FDA). IIpoussodumenv — Showa Denko, mpemvs no eenuuurie anou-
CKAS KOMNAHUS, CNeYUANUSUPYIOWAACA HA XUMUUECKUX MEXHON0ZUSX,
snepevie ucnoavzoeana I'M-6axmepuu s npoussodcmea zena. Ilora-
zarom, umo 6axmepuu Kaxum-mo ob6pazom Cmano8amMcs 3apa3HbiMu 8
npoyecce mparcgopmayuu npu pexombunayuu JHK. Cozracno npose-
Oennvim uccaedosanuam, I'M-L-mpunmoghan 6oin cmoav xe yucmoiM u
PABHO3HAUHBIM NPeObLIOYWUM NpEnapamam, Komopovie npou3goouUaUcs ¢
nomouypto 6axmeputi npupodnozo muna. OOHAKO Xe OH COBEPULEHHO HE
COOMEEmMCmME08Ar SMUM NPENAPAMamM no noxazamenim 6e3onacHocmu.
Ecau 6v1 nposoduruce Opyzue mecmot, KOmopwvie MOZYm wWupoKo 0X6d-
Mums 603MOXKHbIE HezamueHble Ighghexmol, Hanpumep, mecm HA Yceau-
6aHUE KUBOMHBIMU U NOObMU, (PaKm, MmO IMOm NPooyKm He A6AAEMCS
6esonacnwvim, cpasy cman 6vi oueeuden. Ho maxux mecmog ne Gviao.
Showa Denko yxe eviniamuia KOMNEHCAYUL KEPMBAM HA CYMMY, npe-
BHLULAIOWYI0 08A MUIIUAPOA».

WHTepecHo, a Kak Bce OBLJIO Ha CAMOM JeJie, B YaCTHOCTH, KaK MoAaeT-
s 9Ta )K€ WH(OPMAIHs B 3aCHYKUBAIOIUX [0BepHe HAyYHbIX My6/IHKa-
nusax? JlelCcTBUTENBHO, B Hayajle BOCBMHAECATHIX TOJA0B MMPOLLIOro BeKa
L-tpuntodan 6bLn OueHb NONYJSIPHBIM Y aMepUKaHIeB npenaparoM. Ero
npuHUMaIu o 1 —3 r B JeHb 11pu 6€CCOHHUIIE, TPEMEHCTPYaJIbHOM CHH-
Apome u genpeccuu. Ipogasanu L-TpuntodaH B Buie MUMIOIb U KACYJT
¢ nosuposkoi 100 Mr B Marasusax 370pOBOTO MMMTaHUA 6e3 pelienTa Kak
«HaTypaJbHbIH» UHIYKTOP CEPOTOHHHA, TO €CTh He KaK JIeKapCTBO, a KaK
nuiuleByio no6aBky. Ocenbio 1989 roga npousounio co6biTHE, OMTUCAHHOE
B Bblllle NIpHBeJeHHOI 1uTate (M0 OQHUUHANBPHBIM AaHHBIM, ITOrH60 38
yenoBek ¥ okoJsio 1000 uMenu po6reMel co 3A0poBbeM, GOJIBIIMHCTBO U3
KOTODBIX TOCJIe NpeKpalleHus IpUeMa Iperapara INonpaBUInCh, HO BCE
XK€ CMEPTHOCTb B 3TOH rpyIlNe HaceJeHUS B MOCJEAYIOIIHE TOABI GbLna
HEMHOTO BbIllle, 4eM B KOHTPOJbHBIX TPYMIax, HE MPUHMMABIIMX €r0).

PaccenoBaHue NpHYNH MHUUAEHTA II0KA3aJ10 Cjeayioliee. L-Tpumnro-
(an — 3TO0 6MOTEXHOJOrHYECKHHl MPOAYKT, TO €CTh IIPOAYKT, IIPOH3BE-
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JIEHHBIH B CllelHAJbHBIX (pepMeHTepax MpU KyJIbTHBUPOBAHUH MUKDPOOD-
rauu3ma Bacillus amiloliquefaciens. [lns mpou3BoACTBa IIpenapara,
ynorpe6jeHne KOTOPOro HMEJO TaKHe Tparuyeckue IOCAeACTBUS, MC-
noJsib3oBaics mramMm V. Ilpu ero paspaboTke 1eiiCTBUTEJbHO IPUMEHSIH
METO/bl TeHEeTUYeCKOU HHXXeHepuH, UMeolue I[eJIbI0 MOBbIIIeHHEe «yPOo-
XKalHOCTH» GakTepuil. OHAKO MOTyUYeHHbIH ITaMM BbIpabaTblBa HMEH-
HO L-Tpunrrodan, a He 4To-1M60 APYroe: HU OJWH aTOM B MOJIEKYJIE 3TOH
aMHHOKHCJIOTBI He U3MeHHJ cBoe mosioxkeHre! (B MpOTUBHOM ciydae 3TO
6b110 6b1 yixke apyroe Bemectso.) [Ipemsiaymue, III u IV, mrammbr
TaK>Xe SIBJISIJIUCh TeHHO-MHXXEHEPHBIMH, OJHAKO TOKCUYHOCTH TIpenapara,
IPOU3BEEHHOTO ¢ UX ITOMOINBI0, OTMe4yeHO He Obi10. Ho BBISICHUIIOCH,
YTO B CJOydae €O IITaMMOM V ObL1a HecKOJIBKO YIIpOIlleHa Ipollefypa
OYMCTKH Ipernapara: KOJMYeCTBO aKTHBMPOBAHHOrO yris B (pUIbTpax
YMEHBIIUJIN BABOE, a IIPU NPOU3BOJCTBE HEKOTOPLIX NAPTUH IPOAYKTa
IIpY OYUCTKe 6bla HUCKJI0UeHa npoleaypa GuabTpalui ¢ MCIOJIb30BaHU-
eM MeMOpaH 0OpaTHOro ocMoca. XoTs HOBbIN L-tpunrtodan uMmen cre-
neHb OYHCTKH 6osiee 997%, OH oKa3ajics MeHee YMCTBbIM, YeM IpeAbIAY-
mue. Crajso o4eBUAHBIM, YTO 3JIONOJYYHBIH IIperapar COAEpPXKal Ka-
KHE-TO TOKCHYHbie MOCTOPOHHHE MpUMecH (KOHTAMHHAHTbHI), KOTOpBbIE,
cO6CTBEHHO, M SIBWJIMCH MPUYNHOM Tparesnu. HekoTopble U3 HUX, HalIPH-
mep 1,1'-stumuaeneéuc (tpuntodan) (coxpamenno EBT), 6bi1n Bbige-
nennl 1 usydensl. Ipucyrcrsue EBT 6b1i10 3adukcupoBano B L-Tpunto-
(pane B TeUeHUE HECKOJbKUX JIeT, IPeAIIeCTBYIOMMX UHIMAEHTY, OQHAKO
uMeHHO B Hauasne 1989 roga oTMeyeHO peskoe yBeanuyeHHE €ro KOHIEH-
TpPalLUU B IIpernapare.

Takum o6pa3om, pe3yJbTaTbl PaccieOBaHUS <«TPHUIITO(aHOBOrO»
uHuuaesrta 1989 roga onpeneleHHO MOKa3bIBalOT, YTO €TI0 IIPUYUHbI CBA-
3aHBI C TEXHOJIOTHEN TPOM3BOACTBA IIpENapara, HO HUKAK He C UCI0JIb30-
BaHueM IMO. AHaJIOTUYHAs UCTOPHS MOIJIA TIPOM3OWUTH M C NPOMDIII-
JIEHHBIMY MUKDPOOPTaHU3MaMH, CO3JaHHBIMU C TIOMOIUIBIO TPAJALIMOHHBIX
MeTo/IOB cesieKIuu. OOBUHATD XKe B CAYUYUBIIEMCS T€HETHYECKYIO HHXKe-
HEpPUI0O — BCe pPaBHO, YTO CYUTATh COYYACTHUKAMU TEPPOPHUCTUYECKUX
aktoB 11 cenrsibpsa 2001 roga B CIIIA nacca)kupoB 3axBad€HHBIX TeppPoO-
pUCTaMH aBHaJIaAUHEDOB.

CorJiacHo JIOTHKe aBTOPOB, CJeflyeT, HanpuMep, 3aKJ1eHMUTD U 3arnpe-
TUTh [IPOM3BOACTBO KAaCTOPOBOTO MacJja Ha OCHOBAaHHMM TOTO, 4TO CeMeHa
KJELIeBUHBI, U3 KOTOPBIX €ro IOJy4aloT, OJHOBPEMEHHO COJep>KaT M
O[MH M3 CUJIbHENIINX /0B — pUlMH (KCTATH, TOKE UCIIOIb3yeMbIH /IS
TepakroB). Hapymienue TeXHOJOTHU MPOM3BOACTBA KACTOPOBOTO MacJa,
COMpSI’)KeHHOE C TONaJlaHMeM B HETO PUILIMHA, TaKXKe MOXET IPUBECTH K
TparuyecKuM IMoCjeCTBUSIM,

s He cimyyaiiHO Tak MMOAPOGHO OCTAaHOBHJICS Ha OMMCAHMM 3TOTO IIPU-
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Mepa. 37ech HarJIsAHO IIPOCMATPUBAETCS OJMH U3 BAPHAHTOB apryMeHTa-
IIMY OIIIIOHEHTOB FeHEeTHYeCKOM HH)XEHEePHH: BpoJe AaeTcss 00beKTUBHASA
uH(pOpMaMs 0 KaKOM-JIUO0 WHIMJIEHTE, OJHAKO IIPH 3TOM YMBINIJIEHHO
OMYCKAIOTCSI HEKOTOPbIE€ BaXKHbIE MOMEHTHI, YTO IMTO3BOJISIET C/IEIATh HYX-
HBbI aBTOPY BBIBOJ O IIPMYMHAX WHIU/IEHTA, a He TOT, KOTOPbIX Obla JAeii-
CTBUTEJIbHO C/ieJIaH NPU MpoBeAeHuu 0(pHUINAJBHOTO paccaegoBanus. B
3TOM IpuMepe, HAaAO NPU3HaTh, XOTb ¥ KOCBEHHO, HO (PUTYPUPYIOT I'eH-
HO-UHXKeHepHble opranu3mbl. Ho g Toro, yro6pt 6poCUTh TEHD Ha reHe-
THYECKYIO HHXKEHEPUIO, ee OIIIOHEHTAM HMHOT/Ia 3TOTO U He TpefyeTcsi.

4.2. Hac 3aMy4aiOT aJjIepruu

PaccMoTpuM cieywuyio IuTaTy U3 TOi Xe KHUTH: «I'M-coa: noewui
eurosHuK arnepeuu. Hoevie onacenus no nosody 6esonacnocmu I'M-npo-
dyxmoe noseunruco 8 mapme 1999 z200a nocae uccaedosanuii Hopxcroi
nabopamopuu numanus ( Beruxobpumanus), x020a 8biACHULOCH, UMO
YUCNIO CYUAe8 NUWEE0U ANNePZul, CEAIAHMHBIX C COel, YBEIUUUNOCD 8
1998 200y na 50 %.

Omxpomue, cderannoe ¢ Hopre, daem pearvuvie ceedenus o mom,
umo I'M-npodyxmul Mozym umems S6HOE HE2AMUBHOE BNUAHUE HA Ye-
nosexa. Imo nepevill cayuai sa 17 nem, xozda coa 0KA3ANACH 8 NEPSOU
decamxe npodyxmos, cnocoOHblX evi3vieams araepzuio. Cpedu xponu-
ueckux 6oae3nell, KOMOpble MOXem 6bl3bi6AMb COS, NPUCYMCMBYIOM
CUHOPOM pA30PaXenus KUweunuxa, 6one3Hu KoXu, 6KII0UAA Yepesyio
coindy u IK3emy, a maxxe npobremsv. nuwesapenus. Jlodu mozym cmpa-
d0amv om XPOHUYECKOU Ycmanocmu, He8POAOZUYECKUX NPobieM, 20108-
Holx Gonels.

besycioBHO, onMcaHHE CHUMIITOMOB HEOMOTaHMii, BbI3BAHHBIX <IIH-
el DOpaHKeHUITeHHay, NJOHKHO BIIeYaT/IMTh OObIBaTeneii. CchIIKa Ha
Pe3yJIbTaThl UCCIEJOBAaHUN CONMAHOTO HAYYHOTO 3aBEJEHMS [JOJKHA TIPH-
JlaTh BEC, MOCTOBEPHOCTb BBICKA3aHHOMY ITOJIOXKEHUIO (I’Mfcos[: HOBBIT
BHHOBHUK aJ/UIepruu). A Kak Ha camoMm jeJje?

Y MeHS KaK Hay4HOTO COTPYJAHHKA 3Ta HHGOPMAIUA Cpa3y BbI3BaJa
Maccy BOITPOCOB: Kak OblJ OPraHU30BaH 3KCIIEPHMEHT; CKOJIbKO B HEro
6bIJI0 BKJIOYEHO JIOoJed M KaKMX BO3PACTHBIX IPYII; KaKuM 06pasoM
dbopMupoBau onbliTHYIO (107, MOTPEGAAMHUX IPOLYKTbI T€HHO-HH-
’KE€HEPHOH COM) M KOHTDPOJIBHYIO rpymns! (OTPeGISIOMuUX IPOAYKTHI U3
O6BIYHBIX COPTOB COM); KaKHe 9TO GBIJIH MPOAYKTHI, KAKOBA IIPOAOJIKHU-
TEJIbHOCTD SKCIIEPUMEHTA; KaKOBa CTelleHb NepepaboTKH STUX IIPOAYKTOB
u ipyrue. M Tyt MHe cTaJ0 COBEpHIEHHO 0YE€BUIHO, YTO HUKAKOI'O TAKOI0
9KCIIepUMeHTa He ObLIO M B NOMUHE, MOCKOJbKY OpPraHM30BaThb €ro
MPaKTHYECKH HeBO3MOXHO. Peub B «OTKpHITHH, cAenaHHOM B Mopkes,
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MOTJIa HATU TOJIBKO O Pe3yJIbTaTax KJIWHUYECKUX HaOJI0fEeHUH 3a NHIle-
BBIMH aJIJIEPTUSIMU B 3TOM rpad)CTBE B TeUeHHUE ONpeLeeHHOro nepuoaa
(mo-BuaumMomy, mocaeauux 17 aer). Ho npuyeM 3mech reHHO-HHIKEHED-
Has cos?

TpancreHnyio col0 Hayaj u BBIPAIIMBATD B NPOMBIILJIEHHbIX MAaCIITa-
6ax B CIIIA ¢ 1996 roga. Ho B 1996 roay ee mnoceBbl COCTaBISIIU BCETO
2% nnomanaei, 3aHATbIX 9TOM KyabTypoit B CUIA, a B 1997 roxy (umen-
HO YpOXa# 3TUX JABYX JIeT MOT B IIPHHIMIIE NIONIACTh B MMUILY HECYUACTHBIX
Hopkumapues) — 13%. B 1998 r. nos TpaHCreHHOM COM COCTABHJIA YKe
37%, a B 2001 rogy — 68%. OueBuaHO, 4TO6BI TAKMMH GBICTPBIMK TEMIIA-
MH PaclIUpsATb IIOCEBHOM KJAWH IOJ TPAHCTEHHOH coed, HeO6XOAMMO
6BLIO 3HAYHTEBHYIO YacTh ypoxKas (ec/m He Bech ypoxKail) IMycKaTh Ha
ceMeHa. Eciy npuHATh Bo BHHUMaHue, 4T0 97% ypokas COM UCHOJB3YeT-
Cs 1/1S1 IPOM3BOJACTBA KOPMOB M TEXHUYECKOH epepaGOTKH, TO IPEACTaB-
JS€TCSl KpallHe MaJoBePOSITHBIM, YTOObBl aMepHUKaHIbl UMEHHO TPAHCTEH-
HYIO COI0 IONBITAAWCh IIPOAATh AHTJIMYAHAM [JISI MPOJOBOJBbCTBEHHBIX
ueneit. Hago rakyxe uMeTh B BUAY, YTO B AHIJIMH BBIPALIUBAETCSA JOBOJIb-
HO MHOro0 cBoeii cou. TakuM o6pa3oM, HECJOXKHO CAeJaTh BBHIBOJ, YTO B
pesyJbTaTax MCCJIeJ0BaHUM OGPUTAHCKUX [UETOJIOTOB peYb MOIJIa HATH
TOJBKO O NMUUIEBHIX aJJIEPTUSIX, OJHOH M3 TPUYMH KOTOPBIX SIBJISIETCS
norpe6/ieHHe COENMPOLYKTOB, MOJyYeHHBIX M3 COM 06bunbIx (HeTpaHc-
reHHbIX ) CopToB. O6bACHUTD K€ Ha6MI01aeMBIA POCT alJepruii TAKXKe He
COCTaBJISIET TPyJa: C OJHOM CTOPOHBI, B IIOC/JeHEE BpeMsl 3HAYHTEIbHO
YBEJHYHIOCHh NMoTpebaenne con (cost 3aCMyKEHHO CUUTAETCS OJHHM H3
HanGoJiee IIeHHbIX HCTOYHMKOB MOJIE3HBIX H NUTATEbHBIX MPOAYKTOB), C
APYTOii CTOPOHBI, OOILIIEN3BECTHA TEHAEHIUA CHIDKEHUA UMMyHuTeTa (a-
Jlepruss — MUMMyHHas PEaKIds) HaceJeHHs Pa3sBUTHIX CTDAH.

Hy a toT (pakrt, uTO IPOAYKTHI U3 COM MOTYT BBI3bIBAaTh aJJIEPIrHIO,
ABJISIETCS OTKPBITHEM TOJBKO [UJIsI aBTOPOB IIpeACTaBJeHHON uH(pOpMa-
muu. Ilo ganubiM BceMupHOIT OpraHM3alMH 3[paBOOXPaHEHUs, COS IO
CroeMy alJIEPreHHOMY MOTEeHLUMANTy 3aHMMaeT BTOPOE MECTO IIoCJie apa-
X¥ca B CIHcKe HanboJiee ajliepreHHbIX MpoAyKToB nuranud (gasee cie-
AYIOT MOJIOKO, siiilla, pei6a, pakooGpasHble, MIIEHHIIA U IPEBECHBIE OPEXH ).

4.3. B oropoae 6yauna, a B Kuene asapka

B cBoMx 06JMYHTENbHBIX YCTPEMJIEHHSIX OINIMOHEHThl TeHETHYECKOM
MHXXEeHepHH MIYT ellfe fajabine. OKa3bIBaeTcs, Npolle BCero HaBeCUTb Ha
Hee ADPJIbIK IPOUCKOB AbABOJA, IIOCTABUB B OAUH Psifl C APYTUMHU U3BECT-
HbIMH BCEM HanacTAMHU. [ aToro faxe He TpeOyeTcss HUKAKMX JIOTHY-
HBIX 06DbscHeHui: «JIpobaemvt 300posbs U 6€30NACHOCMU NUWU CEA3AHDL
C undycmpuanvhvin edenuem ceavckozo xossticmea (0bvedunenue men-
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Kux hepm 6 xKpynuwvie x03stcmea, ycunrerue UCNOAbIOBAHUS AHMUOUO-
muKxoe 6 Kopmax, mexanuzayus). OHU cMaU NPOABAAMLC HAYUHAS C
1960-x zodos, xozda ceavckoe x038UCmMEO U NPoOU3BOOCMEO NUWEBHIX
npodyxmoe cmano ece bosee c8i3ano ¢ necmuyudamu, zepbuyudamu,
uncexmuyudamu u xumuuecxumu yodobpenuamu. Boiu ycmanosrenvi
AGHBIE CEAIU MEXTY HEKOMOPBLIMU OONEIHAMU U UHOYCMPUAILHBIM KU-
somnogodcmeom — xpusuc BSE (Goresnv Gewencmaa xopos) 6 xonye
1980-x u 1990-x z00ax cman nauboree SGHLIM NPUMEPOM U3 CEPUU
CKAHOAN086, C68A3AHHBIX ¢ 6E30NACHOCMbI0 NUWU.

Canrvmonennes 6vun npaxmuuecku veuzsecmen 8 1940-x zodax, oona-
KO menepb Imo noscemecmuas npobiema, cocmoauwan 8 ocmpoi ungex-
YUU KUBOMMHBIX U YES06eKd, B6bl3bleaeMOU KulleuHbiMu OGaxmepusmu.
IHuwesvie ompaeaenus yeeruuwuauce va 400% 3a nocrednue 10 aem.
Bcem namsmen cxandan ¢ cesasu ¢ Ouoxcunamu, o6HAPYKeHHbIMU 8
Mace u auyax Geaveutickux kyp. Hcnoavioeanue necmuyudos u zepbu-
yudos, a maxxe I M-kyromypo. — nocaednue nposeaeHus UHoyCmpua-
Auzayuu cenvckoeo xossaticmea» (n3 xkuuru «bBemapycs U reHeTHYECKH
MoM(ULUPOBAHHbIE OPTaHU3Mbl: YTO HAaC >XAET B GumxaiiiieM Oydy-
IEeM» ).

Cioza ’e MOXHO BCTaBUTb U IMUCbMO hepMepa-IuesoBoIa U3 IIPOBUH-
uuu Onrapuo (Kanazna), Haniero 6HBIlEro COOTEYECTBEHHUKA, KOTODPBII
CEeTyeT, 4To He Jo0sT B Kanaze rpeuuxy, He BbIpAlIMBAIOT ee TaM. A Ta,
YTO BbIpAlIUBAIOT, He BolAeNsdeT HeKTap. «Tax nouemy zpeuuxa ve daem
nexmap? — eonpowaem gepmep u omeeuaem: B amom nogunnvl urxe-
nepoi-zenemuxu. Onu evieeny maxou copm, komopwiti daem 3epHo, HO He
Oaem nexmapas. K cBeZieHMIO 4uTaTeseii: Tpeyrxa He OTHOCUTCS K TeM
KyJbTypaM, Ha KOTOPbIX XOTsI 6bl KOrJa-HHOyAb MPOBOAMJMCH T'EHHO-
MH)XEHEePHbIE HCCJEJOBaHUs, He TOBOPS yXKe O CO3/JaHUU TPAHCTEHHBIX
COPTOB, NIOCKOJIbKY Ha 3alaje 3Ta KyJbTypa He IIONYJIIpHAs.

4.4. 3a xoro Hac npuHUMAIOT?

A MOXHO B NPHHIUIE NPUIYMaTh KaKylo-HHOYJAb CTPAlIMIKY IIO-
crpalllHee, He 3a60TsCh O HayyHON JOCTOBEPHOCTH Boobuie: «Eue odna
npobrema 3axKaouaemcs 8 moxcuHax 3amednennozo deticmeus. Haieec-
MHO, 4MO @PEMS NPOABAEHUS MOKCUUHO20 Oeticmeus beaxa moxem 3a-
numams 6oaee 30 sem. I'M-cos omaunaemcs om o6viunoti no 6eaxam na
74%. Hockorvky smu Geaxu — eubpudvt 6axmepuarvHolx u pacmu-
MENbHBLX OP2AHUIMO8, OHU JelicMEUMENbHO NPUHYUNUAALHO HOBble, NO-
3MOMY He MO2Ym NPUPABHUBAMBCA K PACTMUMENbHBIM UAU bakmepudiiv-
noum. Ilpespawenue 6enxa uz none3nozo 6 601e3Hem8oPHLIL MOXKEM 3d-
suUcemb OM MANEUWEZ0 UIMEHEHUA AMUHOKUCAOMHO20 cocmaea» (u3
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kHUru «benapych M reHeruyecku MOAMMUIMPOBaHHBIE OPTAHU3MBI. YTO
Hac XJeT B OukaiieM Gyayiem» ).

JTa NMTaTa U3 Ha3BAHHON KHMTH 3aCJYXXHBAET TOTO, YTOOBI Haleya-
TaThb €e KPYIHbIMH OYKBaMH, ITOMECTUTb B PaMKy IO CTEKJIOM H IIOBe-
CHTH B My3ee KaK o6pasell 6eclipeieIbHOCTH YEJI0BEYECKOTO HEBEXKECTBA.
Cosgaercs BreyaTJieHHe, 4YTO IO3HAHMA aBTOpa B 06JacTH OHOJOIMH
OTPaHUYUBAIOTCA JHIIb «3HAHUSMHU», IOYEPIHYTHIMU M3 TOJLIUBYACKHX
Y>KaCTHKOB O TeHHO-MHXXEHEePHBbIX MOHCTpax. BoJee Toro, y4eHuK 3Hayuu-
TEJIbHO IIPEB301Ies CBOMX yuHTeJsell: TaKoH noJieT paHTa3uu AJIs oCae-
HUX MOXeT ObIThb JIMIIb HEJOCTHXKUMON MeUYTOH. 34€eCh YTO HH MbIC/b, TO
«Hay4YHast CeHCalusi». A MOXeT, aBTOPbI PENIUIH JeHCTBOBATh B JIYYIIMX
TPAAULUSAX «4EPHOTO MHapas: 4eM UyJOBHILHEE JOXb, TeM ¢ 6O/bIIeH
0XO0TOM eit BepaT Macchl. TeM 6ojiee YTO MHOTHE KUTENU Hallled CTPaHbI
VYHJIUCh B HIKOJIE, KOr/Ia T€HETHKAa ObLIa <«/DKEHayKoH M IIPOJaXXHOH
JIEBKOH UMIIepUaIN3Ma».

W HeBaoMeK aBTOpaM, uTo 6enxy (a IpoAyKTaMy TPAHCTEHOB SIBJIIOT-
¢ MCKJIOYUTeIbHO npoTeunnt) — 310 He JT (npecnoByThiil AycT), a
JOBOJIbHO HECTOHKHE COEJUHEHMS, KOTOpble JIETKO pa3pyIUAIOTCA II0J
NeiCTBHEM JaXke OTHOCHTENIbHO HEBBICOKHX TeMnepatyp (npu npuroros-
JIEHHH THINH, epepaboTKe), KUCA0H cpelbl M THUIEBAPUTEIbHBIX dep-
MeHTOB (B XKeJlyJo4HO-KuIIeyHoM TpakTe). Hayke HeM3BecTHBI ciydau
XPOHHYECKOI TOKCMYHOCTH NMMPOTEHHOB, B YaCTHOCTH UX CIIOCOGHOCTD BhI-
3bIBATh MyTareHHble WJIH KaHueporennsie a¢dexrsl. IIporenns! He o61a-
JIAI0T CMIOCOGHOCTBIO K GHOAKKYMyasUrH (HAKOILIEHHIO B TKaHSIX Opra-
HU3Ma), KaK HEKOTOPBIE XUMHUYECKHE BEIECTBA. ITH IIOJOXKEHHST XOPO-
IO M3BECTHBHI 6HOJIOTaM.

Uto u3 cebs mpeacTaBisieT TPAHCTEHHASI COS HA CaMOM Jiesie, MBI yKe
JAOCTaTOYHO MOAPOGHO pa3obpasu. [eHeTHyecky MOAU(PULIMPOBAaHHOE pac-
TEHHE OTJIMYAETCSI OT UCXOZHOrO TOJIBKO TEM, YTO Y Hero BbipabaTbiBaeT-
cs1 He60IbLIOE KOJUYECTBO pepMenTa, OJU3KOTO II0 CTPOEHHIO aHaJIOTHY-
HOMY (pepMeHTYy caMOTro pacTeHus U, 6oJiee TOro, CIIOCOGHOrO YCIEIIHO
BHITIOTHATD (PYHKIMH 5TOr0O hepMeHTa B YCJIOBUAX, KOTAa PaCTUTEIbHbBIH
dbepMenT pa6otaTh He MoxeT (noce o6pa6otku rep6uiuaom). CTpyKTy-
pa u (pyHKLMOHAIbHASL aKTUBHOCTb BCEX OCTAJIbHBIX I'€HOB TPaHCT€HHOTO
pacTeHust abCOIOTHO He OTJIMYAETCS OT TaKOBBIX MCXonHOTO copTa. C mo-
MOIIBIO TOUHEHUINX MOJEKYJISPHO-TeHeTHIeCKUX METO/0B ObLIO ITOKa3a-
HO, YTO B F€HETHYECKOM MaTepHa/jie TPaHCTeHHOH COM MMEETCS TOJbKO
ofHa BcTaBKa OakrtepuasbHoro EPSPS-rena ¢ HeoOXOgUMBIMH AJIA €O
(YHKIMOHUPOBAHUS PEryJATOPHBIMM TIOCJE0BaTENbHOCTAME (IIpOMO-
TOPOM, TEPMHHAJIbHBIMU TIOCJIEJOBATEIbHOCTSMU, a TaKXKe IOCJeJ0Ba-
TeJIbHOCTBIO U3 METYHUH, KOJUPYIONei TPAH3UTHBINM NEeNTH, He0OXOIH-
MbIH [JJI JOCTABKH NTPOAYKTA TPAHCTe€HAa B XJIOPONJIACThl — MECTO CUHTE3a
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apoMaTHYeCKHMX aMHHOKHUCJIOT). TakuM 06pa3oM, BCS HOBH3HA TPAHCIEH-
HO# COM N0 CPaBHEHHMIO C HCXO/JHBIM COPTOM 3aKJIoyaeTcsi B J00aBKe
TOJIbKO 00H020 reHa, KOTOPbIH Kogupyer dpepMenT, 6JIU3KHIA IO CTPYKTY-
pe U CTIOCOOHBIN BBIMOJHATD (DYHKIUU HMEIOUIErocs y HCXOAHOTO CopTa
(pepMenTa. Ecau npuHATh BO BHHUMaHHE, 4YTO y paACTEHMH HMeeTcs
25000 — 35000 renos, TO MPOILIEHT «HOBU3HbI» TPAaHCreHHOH COM ITO CPaB-
HEHUIO ¢ MCXOAHBIM copToM coctaBuT (1:35000) x100 = 0,0029% (mpu-
XOAUTCST OOBSICHSATD 3THM JIIOAAM a3bl apu(METHKY), a He 74 %, KaK OT-
ME4YaeTcsl B BbIllle IPOIHTUPOBAHHOM OTPBIBKE U3 YKA3aHHOU KHUTH.

Yro6bl noayuuaach TpaHCreHHas cOsl, coaepxamast 74% H3MeHeH-
HBIX, & UMEHHO FUOpUIHBIX PacTUTEJbHO-MUKPOOHBIX G€JIKOB, A0JIKHO
npousoiitu caexyomee. B 25900 (74% ot 35000) reHoB 0AHOM KJETKH
JOJXHO OAHOBPEMEHHO BCTPOMTBCSI COOTBETCTBYIOINEE KOJUYECTBO KO-
IUH TPAaHCTEHOB, U BCEM IMOJYYEHHbIM <«TMODUIHBIM Te€HaM» HA/JIEXKUT
IIpH 3TOM HOPMAaJIbHO paloTaTh M [AAaBaTh HAYAJIO COOTBETCTBYIOLIMM
ru6puaHbIM 6eskaM. MaJso Toro, aTa KJeTKa NOJKHA HayaTh JeJUTHCS,
4TOOBI U3 MOJYYEHHOTO KaJIJII0Ca MOXXHO GBbLIO pereHepHpOBaTh TaKOro
TPAHCTEHHOTO MOHCTpA.

Ha caMoMm pesne HM 0 KaKuX FHODHIHBIX PAaCTHTENbHO-MHKPOGHBIX
6eaxax pedb He ujer BooOue. [Ipu TpaHcreHose y pacreHuil B ciayuae,
KOT/J]a TPAHCTeH BCTPauBaeTCsa B 06JIaCTh, KOAUPYIOILYIO KaKOH-THO0 reH
(Takas BEPOSTHOCTD €CTh, HO HE CIMIIKOM 60IbIIAs: B FEHETHYECKOM Ma-
TepHaJjie pacreHuil co6CTBEHHO reHamu 3aHsATO MeHee 10% Bceil MIUHBI
MoJiekyibl [JJTHK), npoucxoauT «BBIKIIOYEHHE> STOrO reHa. BMecTo Hero
pa6oTaroT U JA0T HaYaJo CHHTE3y OMpeJesIeHHbIX 6eKOB, KOTOPBIX OHH
KOJHUPYIOT, TOJIBKO IeHbl, BXOJSIIKe BO BCTPOCHHYIO FeHETHYECKYIO KOH-
CTPYKLUIO. Y HUX B OTJIMYUE OT MOBPEXIEHHOrO reHa UMEIOTCS BCe He-
00x0UMBIe I UX (PYHKIMOHMPOBAHUS DErYJSTOPHBIE 3JEMEHTHI. ITO
sBnenue (BcTpoiiku TpaHcrenos B obactu JHK, xoxupyromue Kaxwue-
160 reHbl) MOJYYH/IO Ha3BaHHe MHCEPLUOHHOTO MyTareHesa. OHO K-
POKO HCIIOJIb3YETCs B T€HETUYECKUX UCCIeJOBAHUSX AJST KapTHPOBAHMS
reHOB — OIlpeJeJieHUs] MecTa reHa Ha XpOMOCOMe OTHOCHTEIBHO JAPYTHX
U3BECTHDBIX T'€HOB.

Unrare/p Telepb peajpHO NpeACTaBJAsSeT, KAKOH TIIATENbHOM OLEHKe
NOABEPraeTcs: 6e30nacHOCTb 6eKa — MPOAYKT2 TPAHCTEHA, 4TO JesaeT-
CA KaK J0 Hayaja 3KCIEPUMEHTOB MO CO3JAaHUI0 TPAHCTEHHBIX COPTOB,
TaK Y II0CJe UX NOony4YeHUA. B 4yaCTHOCTH, OLIEHKY NMOTEHI[HAJTbHOU TOK-
CHYHOCTH 6€JIKa HaYMHAIOT CO CPaBHEHH: ITOCJIeJOBATENBHOCTH aMHHO-
KHCJIOT B €r0 MOJIEKYJIE U B MOJIEKYJIaX U3BECTHBIX OeJIKOBBIX TOKCHHOB
(7151 3TOrO MMEIOTCSE COOTBETCTBYIONIME 6a3bl JaHHbIX ). SIBasteTcs rIy6o-
KUM 3a6/1y>X/eHieM MHEHHE O TOM, YTO <«IIpeBpallleHne 6ejKa U3 10.J1e3-
HOTO B GOJIE3HETBODHBIN MOXET 3aBHCETh OT MaJIeiiinero H3aMeHeHHs aMH-
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HOKHCJIOTHOTO cocTaBay. (ITO MosojKeHHe HEBOJIbHO BBI3bIBAET y MEHS
accounanuu co CpenHeBeKOBbEM, KOTAa aJXUMHUKH BEPHUJIHU, YTO MOXKHO
TIOJIyYUTD 30JI0TO UyTh JIX He U3 OCAMHOM MOYHM: LBET-TO OAUH U TOT Ke.)
Jnst Toro uro6sl 6en0k 6bLT TOKCHHOM, OH JOJ/DKEH MMeThb COBEPIIEHHO
olpe/ieIeHHOE CTPOEHNE MOJIEKYJIbI, COAEPXKaHME H II0CAE€I0BATEIbHOCTD
aMUHOKHCJIOT B Hell. HekoTopble 3MeHeHUsI B CTPOEHNHU MOJIEKYJI TOKCH-
HOB MOT'YT IIPUBECTH JIMIIb K yTPaTe TOKCHYHOCTH (II0Jy4YaeTcsl aHaTOK-
CHH), HO He Hao6opoT. MIMeHHOo Takue 06e3BpeKEHHbIE TOKCHHBI UCITOIb3Y-
10T [U11 IPOU3BO/ICTBA BaKLIMH K PA3/IMUHBIM SlaM, HAllpUMeDP K 3MEMHOMY .

He MeHee TmaTebHOIM IpoOBepKe MOABEPTalOTCS MPOAYKTHI TPaHCre-
HOB Ha IpeaMeT UX NOTeHLHAaJbHOI ajyiepreHHoCTH. TpaHcreHHbId ¢ep-
mMeHT EPSPS RR-cou, xax u Bce npoune pepMeHThI 3TOI0 Kjacca MHKPO-
OpraHu3MoB, rpu6oB, pacTeHHH, He HMeJ] HUKaKOi rOMOJIOTHH C H3BecC-
THBIMH TOKCMHAMH M ajlepreHaMu. Mbl, MOXXHO CKa3aTb, MMeeM yxXKe
O4YeHb JJUTENbHYI0 UCTOPHIO 6e30MacHOro norpebaeHus: aToro 6eska, B
TOM YUCJIE€ HE TOJbKO PACTUTEJbHOTO: HAIIpUMEP, €ro MHOT'O B IIEKaPCKUX
apoxokax. Bpems nepepapuBanust EPSPS B xkenynounoM coxke: (1onosu-
Ha Xu3HH) — MeHee 10 ceKyH, B MUIIEBAPHTEIbHOM COKE JBEHA/LIATH-
nepctHol kumxy: (rososuHa xu3nu) — Menee 10 munyt. On pa3pyiia-
ercs pu kucaotHoctd cpeant (pH), pasnoit 5 (pH xemygounoro coka
0K0JI0 1) W IIpy HarpeBaHMU Bcero Juib 10 65 °C B TeyeHue 15 MUHYT.
Jlnst cpaBHeHM: MOCJIe IoeSaHus TBEPAON MUK B TeUueHHe 2 4acoOB TOJIb-
KO €e TIOJIOBHHA NePEeXOUT U3 JKeIyaKa B JBeHaAaTUIIEPCTHY IO KUIIKY,
XKUJKasl MUIIA OCTAETCS B JKeJIyJKe He MeHee 25 MUHYT, o0mas NpoaoJI-
XKUTEJbHOCTD Npollecca nuinesapeHuss — He MeHee 4 — 10 vacos, a noJ-
HOe 3aBepllieHHe MepeBapUBaHUs ITHINH ITPOUCXOAUT Yepe3 68 — 165 ya-
coB. Hy, nukax EPSPS He TAHeT Ha «kaHguzaTa» B IIOTEHIMaJbHBIE
TOKCHHBI (He KaXXeTCsI JIM BaM CTPAHHOH caMa ujes BCTpauBaHHUs B TeHe-
THYECKH MOAU(PUUUPOBAHHBIK OpPraHU3M TEHOB, KOAMPYIOUIMX H3BECT-
Hbl€ TOKCHHBI?) MJIH aJlJIePreHbl.

Taxkum o6pa3oMm, 6enku — NPOAYKTbI TPAHCTEHOB, €CJAM OHHM elle
COXPaHUJIUCH B NHILE, 6JATONOJNYYHO TIepEBAPUBAIOTCS, KaK OOBIYHbIE
6eJIKH, B XKeJyJOYHO-KHUIIIEeYHOM TpaKTe, NOJyYeHHbIe B pe3yJbTaTe Iell-
THAbl 1 aMUHOKHCJIOTBI BCAaChIBAIOTCS B KPOBb U MCHOJIb3YIOTCS fajee B
MeTabosu3Me, a TO, YTO OCTAJNOCh, IONaZaeT B KaHanu3anuon. KakuM-m-
60 06pa3oM aKKyMyJHPOBATbCS B OPraHM3Me, BO31eHCTBOBATh Ha reHe-
PaTHBHBIE OPraHbl OHH He MOTYT B puHIMIe (OHHU JKe He PaJHOAKTHBHEIE
M He HamOMMHAWT AycT). Tak YTo Irpaaylide MOKOJIEHUsT MOTYT He Iepe-
JXMBaTh: Ha UX 3[0POBbe PeKOMOMHAHTHBbIE GEJIKU He OTpassTcs. 3aboTa
O [IeTIX — 3TO BCEro JIMIIb JeKYPHbIH LITaMI U3 apceHasa »XypHaauc-
TOB, AEMYTaTOB U BCEBO3MOXHBIX <«3KOJIOTOB». B mopeiBe o6MyUTEIIb-
HbIX pedeid Ha TMO MOXHO «BelaTby Bce MOAPAA,.
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4.5. BocnuteiBaem B cebe yCTOHYHBOCTD K aHTHOMOTHKaM?

Eme ognuM BaXXHBIM KO3bIpeM B 060iiMe CTPAIIUIOK OIIIOHEHTOB Te-
HETHYECKOI MHXXeHePHU sIBJsieTcsl IKOObl BOSHHKHOBEHHE YCTOHYHBOCTHI
K aHTUOMOTHKAaM y 60JIe3HeTBOPHBIX MHKDOOPraHH3MOB B pe3yJIbTare
HnoTpe6NeHUs] TPAHCTEHHBIX MPOAYKTOB. [les10 B TOM, YTO B FeHETHYECKOI
WHKEHEePHUH DacTeHUH 1 0T60pa KJIETOK, B XpOMOCOMbBI KOTOPBIX TIPOU-
30IIJ0 BCTpaMBaHHE TPAHCI€HOB, AEUCTBUTEIbHO yAOGHO HCIIOJIb30BaTh
MapKepHbIE€ IeHbl YCTOMYUBOCTU K aHTHOHOTHKAM. [[J1s1 3THX LieJseld Mpu-
MEHSIOT reHbl YCTONYUBOCTH K aHTHOMOTHKAM, KOTOPbIE JAaBHO YTPATHIH
CBOM JieueOHbIe CBOMCTBA H3-3a TOTO, YTO GOJBUIMHCTBO MUKPOOPTAaHU3MOB
yXKe MMEIT Takue renpl. OJHUM U3 HUX ABJASETCS aHTHOMOTHK KAHAMH-
LUH, BblAeJeHHbIH B SAnonuu emie B 1957 rogy. s srevenus aionei ero
He HCIOJb3YIOT Y)Ke JeT TPUAUATh, TaK Kak cpefu 6aKTepuil BbIEJEHO
18 pas/MYHBIX TEHOB, KOAUPYIOIMX (PEPMEHTDI, Je3aKTHBHPYIOIIHE 3TOT
aHTHOMOTHUK. [[/ig reHeTYeCKON MH)XEHEPUU PACTEHHI HCIIONb3YIOT OJUH
u3 Takux reHoB NPT II, BeizesieHHbIN U3 KulIeyHoi naaouku E.coli.

ITpu mepeBapuBaHNy reHeTHYECKH MOAUMDUIMPOBAHHOH IUINU B Ke-
JIy JOYHO-KHIIEYHOM TPAaKTE€ YeJIOBeKa WM XKUBOTHBIX CYLIECTBYET CKO-
pee TeOPEeTHYECKas, YeM peabHas, BO3MOXHOCTb BCTPAUBAHUSA B reHETH-
YecKHH MaTepuas MHKpoopraHu3MoB ¢parmeHta [JHK, komupyromero
3TOT TeH. B pe3yJsbTaTe MUKPOO CTaHET YCTOWYUBBIM K aHTUOUOTHKY Ka-
HaMHULMHY M B [IPHHIIMIE MOXET NepeaaBaTh TeH YCTOMYMBOCTU CBOEMY
IOTOMCTBY. BeposiTHOCTB 3TOro cO6GBITHS Upe3BBIYaiiHO HU3Ka (IJIs 3TOrO
He06XOIMMO COYETAaHHE MHOTMX KpalfiHe MaJIOBEPOSTHBIX COGBITHIL), OHa
onenuBaercs: npubnusureasno kak 1017, B cayuae xe, ecnn 310 BCe-Ta-
KM NIPOM30HJET, NMOCAeACTBUSA OYAYT TaK)Ke COBEPIUIEHHO He3HAYHTEJIb-
HBIMM: K ThICSYaM GaKTepHil MHIIEBapUTEJBHOTO TPaKTa, KOTOPHIE yXe
uMeroT red NPT II unu 17 anasoruuneix emy, no6asurcs emre ogHa. Ha-
IIOMHHM, YTO 3TOT I'€H B3AT OT KHLIeYHOH masouku E.coli, 06bIMHOTrO
OpraHM3Ma MUIIeBapUTEIbHOrO TpakTa JoJell. MUKpOOPraHu3sMbl MOTYT
HaMHOTO IPOLIE «B3ATb» I'eH YCTOHYUBOCTU K AaHTHOUOTHKAM y YCTOHYH-
BbIX MHUKPOOPraHW3MOB NHILIEBAPUTEJIBHOTO TPAKTAa, YeM U3 MOJIypa3py-
menHo [ITHK renermdecku mogudpunupoBaHHo# muinu. 3aMeTHM, YTO
npH uccaenoBaHuu cBoicTs npoaykra resa NPT II — ¢epmenTa Heomu-
nuH@ocdoTpancdepasbl 6bLI NPOBEAEH TOJHBIA KOMILJIEKC HCCJeI0Ba-
HHUH, KaCaloOLUXCA €ro NMOTEHIHAJbHOH TOKCHYHOCTH M aJIIepPreHHOCTH
(kak 3TO OIMCAHO BbIUIE), KOTOPBIE TOKA3a/IM €TI0 TOIHYI0 6€30MaCHOCTb.

[l pa3fyBaHHsI TICEBAOONACHOCTH BOSHHKHOBEHHS YCTOMYMBOCTH K
aHTHOMOTHKAM A0 BCeJeHCKUX MaciTaGoB Bce MeToAbl xopourn. O moc-
TOBEPHOCTH INPUBOAUMBIX (DAKTOB MOXXHO He 6GeCITOKOHUTHCS BOOOIIe:
«Mapxepnvie zenvr ycmotuusocmu K aHMuOUOMUKAM UCROABIYIOMCA
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npu svipawueanuu ecex xommepuecxux I'M-xyaromyp»; «Bo3moxnocmy
803pacmManua YCmouuueocmu ¥ anmubuomurxam evinydura nexomopuie
cmpanvi EC esecmu 3anpem na umnopm secxoavkux I'M-npodyxmos,
xax, Hanpumep, Bt-xyxypysvt pupmor Novartiss; «...ceedas Roundup
Ready-coro, vt ¢ xaxdoid xaremxod amozo pacmenus norywaeme zew
ycmouyusocmu xk amnuyuiruny». Ha caMoM fese, Kak BUAHO U3 TIOJIHO-
r0o NepevyHsA TPAHCTeHHBIX COPTOB, UMEOIKUX OQHUMaTbHOE pa3peleHue
Ha UCNOJIb30BaHHe B XO3SAHCTBEHHON [EATEbHOCTH, TOJIbKO eqvHHLBI (B
OCHOBHOM H3 YMCJIa IEPBBIX TPAHCTEHHBIX COPTOB) MMEIOT CeJIeKTHBHEIE
reHb! YCTOMYMBOCTH K aHTHOHoTHKaM. Her sTux reHosB u y RR-con (cM.
Bhlle), a Bt-kykypyant dpupmel Novartis B aToM criucke Het Boo6me (Tam
nMeeTcs TOJbKO oAuH copt ¢pupmbl Novartis seeds, cozmaHHbIN cOBMEC-
THO ¢ ¢dupmoit Monsanto, — caxapHas cBeKJa, yCTOIYUBas K repOUIIUAY
raudocary).

Mo:xHO BOOOIe HAMHKCATh MOJHYIO TAJIMMATBIO: <...HUOepIaHOCKue
uccaedogamenu ¢ 1999 200y o6napyxuiu, ¥mo «xKugvie» U yevie 2esl
ycmouuueocmu mozym <nepenpvizueamsvy u3 I'M-npodyxma 6 xKuweu-
HUK 4en08exa u evlxueamsy mam 00 Heckoavkux munym. Iloayuaemcs,
umo nompebumenu I'M-npodyxmoe «eocnumuwigaroms 6 cebe ycmouuu-
socmy x anmubuomuxams. bes koMmmeHtapueB... BoucTuHy Takoe «OHH
(oueBHAHO, UMEIOTCS B BUAY TeHHBIE HH)KEHEDbI) HHKOT/A He PACCKaXYT
O TeHHOH MH)XeHepUH», ITOTOMY YTO AJIS1 HUX KOMIIETEHTHOCTD, HAyYHas
3THKA He MyCThble CJIOBA.

4.6. PasBe y4eHBIM MOKHO JOBEPATH?

SIBHO JIYKaBAT OMNIIOHEHTHI TEHETHMYECKOH HHXKEHEPHM, INPOAOJKas
crpanath O6bIBaTe IS TKOOBI MOBBIMIEHHOH a11epreHHOCThIO TPAHCTE€HOB!
«O0na uz xamacmpodh, ceszannvix ¢ I'M-nuwed, yxe npedomepawena.
Beoyuwuil zennwiil unxenep-ucciedosamend 0As NOBGIUEHUS KOAUUEC-
mea beaxa 66en 8 coto zen bpasunvckoeo opexa. Ilpu mecmuposanuu na
KUBOMHBLX He ObLI0 3AMEUEHO HUKAKUX NPU3Haxoe ainepzennocmu. Ilo
CUACMBI0, Y YUeHbX 100 PYKOU OKA3ANACH CHIBOPOMKA KPoU Ntodel-
aanepeuxos na 6pasurvckuil opexs. Kak BUIHO U3 OIHCAaHUS NPUBEIEH-
HOM BbIlIe 0053aTeJbHON NPOHENYyPhl OLIEHKU NIOTEHIMAIbHOU ajIepreH-
HocTH GeJIKOB — IIPOAYKTOB JIIOOBIX TPAHCTEHOB, COBCEM HE CIYyYailHO <Y
YYEHBIX NOJ PYKOH OKa3sajacb» 3Ta ChIBOPOTKa. M XOTS MOJIy4YeHHbIH
TPAHCTEHHBIH COPT MpeJHA3HAYAJICS UCKIIOYATENbHO A MIPOU3BOACTBA
kopMoB (cepocosiepxamuii 6e0Kk 6pasuIbCKOTO Opexa CyuIeCTBEHHO mo-
BBIIA/I KAYECTBO IIPUTOTOBJIEHHBIX M3 HErO KOPMOB), KOMIIaHueil-pa3pa-
6orunkom (Pioneer Hi-bred Int.) 6bL10 IPUHATO pellieHHEe OCTAHOBUTH
ucnbitanus. Ecau 661 nogo6Hast HCTOPHS CIYYHIAch C COPTOM, IOJIyYeHHBIM



98 - TIJIABA YETBEPTASA

C TOMOIIBIO TPAAMIMOHHOU CeJIeKI[HH, 3TOro Obl SIBHO HE IIPOHM3OILIO.
ITpocTo mpu MapKUpPOBKE TAKOTO COPTA B COOTBETCTBUH C CYIIECTBYIOIIUM
3aKOHOJATeabCTBOM ObLI0 OBl YKa3aHO, YTO OH COJEPXKUT KOMIIOHEHTHI
6pasuIbCKOTO Opexa, BBbI3bIBAIOIHE AJIJIEPTHI0O Y HEKOTOPBIX JIOAeH, U
YTO OH NpeAHa3Ha4yeH TOJbKO IJIA KODMOBBIX Iesed. Belb HUKOMY He
IIPUJET B TOJOBY 3allpeTHTh, HANlpUMep, NoTpebJieHne JI0OMMOro JaKkoM-
CTBa aMEepPUKAHLEB U €BPONeillleB — >XapeHOro apaxyuca — Ha TOM OCHO-
BAHMM, YTO apaxyuc MO CBOEMY AJIJIEPTeHHOMY NMOTEHIMaNy — HPOAYKT
HOMEp OJMH B MHpe.

He ycTpauBaer ONnMOHEHTOB reHETHYECKOH MHXXEHEPUU M KOHHEMIHS
CYIIECTBEHHON 3KBHUBAJIEHTHOCTHU: <...YUUMbIEAS, UMO ZEHHAA UHXKEHE-
pus moxem npuenecmu 6 npoOyKmb. panee HeU3BECMHbule ONACHbIE
ceoticmea, kaxodovwi I'M-npodyxm donxern Goimsy nodgeperym 06credo-
8AHUI0, CNOCOOHOMY BbIAGAAMb CAMBIEL WUPOKUL CNEXMP B0IMOKHLLY
onacrnocmet. Ho 6 nacmosuee spems ucnoas306anue KOHYenyuy 3K6u-
6A1EHMHOCIU N0380AAem 060tmu Heob6X00UMOCT MAK020 MECMUPO8a-
Hus». CropHoe 3aknioyenue. Iloxoxe, YTo TOT, KTO €ro clesal, B rjiasa
He BHAEJ 00DbEMHBIX JI0Che C pe3yJIbTaTaMH OLeHKU 6e3011acHOCTH TPaHC-
reHHpix opranusMmoB. Hampumep, ¢upma Calgene npeacrasuna B 1990
rony B FDA nns mosmyyeHus: paspelieHus Ha HCHOIb30BaHHE B F€HETHYEC-
KOM MH)KeHEepUHU PaCcTeHHH MapKePHOro reHa yCTOMYHBOCTH K aHTHOHOTH-
Ky KaHaMMLHHY OT KumeyHoi nanouku E.coli 600-crpaHuYHbIH IOKY-
MeHT (/{Be JOKTOPCKHE IMCCEPTAlluK), TOCBAIEHHbIH 3ydeHHIo Ge30mac-
HOCTH 3TOro reda. Uro xe npeamnaraercs B3aMeH? «T0nbK0 KAuHuuecKue
UCOIMAHUSL CNOCOOHDL 8bISBUM 8CE 80IMOXHBIE ONACHOCTU U HeNnpeo-
eudennvie nobounvie IPhdhexmol, KOMOpPvle MOZYM Maumvcs 6 npodyx-
max 2eHHO-UHXKEeHepHO20 npoyecca». A MOXKeT, Bce-TaKH He JOBOJIUTH Je-
JIO 10 KJIMHUKH, rocnoga? Beab peyb-To HAET He O JIEKapCTBEHHBIX IIpe-
naparax, a 0 NpoAyKTaX IUTaHUs, NOAABASIONEee 60JbIINHCTBO KOTOPBIX
Ha CTO MPOLIEHTOB MAEHTUYHBI OOBIYHBIM, «HeMOAH(HUIIUPOBAHHBIMY .

4.7. Kro n 3aueM cTpAmaer Takyio .erepa'rypy

IIpu4MHBI BOHUKHOBEHUSI KPU3HUCA HEJOBEPUS K TEHETHYECKON HHIKe-
Hepud B EBpolle cranu mpeaMeToM M3yYeHHS MHOTMX HCCIIENOBaTesel.
Cpenn OCHOBHBIX NPUYHH Ha3bIBAIOT, HAIIPUMEP, TO, YTO B MOMEHT IIO-
SBJICHUsI TPAHCTeHHBIX COPTOB CEJIbCKOXO3SHCTBEHHBIX pacTeHHH B EB-
pomne (1996 — 1997 rozbi), a 3T0 6BLTA COPTA COM aMEPUKAHCKOH (HPMBI
Monsanto, Ha KOHTHHEHTe Pa3pa3uCsa CKaHAaJ, CBA3aHHbIM ¢ 60JE3HBIO
GellleHCTBa KOPOB B BesmkoOpuTaHuu, 3aTeM MOCAe[0Bajl CKaHAal C JH-
OKCHHaMH B MsAce Kyp B Desprum. B pesyiabrare goBepue K ciyxGam,
obecreduBaOIUM 6e30TMACHOCTD MIPOLYKTOB NMUTAHUs, GBIIO CHABHO IO-
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jpopBaHo. IlosByieHne B 3TO BpeMsi HOBOrO THIIAa NHILNM, €CTECTBEHHO,
TaK>ke BbI3BaJIO HEJOBepHe MacC: a rapaHTHPOBaHa Ju 6€30I1aCHOCTD U B
JaHHOM CJIyyae, eCJM CaHWTapHble CJAy>XObl MOryT [ONYCKAaTb TaKue
omu6ku. HeMamoBaXXHYIO POJIb CHITPAJIO H TO, YTO T€HHO-HH)KEHEPHBIE
MPOAYKTHI ObLTH HMEHHO aMEPUKAHCKUMHU: Y MHOTUX eBpoIleHlieB cymec-
TBYeT creuuduyeckoe OTHOIIEHHE KO BCEMY, UTO CBSI3aHO C aMepHKaH-
ckMM 06pa3oM Ku3HH. ChIrpaju onpelejeHHyo poJb (¥ MpoNOIKAIT
UrpaTh B HACTOSIIEE BPEeMS) BOIPOCh KOHKYPEHTHBIX TOPrOBBIX B3aUMO-
otHomeHuit Mexay Espomoit u Amepukoii. Kak unenst BTO, eBponei-
CKHe CTpaHbI OBLIM He BIIPAaBe OTKa3bIBaThb BO BBO3€ aMEPHKAHCKOM IPO-
aykuuu. Ho BOT ecsi npuHUMAaTh BO BHHMAaHUe HeraTHBHOE OTHOLIEHHE
HacesneHHA... VI 3TO HeraTHBHOE OTHOIIEHHME HACEJEHUS K FeHEeTHYECKH
MoaubHIIMPOBAHHBIM OpTaHU3MaM 6bLIO0 yMeso OpraHu3oBaHo. B Takoi
CUTYal[} TIOSBUJIOCH OYEHb MHOrO JKeJAIOIUX CKOJIOTUTH CBOH (puHaH-
COBBIH W TIOJIMTHYECKWH KamuTas, HCIOJb3ys HeA0BOJbCTBO Macc. He
CJIy4aliHO BCEBO3MOJKHBIE «3eJIeHbIe» CeHYac TaK IIUPOKO IIPeJCTaBIeHBbI
B [IPAaBUTEJIbCTBAX MHOTHX 3alafHOEeBpONeiicKkux cTpaH. Bpiurpanu u pa-
JOBbI€ 4IEHbI 3TUX OPraHH3allHil, TIOCKOJIbKY X AeSaTeJbHOCTb U (PUHAH-
COBO€ 6JIaromosiyuyue HANpAMYIO 3aBUCAT OT HaJU4YHMSA BCEBO3MOXKHBIX
CKaH/IaJIOB, CBSA3aHHBIX C 6€30MaCHOCTBIO [JIsI 3/I0pDOBbSl YejlOBEKa H
OKpy:Kalomiei cpebl. He mocieH0i0 posb B pa3gyBaHUU IeHHO-HHXKe-
HEPHOI0 CKaH/JaJja ChITpPaJi U >KYPHAJMUCTBI, AJA KOTOPBIX <«XKapeHbIe
(pakThI» B 6yKBaJIbHOM CMBICJIE CJIOBA Ha BeC 30J10Ta, IIOCKOJIbKY OIIpe/e-
JIIIOT THDPAXXH M PEUTHHT UX u3gaHuii. [IpITalOTCA MCIOAB30BaTh 6J1aro-
NPUATHYIO CUTYAIHIO U TIPE/ICTABUTEHM PEJIUTMO3HbIX, Pa3JIUYHbIX NPO-
(heccuOHANMBHBIX, XEHCKUX W Apyrux opranusanuil. K coxkanenuo, B
3TU PSAABI NONAJM U HEKOTOpbIE YUYeHBIE.

4.8. B nouckax aemieBou CJaBbl

B mae 1999 roaa B npectixkHoM (3aMeTHM, OHAKO, HE pelleH3HpYe-
MOM) XKypHaste Nature mosiBuiach TyOJHKAIMS SHTOMOJOroB U3 Kop-
HeJIbCKOro YHUBepcuTeTa Bo raase ¢ [»xonoM Jlocu. CyTb uccienoBanus
3aKJII0YAJIaCh B TOM, YTO U3Y4YaJId BJIHMSHUE IIBLIbIL! TPAHCTEHHON KYKY-
py3sl ¢ Bt-nporennoM. Breipa6oTKa 3TOro MpOTeHHA KOAUPYETCS COOTBET-
CTBYIOIIMM T€HOM, KOTOPbIi OBbLJI BbijiejleH U3 NMOYBEHHBIX MUKpOOpra-
HU3MOB M IepeHeceH B TeHeTHYeCKUH Marepuasa Kykypy3bl. IIoCKOJIBKY
OH ABJISIETCS TOKCHYHBIM A JUYMHOK TOYMABIHKA {«MOTBLIEK> U3 Ce-
MeCTBa YelIyeKphIabX, K KOTOPOMY OTHOCSTCSA 6aG04YKH), TO TPAHCTEeH-
HBIH COPT CTaJl YCTOHYUBBIM K 3TOMY OIlacCHOMY BpeauTenro. OKa3aoch,
4YTO €CJIU TAKOH IBbLIBLION MOCHINATh JHUCTbSI MOJIO4YaeB U CKOPMUTD ryce-
HullaM 6a6ouyku MoHapX, TO HX CMEPTHOCTD OYJ€T B ceMb pa3 BbIllle, YEM
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B BapHUAHTE C TBLIBIOH OGLIYHOTO, HETPAHCIeHHOTO COpPTa KYKYDYS3Bl.
PacyeT aBTOpOB Ha MHTepecC O6IIECTBEHHOCTH K 3TOMY OTHIO/Ib He BBILAAIO-
[EMYCSI HAYYHOMY «OTKPbITHIO» OBLT IPOCYUTAH BUPTYO3HO. MHe B 3TOI
CBSI3M BCIIOMHUHaeTcs IocelieHne 60Tannveckoro caja B Monpeadne, rae
uMeercsl 600N MHCeKTapHil. Ha xa) /oM yriy 1oceTHTeNH BCTPEeYaroT
pexnamy: «Ilocerure Hawn uHcekTapuil. TaM Bbl MMeeTe BO3MOXKHOCTb
yBHeTb 6a6ouky Monapx!»> [lna amepukaHIeB ata 6a60uka — HalMoO-
HaJIbHBII CUMBOJI, Bpole opJsa Ha repbe CIIIA.

IlostByieHMe cTarbu BBI3BAJO AEHCTBUTENbHO MHOro nryma. Hayunas
06IIeCTBEHHOCTh BO3MYTWUJIACh, Ha3BaB NyOJMKaAIUI0 KOHDIOHKTYDHOH,
npeXxjeBpeMeHHOR M NOBepXHOCTHOH. Pe3ysbrarsl 1a6OpaTOPHBIX 3KC-
HePUMEHTOB ObLIH a6COJIIOTHO MpefcKa3yeMbl, MOCKOIbKY Bt-ipoTteun y
TPaHCTeHHOH KyKYpy3bl 6bLJI KaK pa3 H HalpasJieH Ha 60pb0y C mpencra-
BUTEISAIMU ceMelicTBa 6a6ouek (Yemryekpbuibix). PacupocTpansars ux Ha
IIPUPOAHBIE YCJIOBUSA, YTO He3aMeJUTEJIbHO CHeJalud ONMIOHEHTHI reHe-
TUYECKOH WH)XeHepUH, He ObLJI0 HUKAKMX OCHOBAHUI XOTSA Obl MO TOM
IpUYMHE, YTO I'yCeHHIBI MOHapxa MOsBAAIOTCA Ha 060YHHAX KYKYypPYy3-
HBIX TOJIEH YKe IoC/Ie TOro, KaKk KyKypyaa oTusereT (Harpumep, B IUTATE
He6packa). I[Togasasiomiee 60JbIIHHCTBO COPTOB Bt-kyKkypyssl Mogudu-
IVPOBAHBI TAKUM 06pa30oM, 4TO reH, KOJUPYIOUIMiA BBIPAGOTKY 3TOTrO IPO-
TerHa B NbLblle, He (PYHKIUOHUDYET U Bt-porenHa B IbLIblLIE TaKHX
coptoB HeT. [Ibliblla KyKypy3bl BO BpeMs LIBETEHHUA PACIPOCTPAHAETCS
BCEro JUIIb Ha HECKOJDbKO METPOB OT KYKYPY3HOTO TI0JI, M €CJIU 3TH T10-
JIOCBI peryJasapHo O6KaluIuBaTh, TO U COPHAKOB, K KOTOPBIM OTHOCATCS TaK
NONIOGUBIIUECS TyCEHNIIAM MOJIOYAH, TaM He 6yleT U I'yCEeHUIIbl BHIHYX-
neHbl 6yayT MUTATbCS B APYrOM MecCTe. JTa MepBas OlleHKA IMOJIYYUJIa B
AajpHedmeM (yHIaMeHTaJbHOE 3KCIEepUMEHTaJbHOe OOOCHOBaHME IIO
pesyJibTaTaM MCCJELOBaHM:, IPOBEJeHHOTO 1IPHU y4acTHH GOJIbHIOrO aB-
TOPCKOT'O KOJIJIEKTUBAa M3 HECKOJbKUX YHUBEPCUTETOB, KOTOpble ObLIU
ony6JIMKOBaHbI B CEPUH CTAaTel B CaMOM IIPECTIXKHOM HAyYHOM H3JAHUU
Amepukn — Jokaagax HamumonanpHO# akajeMuu Hayk.

TeM He MEHee HUMTOXHBIH C HAYYHOH TOYKH 3peHUs (PaKT, IpUBeZeH-
HBbIH KODHEJbCKUMH 3HTOMOJIOTAMHU, MMeJ I'PaHJHO3HbIE TOJUTHYECKUE
nocyeacteus. Espponeiickuit Coros BBen ¢ 1999 roga Mopartopuii Ha pac-
CMOTPEHHUE 3asiBOK Ha HOBBble TPAHCTeHHbIE COpPTa pacTeHui. BoT Tak ame-
pUKaHCKas I'yCeHHIA HallJa SPbIX 3AIUTHUKOB 110 APYIYIO CTOPOHY OKe-
aHa. AGCypIHOCTb 3TOTO peleHus oYeBHIHA BceM. OHAKO OHO HE OTMe-
HEHO [0 cUX NOp. A yTo ke AMepuka? Bce orpaHM4mM/IoCh T€M, YTO C
IIPOM3BO/ICTBA CHSIJIM COPT KYKYPY3bl, KOTOPBII HMeJI TOKCHYHYIO 1151 6a-
6ouek mbLibLy (OCYLUIECTBUTD 3TO GBLIO HECMOMKHO, HOCKOJbKY OH 3aHHU-
MaJ moceBHbIE IIoLaau He Gosee 2% KyKypysHoro mosca CIIIA).

J>xoH JlocH cras repoeM cpeiy «3eJIeHBIX», OAHAKO IPHOOpeJT pery-
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TAlUI0 OJUO3HOH JIMYHOCTH B HAYYHBIX Kpyrax. AHaJOrH4Has cy/Ab6a
JK/JaJla ¥ IPYTOro COUCKATeJIsl AelleBOM CIaBbl — CIelHalncTa B 061acTH
6uoxumMuu 6esxoB u3 lortranannm Apnaga ITyxrau, KOTOPHI 3aueM-TO
pelluJ NepeKkBaaudUIUPOBaThCcs B AUETOJIOTA.

Apnap Ilyxram cras BceMHpHO H3BecTeH IIOCJe TeJI€HHTEpPBbIO B
aBrycre 1998 roma, B KoTOpoM 0H OO6HapoAOBaJl pe3yJbTaTbl CBOMX MC-
cJIeZIoBaHHit 10 BIMSHUIO AMETHI, BKJIOYaIoUleil TpaHcreHHbIit kaprodeJs,
Ha POCT ¥ UMMYHHYIO cuUCTeMy Ja6opartopHBIX kpbic. Ilo ero cnoBam,
POCT 3aMeJIANCsA, a HMMyHHUTET ociabeBas. Hepe3 HecKoJbKO JHeH ITO-
cJle MHTEPBbIO IOCJIeA0BaN0 oULHATIBHOE ONPOBEPXKeHNe PYKOBOJACTBA
HHCTUTYTA, rAe padoran Ilyxxrau, B KOTOPOM rOBOPUJIOCH, YTO BBIBOJbI
aBTOpa He ABJAIOTCA HayyHO o6ocHoBaHHbIMM. HacTostuiui mIKBaJ KpH-
THUKHM B HayYHBIX Kpyrax BbI3Bajia U eIUHCTBEHHas MyOJHMKaLUs Pa3peK-
JIaMHPOBaHHBIX pe3ynbTaToB ITyxkTau B xypHasne The Lancet (oKkTs6pb
1999 roga). Oaun u3 oduMaNbHBIX pelleH3eHToB 310i crathu k. ITu-
KeT 6e3 OOMHAKOB 3asBUJI, YTO €CJaU OBl KTO-HMOYAb U3 €ro CTY/€HTOB
NpHLIeN ¢ TaKoH paboTOoil Ha 3K3aMeH, TO NMoJIy4u1 Gbl 3a Hee HeyAOBJIeT-
BOPHUTEJbHYIO OlleHKY. Ho cpean ONMMOHEHTOB reHeTH4eCKOH HHXKEHEPHUH
A.Ily>xtam crays HallMOHAJIBHBIM T'ePOEM.

[TonbiTaeMcst caMOCTOSITEIHHO pa3oOpaTbes, KTO ke npaB. Cpasy xe
ofpaitaer Ha ce6s1 BHUMaHHe TO, YTO B HalllyMeBIlleHd cTaThe HHUYEro He ro-
BOPHTCSI HU O 3aMeJlJIEHHOM POCTe, HH O IIOHWXEeHHOM HMMYHHTETE KPBIC.
Peub uzeT 0 MaTOJOTHYECKUX M3MeHEHUAX (YIIOTHEHHE CTEHOK TOHKOTO
KULIEYHHKA) Y KPBIC, KOTOPbIM B TeyeHue 10 aHeil ckapMJIMBaN UCKIIIO-
YUTENbHO TpaHCTeHHBbIN kKapTodenn, copepxxamuit reH GNA, HarypaJib-
HOTO MHCEKTUIIHAA, O6HADY>XEHHOro y NMOJCHEeXHHKOB. B KOHTPOJIbHOH
rpyle KphiC, KOTOPOH CKapMJIMBaJIu OOBIYHBIA, HETPAHCTEHHBIH KapTo-
¢denb, a TakKe B rpynIe, rae K HeTpaHCTeHHOMY KapTodeno 106aBsiin
GNA B KOHLIeHTpaluusAX, COIIOCTaBUMBIX C TPAHCT€HHBIM, TAKUX HU3MEHe-
HUI He Habmoxanock. [esaercs BbIBOJ, YTO HMEHHO reHeTHYecKass MOAH-
(puxanus, a He caMO 3TO BeLIeCTBO SABJSIETCS IPHUYHHOH NMaTOJIOTHH.

GNA, xak u apyrue JIeKTHHbBI, pACCMATPHBAETCSA B KavecTBe Ilepcrek-
THUBHOI'O 3KOJIOTHYECKH YHUCTOro Ipernapara AJs KOHTPOJIS BpeIHbIX Hace-
KoMbIX. OgHako paboThl IO BBEEHUIO B PACTEHHUsS reHa, KOAUPYIOLIETO
GNA, noka ganexu ot 3aBepuieHHs. He 3aperucrpuposaHO HM OZHOTO
KOMMEPYECKOro cOpTa C 3TOM CHUCTEMOH 3allluThl pacTeHUH OT BpeaMTe-
Jei. OueBUAHO, 4TO B paGoTe HCHOJb30BAJCA OAWH U3 CJOydYailHO BHI-
6paHHBIX TpaHC(OPMAHTOB, KOTOPBI HE MPOXOAU KAaKOro-JIu60o TeCcTH-
POBaHHMs 110 TIOKa3areaM 6e3onacHocTu. ToT (akT, YTO BCTpauBaHue yy-
JKEPOIHDbIX T€HOB MOKET B IIPUHLMIE BJMSITH HAa AKTHBHOCTb JPYIHX
TEHOB, B TOM YHUCJie U KOAUPYOUUX 06pa30BaHKe TOKCHYHBLIX BEUIECTB,
He sABJsAeTCS HOBBIM A Hayku. O6 3TOM roBopuioch Bbite. MOXHO
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IPEANOJ0XHUTD, YTO UMEHHO TaKOH Te€HOTHII [ONaJ B pacnopsKeHue
A. Ilyxrau. BeposarHee Bcero, y Hero ObLI IOBBIIIEH YPOBEHb TJTHKOAJI-
KaJIOMJ0B, KOTOPbIE U BBI3Ba/IM MATOJIOTHYECKUE U3MEHEHHs KUIIeYHHKA
y Kpbic. IlosiBleHue TakuMX TeHOTHIIOB — BeCbMa pacCIPOCTPaHEHHOE
SBJIEHUE ¥ B TPaJULMOHHON ceseKUUU KapTtodens. CeleKIMOHEDPHI CIIO-
KOHO BBIGPaKOBBIBAIOT UX II0 Pe3yJbTaTaM OLEHKH BKYCOBBIX KayecTB
(oHHu sBHO ropyar) Ju6o mo maHHbIM GHOXMMHUYecKoro aHasnusa (ycra-
HOBJIEHBI TIPEJIEABHO JOIyCTHMBbIE HOPMBI COAEPXKAHUS TJIMKOAJIKaJI0U-
108 B Kay6Hax). A. Ilysxrau gaxe He craa ce6s yTpyKAaTh TAKMMH aHa-
JIN3aMH, & Cpa3y cleJiajl BbIBOA 00 OMACHOCTH FeHETHYECKOH MHKEeHEPHH
JJIsl 310POBbs YeJIOBeKa KaK TaKOBOH. Bce 3T0 — B «JIyYIIHX» TpaauLH-
AX ee OINIIOHEHTOB.

Y uuTaTess MOKeT BOSHUKHYTb Pe30HHBIH BOIIPOC: eCJIM CBEAEHUA O
CTPaIIHOW OMaCHOCTH TeHHO-UHXXEHEePHBIX OPTraHHU3MOB HEe COOTBETCTBY-
I0T AeHCTBUTEIbHOCTHU, TO IIOYEMY TOTJa OHM IIOJABEPraroTCsl TaKOi TIHa-
TEJBbHOU IIpoBepKe? OTBeT IPOCTOI: YeJOBEYECTBO CTAJO B IIOCJEIHEE
BpemMsa MyzApee. CTONKHYBIINCDH B IPOIILJIOM ¢ HEKOTOPBIMH He6Jiaronpu-
ATHBIMH IIOCJIE€CTBUSIMU BHEJADEHHS AOCTHXKEHUH HAYYHO-TEXHHYECKOTO
IIporpecca B XM3Hb, B HAaCTOsLIee BpPEMS PelleHO IIPUMEHSITh MepHI Tipe-
JOCTOPOKHOCTH, TIOPOii, MOXeT ObITb, JaXe U Ype3MepHbIE.

IlepBble reHHO-HH)XEHEPHbBIE. COPTA CEIbCKOXO3SIHCTBEHHBIX PACTEHHI
IIOSIBUJIMCH B MPOHU3Bo/AcTBe B 1992 rony. 3a nporeamuii nepHo oHHU 110-
Kasa/Jd CBOIO BbICOKYIO 3¢ deKTHBHOCTD, IPEUMYILECTBO IIEPE)] COPTaMH,
CO3JaHHBIMH C [TIOMOILbIO TPAAULIMOHHON cesekuuM. [Lnomanu nox HUMHU
CTPEMHUTEJILHO PACIINPSIOTCS. BoJBIIMHCTBO OMTaceHHi OTHOCUTEIBHO UX
BO3MOXXHOW OIIaCHOCTH JJIst 3ZOPOBBbsSI YEJIOBEKA H OKPYXKaolled cpe/nl
He [IOATBEPAUJIOCH. TeM He MeHee MbL umeeM euje OueHy KOPOmKYIo UCmo-
puio 6e30nacHoz0 UCNONb30BAHUS 2EHHO-UHKEHEPHBIX Opzanu3mos. B
CBSI3M C 3TMM Ha IIPOTSKEHUH AOBOJBHO AJUTENBHOTO BpeMeHH Heo6Xo-
AMMO IPUHSATHE Mep 6uo6esonacHocTH (6e30IaCHOCTH B FeHHO-HHXKEHep-
HOIi /1eATeJIbHOCTH), BKJIIOYasi FOCyJapCTBEHHOE PEryIMpoBaHue B 06.1ac-
TH T€HHO-MH)XE€HEPHOH AeATebHOCTH.



I'aasa S

YTO JAET HAM MAPKHPOBKA
TEHETUYECKH MO/INDPHUIINPOBAHHBIX
IIPOAYKTOB, HX TOCYJAAPCTBEHHAA
PETNCTPAIIUA U PETJIAMEHTAITUA

B kauecTBe 0IHOro U3 3JIEMEHTOB rOCyAaPCTBEHHOrO peryJHpOBaHUs
TeHHO-MHXXEHEDHOH esATeJIbHOCTH MHOTHE CKJIOHHBI paccMaTpuBaTbh Map-
KHPOBKY reHeTHYecKd MoAUMUIMPOBAHHBIX MPOAYKTOB. MHOrHe, HO He
Bce. Hanpumep, B CIIIA, rue, xak u3BectHo, o 'MO He BeayT nmycThIxX
PasrOBOPOB, a yXKe MOYTH JeCATH JIET CTIOKOMHO MOTPebISIOT HX, MapKHU-
POBKa TaKUX IIPOAYKTOB He NPHUHSITA. B CBA3U C 3THM €CTb CMBICJ NIPH-
CAylIaTbCs K apryMeHTaM aMepHKaHIeB I10 3TOMY Bompocy. B coorsert-
cTBuH ¢ 3aKoHogaresbcTBoM CIIA (Tak e Kak U APYruX CTpaH, B TOM
qucye u Benapycu) MapKUpOBKe MOJJIEXAT IMPOAYKTHI, KOTOPbIE MOTYT
ObITb HEGE30MACHBI JIs1 OTAEJIbHBIX IPYIII HaceJeHUs WM eCJIM OHHU HMe-
0T Kakue-Ju60 0COOEHHOCTH, OT/IMYAIOIIMe HX OT OOJIBLIMHCTBA aHAJO-
TUYHBIX NMPOAYKTOB. TaK, Ha 3TUKETKAaX OYTHIIOK C BHHOM MOXXHO HalTH
HaJNHUCh, IPeayIPeXKAANYI0, YTO MoTpebieHue 3TOro NPoAyKTa He pe-
KOMEH/J0OBAHO AeTAM, 6€peMEHHBIM U KODMSIIIUM JKEHI[HAM, BOAUTE/IAM
TPAHCNOPTHBIX CPEJCTB, JIOASIM C 3a60/1eBaHUAMY HEPBHOM cucreMbl. Ha
yIaKOBKaX CHTapeT IPUCYTCTBYET IPO3HOe Mpeaynpexaenue: «Kypenue
OIlacHO A1 30poBbsil> Eciau B xne6 1o6aBuaM KapOTHH MJH BHTaMHH
C, 10 06 3TOM TOXE A0JIXKHA OBITH COOTBETCTBYIOLIAs WH(pOPMALHS, T10-
CKOJIbKY 3TH A006aBKM CKa3blBAIOTCSA Ha INOTPe6HTENbCKHX KayeCTBaX
npoAaykra. IloMuMo Bcero HasBaHHOrO BBILE, HA 3TUKETKAaX IIPOAYKTOB
IIUTaHUS JOJKHA ObITh IIpejcTaB/eHa HH(POPMAIIUU O COCTaBe IIPOAYKTA
¥ ero nuuieBoit uenHocru. (MHoraa sta uHGOpPMALHAA TPOCTO MOTPSICAET.
Ha 6anoukax co cMeTaHO# MOJXHO IIPOYMTATH. «COCTAaB: CJIMBKH U3 KO-
POBBETO MOJIOKA, MOJOYHOKHCJIbIE GAKTEPUU». )

BosHukaer Bonpoc, 4TO nucath Ha 3TUKETKAaX JJIS NPOAYKTOB IIUTa-
Hug, nonydyeHHsx u3 'MO? Beap mopasisioiiee OOJBIIUHCTBO MX HA
CTO IIPOLIEHTOB HEHTHYHO OOBIYHBIM [IPOAYKTAM, YTO B IIEPBYIO OYEPEND
KacaeTcst mepepaboTaHHbIX TPOAYKTOB. He Ha30Belub ke BOAY, BhIIapeH-
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Hy1o U3 I'MO, «tpaHcrenHoii». Torga moyeMmy 3To MOXKHO AejaTb IO
OTHOIIEHMIO K MacJy, KpaxMainy, KoTtopole He cogepxxat Hu JHK, Hu
6enxoB? Eciu Macio M3 reHeTMYeCKd MOIUMHLUHPOBAHHBIX DAarca HJIH
cou uMeeT 60Jiee BBICOKME KaYeCTBEHHbIE XapaKTEPHCTHKHU, TO 3TO CJAEAY-
€T OTPAa3UTh Ha 3TUKETKe IIPOAYKTA, €CJIH HEeT, TO HUYEro IIUcaTh He HaJlo,
CYMTAIOT YMHOBHHUKY B 06J1acTu 6uobe3onacHoctu u3 CIIIA. U B ux jsoru-
Ke, COIJIaCUTeCh, €CTh PE30H. :

B crpanax, rae mMapkupoBka 'M-NpOAYKTOB 3akperjieHA 3aKOHOM
(60/BIIMHCTBO, €CJIM He BCe eBpoIlelickue CTpaHbl, B TOM 4ucjae Poccus,
Benapycs), Ha sTHKeTKaX TaKHX IPOAYKTOB IIPOCTO yKasbiBalorT (wiiu
JOJDKHBI YKa3bIBATbh), YTO IPOAYKT COAEPKUT KOMIIOHEHTHI U3 FE€HETH-
YeCKM MOAM(PHUIMPOBAaHHBIX HCTOYHNKOB. O ueM Hac, moTpebuTeJeil, UH-
dopMHpYeT 3Ta HAAUCD, 0 YeM npeaynpexgaer? OTBeT, eciu 6bITh Oec-
IIPUCTPACTHBIM, IMPOCTOH: O METOJ€e CeJeKUUU, C TIOMOIIBI0 KOTOPOTO BBI-
Be/IeHbl COPTa PAaCTeHM, SABJAAIOIIMECT STUMH CAMBIMH HUCTOYHHMKaMH. U
Bce. Uro aro 3a 'M-UCTOYHUKH, YeM OHM OTJIMYAIOTCS, OMACHBI JIU OHH
AJs1 3A0pOBbA Kakux-au6o rpynn HaceneHuss? O6 3ToM — HHM CJOBa.
BosbmuncTBO €O MHO# He coryacutcs. Hy Kak ke? 3TO OYeHb BakKHas
nHdopmMmanusa. OHa faeT HaM NpPaBo BHIGOpa: ecTh MM He ecTh. OgHAKO
TYT y>e BO3HHMKAeT BOIPOC Y MeHs: BBIGopa Mexay yem? Bribuparb MOX-
HO TOJIBKO B TOM CJIy4yae, €CJIM CYIIECTBYIOT XOTb KaKHe-TO pa3jaudus. A
ecJId UX HeT, TO U BbIGUpATh He U3 Yero.

MHue MOryT Bo3pa3uTb: BbI6Hpas 0ObrYHbIE TPOAYKTHI, a He TMO, MbI
BBIGHpaeM To, 4TO cuumaem 6oyee 6e30MacHbIM. S He CIyYaitHO BbIeTHI
B IIpEeABIAYIIEM [IPEAJIOKEHHUH CIOBO cuumaem. [|eHCTBUTENbHO, 3HAYH-
TeJIbHASI YacThb HaceneHus cuumaem I'MO omacHBIMH JJISI 3/I0POBbs, He-
CMOTPSI Ha TO YTO OOBEKTHBHbIE Hay4Hble JaHHbE (HEKOTODbIE M3 HHX
6bLTN MPUBeE/IEHD] B 3TOH KHUTE) CBUAETENBCTBYIOT 06 o6paTHoM. Cremu-
AJIUCTBI e B 061aCTH TUTHEHDBI IUTaHUs C MUPOBBIM UMEHEM Y6exKIEHBI,
4TO FeHETHYECKU MOAMQHIIMPOBaHHbIE TIPOAYKTHI MEHee OMMACHBI A1 310-
POBbSI IO CPABHEHMIO € OGBIYHBIMU, MOCKOJIBKY HU 00uH 00viunbill copm
He npoxodum maxol muameavHol npogepxru Ha 6e30NaACHOCMb, KaK 3T0
AEJAT ¢ TPAaHCreHHbIMU copraMu. [IpakTHyecku Mbl MOAOULIH K CYTH
npo6embl Boi6opa Mexay MO u eTMO. Ha camom siene peub uier o
JAOBEPHH K TOCYAAPCTBY: CHOCOOHO OHO ofecreyuTb 6e30MacHOCTh IIPO-
AYKTOB IIUTAHUA UJIH HET,

Ilcuxonorus o6piBatesns mpocra. CaMoMy pa3o6paTbCs BO BCEX ATHX
HAYYHBIX UJIM IICEBJIOHAYYHBIX CIIOPAX HE TaK YK 4 MPOCTO, a HeKOTOPbIM
1 BoBce He oA cuiny. Hy a xouab kto-To rae-to ckasan, yro 'MO onacHo,
3HA4YMT, HeT gbiMa 6e3 orada. Y tak 6bur1o Bcerma. BemoMuuM uctopuio: u
Kode MPUHUMATH B CBOe BPEMsI B IITHIKH, a IIPOTHB BHEAPEHUA KapTode-
Jis1 6OPOJIMCH He Ha )KU3Hb, a Ha cMepTh. Co BpeMeHeM Bce CTaHET Ha CBOM
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MecTa. IlpakTHyecku Ha BCe IIPOAYKTHI MPUAETCS BellaTh MPECJOBYTYIO
I'M-MeTKy, OCKOIBbKY OOJIBIIMHCTBO COPTOB CEIbCKOXO3HCTBEHHBIX pac-
TeHUI 6YAYT reHHO-uHXXeHepHbIMH. [Iporpecc 0CTaHOBUTH HEBO3MOKHO.

Wnes MapkupOBKH reHeTHYECKU MOAN(PUIIMPOBAHHBIX IIPOAYKTOB PO-
aunack B EBpome Kak KOMIIPOMHMCCHBIH BapHaHT pellieHHus] MpOoO6JIeMbl
BOCIIDUATUSI HaceJleHHeM IeHeTUYeCKOH WHXXeHepUH U ee JOCTHXKEeHHH.
Hnoro Bbixoaa He 610! B ycnoBusx pesxoro Henpustusa I'MO xuresns-
MM eBponeickux ctpad (0 HEKOTOPHIX IIPUYMHAX 3TOTO KPHU3HCA TOBOPH-
JIOCh BBIIIE), KOT/Ia MepBI yOeXXIeHusl C MO3HLKI 34paBoro CMbIC/Ia U Ha
OCHOBe 06 beKTHBHOH Hay4HOI MHOpMaLIUU OKa3aauch Hea(pdeKTUBHBI-
MM, IPUILJIOCH TIOMTH HA 3TOT IlIar, TO €CTh IIPEI0CTaBUTDb IIPABO BbIOGOpA.
Ecnn noBepsemp rocyZapcTBy WIH caM cyMes pa3o0paTbCs, 4TO K 4eMy,
T0 nforpebisiemb I'MQO, eciu HeT, TO IpeANIOYUTACHID C HUMH HE CBA3BI-
Batbcsl. Kasanoch 6bl, Takoe pelneHue ycrpouso Bcex. Ho npu ero mpe-
TBOPEHUHU B KM3Hb BO3HUKJM NMPOOIIEMBI.

Kak Mb1 y>xe ormevanmu, amepukaniipl cBon T'MO He Mapkupyior, U
JeaaTbh 3TO CIeLUAIbHO JAJsI YIPSIMBIX €BPONEileB IIPAKTUYHDIE AHKH
CYUTAIOT Npoueaypoit 6eccMpicieHHoR. K ToMy e B 3TOM cJiyyae IOsB-
JIIIOTCS HEMaJible JOIMOJHMTENbHbIE U3JIEPXKKH Npou3BoAacTBa (Ha pas-
JeJbHYI0 YOOPKY, XpaHEHHE H TPAaHCIIOPTHPOBKY), YTO [€JIA€T reHeTH-
yecKkd MOJUGDUIHMPOBAHHYIO MPOAYKIUI0 MeHee KOHKYDPEeHTOCIOCOOHOM.
IToaToMy aMepHKaHLBI PeANIOYUTAIOT BCe cMemnnBaTh. B camoit Espone
3aJyMa/JuCh, KaK e Ha MPaKTHKe 06ecreynTb MapKupoBKy I’ M-nipoAyK-
TOB. MaJso HanucaTh 3aK0H, HaJ0, YTO6bI OH BBINOJIHAICSA. A IPOU3BOAH-
TeJIIM NIPOAYKIMH OH SIBHO Iornepek ropJja. OTcioZla BOHUKAET JKeJaHHUe
ero He co6aonats. OHAKO 32 PyKy HapyuIMTe el IOUMarb BeCbMa CJI0XK-
HO, a YaCTO U HEBO3MOXXHO. DOJIbIIMHCTBO reHeTHuecKu MOMUUIUPO-
BaHHBIX IIPOAYKTOB a6COJIIOTHO UAEHTHYHBI OObIYHBIM: nOnpobyit pa36e-
puce, cogepxkat oHd MO wim Her. Mobuau3oBaau Ha 3ty OpobaeMy
HAyKy. Y4eHbIe 1 PaJibl CTapaThCs: TPaHAMO3HBIE 110 CJI0XXHOCTH IIpobie-
Mbl, BO3MOXKHOCTb IOJYYUTb BeCbMa COJHAHBIE, B CMBICJIE 3apIJaThl,
060py/I0BaHUS M PEAKTHUBOB, rpaHThl. UTO eme Hano? Mertoap! o6Hapy-
XeHUus Aaxxke enuHuYHbIX ¢parmenToB JHK, comepxamux mnocienosa-
TeJbHOCTH HYKJEOTU/OB, XapaKTepHble IJIA OIpeJeNeHHbIX TpPaHCIeH-
HBIX KOHCTPYKUUll, 66111 pa3pa6oTansl. Temnepb B J1060M NPOAYKTE, IZi€
coxpanuysack [JHK, moxxno naiitu tpancren! Tpenenure, HapyHIHTeH
3aKOHa O MapKHPOBKE...

[TpaBna, He caMsrii coBepiteHHbINH mpubop Auas ananusa JHK crour
OKOJIO TISITH TBICSY JIOJJIapOB, PeaKTUBBI TaKXXe BeCcbMa AODOTHE, [a U
aHaJN3y NOAJeKaT MPAaKTHYeCKH BCe MMPOAYKTHI, e MoryT 6p1Tb ITMO, a
UX yXXe HeMajoe KOJIMYeCTBO, KOTopoe OyAeT IIOCTOSHHO BO3DPacTaTb.
3Ha4uT, HAZO CO3[aBaTh CEThb AKKPEAUTOBAHHBIX (MMEWUMX NMPaBo HPO-
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BOJMTb aHAJIU3bI) J1aGOPATOPHii, TO €CTh BBLAEJSTH [JIs1 HUX IIOMEIeHH,
060pya0BaTh UX, PEMOHTUPOBATh, 3aKyNaTh NPHOOPH M PEAKTHBLI, OILIa-
YMBaThb KOMMYHaJIbHBIE YCJIyrH, HaOUpaTh ¥ 00y4aTb IIEPCOHAJ, TIJIaTUTD
eMy 3apIuiary...

Ho Bexp cymecTByIoT IpOoAYKTHI, nosxyyeHnble u3 'MO, kotophre He
conepxar uu JJTHK, Hu 6esnkos (pacTutesipHble Macja, KpaxMalj, caxap U
1.4.). Kak 6pith ¢ HuMu? OxaseiBaeTcst, eCIU NPOAHAIU3UPOBATh JOKY-
MEHTAI[UI0 ITPOU3BOAUTENSA, TO MOXKHO IPOCJAEAUTD BCIO LIENIOYKY HX IIO-
JIy4EeHUsI — OT ChIPbS J0 KOHEYHOro npoxaykrta. Eciau B JOKyMeHTax Ha-
MHUCAaHO, YTO ChIpbe MOJY4YeHO U3 TPAHCTEHHOTO COpTa, TO Ha KOHEYHOM
IPOAYKTe AOJXKHA ObITh CoOTBeTcTByIomas Ompka. OaHako A4 TOro,
4TOOBl TAaKUM 06pa3oM OGECIEeYUThb BBIIOJHEHHE 3aKOHA O MapKHPOBKE
I'M-nipoayKToB, HEO6XOAUMO HMETD HEIYI0 APMHIO YHHOBHUKOB-/I€TEKTH-
BOB, KOTOPBIX HaJg0 o6ecneunTh paGo4HMH MecTaMU, 3apIlJIaTOd M Cpes-
CTBaMU Ha IpOe3J K MeCTy INPEJIOJaraéMoro «IpecTynaeHUus».

A Temepb, yBa)kaeMblii YHTaTe/]b, IPUKUHBTE, CKOJBKO CTOWUT MOBE-
CUTb Ha NPOAYKT GUPKY ¢ <«CyabOoHOCHOW» umH(popMaumedi. /ymaercs,
4TO /s COGMIOAEHUs 3aKOHOJaTeabcTBa Eppomeiickoro Comosa o I'M-
IPOAYKTAaX IUTAHUS He XBATUT BCEro UX HauMoHaJbHOro gaoxoxa. U Bce
paau yero? Urto6sl o6ecrieyuTs mpaBo BeI6Opa, HO OTHIOAR He Ge3omac-
HOCTb 3/I0POBbsI HAPOZA, KaK Koe-KTo AyMaer. Beap mapkuposka 'M-nipo-
AYKTOB K UX 6€30I1aCHOCTH HUKAKOTO OTHOLIEHHS He MMeeT.

Hanee, moctaBpTe cebsi HAa MeCTO HapymuTead. JonmycTuM, OHMAIH
ero Ha TOM, 4YTO OH He NpoMapkupoBaj [M-TIpoAyKT. 3Ha4uT, OH 3aCIy-
XKHBaeT CaMOr0 Cepbe3HOro Hakas3aHus: wmrpada, a To u TiopbMbl. Ho
BO3HHKAET BONPOC: 3a yT0? Pa3Be OH IIoCTaBUJI NOJ yrpo3y 3J0pOBbe Ha-
cesenns? Her, mockoabky I'M-mpoaykTel MOTYT OBITb TIpOH3BEAEHBI
TOJIBKO M3 COPTOB PaCTeHUH, IPOMEAIIUX TIIATEIbHYIO OLIEHKY Ha 61ole-
3onacHoctb. C Apyroi CTOPOHBI, YTO /ie]1aTh C «BeleCTBEHHBIMH JOKa3a-
TeJIbCTBAMK» HpecTymienus (HempoMapkupoBaHHbiMU TM-nipoayKramu)?
YHUUTOXHUTD, YTUIM3HPOBATh KaK O0TXOAB! (eCTh TaKHe IPENIOKEHUA B
3aKOHOAATEJIBCTBO Benapycu)? A pasymuo ju ato? Bexb peus uzer o6
abCO/IIOTHO Ka4eCTBEHHBIX M 6e30macHbIX NMpOAyKTaX. Tak Jaxe C Npo-
Tyxmei xoa6acoif He MOCTyHaloT.

ABTOp 3TOH KHHTH NOIBITAJICA AATh YUTATENIO IPEACTaBICHHE O TOM,
KaKMM 06pa3oM, HCXOAA U3 NMPUHIUIA NPUHATUS MEpP NPEA0CTOPOMHOC-
T, o6ecnieunBaetcs 6ezonacioctb T'MO. 3xech MHe x0Te0CH 6bBI 0CO60
OTMETHUTD, YTO BCe ONMMCAHHbIE HPOLEAYPHl BBIIOJIHAIOT B IPOLIECCE CO3-
JAaHHs U MCIBITAHMUSI TPAHCTEHHOI'O COPTa 0 MOMEHTA €0 rocyAapCTBeH-
HOM perucrpanuy (IIoMelleHus Ha PHIHOK, IO TEPMUHOJIOTHM 3aKOHOJA-
TEJbCTBA 3aNMAJHbIX CTpaH). [eHeTHYecKH MOAM(DHIUPOBAHHBIA COPT
MOXKeT ObITb 3aperucTPHPOBaH, a 3Ha4UT, U O(pHUIMaIbHO JOIyLIEH K XO-
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3UCTBEHHOMY HCNOJb30BAHUIO TOJbKO B TOM CJydae, ecad OyAyT mpen-
CTaBJIEHBI yOeAuTe/IbHble Hay4YHbIe JAaHHBIE TI0 PE3YJIbTATaM €r0 MCIIbITa-
HHSA, TOKa3bIBAIOIIKeE, YTO OH HEe HeCeT PUCKOB JJI 3J0POBbsI 4eJ0BeKa U
OKpyXalolle# cpeapl UM YTO 3TH PHCKHU COIIOCTABUMBI C TEMH, KOTOpPbIE
XapaKTepHbI 11 OGbIYHBIX, HETPAHCTEHHBIX COPTOB.

JanbHelimye aHaau3bl, HalpUMEP, NPOAYKTOB MUTAHUS, IOJyYeH-
HBIX U3 TPAHCTEHHBIX COPTOB, OHIMAIBHO 3aPErHCTPUPOBAHHBIX U AO-
MYIIEHHBIX K HCIOJb30BAaHUIO B XO3sHCTBEHHON €ATETbHOCTH, HUKTO He
AenaeT. ToyHee, X MOTYT aHAJN3UPOBATh Ha IIPUCYTCTBHE 60JI€3HETBOD-
HBIX MMKPOOPIaHM3MOB, TSXKEJIbIX METaJJIOB, OCTATKOB IIECTULMJIOB, aH-
THOMOTHKOB U T.A. Ho ata npouexnypa o6si3aTesibHA A1 BCEX MPOAYKTOB
NUTaHUA, KaK U3 TeHEeTHYeCKH MOAUQUIMPOBAHHBIX OPraHU3MOB, TaK U
06br4HBIX. Kakux-mo cneyuanivnuix canumaphsix mpebosanuii, Kacaw-
wuxca FMO, nem u 6vtmo ne moxem. Hanewocs, yuraTesb yxe A0rabl-
BaeTcs, nnoyeMy. Eme pa3 nosTopio: notoMy, uro 6osbumiuaCcTBO I'M-11po-
AYKTOB a6COJIIOTHO MAEHTHYHBI O0OBIYHBIM; ITOTOMY, uTo [M-copTa B X0z1€
CO3JaHHs U WMCIBITAaHHUSA IIPOXOJAT BCECTOPOHHIOI OLleHKY Ha 6u06e30-
MaCHOCTb; MOTOMY, YTO HEBO3MOXKHO NPOaHAJIU3UPOBATh [0 IOKa3are-
JIAM, IIPUMEHsIEeMBIM IIPU HX OLieHKe 6e30IIacHOCTH, Ja’Ke MUJIIMOHHYIO
JI0J1I0 TPOAYKTOB, KOTOPYIO MOKHO NPOM3BECTH M3 3THX COPTOB.

O6ecneyntb 6e3onacHOCTb I'M-TIpOAYKTOB MOXKHO TOJIBKO OAHHM CIIO-
CO60M: MCIIOJIB30BATh [JIS1 MX IIPOM3BOACTBA 6€30IIACHBIE TEHETHYECKH
MOAN(HIMPOBAHHbIE COPTA, 2 UMEHHO, C IOPUAMYECKOH TOYKM 3peHwus,
copTa, oUIHAIBHO AOMyIIeHHblE K MCIIOJIb30BAaHUIO B X03SiCTBEHHOI
JeATeJIbHOCTH. BrpoueM, mosBjieHHe Ha PBIHKe APYTUX, OMNACHBIX AJA
3[0POBbSI COPTOB MAJIOBEPOATHO. T€XHOJIOTUS MX MOJYYEHUS CAHIIKOM
CJIOXKHAs, YTO MCKJI0YaeT BO3MOXHOCTh monyuuts 'M-copr, Hanmpumep,
Ha JaYHOM y4yacTKe IMyTeM [IPHMEeHEHUs KaKuX-aiu60 XUMHKATOB, KaK Ay-
MalOT HEKOTOphbie. JTO N0 CHJIAM TOJBKO KPYITHBIM PHUPMaM, ClOCOOHBIM
BJIOXKHTDb B Hay4yHble pa3paGOTKU MHUJITMOHBI, COTHN MMJLJIMOHOB JIQJIa-
poB. A Takue pUpMBbI, padyMeeTcsi, He CTAaHYT PUCKOBaTh CBoeil pemyTa-
IIMel, BhITyCKast Ha PBIHOK HeNPOBepPeHHble A0 KoH1a copta. Oco6eHHo B
COBDEMEHHBIX YCJIOBUAX, KOTZa Majellee MOJO3PEHHE HA OMACHOCTD
I'MO nns 310poBbS YesioBeKa MK OKPYXKAIOIEH Cpe/ibl 3BYYUT KaK IIpH-
roBop (BCIIOMHUMM CHTYALMIO C TDAHCTEHOM OT 6PasHibCKOrO Opexa).

Bce 6uoxumuuecxue anarusvt npednonrazaemuix I'M-npodyxmos, xo-
mopovle BLINOAHAIOM 8 eBPONCUCKUX CMPAHAX U KOmOpble cOOUPaomcs
denamv 6 Benapycu 6 coomeemcmeuu ¢ nOCMAHOBIEHUEM 21A8HOZ0 Ca-
Humapnozo epayva pecnybauxu om 2 cenmabpa 2003 zoda Ne 116, ume-
1om yenvio onpedeaums Haruuue I'M-Komnonenmoe 6 npodyxme u ux
doato 8 npodyxme (ecau menee 00H020 UAU OBYX NPOUEHMOE, O MOKHO
ne mapxuposams). Taxum 06pazom, eéce amo Oeiaemcs He 8 YeAAX



108 - TJIABA ITATAA

obecneuenus 6e30nacHocmu 300p08bS HACENeHUS, A UCKIIOUUMENbHO
ona cobmodenus npasun mapxupoexu I'M-npodyxmos, mo ecmv 0as
ungopmuposanus HacerenHus, umobvl OHO UMENO B03MOXHOCMb peanu-
308ampy c80e 3aKOHHOE NPaAso 8vibopa.

B cooTBeTcTBHU ¢ HazBaHHBIM NocTaHoBJeHueM ¢ 1 auBaps 2004 roga
BBOJUTCA TaKxe o6s3aTesibHasi rOCYJapCTBeHHAs TUTUEHHYeCKast perJa-
MEHTAllUs M PEerucTpauys IPOJAOBOJBbCTBEHHOIO ChIPbA U MUIIEBBIX MPO-
AYKTOB, a TaK)Xe KOMITOHeHTOB ((parMeHTOB) [JIs1 UX IIPOU3BOACTBA, ITO-
JIyYeHHBIX M3 WJIH C UCIOJb30BaHHEM TFeHETHYECKH MOAUMHUITMPOBAHHBIX
MCTOYHHUKOB, TIPH COAEPXKAHUH TOCJeAHUX 2% U 6oJiee. Y TBep>KAEHHBIN
repeyeHb TAKOTO ChIPbsl U MPOAYKTOB, MOJIEXKAMMX 0053aTeIbHbIM J1a60-
PaTOPHBIM UCIIBITAHUSM HA HaJW4YHe FeHETHYECKH MOAUHIIMPOBAHHBIX
MCTOYHHKOB (KOMIIOHEHTOB), BKJIIOYAET COI0 U MPOLYKTHI €€ Iepepabor-
ku (coeBbie 6OGbI, COEBbIE IPOPOCTKH, KOHIIEHTPAT, U30JAT, THAPOIM3AT
COEBOro 6eJIKa, COEBYIO MyKY H T.J., BCero 17 HaHMEHOBaHHUii), KyKypy3y
¥ TIPOAYKTHI ee nepepaborku (5 HaWMeHOBaHUi), KapTodesb u Kaprode-
nenpoxykrbl (11 HaMMeHOBaHui), TOMATHI M IPOAYKTHI M3 TOMaToB (5 Hau-
MEHOBaHMI ), KaGauku, AbIHM, MalMaifio, MKOPHH, IHIIeBble U GHOJIOTH-
YEeCKHM aKTUBHbIE JOOABKHU K Muile U IMPOAYKTH AETCKOTO, AHETHYECKOro
Y Jlede6HO-NTPOoUIAKTHYECKOrO TMHTAHUS, IIPOU3BEJEHHbIE H3 HUJIH C
UCIIOJB30BAHUEM TeHETHYECKH MOAUGUIHPOBAaHHBIX UCTOYHHKOB. Y CTa-
HOBJIEHO, YTO HACTOMAILEEe NIOCTAHOBJEHHE He PacCIpOCTPaHseTCA Ha Mpo-
JIOBOJIBCTBEHHOE ChIPbE U MUINEBLIE IPOAYKThI, HOJTyYeHHbIE U3 HJIH C UC-
NI0JIb30BAHMEM TeHETHYECKU MOAU(PUIIMPOBAHHBIX HCTOYHUKOB, HE COAEp-
kanmmx AHK u 6enka.

CorjacHO NOCTaHOBJEHHIO, 0053aTETBHBIM JIOKYMEHTOM, MJAIOLIUM
IpaBO IIPOM3BOACTBA U 060POTa TAKOTO CHIPbSI U IMPOAYKTOB, ABJSETCS
YAIOCTOBEPEHHE O €ro rOoCyJapCTBEHHOH TUTHEHHYECKOX PperuCTpaluH.
YupexnenuaM MunucrepcTBa 3apaBooxpanenus Peciy6muku Benapycs,
OCYLIECTBJISIOIINM [IPOBEJEHHE roCyAapCTBEHHOI r'MrueHnyecKoil peruc-
Tpalluy, NpeANUcaHo 06eCneYdTh IIPOBeIeHHe ero TOCyAapCTBEHHON T'H-
THeHN4YeCKOH persiaMeHTallUd U perHcTpauuu. Belaauy ygocroBepeHuii o
rocyapCTBeHHOU FHTHE€HNYeCKON perucTpalyH, 0 OpraHu3aluy nmpose-
JeHUs JabOpaTOPHBIX HCHBITAHMN HA HaJIUYHe FeHEeTHYECKH MOAUMHILIN-
DOBaHHBIX MCTOYHHKOB (KOMIIOHEHTOB), HPOBOAMTH II0 COTMPOBOJUTE/Ib-
HbIM JOKYMEHTaM, IPeACTABJIAEMBIM MPou3BoauTeNeM (IIOCTABIIMKOM)
npoaykuuu. ITocTaHOBIeHHEM 3ampernaeTcsa 060pOT MPOAOBOIbCTBEHHO-
rO ChIPbsl U MHLIEBBIX [TPOAYKTOB, a Takxe KOMIIOHeHToB ((pparmMenTos)
JUIS UX TIPOM3BOACTBA, MOJIYYEHHBIX U3 MJIM C MCIIQJb30BAHHEM IeHETH-
YECKH MOAU(PHUIMPOBAHHBIX UCTOYHUKOB, HE HUMEIOLIHX COOTBETCTBYIO-
e MapKHPOBKH.

Kak BuauM, rpaHzuo3Hylo 3afayy IIOCTABUJI II€peX CBOMMH IIOAYHU-
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HEHHbIMU IJIaBHBIM CaHUTApHBIN Bpay Hamieil cTpanbl. MoXXHO npeacTa-
BHUTb, CKOJIBKO TIOHAZOOHUTCA CPEACTB JJI1 €e IIPETBOPEHHS B XKU3Hb,
MEXAY IPOYNM, GI0)KETHBIX CPEJICTB, TO €CTh JieHer, 3apafoTaHHBIX Ha-
MMM HajorollaTesbiiuKaMu. Beab HaZo aHA/JIM3UMPOBaTh 6ce <«II0A03-
pUTeJIbHbIe» NMPOAYKTHI, KOTOPHIX yXXe ceiuac 60jiee NATUAECATH HauMe-
HoBaHMiH. Bo3HUKaeT TOJBKO OAMH BONpOC: CTOMT JIM Mrpa cBeu? Pamu
KakKo# 6o/bwoil 1eau 6yayT 3ary6JieHbl TUTaHTCKHE CyMMBI HapPOJAHBIX
JieHer?

Benapycs, okasbiBaercs, montia Bcaen 3a Poccueit eme aanbite EBpo-
IIbl B 3aI0MTe NpaB NOTpe6uTesIel Ha BlajeHHe HHGOpMaluel 0 MeToJax
CEJIeKIIMH PaCTeHWH, HHULMUPOBAB (PaHTACTHYECKUH 110 CBOMM MacCIlTa-
6aM 6yMaroo60opoT B BHJ€e JOKYMEHTOB O reHeTHYECKH MOAU(HUIMPOBAH-
HbIX OPTaHM3MaX U CBSA3aHHBII C HUM POCT YHCJa YHHOBHHKOB, XOX/e-
HUH NpeAnpUHUMAareseif K 3THM YHHOBHHUKAM U T.J.

Mexay npouuM, corjiacHO nocranoBieHHio CoBera MunuctpoB Pec-
ny6aukn Benapycs (1993 r., Ne517), o6s3aTespHasi rocyfapcTBeHHAs
PerucTpalys M perjiaMeHTalust Oblia BBeleHa C LeJBbI0 <«BBISBJICHUS
CBOMCTB NIPOAYKLUH, IIPEACTaBASIOUINX ONACHOCTD A/ 3J0POBbS H KH3-
HHU YeJIOBEKa, H OLIEHKH COOTBETCTBUS NPOAYKILINH, YCJIOBHH ee H3rOTOB-
JIeHus1 ¥ o60poTa Tpe6OBaHHUAM CaHHTAapPHBIX IPAaBUJ, HOPM M IUTHEHH-
YecKUX HOPMATHUBOB, NMpeAOTBPAIeHUs BPEAHOTO BO3/eHCTBUA IPOAYK-
IIMM Ha 3/10POBbe YesOBeKa IIpH ee IIPOM3BOJACTBE U MCIOJb30BAHHUUY.
HenonsitHo, 4yTO co6upalorcsa Aenath Hamy Meauku ¢ TMO B KoHTEKCTe
9TOi Llesin, KpoMe UX 06HAPYXKeHHs B IPOAYKTaX NMUTaHus u cbopa 6ymar
C MX XapaKTePHCTHKaMH.

K coxanenuio, 0qHOM U3 OCHOBHBIX HauIuX 6eJ sIBJSIETCS HEAOCTATOyY-
Hasg Hay4Has ¥ 3KOHOMHYECKass 060CHOBAHHOCTbh MHOTHX BecbMa JOpO-
FOCTOSIIIUX TOCYJAapPCTBEHHBIX pellleHuil, KOTOpble TSKeJbIM OpeMeHeM
JIOKaTCsl Ha 9KOHOMUKY CTpaHbl. BeccriopHo, IIpaBo rpa/aH Ha HoJyye-
HHe MHQOpMalIUM Hao yBaXkarb. Ho HaCTOJIbKO JIM BaskHA 3Ta HHPOpMaIus,
YTOOBI TPATHTb Ha COOJIIOZIEHHE 3TOrO TIPaBa CTOJIbKO cpeacTB? I1oHATHO,
4TO 3anagHOEBPOIENHCKHME CTPaHbI BBIHYXAEHbI 3T0 aeiath (oGecreun-
BaTh MapkuposKy I'MQO), TouHee, UMHTHPOBATh 6YPHYIO AEATEIbHOCTD B
JAaHHOM HaIIpaBJIEeHHH, TOCKOJbKY peaJM30BaTh B IOJIHOH Mepe co6io-
JAeHUe 3aKOHOJATEeNbCTBA, NPUHATOrO B OTHOLIEHMM T'eHEeTHYeCKU MOJU-
(¢puIMpoBaHHBIX OPraHU3MOB, He IMOJA CHJIY Jake uM. B aTux cTpanax B
pesyJbTaTe HEYMHOH aKTHBHOCTH OIpEJeIEHHBIX FPYIII CJIOXKHJIOCHh Kpaii-
He HETaTUBHOE OTHOIIEHWE HaceJeHus K reHeTuyecku MoauduuupoBaH-
HbIM OpPraHu3MaM, TO €CTb BO3HHMKJIA CHTyallusi, KOTOPYIO HE0OX0UMO Ka-
KuM-T0 o6pasoM Mmensts. Ho B Bemapycu nonoxxenue coBcem unoe. [Jo
HEePelPON3BO/CTBA CeJbXO3NPOAYKIMK HaM TOoKa ente gajneko. Cepbes-
HbIX <IIPOKOJIOB» B AESTEJbHOCTU HAUIMX CAHUTAPHBIX CIAYXKO OTMEUYEHO
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He 6bLy10. Y Hac COBCEM APYIOil MEHTAJIMTET HACEJEHUSI, CPEIH KOTOPOTO
HeMHOTHe MH(MOPMHPOBAHBI O reHeTHYeCKH MOoAH(HIMPOBAHHBIX Opra-
Hu3Max. Hazxo nath mogsaM BO3MOXHOCTh CAMMM PEINUTD, & HE YHHOBHM-
KaM, Ha 4TO Jy4lle NOTPaTUTh CBOUM KPOBHbIE JeHbId: HAa GUPKH JJIS re-
HETHYECKH MOAM(DUIMPOBAHHBIX OPTraHU3MOB HJIM, CKa)keM, Ha 3aKyNKy

ae(pUIUTHBIX JIEKAPCTB.




IHHOCJIECJIOBHE

Koraa st noctynua B acnupantypy UHCTHTYyTa reHeTHKH M HUTOJIOTHH
HAH benapycu B 1976 roay, cuuranocs, 410 3TOT HHCTHTYT HMEET JIyY-
it B OraesieHny 6MOJIOrMYECKUX HayK apK coBpeMenHo# (1o TeM Bpe-
MeHaM) 3JIeKTPOHHO-BBIYMCIHTENbHON TeXHHKH. SI BCIOMHHAIO, YTO U3
ce6s npexacTaBaanu 34 OBM. OHU 3aHMMaIM MOJOBHHY AOCTATOYHO
60/IbIIOH KOMHATHI, CHJIBHO TYAeJH H BbAEJSAAM MHOro Temia. Hy a
MOIIHOCTb HX OblJIA... Jy4llle He BCIIOMUHATh. e KOMIBIOTEPHI, C KOTO-
PBIMM MTIpaIOT Tellepb HAlllK AeTH, UMEIOT XapaKTepUCTUKH, Ha MHOTO NO-
PSAZIKOB NpPEBBILIAIOIIME BCe CaMble PaAy>KHbIE NIPEJCTaBIeHHs O BO3MOX-
HOCTAX BBIYHCJMTEJbHOH TEXHHKH TeX BpeMeH. A Belb IPOIIJIO BCETO
9yTh Gosee 25 ser.

ITporpecc B o61acTu Moeit 1106HMOIT HAYKH IeHEeTHKH COIIOCTAaBUM C
T€M, YTO IPOU30UIJIO ¢ KOMIBIOTEPAMH, a MOXKeT OBITh, H 60Jiee 3HAYUM.
IlosiBnenye M cTpeMHUTe/IbHOE Pa3BUTHE TeHETHYECKOH HWH)XEHEPHM II0JI-
HOCTBIO NlepeBePHYJIO BCe CTapble NPeACTaBJeHHUs O BO3MOXHOM U HEBO3-
MOXHOM. EcTecTBeHHO, IPHBBIKHYTb K 3TOMY O4YeHb CJI0XKHO. OHO feJio
KOMIIBIOTEPBI: HX MOXKHO MCIIOJIb30BaTh B XO3SHCTBE, UIPaTh C HUMH B
pPasHble UTPbl... A MOXHO 06oitTHCh M 6e3 HMX. OHH He 3aTpParuBaIoT
Hallle 30pOBbe, €CJU UMH He 3/10ynoTpe6asaTs. [[pyroe Aejno — resHeru-
yecKas HHKeHepusi. [IpekpacHO, YTO OHA TOMOraeT JIeYHTh 60sie3HH. JTO
BOCIIpMHHMaeTCsA Kak Ao/bkHoe. Ho BoT HoBas muma... CrpamrHosaTo
KaK-To, /la ¥ B raszerax ee HasbiBaioT «nuunleit Mpankenmreitnas. [Ipas-
Jla, y4eHble TOBOPSIT, YTO OHA coBepieHHO 6e3onacHa. Ho kxTo ux ciayma-
eT? OHH Beap MoryT omubarscsa. KoMy Beputn? O6BbeKTUBHOMN U B TO Xe
BpeMs NMOHATHOH MH(OPMALIUU 0 reHeTHYeCKH MOAU(DUIIMPOBAHHBIX Op-
raHu3Max NMPaKTH4YeCKd HeT.

Curyauus, xoropas caoxujach ¢ BocupusitueM MO, He aBisieTcs
MCKJIIOYEHHEM B HICTOPHH 4eJjioBe4ecTBa. Tak 6bLIO Bcerga: JioOble HOBbIE
npoaykTsl (kode, ToMaThl, Kaprodeas, KyKypysa) eBpoleiflibl BCTpeda-
JIH, MATKO TOBOPSi, C HEeZOBepPHeM. Y AMBUTEJNbHO, YTO 3TO CJAYYHJIOCH C
I'MO. Korza B 1995 roay s exan B Kaup Ha Moe mepBoe COBEI[aHHE TI0
BonpocaM 6u06e30NacHOCTH, TO JOJr0 He MOr TOHATb, KaKHe Xe, cob-
CTBE€HHO, PHCKH AJIS 30POBbs YeJ0BEKAa M OKPyXKalolleld Cpeabl MOryT
OBbITb CBSI32HBI C TPAHCTEHHBIMH COPTaMM pacreHuil. Moux 3HaHHH B re-
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HeTHKe, 6€3 IATH MUHYT JOKTOpA HayK B 3T0H o6aacTti, 6bLI0 HEAOCTa-
TOYHO, YTOOBI CAMOMY IIpUAYMaTh YTO-u60 peasbHOe. Beapb aus crenua-
JIUCTOB reHeTHYeCKast UHXEeHePHUs CeJbCKOXO3SUCTBEHHBIX PACTeHUH —
BCETO JIMIIL HOBbIH 3(P(EeKTUBHBIN METOJ CeJIeKIHH, NO3BOJISIONUM 10-
6aBJISIT COPTY OTAEJIbHBIE TeHBI, COXPAHSS MPH 3TOM BCE UMEIOIIHECS ero
II0JIOJKUTE/IbHbIE XapaKTePUCTUKH. B TpaauIlMOHHOH CeJjleKLIMH IIpHMe-
HAIOTCS M 3HA4YUTEJbHO 6oJiee rpy6bie CIOCOObI BMeEIIATEJbCTBA B Ha-
CIEICTBEHHYIO CTPYKTYpPY OpraHHM3Ma, HallpUMep PaJHALlHOHHBIA WU
XUMUYECKUH MyTareHes.

[Tosnnee s1 03HAKOMMJICA C MHOTOYMCJIEHHBIMH TyGIUKAIUSAMH 0 6u-
06€30MaCHOCTH, MHOTO JIeT pa6oTaj B 3TOM 06JaCTH 3HAHUH, TPHOOPEN
OnpexeNeHHbIH aBTOPUTET, B TOM YHCJe MEXAYHAPOAHBIH, YHUTAKO CTY-
JeHTaM JIeKIIUH B YHUBEpCUTETe. TeM He MeHee COXPAHUJIOCH OLIYIIIEHHE,
4TO BCA 3Ta myMuxa Bokpyr 'MO — 4T0-TO UCKYyCCTBEHHOE, CUJIBHO IIO-
MaxuBalolllee MOJUTUKOH, Kor[a OTAe/bHble JHYHOCTH U OOIeCTBEHHbIE
TPYNIIbI NBITAIOTCS CKOJIOTHTD BIIOJIHE OCSI3a€MbIM KaIIUTAJ Ha <IIOMYJIsIp-
Hoi» mpo6yeMe. M 31O He TOJIBKO OLIYLIEHHE, a CaMast YTO HU e€CTb 06b-
€KTHBHAs peaJbHOCTD.

Tak, naBectns! ¢akTsl Ucmoab3oBaHus npobaeMbl TMO s moJUTH-
4YeCKOro TOpra: B OJHOM U3 €BPOIIeUCKUX CTPAH «3eJIeHbIe» CMOIJIH IIOJIY-
YHUTD ABA AOTOJHUTEbHBIX MeCTa B IIPABUTEJIBCTBE B OOMEH Ha OOelaHue
«He TporaTb» AaCCUrHOBAaHUSA HAa pA3BUTUE IeHETHYECKOH MHIXKEHEepHH.
BceM nmamaTeH aeMapin naepoB psaga appUKaHCKUX TOCYZAapCTB BO Bpe-
Msi BCeMHUpHOro camMmuta B Morannec6ypre, qeMOHCTPAaTMBHO OTKa3aB-
IIKXCA OT TyMaHHTapHOH ITOMOIIY 3alaJHbIX TOCYAapCTB Ha OCHOBAHUU
TOTO, YTO 3Ta IIOMOIb IIpeJCTaBIsAa cO60H 3epHO KyKypy3bl H COH, B KO-
TopoM MorJyim 6biTb 'MO. OnnoHeHThl TeHETHYECKOM UHXXEHEPHH, B TOM
yucJie ¥ B besapycu, saxne6piBanuch oT Boctopra. Kak e, gaxke roso-
naoone adppuxaHub otkaszaauch or 'MO. Ilpasaa, nporpeccusHoe Yeo-
BEYECTBO PAaCLIEHHJIO 3TOT JeMapll KaK BepX aMopaibHOCTH. Paau aenre-
BBIX NOJUTHYECKUX 3¢ ¢eKTOB ITH JHAEPHI JHIIUIH CBOH HAPObI Kauec-
TBEHHBIX IIPOAYKTOB, KOTOPHIE, KaK IIOKa3aHO B 3TON KHHre, aBCOJIIOTHO
HIAEHTHYHBI IOJTy4YeHHBIM U3 OOBIYHBIX COPTOB. B KOHIle KOHIIOB, HX MO-
XHO ObLJIO XOTsI 6bI CKOPDMHTD KHBOTHBIM H IOJIYYHTH MSCO...

HayuHnple naHHbBIe U yokKe UMEIOLMICS HEMAJIbIH OTBIT UCIIOIb30BaHHUA
I'MO cBuAETENBCTBYIOT O TOM, YTO OOJBIIMHCTBO PHCKOB, KOTOpbIE C
HHMH CBA3BIBAIOT, SIBJISIOTCS CKOpEe TMIIOTETHYECKUMHU, Y€M PEATTbHBIMHU.
Y7o xe kacaercs IMO, HONyImEHHBIX K HCHOJIb30BAHHIO B XO3SICTBEH-
HOM! AeATEeJbHOCTH, TO CIIELMATUCTH BOOOIIE YOEKAEHBI, YTO OHH MEHEee
OITacHbl, 4eM O6bIYHbIE COPTA, IOCKOJIBKY NPOILIN OY€Hb JKECTKYIO FpO-
BEpPKY Ha 6e30mMacHOCTh, KaKasl IOCJAeIHHM M HE CHUJIACh.

OcHoBHOI NPUHUUIT 6HOGE30MACHOCTH - IIPUHLHUI TPUHATHS Mep
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npenocTopoxHocTu. CyTh ero He B TOM, 4TO BCe, 6e3 UCKIIOYEHUS, CO3-
JaHHOE C IIOMOIIBIO FeHeTHYEeCKOH HH)KEHEPHHU OMaCHO AJ1s1 310POBbs Ye-
JIOBEKA U OKpyXKalollleH cpefibl, a B TOM, YTO Mbl HE MOXKEM MOKa C IOJI-
HOH YBEDEHHOCTBIO TOBOPHTb O COBepUIeHHOH 6e30macHOCTH JI060T0
TPaHCTEHHOro pacTeHusi. Beab nepsble reHHO-HH)XXeHEPHBIE COPTA MOSBU-
auch coBceM HepaBHO. CymecTsyer (IycTh OYeHb HEGOJBINAS) BEPOST-
HOCTb, 4TO oTAeabHble MO MOryt Hectd Kakue-1d60 pucku. [{as Toro
4yTO6bI STH PHMCKH HEe JOIYCTHTb, BBISBUTH KaK MOXXHO PaHbINE, YTOOLI
HCKJIIOYHTb UM MUHUMU3UDPOBATh UX, W CYLIECTBYET cucTeMa 6106e30-
TaCHOCTH.

51 6b1 He XoTes1, YTOGHI YUTATENH PACCMATPUBAJIM 3TY KHUTY B KayecT-
Bé peKJIaMbl T€HETHYECKOH NH)KeHepUHU U ee nocTuKeHuii. Y 1 He craBua
CBOE# 1eJIbI0 KOro-10 y6eauTh, Kakas 3aMevaTesbHas mTyka aTh I'MO.
ITocnoBuna «kasxablii KyauK cBoe 60JIOTO XBajMT» 3/eCh He YMECTHa,
IIOCKOJIbKY B CBOeH HaydHOH paboTe s He 3aHMMAIOCh UX CO3JaHHEM.
IIpocTo s mbITancs BOCHOJHHUTL npobes B MH(pOPMAalWK, XOTeJ BBICKA-
3aThCA 10 MHOTUM CIIOPHBIM npobsieMaM, kacaomumcss T'MO u 6uobeso-
HacCHOCTH M T€X HePaLHMOHAJbHBIX, Ha MOH B3I, 3aTPAT rocy1apCTBeH-
HBbIX JIeHET Ha MX <«peryjupoBaHues. Hajaewcb, MOU apryMeHTbl ObLIM
JIOCTaTOYHO yOeAUTeNbHbBIMH U 0O0CHOBAaHHBIMH, YTOGBI IIOMOYDb YHTATE-
JIAM C(POPMUPOBATb CBOE COOCTBEHHOE OTHOIIEHHE K 06CYK/aeMbIM IPO-
6ieMaM.
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JAHK (me30kcupu6OHYKAEHHOBAA KMCJAOTAa) — HOCHTEIb HAC/AeACTBEHHOH MH-
dopManuu y XKUBbIX OPraHH3IMOB. BhICOKOMOJIEKYISPHBIH MOJHUMEpP, COCTOALIMI U3
yeTsipex HyKJeoTHAOB (afleHWH, TyaHHH, IMTO3WH M THMHH), Ye€PefOBaHHEM KOTO-
PbIX KOAMPYETCA reHeTuyeckass uHopManus.

PHK — pu6onykienHoBast Kucaora. Ee MosiekyJia o crpoenmio anajgornuda JTHK.
B otsimune ot nmocneaHel oHAa COCTOMT M3 OJHOI HMTU, B KOTOPOH YepeAyIoTCA HyKJe-
OTHABI aJIEHUH, I'yaHWH, LATO3HH K ypauua (BMecro TMMuHa). B KayecTBe caxapa B
PHK Bxoaut pu6osa. B ¢ynxuun MPHK (Marpuunoii, undopmaunonsoit PHK)
BXOAUT mepejaya reHernyeckoit uadopmanuu ot JHK x MecTy «c60pkH» 6eakoB —
pu6ocomam. Tpaucnoprasie PHK (rPHK) pacnosHaoT u ZOCTaBAsIOT K pubocoMam
MOJIEKYJ1bl ONpe/ie/IeHHBIX aMMHOKUCAOT. Y HEKOTOPBIX BHPYCOB FeHETHMYEeCKast MH-
¢opmanusa 3anucasa He B JIHK, a B PHK.

PEIIJIHK&IIHH — IIpoLecC TOYHOr¢ CaMOBOCIIPOU3BEACHHUA MOJIEKYJI HyKJA€HHOBBIX
KHCJOT.

I'en — ocHoBHasa dusnyeckass ¥ PyHKIHOHAIbHAA €AMHHIIA HACJEACTBEHHOCTH.
T'en mpeacraBasier coboit cneunguyeckyio mocaesoBarebHOCcTh HykjaeorHaos B JHK,
KOTOpas YCTaHaBJMBAET NOC/e0BATENbHOCTh aMUHOKHCJIOT B OIIPE/IeIEHHOM 6elKe.

FesoM — COBOKYIHOCTb F€éHEeTHYECKOr0 MaTepHaJia OpraHuaMa.

XpoMocoMB — OCHOBHOIf MaTepHaJIbHbIH HOCHTeJNb HAacJeACTBEHHOM uHdopMa-
uuH. CaMOBOCHIpOM3BOAAIIMECS] CTPYKTYpbI, npeacrasiasiioune kommiaexc JHK u
6e/KOB B ApaX 3YKapUOTHYECKUX KJeTOK (KJIETOK BBICIIMX OPraHU3MOB, UMEIOIIHX
KJeToYHOe AApo). B kax ol xpomocome conepxutes o onnoil Mosekyne JTHK. Ko-
JHYECTBO XPOMOCOM /LI KaXK/JI0TO BH/Ia BBICHIMX OPTaHU3MOB ABJSETCA CTPOro OMpe-
JleJIEHHOH TOCTOAHHON BeJIMYHWHON M, KaK NMPaBUJIO, BbIpaXKeHO YeTHBIM 4McaoM. Bo
BpeMs NeJIEHHA f[pa M KJEeTKH MOBeJEHHE XPOMOCOM NMOAYUHAETCA OnpejeseHHbIM
3aKOHOMEPHOCTSAM.

ToMonOrHYHBIE XPOMOCOMBI — NAPHBbIE XPOMOCOMBI, Y KOTOPBIX OJIHHAKOBBIE JIO-
Kycbl (MeCTO pacnoIOKeHUs OTAEJHbHOTO FeHa HA XPOMOCOME) PaCIIOJIOKEHb B OAHOM
U TOM Xe JHMHEHHOH nocC/IeX0BaTeIbHOCTH.

PexomOuuanus (ecrecTBeHnas) — mnojyyeHde HOBbHIX KOMOHHaI{Ui FeHOB Y Mo-
TOMKOB II0 CPABHEHUIO C POAUTENbCKUMH ¢opMamMK. B OCHOBHOM MPOMCXOIUT B MPO-
necce 06pa3oBaHus MOJOBBIX KieTOK (Meiio3e) myTeM o6meHa yyactkamu JHK mex-
Iy TOMOJIOTUYHBIMH XPOMOCOMaMH.

Texnonorus pekombunantunx JHK — MeToapt nosydyeHHst HOBBIX HOCJIE0BA-
teabHocreil JTHK nyTtem coeaunenns in vitro (B npo6upke) aAByx uiu 60Jiee HETOMO-
Joru4Hbix Mosexkysn JIHK u BReApeHus uX B K/I€TKH XKUBBIX OPFaHU3MOB, i€ OHU MO-
TyT pPenJIMUHpOBaThCS.

I'enno-unxenepumil opranuam ('HO) — xuBoii opranuaM, coaepxauuii HO-
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BYI0O KOMOHWHAIMIO F€HETHYECKOTO MaTepHa/a, NMOJYYEHHYIO € MOMOINbIO IeHeTHYec-
KOl uH>xeHepuM. B smTeparype HCOMB3YIOT A1 0603HAYEHHS TAKMX OPraHM3MOB H
JpYyTHe TEDPMHMHBI: <«reHeTHueckn MoguduiupoBanusii opraunsm» (TMO), «renHo-
HHKeHepHO-MoaH(uuypoBaHHbiii opranuam» (TIMO), «opraHu3m ¢ HOBBIMH NIPH3-
nakamu» (OHII), «Tpancrenusiii oprannam». B KapraxeHckoM nportokose 1o 6uo-
6e30MaCHOCTH MCIIOIb3YETCS TEPMHH «)KWUBOH M3MeHEHHBIH OPraHM3M, SIBJSIONMACH
pe3yIbTaTOM NPHMEHEHHs COBPEMEHHOH OHOTEXHOJOTHH», HJIH IPOCTO <«XKHBOH
H3MeHeHHbIH opranusM» (PKHO).

TeHeTnvyeckan uHXeHepusa (coBpeMeHHasn GHOTEXHOJOIHs, MO TEPMHHOJOTHH
KapTaxeHcKoro npoTokona) — TEeXHOJIOTHS MOJy4YeHHs] HOBbIX KOMOMHaIu# rexne-
THYECKOTO MaTepuana MyTeM NPOBOAUMBIX BHE KJIETKH MAHUIIYAANUA ¢ MOJEKyJIaMHi
HykJenHOBbIX Kucjor (/IHK uan PHK) u nepeHoca CO3/JaHHBIX KOHCTPYKIIMH IreHOB
B DELHUIIMEHTHBIH OpPraHM3M, B pe3yJ/ibTaTe KOTOPDOro AOCTHIAeTCs MX BKJ/IOYEHHE H
aKTHBHOCTb B 3TOM OpraHH3Me M Yy €r0 I10TOMCTBA.

I'eHHO-HHX€HEepHbIe, TPAHCreHHble, reHeTHYeCKH MoaudHIHpOBaHHNE NpO-
ayktol (TM-npoaykThi) — nmpoaykTsl nuraHus, cocrosmue u3 'MO uau coaepxa-
mue ux, o6pabotaHHble MaTepuaisl, poucxogaiue or F'MO u copepxamue noaaa-
Io1Mecss 06HapPYXEeHHIO cCoco6Hble K Bocnipon3BoAcTBy Mosekyanl JTHK, Bkmovao-
IiMe TPAHCTeHHI.

Tpancren — reH, B34ThIH M3 OHOI'O OpPraHU3Ma W NT€pEHEeCeHHblit B APYroH opra-
HH3M WX KJETKY, TeHHO-MH)KeHepHas KOHCTPYKIHMs, BKJIo4aiomasi reu(pl), XoTo-
polit(e) npeanosaraercs nepenaTh PEUUNHEHTHOMY OPIAaHU3MY, ¥ T€HETHIECKHE dile-
MEHTDI, Heo6xoaumble s ero (HX) nepeHoca, HHKOPIOPAUMH B F€HOM s/pa UK Kiie-
TOYHBIX OpraHe/s U aKTUBHOCTH B 3TOM OPraHH3Me M y €ro IOTOMCTBA.

T'eHHO-HHXKeHepHas AeATEeJbHOCTb — JEATEJbHOCTh, CBSI3aHHAS C CO3JaHMEM,
HCIIBITAHHEM, MCIIOJb30BaHUEM, BBO3OM M BbIBO30M MO,

Be3onacHocTb reHHO-HHXEHEPHOI JesTe IbHOCTH, Ge30nacHocTs B GHOTEXHO-
Jaoruu (6HoGe3onacHocTb) — COCTOSAHME 3alHIEHHOCTH, NOCTHTaeMoe MOCPeACT-
BOM HCIOJIb30BAHUS CHCTEMbl MEDONPHATHH, HalpaBJEHHBIX Ha IpeJOTBpallleHHe
WM CHMXKEeHHe N0 Ge3omacHOro ypoBHS HeOsaronpustHbix Bosgedictsuii TMO Ha
3/10POBbE 4eJIOBEKA M OKPYJKAIONU[YIO Cpefy NMPH OCYIeCTBJEHNH TeHHO-MHKEHEPHOH
eATEbHOCTH.

Briceo6oxgenne TMO B okpyxalouyio cpexy — CaHKUHOHAPOBAaHHOE BHece-
Hue MO B oxpyxaiomyio cpeay. Pa3nuyalor ciaeayonie BHAbI IIpeIHAMEDEHHOrO
BbIcBOGOXAeHHsT TMO B OKpYyXaouyIo CPEeAY: KOHTPOJHPYEMOE BBICBOOOXKAEHHE —
OrpaHHYeHHBIE N10JIEBble UCTIBITAHUSA HAa M30JIMPOBAHHBIX YYacTKaX — I0auroHax (B
TOM YHCJIe HCITBITAHHA HA 6M06E30NMacHOCTh) C IPHMEHEHMEM CIIELMAIBHBIX Mep Orpa-
HHYEHHSA DHCKOB; 3all/IaHMPOBaHHOE BbICBOOOXKI€HNEe — BBICBOGOXIEHHE B OKPYy»Ka-
IOIYI0 CpeRy 6e3 MCNOJib30BaHMSI CIENUANbHBIX MEpP OrpaHWdYeHHsi PUCKOB (B TOM
YHCJIe COPTOUCTBITAHNA); WHPOKOMAcITabHOE BbICBOGOXKAEHHE — BbICBOGOXIeHHE
I'MO npu HCHOJb30BaHMH B XO3SWCTBEHHO JeATEeNbHOCTH.

BepruxaabHas nepeaaua renoB (TpaHCreHOB) — repejada reHETHYECKOTO MaTe-
pHana B HOKOJEHHSX MOJOBBIM IIyTEM.

Fopu3onTanbHas nepejaya reHoB (TPAHCTEHOB) — Iiepejada TEHETHYECKOTO
MaTepuaja OT OHOTO OPraHn3aMa K APyroMy NnyTeM, OTJAUYHBIM OT MOJOBOTO CKpELH-
BaHHUA / pa3MHOXeHUsA. Takum 06pa3oM MOXKeET IPOMCXOAUTD NEPEHOC TEHOB OT OYEHb
OTJaJIEHHbIX CHCTEeMaTHYeCKNX Py OPraHu3MoB: OT 0aKTepUH K PACTEHUSIM, OT BH-
PYCOB K >KHBOTHBIM, PACTEHHMSIM U T.II.
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PHCK — BepOSITHOCTb OCYLIECTBJAEHHA HexenaTeJabHoro (Heuesesoro) Bo3iei-
cteuss MO Ha 310poBbE YesloBeKa H OKPYIXKAIOWIYIO Cpeny BeieAcTBHe (PYHKIMOHM-
POBAHUSA UJU Nepejavyy TPAHCTEHOB APYTMM OpPraHU3MaM.

IloTreHnuaspHas OPHHEMAIOMAA Cpela — 3KOCHCTEMa HJHM MecTo OOHTaHMS,
BKJIIOYas YeJIOBEKa H KHBOTHBIX, KOTOpbIE MOTYT BCTyIIaTb B koHTaKT ¢ 'MO nocae
HX BBICBOOOXAEHHS.
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