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TEHHO-UHXEHEPHBII IIOJXO0O/I B CO3JJAHUN HOBBIX ®OPM PACTEHH,
YCTOMYUBBIX K ABHOTHUYECKHAM ®AKTOPAM

PaccmoTpeHa TeHHO-MHXEHEpHasi CTPaTerwsl CO3/JaHUsl HOBBIX (OPM pACTEHHH, YCTOWYHMBBIX K
abuoTudeckuM (akTopaM, HaNpaBICHHAS Ha CHIKCHHE KIMMAaTHIECKUX PUCKOB B pacTeHHeBoAcTBe. [Ipen-
CTaBJICH 0030p OCHOBHBIX 3TAIllOB TEXHOJOTHH CO3/aHHUS TPAHCTEHHBIX PACTCHHUH, MO3BOJAIOMINA OCO3HATH
HE TOJBKO CIIOKHOCTh U TPYAOEMKOCTh NPOLEcCa TPAaHCTEHE3a, HO W NOHWMAaHHUE IMOTCHIHAIbHBIX PHUCKOB
BBEJICHUS TEHETHYECKH MOAU(DUIINPOBAHHBIX CEIbCKOXO03SIMCTBEHHBIX KYJIbTYp B arpOICHO3HI.

BBenenne

BaxxHoii 3aaueii SBISETCS MOJIYICHHUE BBICOKMX YPOKaeB pacTeHUH Ha (OHE BO3pac-
TAIOIUX MOTEHIUATBHBIX PUCKOB, OOYCIOBICHHBIX HEOIArONPUATHBIMUA U3MEHEHUSIMH, MIPO-
ucxonsammmu B ouochepe. OT MPOAYKTHBHOCTH PACTEHUEBOJICTBA HAMPSIMYIO 3aBHCHT 3(-
(EeKTUBHOCTH BCETO CEIbCKOXO035HCTBEHHOTO MPOU3BOICTBA. PacTUTENbHBIN OpraHusMm, cro-
COOHBIN TpaHCHOPMHUPOBATH FHEPTHUIO COJIHIIA B DHEPTHIO OPTaHUYCCKUX COCTUHEHUH, SBIIS-
€TCS OCHOBOIIOJIArarolllUM 3BEHOM B IOJYYEHHH MPOJYKTOB IHTAHUS, KOPMOB, ChIPbs,
TOIUIMBA, JICKAPCTBEHHBIX CpeACTB. MHTeHcu(uKanus pacTeHHEBOJCTBA B COBPEMEHHBIX
YCIOBUSAX JOJKHA 0a3MpOBaTHCS HA Pa3yMHOM COYETAHMM TPAJUIIMOHHBIX MOIXOAOB C HO-
BBIMH TEXHOJIOTHUSIMH.

KnumaTtndeckue ycrnoBus SIBISIFOTCS 0CO00M rpymnmoii (akTopoB, BIMSIOMIUX HA ypO-
JKaHOCTh CEJIbCKOXO3SMCTBEHHBIX KYJIBTYpP, ITOATOMY COCTABJISIIOT arpoOKJIMMATHYECKHI pe-
Cypc cTpaHbl. ATpOKIIMMAaTHYECKUE pecypchl Tepputopun benopycckoro Ilonechs sBastorcs
0JIarONpPUATHBIMH JIJISl PACTEHUEBOJICTBA, OJHAKO TMOTOJIHBIC YCIOBUS KOHKPETHOTO T0/la MO-
I'YT CYLIECTBEHHO OTJIMYAThCS OT CPEIHUX MHOTOJIETHUX, CYLLIECTBEHHO JIUMUTHUPYS ypOXKau-
HOCTh OTJACJIBHBIX KYJIbTyp. McciiemoBaHusi KIMMAaTHUYECKHUX OCOOEHHOCTEM KoHma XX —
Havana XXI B. mokasanu, 4To OOIIHMe TEHICHIIUU MOTETICHUSI KIMMaTa 1 MUKPOKIMMAaTHYe-
CKHE M3MEHEHUs, CBSI3aHHBIE C MEITMOpAaINel, MPUBEIU K HOPMUPOBAHUIO OCOOBIX KIMMATH-
YyecKuX ycioBuii Ha Teppuropun [Tomecckoro pernona. I[To MHEHHIO psifa uccaemnoBatenei [1; 2],
IOro-3anagHbii peruod benopycckoro Ilosechst M0 KOJTMYECTBEHHBIM MMapaMeTpaM KJIMMAaTH-
YeCKOro IMOTEHIMalla MOXET OBITh BBIJEICH B YETBEPTYH) arpoKIMMATHYECKYI0 00JacThb.
dopmMupyronMecs arpoKJIMMaTUYECKUE YCIOBUS TO3BOJISIOT MPOTHO3UPOBATh pPEHTAOENb-
HOCTb BBIpAI[MBaHUS HOBBIX JJISl JAHHOTO PETMOHA KYNbTYp, Hampumep apOy30B U APYTUX
0axueBbIX KYJIbTYp, TaK)K€ IMOJYyYEHHE BBICOKUX YpPOXKA€B PAHHUX OBOIIHBIX U STOJHBIX
KynbTyp. Hapsiny ¢ GnaronpusTHBIM COOTHOIIIEHHEM TeIlia M BJIaroo0ecredyeHHOCTH, TT03BO-
JISTFOIIMM pealin30BaTh OMOKIMMaTH4ecKuid noteHuai [lonecckoro pernoHa B MpoayKTHBHOCTH
pacTeHui, OTMEYAOTCS TEHACHIMH, MTOBBIIAOIINE arpoKIMMaTHYeckue pucku. K HUM Mox-
HO OTHECTH YCWJIEHHME KOHTHHEHTAJIbHOCTH KJIMMAaTa, KOTOPOE COIMPOBOXKIAETCA YBEIUYEHUEM
KOJIeOaHM MEXCE30HHBIX TeMIIEpaTyp, a TAaKKe JTHEBHBIX W HOYHBIX TEMIIEpaTyp B BereTa-
LMOHHBIN MEPUOJ, YTO YrHETAIOLIE CKa3bIBAETCS HA BO3JIEIBIBAEMBIX KyJIbTypax. OTMedeH-
HBIC B TIOCJICTHUE JICCSITUIICTHS METEOPOJIOTaMH (DaKThl YBEITUUEHHUS YMCIIa CyXUX JHEU B TIEPHOT
AKTUBHOH Beretanuu (C Mas Mo aBTYCT) MOPOXKAAIOT OMACEHUSI BOBMOXKHBIX 3aCyX U yBelU4e-
HUS COJIOHYAKOBOTO MPOIIecca U B OJIMKaNIIIMe NecATUIeTHs. B CBSA3M ¢ ATUM CBOEBPEMEHHBIM
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ABJISIETCSL QHAJIU3 BO3MOXKHBIX HAIPABICHUN IIOJYyYEHHUs COPTOB PACTEHUN C IOBBILIECHHOMU
aJJalITUBHOCTBIO K IPOrHO3UPYEMBIM U3MEHEHUsAM Kiinmara [lonecckoro pernosa.

TpalUIMOHHBIN CEIEKIMOHHBIN MIPOLIECC, HAIIPABICHHBIM HA CO3JaHUE YCTOMYMBBIX K
HEOJIAronpUATHBIM OTOJIHBIM YCIIOBUSIM CPEJlbl TEHOTUIIOB PACTEHUH, B HACTOSIIEE BpeMs HE
IIO3BOJISICT TOCTUYb JKEJIAEMBIX PE3YJIbTATOB II0 PSAAY NPUYMH. BO-IIEpBBIX, IIPOIOIKUATEIIb-
HOCTb TPAJUIIMOHHOTO CEJIEKIIMOHHOTO Mpoiecca (okosno 10—15 neT B 3aBUCHMOCTH OT Cellb-
CKOXO35MCTBEHHOU KYJIbTYpPbI) HE MO3BOJISIET PEUIUTH CTOSIIIYIO 3a/1a4y B KOPOTKUM Cpok. Bo-
BTOPBIX, HEOCTATOK (h)yH/IaMEHTAJIbHBIX 3HAHUN O MOJIEKYJSIPHBIX MEXaHU3Max, JIeKaIIUX B
OCHOBE YCTOMUYMBOCTH PAaCTCHHUH K aOMOTHYECKHM CTpeccam, 3aTPyIHSET CO3JjaHHe HOBBIX
AJUTHBIX COPTOB. B-TpeThux, moreHuuan reHooHI0B OOJBIIMHCTBA KYJIBTYpP MPAKTUYECKU
HCYEPIIaH, [I03TOMY B CEJIEKLIUIO BOBJIEKAIOTCS BU/IbI JUKOPACTYILHUX COPOAUYEN KYIbTYPHBIX
pacTeHuil ¢ MOMOIIBIO OTJAJICHHON T'MOpUAM3AIMH, KOTOPas B CBOIO OYepelb COMpsKEHa C
psaoM TpynHocTe. COBpeMEHHBIN MOAXO0/A K PELICHUIO 33]a4l YBEJIMYEHUS TOJIEPAaHTHOCTH
CEJIbCKOXO3SUCTBEHHBIX KYJIBTYp K a0MOTHYECKUM CTpeccaM OCHOBAH Ha MHTErpalu B ce-
JIEKLIMOHHBIN IpoLEecC OMOTEXHOIOTMYECKUX (KJIETOUYHOM M T€HETUYECKON NHKEHEPUHN) U MO-
JEKYJISIPHBIX METOJIOB.

Monudukanun BbICOKOIPOAYKTUBHBIX PACTEHUH C LIEJIbI0 NPUJAHUS UM YCTOMYMBOCTHU
K aOMOTHYECKOMY CTPECCY OCHOBaHBI OOJbIIEH YacThI0 Ha MAHMITYJIALUSAX C T€HAMHU, OTBET-
CTBEHHBIMH 3a 3aIUTYy U MOJAEepKaHne (YHKIUU U CTPYKTYPhl KOMIIOHEHTOB KJIETKH. | eHeTH-
YyecKasi MHKEHEpUs MO3BOJISIET NIEPEHOCUTh OT OJHOTO BUAA K APYTOMY OIpEIEICHHbIEC I'€HBI,
TEM CaMbIM TIepeaTh MPU3HAK, 00SCIICUYMBAIOIINN YCTOWIMBOCTh K KAKOMY-TTHOO0 (pakTopy.

OpranusM, COAEpKalUKA 4yKEPOJHbII F€HETUUECKU MaTepHall, BBEAECHHBIN C TIOMO-
MIBI0O METO/IOB T€HHON WH)KEHEPUH, Ha3bIBACTCSI TPAHCTEHHBIM MJIM T€HETHYECKU MOJIUDHUIIH-
poBaHHBIM. TeXHOJIOrus CO3aHusl TPAHCTEHHBIX PACTEHUN BKJIKOYAET CJICAYIOIINE 3TAIbL:

1) BBIOOD crienuguuecKoro reua;

2) mo00p TeHOTHIA PACTEHUSI-PEIIUITHEHTA;

3) BBeJIeHHE I'eHa U OLIEHKA €r0 SKCIPECCUH B TEHOME PacTEHUS-PEIIUIINEHTA;

4) pere"epanus pacTeHUN U3 TPAaHCPOPMHUPOBAHHBIX KIIETOK;

5) oTOOp TpaHCI€HHBIX PACTEHUI U UCTIBITAHUS B MOJEBBIX YCIOBUSX.

Bei0op crneruduueckoro reHa onpenensercs 3ajauaMy, HalpaBlIeHHbIMU Ha MpHUJIaHKUE
pacTeHusIM 0coO0ro MpU3HaKa. BOJBIIMHCTBO I€HOB, ONMPENEISIIOIIMX 3TH MPU3HAKHU, BbIIE-
JeHbl U3 OaKTepUaAIbHBIX TEHOMOB MJIM T€HOMOB JUKUX BHUJIOB pacTeHUU. BbisiBieHHOE cXxo-
CTBO B OMOXMMHYECKHX IpOLieccax, HallpaBJICHHbBIX Ha (OPMUPOBAHUE CTPECCOBOTO OTBETA Y
OaKTepHil U BBHICIIUX pacTEHUil, MO3BOJIUIIO HCIIOIB30BaTh OaKTEpUaIbHbIe TeHbI IS MOTyde-
HUS PACTEHUM, YCTOMYMBBIX K CTPECCAM.

[TonGop reHoTHNa pacTeHUs-PELUINMEHTa OCHOBBIBAETCS HAa JBYX OCHOBHBIX TpeOOBa-
HUAX. B kadecTBe penunuenta moaduparoTcs pacTeHHUs BHICOKOYPOXKaWHOTO PallOHUPOBAH-
HOT'O COpPTa, MMEIOIIEro JIUIb OJHO OTPHUIATEIbHOE CBOMCTBO, KOTOpOE MOIJIO OBl OBITH
YIY4YIIEHO C TMOMOIIbI0 T€HHO-MH)KEHEPHBIX MeTOJ0B. Taxke BbIOOp I€HOTHIIA PACTEHHUS-
PELUITUEHTa ONPENeNsIeTCs] CIIOCOOHOCThIO €T0 KIETOK K pereHepalyu B 1enoe GpepTHIIbHOEe
pacTeHune, Tak Kak I0Ka3aHo, YTO 3TO CBOMCTBO 3HAYUTEIBHO 3aBUCHUT OT T'€HOTHUIIA.

BBeneHue resa B reHOM pacTEHUsA-PELUITNEHTa OCYLIECTBISETCS Pa3IMYHBIMU METOJ1a-
MU IIPU IIOMOIIM BEKTOPOB. BEKTOPHI U1 BBEACHUS 4Y)KEPOJHOIO T€HA B TEHOM PaCTUTEb-
HOM KJIETKM OBUIM HaiieHbl NMPU W3YYEHUU MPHUYUH OIyXOJEeBOro 3a0oyieBaHUs psaa JIBY-
JIOJIBHBIX PACTEHUH, B YAaCTHOCTH BHUHOTPaJa, KOCTOYKOBBIX ()PYKTOBBIX JI€PEBHEB, PO3, W3-
BECTHOT'O KaK KOpOHYAThIi rayii. BeI3pIBatoT onyxoinb y pacteHuil Ti-muta3mubl (KOJblieBbIE
BHEXpOMOcoMHbIe Manble Moiyiekynasl JIHK) HekoToppIx mTaMMOB MOYBEHHOW OakTepuu
Agrobacterium tumefaciens (o pexmaccuduranuu Rhizobium radiobacter [3]). ITpomecc
TpaHc(opMaIMy pacTEHH ¢ MOMOILBI0 pU30C(hEPHBIX arpoOaKTEpUil MPOUCXOIUT CIIEAYIOLIIM
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obpazom. [Ipu noBpexaeHNN pacTeHHs B HEM HAYWHAIOT CUHTE3UPOBaThes creruduueckue de-
HOJIbHBIE BELIECTBA, KOTOPbIE Y3HAIOTCS MEMOPAHHBIM PELENTOPHBIM OENKOM arpoOaKTEepHH.
B oTBeT Ha 3TOT XUMHUYECKHIA CHTHAN B KieTke A. tumefaciens akTuBupyroTcs reHbl, o0ecrieun-
BaIOIIHE MMOCPEJCTBOM CHHTE3UPYEMbBIX COEIMHEHUI MpUucoeAnHEeHNe O0aKTepUU K pacTUTENb-
HOH KJIETKE B MECTE IMOpaHEeHHUs1, OOBIYHO y OCHOBaHHUs cTeOs. [loce 3Toro mpoucxoauT akTu-
BaIus Apyrux reHoB Ti-mma3muiel, HeoOxoaumbIx s repenoca dyactu ee JJHK (T-dhparmenta)
B SIIPO pAaCTUTENBHOM KIeTKH, rae T-¢pparMeHT BcTpanBaeTcs B XxpoMocoMy. B 3aBucumMocTH ot
mramMma arpodakrepuu aauHa T-parmenta Bappupyer oT 12 1o 24 T. m. H. [4]. ITox Baus-
HUEeM TeHOB T-(parmMeHTa TpaHCOPMHUPOBAHHBIC PACTUTENIbHbIC KJICTKH HAYUHAIOT aKTUBHO
JIEeNUThes U GOPMUPYIOT KOPOHUATHIN rajil BCIEACTBHE HapylleHus 0ananca pUTOropMOHOB,
OT KOTOPOTO 3aBHCUT HOPMAJbHBIH MOpdoreHes pacrteHus. B KieTkax KOpOHYATOro rajia
HAUMHAIOT JSKCIpeccuio reHsl T-hparmenrta, NeTepMHHHUPYIOIIME CHHTE3 HECBONCTBEHHBIX
pacTeHUsM COEIMHEHUH, Ha3BaHHbIX OoNMHAMH. ONUHBI, BBIIEISEMbIE KIETKAMHM OILYyXOJHU
pacTeHusi, B Ka4yeCTBE MCTOYHUKOB YIriepoja W a30Ta MOT'YT HCIIOJIb30BAThCS TOJIBKO TEM
mrammoM Oaktepun A. tumefaciens, koropsiii mHMUIMpOBaT pacTeHue. Takum o0paszom,
B IIPOLIECCE HBOJIOLMU CHOPMUPOBAJICS MEXaHH3M IMPEBPALLCHUS PACTHUTEIBHOU KIETKU
B «(paOpuKy» 10 MPOU3BOJICTBY BELIECTB UCKIFOUUTEIBHO it Hyx 1 A. tumefaciens. 1o cyru,
camoii MpUpPOAOH ObLI MPEICTABICH SKCIIEPUMEHT M0 T€HETUYECKOW MHXKEHEPUU, MEXaHHU3M
KOTOPOT'0 yJali0Ch yCTaHOBUTH Jullb B 1977 r. M. Yunrton ¢ corpynnukamu. B 1978 T.
JIx. llenn nokazan, yro Ti-1ia3Muay MOXKHO MCIIONIB30BaTh KaK MEPEHOCUUK JIFOOBIX YyKepOI-
HBIX T€HOB. B Hacrosiiee BpeMsi B Ka4eCTBE BEKTOPOB ISl TpaHC(OpMALIMK PACTEHUIN HCIIOINb-
3y1I0T MoauduipoBanHyto Ti-Iia3MuIy U CKOHCTPYHPOBAHHBIE BEKTOPHBIE CHCTEMBI HOBOTO
TUIIA Ha ¢ 0cHOBE. VIHTepecyrouii NccieIoBaTeNsl IeH BCTPAUBaIOT B 00s1acTh T-hparmenTa.

Hapsiny ¢ Ti-miia3mMuioi B TeHETHYECKON MHKEHEPHHU MCIIONb3YIOTCSI BEKTOPBI HA OCHOBE
Ri-rutasmut, kotopsie BbIaeIeHBI U3 arpobaktepur Agrobacterium rhizogenes (o pexiaccu-
¢uxaru Rhizobium rhizogenes [3]). Ri-ruia3muipl BBI3BIBAIOT YCUIEHHOE U30BITOYHOE 00pa-
30BaHME KOpHEW W Tak ke, Kak Ti-ia3Muipl, MPUBOAAT K CHHTE3Yy ONMUHOB. [IpenmmMyiiecTBo
Ri-m1a3muz cocTOMT B X HEOHKOT'€HHOCTH, YTO MO3BOJISIET PEreHEPUPOBaTh U3 TPaHCHOPMH-
POBaHHBIX €10 KJIETOK 3/10poBble pacTeHus. Kpome toro, Ri-mnasmuga MoXKeT IpuHECTH NOJIb3y
pacTeHuIo, CHocoOCTBYs KOopHeoOpa3oBaHMiO. Tak, TpaHcpopMupoBaHHBIA Ri-miazmumoil
KapTodenb OTIMYaeTcs OONbIIEH Pa3BUTOCTbIO KOPHEBOM CHUCTEMBI, 3aCyXOYCTOWYMBOCTHIO
Y TIOBBIIIIEHHON YPO’KallHOCTBIO.

[TorpeGHOCTE B cO3/1aHUU IPPEKTUBHBIX BEKTOPHBIX CHUCTEM [yl TPAHCI'€HE3a pacTu-
TENBHBIX KJIETOK MOOYAMIa uccaeoBaTeNel K MOMCKY HOBBIX MCTOYHUKOB, B YACTHOCTH CPEH
¢utoBupycos. JJHK-conepxatiiue BUpychl pacTeHUil UMEIOT Majblii pa3Mep FeéHoMa, 4To I03-
BOJISIET JIETKO MaHuMynupoBatk BUupycHoit JIHK, o0magaror BbICOKONH KOMMIHOCTHIO BUPYCHON
JHK B kiieTkax 3apaK€HHBIX PACTEHUH, a TAK)KE€ UMEIOT CUIIbHBIE TPOMOTOPBI, KOTOPHIE MOT'YT
obecrieunTh APPEKTUBHYIO SKCIPECCHI0 UYKEPOJIHBIX I'€HOB. B reHernyeckoil MHxeHepun
pacteHuil Haubosee NepCHeKTUBHBIM B KaYECTBE BEKTOpAa CUMTAETCS BUPYC MO3AaUKHU IIBETHOM
KaIlyCThbl, TOPAYKAIOIIUKA B OCHOBHOM PacTEHUS CEMENCTBA KPECTOLBETHBIX.

Bromrouennsiit B JIHK BekTOpa MHTEpECYIOMIMNA HCCIEI0BATENS TEH TOJKEH OBITh JOCTaB-
JIeH B PELMITMEHTHYIO KIIETKY pacTeHus. B ycnoBusx in vivo uyxepoanas JIHK moxer Henosno-
BBIM ITyTeM B Tpoliecce TpaHchopMaluK ObITh EpeHeceHa OT KJIETOK JJOHOPA K KJIeTKaM peLu-
MUEHTa, B pe3yJbTaTe 4Yero pELUITUEHTHbIE KIETKH MpUOOpPETaloT HOBBIE WM YCUJIEHHBIE
HACJIe/ICTBEHHbIE CBOMCTBA M MPH3HAKH, KaK 3T0 ObUIO mokasano ¢ A. tumefaciens. B ycioBusix
Ja00paTOPHOTO SKCIIEPUMEHTa METO/bl TpaHC(HOPMALMU PACTUTENBHBIX KIETOK Pa3IMyaroTcs
B 3aBUCHMOCTH OT TpaHC(HOPMUPYEeMOro o0bekTa (OIHOAONBHBIE MM JBYAOJbHBIE PACTEHHSA).
Haubonee npeAanouTUTenbHbIMU SIS JOCTaBKU YYKEPOJHOTO FeHa B KJIETKH PaCTEHHU SBIISIETCS
MEeTO/] KOKYJIbTUBUPOBaHHS C arpo0aKkTepuel 1 MeTo] Ono0aTUCTHYECKON TpaHC(hOopMaLIUH.
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MeToa KOKYJIbTUBHUPOBaHHS C arpoOakTepueil OCHOBaH Ha TpPaHC(POPMALUMU KIETOK
pacTteHui arpoOakTepusMu, 00JalalOIIMMUA TPUPOAHON CIIOCOOHOCTBIO JOCTaBIIATh UHTEpE-
CYIOLIUHI I'€H B COCTABE IIJIa3MHUIHOIO BEKTOPA B paCTUTENbHBIN reHoM. IlomymnspHocTs 3TOr0
METO/1a CBsI3aHa C OTHOCUTEJIBbHOIM MPOCTOTOM MPOBEAECHUS TpaHCHOPMALMU U TOBOJIBHO BbI-
COKHMM BBIXOJIOM TpaHCTeHHBIX pacteHuil oT 10 1o 60 % B 3aBucMMOCTH OT BUaa. Meronom
KOKYJIbTHBALIUU C arpoOaKTeprel K HaCTOAIIEMY BPEMEHH I10JIyYeHbl TPAHCTEHHbIC PACTEHUS
IIPAKTUYECKH Y BCEX CEJIbCKOXO3SMCTBEHHBIX ABYJOJBHBIX PACTEHUN. AJJaITUPOBAH 3TOT Me-
TOJ U JJI1 HEKOTOPBIX OJHOJOJIBHBIX PACTEHUM, TAKUX KaK MIICHUIA, KYKypy3a, PUC.

Metoa OuobaMcTH4ecKoil TpanchopMan OCHOBaH Ha OOMOapAMPOBKE MHUKpOYa-
CTHMLIaMHU M3 30J10Ta, BOJIb(pama U IUIATHHBI C HanbUIEHHBIMU BekTopHbIMHU JIHK KynbTHBH-
pPYEMBIX Ha MUTATEIBHOM cpene kineTok pacrenui. [lomas B knerky, JIHK, nokpeiBaronias ya-
CTHLIbI, UHTErpupyercsa B pactutenbnyto JJTHK. Otor meron npumenuM st Tpanchopmanun
HIMPOKOT0 Kpyra pacTeHuil, KaK OJAHOIOJbHBIX, TaK M JBYIOJIbHBIX, IPOCT B IPUMEHEHUHU.
CeronHs1 UCNOJB3YETCSI OYEHD LIUPOKO, B TOM YMCJIE U JJI1 TPAHCIIOPTUPOBKHU T'€HOB B XJIO-
POILIACTBI U MUTOXOHPHUH.

Cy111ecTBEHHBIM MOMEHTOM B TEXHOJIOTUU MOJIYYEHHs] TPAHCTEHHBIX PACTEHUU SBISAET-
Csl ATAll pereHepanny KU3HECIIOCOOHBIX B3POCIBIX PACTCHUN M3 TPaHC(HOPMUPOBAHHBIX Kie-
TOK, OCHOBAaHHOM Ha CBOWCTBE TOTHIIOTEHTHOCTH. TOTUIIOTEHTHOCTb — CBOMCTBO COMaTH4e-
CKHX KJIETOK PACTEHUH MOJIHOCTHIO PEAIN30BaTh CBOIO HACIEACTBEHHYIO IPOrpaMMy OHTOIe-
HETUYECKOI'0 Pa3BUTHUS IIPU OMPEAEICHHBIX YCIOBUAX BBIPAILIMBAHUS BIUIOTH 10 00pa3oBaHUs
B3pOCHBIX pacTeHUil W cemsiH. Takum o0pa3oM, W3 KIETOK, CKOHCTPYHPOBAaHHBIX T'€HHO-
WHXXCHEPHBIMH METOJaMH, MOYKHO IOJIyYUTb TPAHCT€HHBIE PACTEHUS, BCE KIETKU KOTOPBIX
OyayT colepkaTh 4yKepoJHbIi reH. HoBbIl mpu3HAK, KOHTPOJIUPYEMBIH UYKEPOJHBIM Ie-
HOM, OyJleT nepeaBaThbCsl OCIEIYIOIUM ITOKOJICHUSM ITPU CEMEHHOM Pa3MHOXKEHHUU.

OT60p TpaHCTE€HHBIX PACTEHHUI OCYIIECTBIISETCS HA OCHOBE BBOJAMMBIX BMECTE C Li€je-
BbIM T'€HOM CEJIEKTUBHBIX MapKepOB, MPEJCTABISAIOMINX OO0 pernopTepHble TeHbl, KOTOphIE
MO3BOJISIOT JTMOO MPOBOAUTE OTOOP TPaHC(HOPMHUPOBAHHBIX KJIETOK, MO0 OICHUBATH aKTHB-
HOCTh KOJUpPYEeMbIX UMM (pepmMeHTOB. PazpaboTaHbl MeTO/bl, MO3BOJISIONIME MOCHIE O0TOOpa
TpPaHCTEHHBIX PACTEHUH yAANIATh U3 HUX [IPU CKPELIMBAHUU MapKEpPHBIN I'eH.

Kpatkuii 0630p OCHOBHBIX 3TaroB TEXHOJOTUH CO3/IaHUS TPAHCTEHHBIX PACTEHUN MpH-
BEJICH C LIEJIbI0 JIEMOHCTPAIMU CJIOKHOCTH U TPYIOEMKOCTH IepeBojia Kakoro-iudo copra
pacTeHus B CTaTyC TPAHCTE€HHOI'O, a TaKXke HEeOOXOJUM JJIi OCO3HAHHOTI'O MOHUMAaHUsI IOTEH-
[UAIbHBIX PHUCKOB BBEICHMS T€HETUYECKH MOAU(PHUIMPOBAHHBIX CEIbCKOXO3SHCTBEHHBIX
KYJBTYpP B arpoLIEHO3bI JUIS 30POBbsl KaK YEJIOBEKA, TaK U OKpyXKarouiei cpenbl. Ctparerus
CO3/aHUSI PACTEHUHM, YCTOMUMBBIX K aOMOTUYECKUM CTpeccaM, OCHOBAHA Ha MCCIIEI0BaHUAX
CJIOXKHBIX MOJIEKYJISPHBIX MEXaHM3MOB OTBETA HA COJIEBOM cTpecc. Tak, ycTOMYMBOCTD K 3a-
COJIEHUIO 00YCIIOBIMBAET HEOOXOAUMOCTh a/alTallii cpa3y K TPEM HE3aBUCHUMBIM CTPECCO-
BbIM (pakTopam [5]. OcMoTHYECKHH CTpecc MPUBOAMUT K HAPYLIEHHWIO TOMEOCTa3a U HOHHOTO
TpaHCIopTa B KieTKax [6]. OKUCIUTENBHBIN CTPECC, KOTOPHIM YacTO COMPOBOXKIACT KaK CO-
JIeBOM, TaK U Jpyrue cTpecchl (BBICOKYIO TeMIepaTypy, BO3AEUCTBUE 3aCyXH), MOKET IPUBO-
JIMTh K JCHATypallMu CTPYKTYPHBIX M (pepMEeHTaTUBHBIX OenkoB [5]. Tokcuueckoe aeicTBre
3aCOJICHMSI CBSA3aHO C BKJIIOYEHHUEM aKTHBHBIX HOHOB B META0OIU3M KJIETKU U 1I€JI0T0 PaCTeHHUS.

Bricune pacteHUst MMEIOT MEXaHU3MBI 3aIIUTHI OT BO3JIEHCTBUS CTPECCOBOTO (hakTopa
Ha YpOBHE MHTAKTHOI'O PAaCTEHMsI U Ha KJIETOYHOM ypoBHE. CTpeccoBbIll (aKkTOp aKTUBUPYET
BKJIIOYEHHE B KJIETKE OTBETHBIX pEAKILHUil, CBSA3aHHBIX C CHHTE30M CTPECCOBBIX OEIKOB,
YYacTBYIOUIMX B Mepeaaye CUrHajla, 1 aHTHOKCUJAHTOB, HEUTPAM3YIOIINX CBOOOHBIE pajiu-
KaJbl, a TAK)KE C HaKOIUIEHUEM OCMONPOTEKTOPOB, CIOCOOHBIX CO3/71aBaTh I'PAAMEHT JJIs T10-
riomeHus BoJbl. [1ockonabKy afanTHUBHBIE peaklMU PAacTEHUN Ha CTpecC KOHTPOJIUPYIOTCS
MHOTMMHU T€HaMH, a BO3MOXXHOCTH T€HHO-MHXEHEPHBIX METOJOB CErOJHS OCHOBBIBAOTCS
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Ha MEPEHOCE OJTHOTO WJIM HECKOJbKUX I'€HOB, TO KOHCTPYMPOBAHUE TPAHCTEHHBIX PACTCHHIA,
YCTOMUYUBBIX K CTPECCOBOMY (DAaKTOPY, ABJISIETCS OBOJBHO CIIOKHON 3a7auei.

HccnenoBanus reHOMOB MozeibHOro oobsekra Arabidopsis thaliana (L.) Heynh. u npy-
I'MX pacTeHUH MO3BOJIMIM MIEHTU(DUIUPOBATH OOJIBIIOE YHUCIO TPAHCKPUILIMOHHBIX (DaKToO-
POB, KOTOpBIE B OTBET HAa CTPECCOBBII (HhaKTOp 3aMyCKAIOT TPAHCKPHUIIIINIO T€HOB, ITOBBIIIAI0-
IIUX TOJIEPAHTHOCTh K BBICOKOMY COJEpXKaHUIO CcOJM. TpaHcopmauus Takoro crpecc-
UHIYIHOEIBHOTO TeHa MPUBOIMIIA K H30BITOYHOM SKCIIPECCHU psijia MOJIKOHTPOJIBHBIX T€HOB,
o0ecrneynBarIuX CTPECCOYCTOMUMBOCTh TPAHCTEHHBIX PACTEHHM, IpU 3TOM Halonancs
HeraTUBHBIN 3¢ (eKT, CBI3aHHBIN ¢ 3aMeITICHUEM HX POCTa.

HccnenoBaHus yCTOMUMBBIX U UyBCTBUTENBHBIX K XJIOPUAY HATPUS COPTOB, A TAKXKE Ia-
J0(UTOB NO3BOJMIN YCTAHOBHUTH, YTO HAUOOJBIINE PA3IUYHSL MEKIY HUMU HAOJIOAIOTCS B
skcnpeccu reHoB Nat/H+ aHTUNOPTEpOB, MIparoIiuX PEIIAIOLIYI0 POjib B IOJAEPKaHUU
HMOHHOTO TOMEOCTa3a KIIETKH, MO3BOJIAA BBDKUTH PACTEHHIO B yCIOBUAX 3acoienus. [Ipoxe-
MOHCTPUPOBaHa IMOBBIIICHHAs YCTOHYMBOCTh K 3aCOJICHMIO y PAacTeHHH KapTodess, TpaHc-
dbopmupoBaHHbIX reHOM Na+/H+ antumoprepa samens [7]. PamponanpHOE MpUMEHEHHE Ta-
KHUX T€HOB JUIsl TPAHCT€HEe3a MOXKET ObITh MEPCHEKTUBHBIM Ul MOJIYYEHUS OMOJIHUTEIbHON
YCTOWYHMBOCTH PACTCHHUI K COJIEBOMY CTPECCY B IMOJIEBBIX YCIOBUSX [5].

[Tpu oTCyTCTBUM y pacT€HUIl 3BOJIIOLMOHHO CIOXKUBLIETOCSd MEXaHU3Ma COJICyCTOWYH-
BOCTH aJanTanus UAET 3a cueT 3()()EeKTHBHOTO MEXaHHW3Ma 3aCyXOYCTOMYMBOCTH, BAXKHBIM
KPUTEPHEM KOTOPOTo (KaK M COJICYCTOMUMBOCTH) CIIY)KUT CIIOCOOHOCTb K OCMOPETYJISILIHU.
B oTBeT Ha OCMOTHYECKHI CTPECC B PACTCHHUAX HAKAIUIMBAIOTCS OCMOJHTHI (AaMHHOKHUCIIOTEHI,
YEeTBEPTUYHBIE MOHBI, CAXapOCIUPTHI, YIJIEBO/IbI), MEXaHU3MOM JIEMCTBUS KOTOPBIX SBISETCA
YCTAHOBJICHHE OCMOTHYECKOro OanaHca MEeXAY KIETKOW M OKpyXaromiei cpenoit. CxomHbie
OMOXMMHUYECKHE IYTH CHUHTE3a OCMOIPOTEKTOPOB, OOHAPYXKEHHbIE y OaKTepHil M BBICIIMX
pacTeHuil, TO3BOJIMIIM UCIIOJIb30BaTh T'€HbI OAKTEPHAIHLHOTO MPOUCXOXKICHUS IS CO3TaHUS
TPAHCI'€HHBIX PACTEHHH, TOJIEPAHTHBIX K COJIeBOMY cTpeccy [8].

Psan npaktnyeckux HapaOOTOK CBSI3aH C MOMCKOM CHEeNM(PUYECKHX TeHOB, paboTa KOTO-
PBIX MHAYLHUPYETCSI CTPECCOBBIM (PaKTOPOM M NMPHUBOIUT K MOBBIIIEHHOMY CHUHTE3y U HaKOII-
JeHnI0 (PePMEHTOB, HEUTPATMIYIONINX 00Pa30BaBIINECS] TOKCUYHBIC COCIMHEHUS, HaIpUMep
CBOOOJIHBIE pa/IuKajbl, aKTUBHBIE (DOPMBI KUCIOPO/Ia, TEM CaMbIM 00€CIieunBaeTCs yCTONUH-
BOCTh PAaCTeHHI K HeraTHBHOMY (akTopy. [lomoxuTenpHble pe3yabTaThl SKCIEPUMEHTOB TI0
tpancrenesy B Nicotiana tabacum L., Arabidopsis thaliana (L.) Heynh. 3amutHbIX TeHOB,
BBIJICIIEHHBIX KaK U3 BBICIINX PACTEHHIA, TaK M OJHOKJIETOYHBIX 3€JICHBIX BOJIOPOCIEH, CBHUIC-
TEJICTBYIOT O NMEPCIEKTUBHOCTU YMEHBILIEHUS] HETATUBHOTO JIEMCTBUS OKHCIUTEIbHBIX TOK-
CHKAHTOB JIJISl TIOJTyYEHHsI TPAHCTEHHBIX PACTEHUH C TOJIEPAHTHOCTHIO KO MHOTHM CTPECCAM.

3akirouenue

Takum 00Opa3oM, HECMOTps Ha JOCTUTHYTHIE PE3yJlbTaThl B Pa3IHUHBIX IMOAXO0JaX
M0 CO3JITaHUI0 HOBBIX (DOPM pacTeHMid, YCTOMUMBBIX K a0OMOTUYECKUM CTpPEccam, ¢ IMOMOIIBIO
TeHHO-WHKEHEPHBIX METOOB, TOBOPUTH CETOJHS O PeabHONW BO3MOKHOCTH PELICHUS JaHHOM
3aa4u He MpUXoauTcs. JINMUTHPYIOIUM (aKTOPOM BBICTYIAET MOJIMT€HHBIH KOHTPOJIb (Qop-
MUpPOBAHHS OTBETHON pEaklIWy W aJalTallid PacTeHUH K aOMOTHUecCKoMy cTpeccy. [lmeiio-
TpomHbIN 2(PPEKT BCTpanBaeMbIX TEHOB MOXET BBI3BIBATH 3aMEJIJICHUE POCTa PACTCHUN U TeM
CaMbIM CKa3aTbCda Ha HUX HpO)IYKTI/IBHOCTI/I. :‘)KCHpeCCI/ISI qyncepolef,Ix TCHOB B TpaHCFeHHBIX
pacTeHUsIX YacTO OKasbIBAeTCsS HECTAOWMIBHOM, MOCKOJBKY 3aBHCUT OT MPHUPOJBI T€HA, MecTa
€ro MHTETpali B T€HOME PacCTeHMs, KOJIudecTBa kKonmui u npyrux (aktopoB. Kpome Ttoro,
OOJBITMHCTBO HMCCIIEIOBAHUMN, CBSI3aHHBIX C pa3paOOTKON M MPHMEHEHHEM TpaHCTeHe3a, KaK
HpaBI/IJ'IO, BBITIOJITHCHBI HA MOACJIBHBIX paCTHTeJ'IBHBIX O6T)€KTaX. PeBy.]'II)TaTBI HpI/I HUCITOJIB30BaA-
HUM CEIbCKOXO03SICTBEHHBIX KYJIBTYp, KaK MPAaBUJIO, JOCTUTHYTHI B Ta0OPaTOPUU U HE MPOILIH
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anpoOaluio B MOJIEBBIX yciIoBUsAX. [loneBbie UCTIBITAHUS OTPAHUYMUBAIOTCS BO3MOXKHOM omac-
HOCTBIO, CBSI3aHHOW C HEKOHTPOJIMPYEMBIM IIEPEHOCOM TPAHCTEHA MPH ONbLUICHUN B OMOIIEHO-
3bl, @ TOTOMY SIBIIIFOTCSA OTAAJICHHOM NepcreKTuBOKM. HECOMHEHHO, UTO B MOBBIIEHUH YCTOM-
YUBOCTH pacTeHUH K aOMOTHYECKMM (aKTopaMm IMO-TPEKHEMY OOJIbIIOe 3HAuYeHHUE OymyT
MMETh METOJIbl TPAAULHMOHHOW aJanTUBHOM CEJEKIUHU, a TAKKE NMPUMEHECHHE PETYISATOPOB
poCTa pacTeHUU, KOTOPbIE HE TOJBKO YCHUJIMBAIOT POCTOBBIE MPOLIECCHl, HO M TMOBBIIIAIOT
CTPECCOYCTOMYUBOCTb.
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Pykamnic nactyniy y paaakusito 29.05.2019

Lenivko S.M. Genetic engineering approach in creating new forms of plants re-
sistant to abiotic factors

The article discusses the genetic engineering strategy for creating new plant forms resistant to abiotic
factors, aimed at reducing climate risks in crop production. An overview of the main stages of the technology of
creating transgenic plants is presented, which makes it possible to realize not only the complexity and labori-
ousness of the transgenesis process, but also an understanding of the potential risks of introducing genetically
modified crops into agrocenoses.
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