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[TosiyyeHbl TpaHCTeHHbIE pAacTeHUs] Tabaka, CBepXaKclipeccupyioiue reH PnEXPA3, Koaupyrolliero
0L-3KCIaHCHUH TomoJist YepHoro (Populus nigra). TpaHCTeHHBIE paCTeHUs XapaKTepU30BaIUCh YBETMUEeHUEM
pasMepoB KJIETOK dMuaepMuca U Me3ohuiiia JUCTEB, OJHAKO BeJUUNHA JUCThEB OCTaBaIach B IIpejeiax
HOpMEL CBepxakcnpeccus reHa Pn EXPA3 ctumynupoBata JUIb POCT CTeOJIsI B IUIMHY, OCTAJIbHBIE MOPGO-
JIOTUYECKHE MapaMeTphbl TPAHCTEHHBIX PACTEHU OCTAIMCh MPAKTUYECKU HEU3MEHHbBIMU.
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BBEAEHUE

KierouHoe pactsskeHre B pacTeHUSIX COMPOBOXK-
JlaeTcsl MOTJIOIIEHEeM BOJIbI LIEHTPAJbHOI BaKyosiei u
CTUMYJIUPYETCSl TIOAKUCAEHUEM KJIETOYHOM CTeHKU
(Rayle, Cleland, 1992). MccinemoBaHue IpOLIECCOB
“KMcIIoro pocrta” IpUBEIIO K OTKPBITUIO HOBOM TPYII-
bl OEJIKOB 3KCHAaHCUHOB, ornocpenywinx pH-3aBu-
CUMOE pacTsDKeHUE KIJIETOYHBIX cTeHOK (McQueen-
Mason et al., 1992). DkcnmaHCUHBI AENSTCS HA YEThIpE
cemeiictBa: akcrmaHcuHbl A (EXPA), win a-akcnaH-
cuHbl; akcriaHcuHbl B (EXPB), wiu B-akcmancuHsr;
sKkcrnaHcuH-nono0HbIe 0enku A (EXLA); skcriaHCuH-
nonooHbie 6enku B (EXLB) (Sampedro, Cosgrove,
2005). DKcrmaHCUHBI — 3BOJIOLIMOHHO KOHCEPBAaTUB-
HbIe OEJIKHU U B 1IeJIOM, aMUHOKUCJIOTHBIE TTOC/IeA0BA-
TEJIbHOCTH Pa3HbIX OL-DKCMAHCUHOB WIAEHTUYHBI Ha
60—90% (Cosgrove, 1998). [lokazaHo, 9YTO AKCITAaHCH-
HbI He 001a1a0T (hepMEHTAaTUBHOM aKTUBHOCTbIO, HO
MPUHUMAIOT yYacTHe B pa3pbiBe HEKOBAJICHTHBIX CBSI-
3 MeXay 1IEeJUTIOJIO3HBIMU MUKpodUOpuiaMm u
TTMKAHOBBIMU TTOTIEPEYHBIMM MOCTUKAMM (CM. 0030p
IapoBoii, 2007). JIeiiCTBYIOT OHM B MaTPUKCE, CYIsI
0 BCEMY, COBMECTHO C TpaHCIJIMKO3WUJa3aMu, KaTa-
JIUBUPYIOIIMMHU TIpOLIeCChl TepeHoca W yIJTUHEHUs
IJIMKAHOBBIX 1IeNell U 3HAOoIMI0KaHa3aMu, 00Jiagao-
IIIMMU CIMOCOOHOCTBIO pa3pbiBaTh LIEMU TEMULIEILUTIO-

no3 (Fry et al., 1992). biarogapsi cmocoGHOCTH ocJiad-
JIATh 3KEeCTKOCTh KJIETOYHOM CTEHKHM SKCITAaHCUHBI
MPUHUMAIOT yJ4acTHMe BO BCEX POCTOBBIX Ipolieccax
pactenuit (Azeez et al., 2010; Park et al., 2010), mpu-
YeM IKCITpecCHsl 9KCIaHCMHOB PETYIMPYEeTCsS MOYTH
BCceMU Wu3BeCTHbIMU ¢uToropmoHamu (Lee et al.,
2001). B xaxnmoM pacTeHUM MPUCYTCTBYIOT OOJIBIIIOE
KOJIMYECTBO Pa3HOOOPA3HBIX 9KCITAHCUHOB, HO JIUIIb
y HEMHOTUX pacTeHUil OHU WASHTUGULIMPOBAHBI U
onpeneyieHbl nx @GyHkouu. Hampumep, B apabu-
JIoTcUce ObUIO OOHAPYKEHO 26 TEHOB Ol-3KCITaHCUHOB
U TISATH [3-2KCITAHCUHOB, B TeHOME prica — 26 TEHOB OL-
u 14 reHoB -akcmadncuHoB (Cosgrove et al., 1997).

OcoOblii MHTEpec TPeACTaBIsSIeT U3ydeHUE BKC-
MaHCUHOB JPEBECHBIX PACTEHUI, TaK KaK OHU MOTYT
OBITH TIPMMEHEHBI B JICCHOM OMOTEXHOJIOTUU JJISI CO-
3[IaHUSI HOBBIX MOPOJI IEPEBLEB C YBEIMUYEHHBIM pa3-
MepoM cTBojia. M3 npeBecHBbIX pacTeHUIA OOHUM U3
MePBbIX ObLT CEKBEHUPOBAaH reHOM Torojist Populus tri-
chocarpa, TIO3TOMY MOWCK 1 U3yYeHUE SKCITAHCUHOB Y
3TOTO pacTEeHUS He TpelICTaBIsIeT TpyaHocTel. JlpeBe-
cuHa ¢opMUpyeTCsl B Mpoliecce BTOPUYHOIO POCTa B
pe3yJibTaTe akTUBHOCTU KJIETOK KaMbusi. B kamOuanb-
HOM 30He rudpuaHoii ocuHbl (Populus tremula L. x
x P. tremuloides Michx.) HauOOJbIINI YPOBEHb IKC-
Mpeccum ObLT XapaKTepeH LISl TPEX TEHOB Ol-3KCMaH-
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cuHoB (PttEXPAI, PitEXPA2 n PttEXPAS) n omHoOro
-axcmancuna (PtEXPBI) (Gray-Mitsumune et al.,
2004), mpu BTOM B KOJMYECTBEHHOM OTHOILIEHUU
oogbiie Bcero 6610 MPHK rena PitEXPAI, 94To TOBO-
pUT 00 aKTMBHOM YYacTUM AAHHOTIO 3KCIaHCUMHA B
Mpolieccax BTOPUYHOTO POCTA y IPEBECHBIX PACTEHUI.
B npeBecuHe HampsDKeHWST HAWOONBIINIT YPOBEHB
SKCIpeccu OBbUT  XapaKTepeH [JIsI SKCHaHCHHA
PttEXPAS (Gray-Mitsumune et al., 2004). B Mmoogbix
JIUCThSIX ~ OOHApyXXuBaJlaCh  3KCIpEecCHUsi TeHOB
PitEXPA2, PttEXPA3, PttEXPA4 u PitEXPA6, ipuyem
oobiie Bcero 010 MPHK rena PrtEXPAS.

OaHUM U3 3(pPEKTUBHBIX METOIOB U3YYEHMUST DKC-
MaHCUHOB SIBJISIETCS MOJyYeHUE TPAHCTeHHBIX (hOPM C
TTOBBIIIIEHHBIM WJIN TIOHKEHHBIM YPOBHEM KCIIpeC-
CHM IIeJIeBbIX TEHOB M TIpoBeneHne MOpHOohHU3n0I0-
TUIEeCKOTO aHAJIN3a OIBITHBIX PACTEHU B CpaBHEHUH
¢ koHTpoabHbIMU (Cho, Cosgrove, 2000). K Tomy xe
MaHMUITYJISILIMSL C YPOBHEM BKCIIPECCUU Pa3IMIHBIX
SKCITAHCUHOB MOXKET CTaTh OMHUM U3 3(hpPEKTUBHBIX
METOIOB ITOJIyJYeHUS TPAHCTEHHBIX PACTCHUIA C YBEJI-
YeHHBIMA pa3MepaMW OpraHoB. JlefcTBUTEIBHO,
TpaHcreHHble o TeHy AtEXPAIQ pacteHust apadu-
JIOTICHCa XapaKTepU30BaJIUCh YBEJIMYEHUEM JJIMHBI
YEPEIIKOB U TUIOLIAAU JUCTOBOU TacTuHku (Cho,
Cosgrove, 2000). DkrTommueckass 3KCIIpeCCHUsI TeHa
PttEXPAI cniocoOCTBOBana YBEIMYCHHUIO pPa3MEpPOB
MEXIOY3IUA W TUIOIIANM JIMCThEB Y TpPaHCTEHHOM
ocunkbl (Gray-Mitsumune et al., 2008). B mutepartype
MMEIOTCSl TaKXKE CBEIACHUSI O HEraTUBHOM BJIVSIHUU
CBEPX2OKCIIPECCUM SKCIIAHCMHOB Ha POCT pacTeHU
(Tao u mp., 2010).

B nmaHHOiI1 paGoTe ONMMCHIBAIOTCS 3KCIEPUMEHThI
o BeiAeneHuIo reHa PnEXPA3 Tononst yepHoro (Pop-
ulus nigra) N MOJTy4eHUSI HA OCHOBE TOI0 F'eHa TPaHC-
TEeHHBIX pPACTEHUI TabaKa C LIeJIbIO U3y4YEHUS BIUSHUS
€T0 SKTOIMMIECKOM IKCITPECCUU Ha BETMINHY OpTaHOB
U pa3Mephl OTAEIbHBIX KIeToK. Mcxons us iutepatyp-
HbIX JaHHBIX (Gray-Mitsumune et al., 2004), ipearo-
J1arajoch, 4TO TpaHCITeHHBIe 1o reHy PnEXPA3 pacre-
HUA Tabaka OymayT, B TIEPBYIO OYepedb, OTINIATHCS
VBEIMICHHBIMU pa3MepaMu JINCTHEB.

MATEPHUAIT U METOANKA

Baxmepuanvhbie kaemku, wimammot, RAA3MuobL,
2CHHO-UHIICEHEPHbIe MAHUNYAAUUU

B paborte ucrnonp3oBaHbl 0akTepun E. coli mramma
XL1-Blue u A. tumefaciens mirtamma AGLO. M3 mas-
mun ucrnoib3oBanu T-Bekrop pKRX u OuHapHbIe
BekTophl pCambia 1301 u pCambia 1305.1 ¢ reHom
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YCTOMYMBOCTU K TMUTPOMUIIMHY M PEHOPTEPHBIM Te-
HoM GUS (CAMBIA, Ascrpamus). Ienomuyo JJHK
TabaKa BbIAESLIM METOIOM COJIEBOM AKCTpakiuu. To-
TanbHy0 PHK Beigensnm tpusonom dupmsel Invitro-
gen (CIHA). OT-IILP ocymecTBasuin mpyd ITIOMOIIN
MuLV-o6patHoii TpaHckpunrtasbl (Fermentas, JIut-
Ba). [Tnasmunnyo JHK Beimesiin MeTomoM Ie1od-
HOTO JIN31Ca 6aKTepuaIbHbIX KOJIOHWI UCIIOJIb3YysI Ha-
6opsl pupmel LlutokuH (Poccust). KayecTBo u Kom-
YEeCTBO  BBUICJIEHHBIX IIPENapaToB  OIPEIeIISLId
aHAJIUTUYECKUM dJieKTpodope3oM B 1% arapo3HoM
rejie. AraposHblii reb-37eKTpodope3 MPOBOIUIN B
npubopax mogean Sub-Cell GT WIDE MINI (Bio-
Rad, CIIIA). Ien PnEXPA3 Beinenuiau U3 TOTAILHOMI
JAHK Tabaka mipu momomu TipaiimepoB PnEXPF
AATCTTCCTGAAAATGGCTC u PnEXPR ACG-
GTCCCTAACGAAACTGG. Hma OT-TIHP rena
PnEXPA3 wucnonp3oBanm  npaiiMepsl  GTGCGT-
GAATGACCCGAAATGG u CTGTGAACCTTAT-
GCCTCCTCTCC. Huaa moiydyeHHUsI aMIUIMKOHOB C
“TynbIMM” KOHLIaMu uctojib3oBaau Pfu JHK-nonu-
mepasy (CubsH3zum, Poccust), mna “3aryruieHus”
JIMTIKMX KOHIIOB MOCJIE PECTPUKIINY WJIN aMILTN(UKA-
1 ucrnojb3oBaiu T4-JAHK-noaumepasy (CubsH-
3uM, Poccust). st norcka 1eaeBbiX KJIOHOB TPU JIU-
rupoBanuu B BekTope pCambia 1301 ucrionbp3oBaau
npaiiMep 35SCambF: AGAGGACCTAACA-
GAACTCG B mape c¢ dparimepom 1301R
TGCTCTAGCATTCGCCATTC. CekBeHupoBaHUE
MpOBOIWIM Ha aBTOMaTHyecKoMcekBeHaTope “ABI
PRISM 310 Genetic Analyzer” (Applied Biosystems,
CIIIA). 3DmexTpomnopamuio KOMIETEHTHBIX KIIETOK
A. tumefaciens TpOBOAWIU TIPU TTOMOIIM 3JIEKTPOIIO-
patopa ¢pupmsl Bio-Rad monenn Micropulser. ITonck
TOMOJIOTUYHBIX T€HOB OCYIISCTB/ISUIM IIPU TOMOIIN
nporpaMmbl MegAlign makera Lasergene (DNASTAR,
CIIA) u miporpammbl MegaBlast, noctyrmHoi#t depe3
cait http://www.ncbi.nlm.nih.gov.

Tloayuenue mpanceennvix pacmenuit mabaxa,
Mopghoaoeuteckas XapaKkmepucmuxka u ycao8ust
8bIPAUUBAHUS pACMEHUT

Tpancrennele gopmbl Tabaka (Nicotiana taba-
cum L. Petit Havana SR-1) nosyyanu MeToaoM arpo-
OaKTepHaJIbHOM TpaHC(hOPMALIMKM JIMCTOBBLIX IVCKOB
(Kynye u gp., 2012). IlepBuuHBIe TpaHCTEHHEIS
T,-mobGern oTOMpanu Ha CENEKTMBHOM cpene (cou
cpeasl MC ¢ mo6aenmenuem 1 mr/n 6-BAIl, 0.1 mr/n
HYK), conmepxateit 25 mr/n rurpomuninHa (Hyg).
KauecTBeHHYI0 OIIEHKY aKTUBHOCTH PEIOPTEPHOTO
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reHa GUS B nuctbsix T,-11o0eroB onpenesisiii TMCTo-
XMMUYECKHU, UCITONB3Ys cyocTpar X-Gluc (HaTpueBas
conb 5-6pom-4-xmop-3-uHpommia-6era-D-Tmokypo-
HoBoW kucioTel). Bee monyuennsie Ty GUS+ noGern
KaXXIIOTO BapMaHTa YKOPEHSUIU B IIPUCYTCTBUU 25 MT /1T
Hyg, 3aTeM nepeHOCWIN B TIOYBEHHYIO CMECh, aKKJTH-
MaTU3MPOBAIM K YCJIOBUSIM IMOYBBI, JOBOJVIIM JIO 1IBE-
TEHUs1, CAMOOIbUISIIA U noftydanu ceMeHa (T; motom-
cTBO). /IS KOHTPOJISI HACAeAOBaHMUSI TPAHCTEHOB U
ornpefe/ieHUs] KOJIMYeCTBa BCTaBOK, 4acTb 1, ceMsH
KaxXOaoM MOJyYECHHOMN JTMHUM MPOPALIMBAIN Ha CpEle
MC c nobaBiaeHHEM TMTPOMULIMHA B KJIMMAaTUYECKOM
kamepe Binder (Iepmanust). Yepes 3 Henenu npou3Bo-
JIVJIA TOACYET YCTOMUMBBLIX M HEYCTOMYMBBIX K CEJIeK-
TUBHOMY areHTy CesIHIIEB, OIPEeIeJISIId pacllellieHe
Ipy HaCJIEHOBAaHWM TeHa CEJIEKTUBHOIO MapKepa U
BBIJCIISITIN 11 TajlbHEeHIe paboThl JUHUM C OJHOMN
MHTETPUPOBAaHHO KOITMEN TPaHCTEHOB.

PacteHust TpaHCT€HHBIX JTUHUM W KOHTPOJbHBIC
pacTeHUs KyJETUBUPOBAJIN B BETeTALIMOHHBIX COCYIAaX
oobeMoM 450 M1, 3amOJHEHHBIX YHUBEPCATBHBIM
rpyHTtoM (“Iepa”, Poccus) Ha OTKPBITOW CBETOILIO-
maake pu temiieparype 25—27°C ¢ ¢ororeproaoM
16/8 yacoB (cBeT/TeMHOTA) I OCBEIIEHHOCTBIO OKOJIO
10 xnk. HabmoaeHue 3a pacteHUsIMU ITOKosieHus1 T
OCYIIECTBIISTA HAaYMHAsl OT CTaauM ITOSIBIICHUSI KO-
PEILIKOB JI0 MOJYYEHUST CEMSIH, YTO 3aHUMAJIO OT 4 110
6-TH Mecs1IeB. 3aMephbl BEJTUIMHBI JIUCTHEB TTPON3BO-
JIVJTU TOJIBKO TTOCJIE TIepecaiKi B [IOUBY, Uepe3 KaxKable
30, 45 gHEl 1 B IEPUO LIBETEHMSI, B UTOTe OBLIO OCY-
mecTBiaeHo 3 3amepa. 1o kaxkaomMy BapyuaHTy (JIMHUS
TPaHCTeHHBIX PaCTeHUIT) OBLJIO OTOOpPAHO MO 5 pacTe-
HUI, U3MEPSLIA IO TPU CaMBbIX KPYITHBIX HYKHUX JIM-
cTa B IJTMHY, HAYMHAsI OT Havajia IMCTOBOM TUTACTHHEI,
M0 LEHTPAIbHON XUJIKE A0 cCaMOro KOHYMKaA. 3aTeM
BBIYMCIISTA CpeaHee 3HaYeHNE UTUHBI JIMCTA TS KaX-
nmoro pacteHus1. aMepeHUs IIMHBI CTe6JIST M [IBETKOB
MPOBOAWJIN B TIepHo LBeTeHUs. Onpenesisuiu TUIo-
IIaghb 3-X cCaMbIX KPYITHBIX HUKHUX JIUCTHEB U BBIYHC-
JISIIM cpeaHee 3HaueHue. IS uU3ydeHUsl BIAUSIHUS
KOHCTUTYTUBHOW SKCITPECCUH I11eJIeBOTO TeHa Ha pas-
MEp U KOJMYECTBO KJIETOK, MPOBOAWIN M3MEPEHUS
TUTOIIAIN KJIETOK HIZKHETO SIMHIEePMHUCA JIUCTHEB O~
HOTO BO3pacTa. DNUAepMUC CHUMAIU C OCHOBaHUS U
cepenwHbI JIMCTa. Onpenessiiin cpeaHee IMciao Kie-
TOK, MPUXOASALIUXCS Ha OIMH JIMCT U Ha 1 MM? TuCTO-
BOi1 moBepxHOCTU. M3MepeHus MPOBOAWIU MPU MO-
MOIIY YHUBEPCAJIBHOTO (DIyOpEeCIEHTHOTO MUKPO-
ckora moaeau Axio Imager M1 (Carl Zeiss, Iepmanmst)
C WCIIOJIb30BAHWEM OPUTHMHAJIBLHOTO ITPOrPaMMHOTIO

obecrnieueHms. s OLIEHKM pa3MepOB KJIIETOK MeE30-
¢uina nmMcTa genanu ero rucTOJOTMYecKre Cpesbl B
TpeX y4yacTKax IPU MOMOIIU MUKPOTOMAa-KpHUocTaTa
MK-25.

PE3VJIBTATBI

Amnaugpuxauyus eena PnEXPA3 u noayuenue eentno-
UHIICEHEePHBIX KOHCMPYKYULL 416020 2eHA 8 8eKMOPax
pCambia 1301 u pCambia 1305.1

s monbopa rnpaitMepoB M aMILUIM(pUKAIUU TeHa
PnEXPA3 Tomnosl 4epHOro ObLIa UCIIOJIb30BaHA HYK-
JIeOTUIHAsA TOCJEeNOBaTeJIbHOCTh MOA  HOMEPOM
AY435101.1 u3 renoma ocuHbl Populus tremula L. x
x P. tremuloides Michx. Yuactoxk IHK, comepkammit
reH PnEXPA3, O6bU1 aMIuIdUIIMPOBAaH U3 T€HOMHOM
JHK Tomnomns u ero pasmep coctaBui okojio 1500 11.H.
(puc. 1a). AMITMKOH ObLT KJIIOHUPOBaH B (harMyuaIHOM
T-Bekrope pKRX, a 3aremM cekBeHUpOBaH. AHaINU3
HYKJIEOTUIHBIX TTOCeA0BaTeIbHOCTEN MoKa3a, 4To
BblIIeJIEeHHAs HAMU KOTUS 11eJIEBOTO reHa MOJTHOCThIO
COBIMNAJAET C TEOPETUUYECKU OXUJAEMbIM U HE COlep-
XKUT 3aMeH HyKieoTnnoB. [eH PnEXPA3 Obln BBIIETI-
JieH u3 Bektopa pKRX mo caiity BsePl, a tunkue KoH-
bl 3aTyruieHsl T4-JIHK-nmonumepasoii. ITocne aToro
Mo caiiTy pecTpukuuu Smal ObLIO OCYILIECTBICHO He-
HalpaBJeHHOe KJIOHMPOBAaHME 1IeJIEBOrO reHa B Ou-
HapHBIX BekTopax pCambia 1301 u pCambia 1305.1
non koHTpojieM 35S mpomoTopa. [Tpuyem B BeKTOpe
pCambia 1305.1 meneBoii reH OBUT KJIOHMPOBaH
BMecCTO periopTrepHoro TeHa GUS, a B BeKTOpe
pCambia 1301 Opura McHOJB30BaHA CIECUMAIbHAS
35S kacceTra 1 Bce MapKepHBIE TeHbI ObLIN COXPaHEHBI
(KynyeB mn np., 2012). ITorck KJIOHOB CO CMBICTTOBOM
OpHEHTALIUEN 1IeJIeBbIX TeHOB OCYIIECTBIISLIN TIPU MO-
MolM KoMomHanuu npariMepoB 35SCambE, 1301R,
PnEXPF n PnEXPR. M3 1ieneBbIX TeHHO-UHXEHEP-
HbIX KOHCTPYKIIM HapabaTblBAIMCh CIeUMUIHbIE
amrumkoHbl Tpu [T1P TonbKo B ciyyae codyeTaHUS
caenytomux map npaiimepon: 35SCambF/PnEXPR,
PnEXPF/1301R, 35SCambF/1301R, a npu couera-
Huu map 35SCambF/PnEXPE PnEXPR/1301R am-
wMduKanus Mpoxoausia JUIlb B Cydyae aHTUCMbBIC-
JIoBOM opueHTaumu reHa PnEXPA3. Tlocne moHoit
MPOBEPKU, MTOJYyYEeHHbIe OMHAPHBIE BEKTOPHI C TEHOM
PnEXPA3 nion KoHTpoJieM 35S mpoMoTopa ObLIH BBE-
IIeHBI B KJIeTKU A. tumefaciens. ArpodaKkTepraIbHbIC
KIIOHBI, conaep:Kamme BekTtopel pCambia 1301 u
pCambia 1305.1 ¢ 1ie1eBBIM T€HOM B CEHC-OpHUEHTA-
1IMU, ObLIM MCHOJIb30BaHbl I DKCHEPUMEHTOB I10
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Puc. 1. Dnekrpodoperpamma TP u OT-TTLIP rena PnEXPA3: a — pe3yasrathl [11[P yuactka JIHK Tomnoist yepHoro, comepxka-
wero reH PnEXPA3. 1 — Mapkepbl MosiekyJsipHoit Maccsl 250 1m.H.— 10000 n.H. (Cu6sH3uM, Poccus); 3 1 6 — aMIUIMKOHBI MO~
Hopa3MepHoro reHa PnEXPA3 pazamepom okosto 1500 11.H.; 6 — pe3yasratel OT-TILIP rena PnEXPA3. 1 — Mapkepbl MOJIEKYJISIP-
Hoit Macchl 250 m.H.— 10000 1.H. (Cu6sH3uM, Poccus); 2—5 — ammuinkonbl K JIHK rena Pn EXPA3 13 TpaHCTeHHBIX paCTeHUI JIU-
Huit NeNe 4, 5, 7 u 9 coorBeTcTBeHHO. 6 — MuHyc-KoHTposib (OT-TILP rena PnEXPA3 13 KOHTPOJIbHBIX pacTeHM Tabaka).

TpaHcOpMaIH JUCTOBBIX IMCKOB TabaKa 1 ToIyJe-
HUS TPAHCTEHHBIX PACTEHMIA.

Tloayuenue mpanceennvix pacmenuit mabaka,
ceepxakcnpeccupyroujux een PnEXPA3

B xone arpobakrepuanbHO TpaHChOPMALIUU JIH-
CTOBBIX JUCKOB TabakKa 1IeJIEBBIMU TeHHO-WHXEHEp-
HBIMM KOHCTPYKIIUSIMU ¢ BekTopoM pCambia 1301 u
reHoM PnEXPA3 ObIIM TIONMy4YeHBI JUIIL 3 JTAHUM
TPaHCTeHHBIX PacTeHUI, OMHAKO M3-3a OTCYTCTBUSI
paclIeTieHUS IIPY BhIPAIIMBAHWHY CESTHIIEB Ha Cpelie C
TUTPOMUIIMHOM 3TU PAaCTeHMSI B JaJbHEUIINX SKCIIC-
PUMEHTaX He UCITOIb30oBaJIMCh. [Tpu moMoln BeKTopa
pCambia 1305.1 ¢ memeBBIM TeHOM OBIJIO TTOJIYIEHO
16 TIepBUYHBIX TPAHCTEHHBIX TOOETOB, U3 HUX YKOPE-
HWINCh Ha CEJICKTUBHOM cpejie 1 ObLIM aKKJIMMaTU3M -
POBaHEI K YCJIOBUSIM ITOYBHBI 9 pacTeHuii. M3 aTux pac-
TeHult Tabaka ObL1a BeiaeaeHa reHoMHast JIHK u nipo-
BeneH I P-ananu3 Ha Hanmmuue reHa Pn EXPA3 n 35S
npoMoTtopa. be1o mokazaHo, 4To Bce 9 pacTeHmii co-
JIepXaT B CBOEM I'€HOME KakK IIeJIeBOI T'eH, TakK 1 35S
npomotop. Kitaccnueckoe pacieruienue 3 : 1 ¥ BBICO-
KW YPOBEHb 9KCIIPECCUH 1IEJIEBOTO reHa ObUTH MOKa-
3aHBI JJIs1 YeThIpeX JIMHUU pacTeHU ¢ Homepamu 4, 5,
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71 9 (puc. 16). 3 pacTteHunit 3Tux 4-x JUHUNA ObLIU
OTOOpaHBI CEMEHA C 1IEJTBIO MTOJTyYEHHMST BTOPOTO ITOKO-
JICHVSI IPOPOCTKOB U TIPOBEICHUST MOPGHOIOTMIECKO-
ro aHaIu3a.

Mopdghoaoeuueckas xapaxmepucmuka mpaHceeHHbIX
pacmeHuil mabaka, cepxsKCnpeccupyrOuiUx
een PnEXPA3

CeMeHa 4YeThIpeX JMHUIA TpaHCTEHHBIX pacTeHUM
BTOPOI'O ITOKOJICHUSA 6bIﬂI/l BBICESIHBI Ha CCJICKTMBHYIO
cpeny, najee Mo 5 pacTeHU 3TUX OTOOPAHHBIX JTMHUMN
ObUIM TIepecaXkeHbl Ha MOYBY JIS TIPOBEICHUS Nallb-
HEUWIINX 3KCIIEPMMEHTOB II0 MX MOPQOJIOTMIEeCKOM
XapakTepuCTUKe. B KauecTBe KOHTPOJISI UCITOIb30Ba-
JIM JIMHUIO TPAHCT€HHbIX PACTCHUM, COAEpKallUX
T-AHK OunHapHoro BekTOopa 0e3 IIeJIeBOro TIeHa
(pCambia 1301).

Ilo navHe TUCTheB TPaHCTeHHBbIE U KOHTPOJIbHBIC
pacTeHus TIpaKTUYSCKU He pa3nndannuch HU depes3 30
u 45 nHel mocie Iepecagky Ha II0YBY, HU B IEPHOL,
nBeteHus (tadnmira). [lo miomamy MMCTbEB TpaHC-
TeHHbIC pACTCHUSI TakKKe He IPEBBIIIAI KOHTPOIb-
HbIe pacTeHus (Tabnuia). B To e BpeMsi Mo BbICOTE
cTe0JIs1 ONBITHBIE PaCTeHMsI ObLIM 3aMETHO BbIIIIE KOH-
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Mopdonornyeckue mapaMeTpbl KOHTPOJIBHOM Ipymiiel, cogepxaiueit T-JIHK 6rmHapHOro BeKTopa 1 TpaHCTeHHBIX pac-
TeHUit Tabaka mokosieHust T, cBepxaKcnpeccupyoumnx red PnEXPA3 Tonoist 4epHOTro

JIMHUM TpaHCTEHHBIX PACTEHUI1, CBEPX3KCIPECCUPYIO-
JIunus mux reH PnEXPA3
Mapamer KOHTPOJIbHBIX
p P pacTeHuit
pCambia 1301 |pCambia 1305.1| pCambia 1305.1 | pCambia 1305.1
PnEXPA3Ne 5 | PnEXPA3 Ne 7 PnEXPA3 Ne 9

Juna aucmoes, cm
30 nHent 46104 6.2%0.2 45%+0.2 47%0.3
45 nHeit 11.3+£0.8 11.4+0.3 10.1 £0.5 9.1+0.3
B nepuon 1iBeTeHUs 17.3+£0.2 16.4 £ 0.9 182+04 16.0 £ 0.5
IIrowads Tpex caMbIX KPYITHBIX UCIbEE, em? 147.0 £ 3.0 1345+ 7.8 146.0 £ 5.1 136.5£5.0
Bovicoma cmebas, cm 81.0 £ 3.0 99.5+1.2 96.8 £0.9 102.3+4.1
Jwuna yeemka, cm 4.49 +0.01 4.55+0.11 445+ 0.05 4.45 £0.06
ITo1mank KJIeToK 15514 £ 770 24857 £ 1491 25227 £ 725 26941 + 1808
SNUAEPMUCA JIMCTHEB, MKM?
YucIto KJIETOK SMUAepPMICca JIUCTheB Ha 1 MM? 66.2 + 3.6 41.0+2.6 40.1£0.9 36.5+3.5
Bpewms uBeTenms, gHeit mocie akkmMmatu3amuu | 107.8 + 2.4 1105+ 1.2 117.7 £ 4.2 103.0 £ 1.8

TPOJbHBIX, ¥ pPa3HUIIA COCTaBiisiia y JUHUU No 5 —
23%, y muanu Ne 7 — 20%, a'y munnu Ne 9 — 26%. I1o
IUTMHE 1BETKA Pa3IMIUii MEXKIY OIBITHBIMA M KOH-
TPOJIBHBIMUA PacTeHUSIMM OOHApykeHO He OBLIOo
(tabmuua). Ilo dopme auUCTBEB, CTEOISI U IIBETKOB
OITBITHBIE Y KOHTPOJIbHBIE PACTEHUS TAKXKE HE pasJiv-
YaJucCh.

st BBIACHEHUS] BIWSHUS 3KCIPECCUM TeHa
PnEXPA3 Ha Benn4nHY KJIETOK, HAaMU OBLIIM IIPOBE-
IeHBl MHKPOCKOMWYECKNE WCCIeIOBaHUS KIETOK
SMUAEPMUCA JIMCTbEB KOHTPOJBHBIX U OIBITHBIX
pacteHuii. TpaHcreHHble o reHy PnEXPA3 pacte-
HUS, B OTJIMYME OT KOHTPOJIBHBIX PACTeHUI, XapaK-
Te-pU30BAJINCH YBEIUUYCHHBIMU pa3MepaMy KIIETOK
snuuepMuca IuctbeB (puc. 2). Ilpu aToM y 1TuHUN
Ne 5 kiteTku 66UTH OoJTbINe Ha 60%, y muHUM Ne 7 Ha
62%, a'y muaun Ne 9 Ha 74% KpynHee, 4eM Y KOH-
TPOJBHBIX pacTeHuil (Tabnuna). M3 moaydeHHBIX

JaHHbIX BUAHO, UTO, HECMOTPSI Ha CYIIECTBEHHOE
yBeJIMUeHUE Pa3MEpPOB KJIETOK y OIBITHBIX pacTe-
HUi1, TIPOMOPIIMOHAIILHOTO YBEJIMYEHUSI pa3MepoB
OpraHOB He IIpoucxoauio (puc. 3).

BrIsiBleHHbBIE pa3IMUKs B pa3Mepax KJIETOK BITU-
JepMKUCa COXPAaHSUIMCh U MPU U3MEPEHUU ILIOLLAIN
KJIeTOK Me3oduiLia TucTbeB. Hampumep, KIeTKu Me-
30(¢MJUIa JIUCTHEB IO CPABHEHUIO C KOHTPOJIEM ObLIN
yBeJIMYEHEI B cpenHeM Ha 30—40%.

OBCYXJIEHHE

Ien PnEXPA3 1o cxoXecTH HYKJICOTUIHBIX MOCJIe-
JIOBaTeJIbHOCTEW OTHOcUTCS K moarpyrme C o-3Ke-
nancuHoB (Gray-Mitsumune et al., 2004). Hapsmoy ¢
JAHHBIM T€HOM B 3TY MOATPYIIITY BXOIST Psi SKCITaH-
CUHOB apabujorncuca, Tabaka U TOMaTOB, U3 KOTOPbIX
u3ydyeH b reH AtEXPAI0 A. thaliana. CBepxakc-

OHTOIEHE3 Tom 44 Ne3 2013
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Puc. 2. CpaBHeHI/Ie KIJICTOK HM2KHETO SIIMIACPMIUCAa KOHTPOJIbHBIX U TPDAHCTCHHBIX paCTeHI/Iﬁ Tabaka: a — KJIETKH SIMIACpMuca -

6aka, yBennueHue 200x; 6, B — KJIETKU SMUAEPMUCA JIUCTbEB TPAHCTEHHBIX 10 reHy PnEXPA3

CTbeB KOHTPOJIbHBIX PACTEHUIA Ta
6aka, yBeamyeHue 200x. [kana 50 MkM.

pacTeHMIA Tal
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npeccus reHa AtEXPAI10 ctuMynupyeT poCT JIMCTHEB
(Cho, Cosgrove, 2000), a ypoBeHb 3KCIIPECCUM I'eHa
PttEXPA3 naubonee Bbicokuit B TUCThsIX (Gray-Mit-
sumune et al., 2004). Panee HaMu ObUIM ITOJIy4EHbBI
TpaHcreHHble o TeHy AtEXPAI(Q pacteHusi Tabaka,
MpU 3TOM OHU OTJIMYWJIWCH YBEJIMYEHUEM Pa3MEpPOB
mmctheB Ha 30—40% (KymyeB u ap., 2012). IToatomy
W3HAYaJIbHO TIpeArojiarajioch, 4YTO OJKToNUYecKast
aKcrpeccusi reHa PnEXPA3 B TpaHCTEHHBIX paCTEHUSIX
Tabaka OyIeT B IIEPBYIO OYepeab CTUMYJIMPOBATh POCT
auctbeB. OJTHAKO BOMPEKHU OXXUAAHUSIM, TIO pa3Mepam
JIMCTbEB TPAHCTEHHbIE W KOHTPOJIbHBIE pacTeHUs
MpPaKTUIECKU He OTInYaIuch. MHTEpECHO OTMETUTD,
YyTO cTe0IM Yy TpaHCTeHHBIX Mo reHy PnEXPA3 pacte-
HUI Tabaka ObLIM OOJIbIIIE, YeM Y KOHTPOJIbHBIX pac-
TEHU W CpaBHUMBI C TPAHCTEHHBIMM IO Te€HaM
AtEXPAIO n PnEXPAI pactenusimu tabaka (KymyeB
u ap., 2012). Orcioga MOXHO CIIeJIaThb BBIBOI O TOM,
4TO BKTOIMYecKast sKcmnpeccuss reHa PnEXPA3 B
MEePBYIO ouepeab CTUMYIUPYET UMEHHO POCT CTeOJIs B
JUTHY, a HA POCT JIMCThEB MPAKTUIECKU HE BIUSIET.

Bce monyyeHHBIe TpaHCTEHHBIE PACTeHUS OTIMYA-
JINCh YBETMYCHUEM pa3MepoB KIIETOK SMUIEPMIUCa 1
MMapeHXMBI JIMCThEB. B cpemHeM BelMYMHA KIIETOK
yBenmMarBajiach Ha 60%, Ipu 3TOM pa3Mephl JINCTBEB Y
aHaJIM3UpYyeMbIX PacTeHWI OCTaBaJIMCh B Mpeaesiax
HOPMBI.

PesynbraTtel HalllMX MCCAEIOBAaHUM ITOKA3bIBAIOT,
uro reH PnEXPA3 MoxXeT ObITh IIPUMEHEH TSI CO31a-
HUS TPAHCTE€HHBIX PACTEHUI C YBEJIMYCHHBIMU pa3Me-
paMu cTeOJIsI, YTO MOKET UMETh IPaKTUUECKOE 3HAYe-
HHE B JIECHOU OumoTexHonoruu. ITpuMeHeHUue 3TOro
reHa ISl yBEJIUYEHUsI pa3MepPOB OCTaJIbHBIX OPTaHOB
OrpaHUYMBAECTCS KOMIIEHCATOPHBIM MEXaHM3MOM B
pacTeHUsIX, HallpaBJIEeHHBIM Ha MOAIepXaH1e TOMe0-
cra3za. /17151 TipeooIeHUSI 3TUX TPYIHOCTE He0OX0aM -
MO BMECTO KOHCTUTYTUBHBIX MCIIOJIb30BaHUE TKaHE-
CIleUM@AUUHBIX W HWHIYLIMOEJIBHBIX ITIPOMOTOPOB, a
TakKe, HapsITy CO CBEPX3KCIIpecCHUeil 3KCITaHCUHOB,
OOHOBPEMEHHO CTUMY/IMPOBATh TPAHCKPUIILINIO U
OMOCHHTE3 TPAaHCKPHUIILIMOHHLIX (haKTOPOB, peryJiu-
PYIOIIUX KJIETOYHOE ACICHME.

Paborta BbinosiHEHA MTpU (PMHAHCOBOM TOAAEPKKE
rpanta PO®U mom-a Ne 12-04-31292.
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Morphological Analysis of Transgenic Tobacco Plants Expressing
the PnEXPA3 Gene of Black Poplar (Populus nigra)

B. R. Kuluev, M. G. Safiullina, A. V. Knyazev, and A. V. Chemeris
Institute of Biochemistry and Genetics, Scientific Center of Ufa, Russian Academy of Sciences, Ufa, 450054 Russia
e-mail: kuluev@bk.ru

Abstract—Transgenic tobacco plants overexpressing the PnEXPA3 gene of black poplar (Populus nigra),
which encodes a-expansin, were obtained. The transgenic plants were characterized by increased size of epi-
dermic and mesophyll cells of leaves. However, the size of leaves remained normal. Overexpression of the

PnEXPA3 gene provided stimulatory effect only on the stem length. Other morphological traits of the trans-
genic plants remained unchanged.

Keywords: expansins, cell stretching, organ size, PnEXPA3, overexpression, transgenic plants, Nicotiana
tabacum, Populus nigra.
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