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florryuenrr reHerr.rqecKr.r MoAuQr4r,rpoBaHHbre Kapnbr c reHoM ropMoHa pocra
6e:roro roncrono6raxa. B rroroMcrElrx or npousno4urerefi co cra6l,HbHo

HHrerp[poBa]r]rbrM TpaHcreHoM npocne)KeHa ero nepeAar{a B Her43MeHeHHofi Qopvre

Ao rroKonewut F3. C$opullpoeanst 2 rroJrHocrblo rpaHcreHHbrx rIoroMCrB? F3,

y KoropbD( TpaHcreH 6es nepecrpoeK coxpaFnncr Ao Bo3pacra 4 ro4a. lStt cozgawvt
6ucrpopacryrqefi (fopurr Kapna neo6xo4ralra Aarrnefrmzul ceJIeKIIL{t norr5rleHHofo

Marepuiua.
Kntoqeearc croaa: reHerprqecKar lao4uQunary4s, Kaprr, TpaHcreH, ropMoH pocr4
cra6mrgocrb. ceJreKrll{r.

Pa:eeAeHue reHerr4qecrcu ruogu$Hrlr{poBaHHofi (fM) pbr6br MorJro 6rr npunecru r
3Har{HTeJrrHoMy yBenur{eHr4ro npoAyKrlrdr,r pbr6oBoAcrBa v cHI,I)KeHHK) HaFpy3Kr4 Ha

ecrecrBeHHrre pu6Hbre pecypcbr. Co3AaHbr rpaHcreHHbre Qopurr pu6 c uosrrueHHofi
cKopocrbro pocra, ycrofiuunocrblo K 6onegssrrr v a6[oru.recKr,Il,I crpeccaM.
HanpaueHHoe yn) {ueuue psr6oaogHo-6uoJrorulrecKrrx xapaKTepr,rcrr.rK psI6 npunoAr,rr K

noBbrrrreHrrro I,Ix npoAyKTr.rBHocTH rr, KaK cneAcTBkre, K noBbIIIIeHIIIo npol{3BoAI4TeJIbHocTI{

ToBapHoro pu6ono4crna.

OAsaxo orHo[reHr4e K reHerr,FrecKr,r nao4zQnqnpoBaHHbrM opraHlr3Mau (fMO)
HeoAHO3HaqHOe, BbrCKa3brBarOTCr COMHeHrrrr B r,rx IIHrrIeBOft V gXOrorprqeCrOfr

6egonacnocrx. Hexoropbre ficcneAoBarenr,r )TBepxraror, qro orpr{qareJrbHbre e$$exrur
fMO Ha 3AopoBbe qeJroBexa Moryr rpoqBr,rrbcr He cpa3y r,r lrMerb Heo6paruMufi xapaxrep
(Ky:neqon, Kynurcon, 2005). Kax orMe.raror o[noHeHTbr, MLrJrJrr4oHbr nroAefi Bo BceM MHpe

yrorpe6nqror fM rpoAyrrbr yz<e 6onee 15 rer, r4 HlrKaKI{x no6orlHbrx e$Qerron .qo crrx
nop He Bbr.flBreHo (Key et dl., 2008). Hecxonrro lrccneAonaHufi yKa3blBaror Ha

Herarr4BHbre nocJreAcrBr{r )morpe6tesus. npoAyKToB rrvtranvs,, coAep}r(arqux fMO, 4rx
)Kr.rBorHbrx (Ermakova, 2006; Ewen, Pusztai, 1999; de Vendomois et al., 2009). 3uE
pa6orbr noABeprnucb KpHTr.{Ke 3a HeAocroBepHocrb u HeBocilporr3BoAr.rMocrb p*ynbraroB
(Mapnrann , 2007; Mowat, 1999; Feldbaum, 1999; FitzGerald, 1999; FSANZ response. . .,
2009). IoAaersrouee 6onbrrrr,rHcrBo r{ccneAoBaur,tfi uoArBepAr{Jro 6esonacHocrr fMO,
r{To orMeqaercr B .qoKnaAe ,{enapranaeura no uccneAoBaHuqM vI I,IHHoBaTIIIM
Enponeficxofi rouuccuu (GMO Pundit. .., 2010; European Commission ..., 201 0).

Teu ne MeHee, MHorr{e crpaHbr 3aKoHoAarenbHo r,rcKJrroqrrJrrr ur cQepsr roproBnr{
fM urarqeBbre [poAyrTbr rrnu orpaHur.uvtrvt coAep]€Hr{e I-M Hcror{Hr4KoB B npoAyKTax
ilr4TA}fUS,.

Ha cero4nrurrrafi AeHb orcyrcrByror He roJrbxo gxcrrepr.rMeHTaJrbHbre

AoKa3arenbcrBa BpeAHbD( nocneAcrBuit ot ynorpe6nenus fMO B rrutqy, Ho r,r Ha) rHo

o6ocnosanHrre rr4[ore3br o Bo3Mo)ruocrrr raKzx nocneAcretrfi. OAnaxo AoKa3arb
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a6conrornyro 6esonacHocrb Bcex 6es zcxrroqeHr{fl fMO s npr.rHrrr{rre HeBo3Mo}KHo.

B KaxAoM KoHKperHoM cfl]rqae neo6xo4uuo AoKa3blBarr 6esonacHocrb BrroJIHe

KoHKpeTHoro fMO vnr ron) IeHHoro l,ts Hero rpoAyKra.

fopa-a4o cnolxHee orleHr4Tb 3KoJroruqecKyro 6esouacHocru fMO u [porHo3r,rpoBarb
rrocneAcrBrrs [poHr,rKHoBeHvs. fM pn6 B ecrecrBeHHbre coo6ulecrsa. BosNaoxHsrfi
Bapr{aHT cHr4xceHu.f, floreHrluzlnbHbrx pr{cKoB Anr oKpyxaroulefi cpeAbr - pa3BeAeHI4e

TpaHcreHHrx psr6 B 3aMKHyrbIx crrcreMax, .1106rr prcKJrroqr4Tb ux (yreqKy)) B npI,IpoAHbIe
BoAoeMbr. fapanrnefi 3Korofrrecxofi 6esonacHocrr4 fM pu6 npu cn) {afiHorvr nonaAaHl{rl
r4s prr6ono4uoro BoAoeMa B ecrecrBeHHyro cpeAy crrr,rraercq vtx crepr{JrbHocrb
(Kapuscinski, 2005).

Bcero B Mr.rpe, ilo cBeAeHHrM u3 ptnHbrx LrcroqHlrKoB, reHerLFIecKI,I

rvro4u$raqupoBaHo or 16 Ao 20 BHIoB psr6, BKJrFoqar Kaprra, rococeft 14 coMa
(fM nococs. . ., 201I ; Du et al, 1992; Devlin et al, 1994; Hostetler et al, 2003; Wu et al,
2003 ; Kapuscinski, 2005 ; GloFish, 2006).

B 2003 r. Ha pbrHKe norBraJracb rrepBarr fM aKBapr{yMHiur pu6ra AaHHo
(Danio rerio, Cyprinidae). Vlx orJrr4rr[eM or HaryparbHbrx oco6efi flBlr*ercfl KpacHtul,

3eJreHiur unr4 opaHlKenar SnyopecrleHTHafl oKpacKa rena. .{aru4o c reHorr,r GFP MeAy3bI

Aequorea victoria r,rMeror sereHHfi rlBer, c reHoM RFP xpacHoro KopaJna (ur po4a
Discosoma) - xpacurrit, a pulrc4 B feHoMe Koropbrx npucyrcrByror o6a reHa - N(eJITbIe.

Enaro4apr Ha.lrr.rrrurro 3Tr,rx reHoB, KoAr,rpyrculux $rryopecrlr4pyroulue 6emn, prr6xu xpxo
cBerrrc-s B ynbrpa$uoreronou cBere. OHlr crarrv nepBbrM o6lleAocryrlHblM fM
AoMarrrHr.rM xHBorHbrM (GloFish, 2006).

HeAanso aMepraKaHcxas KoMlaH[q ((Yorldown Technologies> sasBnlra o Harrare

rrpoAaNc cBerqulnxcs cymu us fM pu6ox c feHoM GFP. 3ru pnr6ru co3AaBaJrplcb B

KaqecrBe AeKoparr{Bnrur o6rerroB aKBapnyMr,rcrrrKr,r, Ho craJrkt nepBhIM fM npo4yxrorr,r
rrvr aHvs. xr,IB orH oro rrp oucxoxAeHufl (ArvrepuxaHllbl f oroB flT . . ., 20 | 2).

ilrq MrrHrrMr{3arlLrr4 rroreHrluanbHbD( pr,rcKoB or fMO B conpeueHHofi
aKBaKynbrype pa3pa6arrrnarorcfl pa3nr4qnrre 6zorexHoJrorvqecKpre rrprreMbl. Tax, 4nx
o6ecneqenus uuqesofi 6esouacuocru fM pu6 co3AaHbr <all-fish> MoneKyntpHble
KoHcrpyrfl{r4vt, cocroflrrlrre r,r3 crpyKT}pHbrx r4 perynrropHbD( 3JreMeHToB ToJIbKo pst6uoro
rrpor{cxo}KAeHus' Pu6u c raKr4Mrr KoHcrpyKrlvrflMvt B feHoMe He 6yayr [poAylrupoBarb
ranue-nu6o HoBbre 6emz, 3a r4cKJrrolreHpreM pa3HoBl,rAHocrefi prr6urx 6uouoleryn
(Wu et al., 2003). [lt o6ecue.reHr4rr oKoJroruqecxofi 6esonacHocrrl rIpI4 cnyrafiuorvt
no6ere fM pu6 B ecrecrBeHHbre BoAoeMbr pa3BoAqr creplrnbHblx TpaHcreHsux oco6efi.

CosAaHH TpaHcreHHbre Kaprrbr c <all-fish> xoucrpyrc{uefi, BKnloqarcilIefi ren
ropMoHa pocra 6eroro aMypa (gcGH) r rpoMorop b-axruua Kapna (CA). V nnx orMeqeHo

3Haqr,rreJrbHoe floBbrrrreHrre cKopocrrr pocra u sQQexu,rBHocra I4cnoJlb3oBaHr{t KopMa,

nprrqeM KaK y o6srqnrrx Ar,r[nor{AoB, TaK r4 y crepuJrbHbD( Tpr{[nol,IAon. Benrrfi aMyp I{
Kap[ orHocsrct K oAHoMy cervreficrny, roMoJroruq aMI4HoKI,IcJIorHbIX

rrocneAoBarenurocrefi I,tx ropMoHoB pocra Aocrfiraer 97o/o. Pezytbrarbl la6oparopurx
ficcneAoBarruit u norreBbD( r,rcrrbrraHr.rfi norasaru, rrro <all-fish> TpaHcreHHbIe KaprIbI

BrroJrHe 6esonacHrr Arq oKpyxalouleil cpeAbr r{ sAopoBbr rIeJIoBeKa (Wu et al., 2003).
IrInQ opu aqrs o p a3p erreHHH KoMMepqr{ urvaar]:ala eroro rp oAyKTa orcytcrByer.

CrepunrHbre caMKLt fM arnanrr,rqecKofo nococr c npoMoropoM aHTvQpusnoro
reHa auepurcaucxofi 6elrArcru vr reuoM ropMoHa pocra qaBbrtILI (AquaBounty
Technologies Inc., CIIIA) Aocrr4raror ronapuofi Maccbr 3a 18-24 Mec., rorAa KaK
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HerpaHcreHHbre Jrococu 3a 30 Mec. Peaymrarur [poBeAeHHbD( uccle4oeanufi
noKzt3brBaror, lrro fM lococb He r,rMeer 6uo;rorurrecKr4 3HaIII,IMrD( pasnuluir c AI4KLIM

Br4AoM, r.e. oH 6esonaceH Anr rrorpe6urerefi. B 2011 r. FDA CIIIA rpllHtno peuleHlre

noAAepxarb KoMMeprluarr{3arlrro AaHHoro npoA}'KTa Ha pbIHKe crpaHbl (I-M rococr,
2010; fM nococr ..., 201 1).

Ilerm Harrrta( zccreAosarufi 3axrrotralacb B uoprQurcaqwr KapnoB FeHaMI,I

xostficrseHHo rIeHHbD( nprBHaKoB, vt3yrreHvn cra6urnnocrrr vt gKcrIpeccLII4 TpaHcreHoB B

rroJr) reHHbx FeHepaur{fl( n eSQercrurnHocru r,D( HacneAoBaHI,IJI B rlcrroMcrBzx rpaHcreHHbx

npouenoryrrerefi.

MATEPI4AII I,1 METO44KA
O6rerrarrru reHHo-r4HxeHepHbrx ucc-ne.{osaHzfi flBnrflIrvtcb Kapnbr (Cyprinus

carpio). Cnepuy v sfiqercrerKrr nonlqaJrr4 or rpor{3BoAr.rrerefi, coAepx{alqklxcq B rlpyAax
3Kcrr epr.rMenramnofi 6as sr O f VII (B HI4I4IIPX)) <<-flrorr >>.

[nr reHeu.{ecxofi lro4nQuxaqHra psr6 [crroJrb3oBaJrvtcb cneAyroud]Ie KoHcrpyKrII{H:

- <all-fish> pexorra6uHaHrHarr .{HK-roncrpyrqzg ptMTa-scGH, co4epxalrltuI feH
ropMoHa pocra 6eroro roncrono6urca Hypophthalmichthys molitrix (scGH) I4 rpoMorop
Merannorr,roHeuHa pagyxnofi Q operu (ptMTa) ;

- pCMV-csIGFl, coAepxarqar xlHK reHa raHcynusonoAo6noro Qarropa pocra
I rerrr Oncorhynchus keta (IGF-I);

- 3Kcnpeccupyrouqufi perpoBr{pyursrfi BeKrop pLNS, coAepxatqnfi PHK-xorIIaro
reHa oprdrponoeruua Epo;

- [HK-xoHcrpyKrlr{s Ha ocHoBe BeKropa pIRES2-EGFP (Clontech, CIIIA) co
BcrpoeHHbrruN cafirauu LoxP 4rrs caitr-cneqHQrmecrofi percou6usa\uu, coAepxaqarl reH
3eJreHoro @nyopecqnpyroqero 6erxa EGFP.

fenernqecKaJr MoAuSuraqu-a pu6 nponoAr{nacb rrocpeAcrBoM Ml4KpouHrercqvfi
pacrBopoB KoHcrpyKrlutr,r B orrJroAorBopenHnre qfiqerrerKr4 Ha cra4uw 4nyx 6nacroMepoB.

fitrt Mr{Kpor{Hbexqufi perpoBrrpycHoro BeKropa pLNS c PHK-rconuefi reHa Epo
rrcrroJrb3oBaJrv KaK rlenbre KJrerKrr, rpancQopur4poBaHHbre 3Tr.rM BeKTopoM (zx nno4uru n

rrep[BrrrenJrr.rHoBoe [pocrpaHcrno), rar r,r KJreroqHrrfi rouorenar (ero BBoAr,rn[ vrvr B

xeJrroK, vrJrvr B 6racro4ucn),

I44enrraQuna\vfl TpaHcreHHbx KapnoB flpoBoAunacb c rroMorllblo nonurvrepasHoil
qenu ofi peaKrlr.ru (II{P) c o cnequ $ulrecxlrMkr np afi uep altu.

fitrx u4enru$uKarlr4r,r KaprroB c TpaHcreHoM scGH
r4cnorrb3oBarrr4 upafil,repu AL4 (5'-AGCTGTCTGCGTGAACGCGCG-3) v GM35
(5'-AGCTGGTGCAGGTGTTGAACACG-3). nqP rpoBo.qr{rrr4 B crreAyrorrreM pe)n4Me:

rpeABapr{renbHarr AeHaryparlpu AHK - 95'C - 13 MLIH; crlHre3 fll-p-npoayxroB:
5 qrrros - 94"C- 40 cer, 62"C -40 cer, 72"C - 40 cer; 5 qurros - 94"C- 40 cex,

60"C-40 cex, lz"C- 40 cex;35 qzxnoe -94'C-30 cer,58'C- 15 cer,72"C- 15 cer,
oKoHrrareJrbHas Aocrpofira qenefi - 72"C - 10 rraran.

O6pasqrr coMaruqecKrrx rKaHefi (QparrueHTbr rrJraBnzxon) r,r 3peJlbx rroJroBbrx

rpoA).KroB Quxcuponaru B 96o/o-voM. 3raHone. Atrs BbrAeJreHr4r vt or{r4crKu AHK
npr.rMeHrnu SeHorsHo-xropo$opMHyro (Blin, Stafford, 1976) r coneByro (Miller et al.,
1988) 3KcrpaKrlr4ro. PasAereHr,re rpoAlxroB cnequ$nrecxofi aun.nlrQuxalll{Ir rpoBoAr4IrLr
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MeroAoM ropr.r3oHTnrrbHoro enerrposopeza n lYo-soM arapo3HoM feJre (MaHraaruc v nip.,

1e84).

,,{nr HH,4yrIIuI,I rl4HoreHe3a r4Kpy rpaHcfeHHbrx cilMoK oceMeHrJrr4 reHerr4qecKl,I

r{HaKruBr4posaHHofi rocpeAcrBoM V@-o6nyreHrar (300 [2xlv-2) cneprr,rofi.

[ta BoccraHoBJreHr4rr Ar{nnouAnocrr4 rr4HofeHerr4qecKr4x fanJror4AoB noABeprzlnl4

TennoBoMy rrroKy l,tnu qepe3 0,2 rs rrocne oceMeHeHr4x (rr,refioru.recx[fi rl4HoreHe3), unu
r{epe3 1,7 rs - (uurorz.recx[fi rnuoreues).

,{na norryr.reHfi-f, crepr4JrbHbrx rpaHcreHHbrx rprr[nor4AoB Ar4nnor,rAHbre sfiqexrerxfi
KapaceKaprroBbD( ru6pu4on oceMeH.f,rr4 cnepuofi TpaHcreHHoro caMrla Kap[a.

,{nr oqeHKr{ npoAyKTrrBHocrrr rpaHcfeHHbx Kapfloe 6rrra [poBeAeHbr pocroBbre
orrbrrbr B aKBaplr)4vrix 14 lpyAax. KourpoJrbHbrMr,r rpyrrrraMr4 cny]r.urluz' KaprIbI Toro )Ke

flpoficxoxrennfl,, y KoropbD( TpaHcreH ne 6rrn Bbr.flBreH. tlro6sr ] recrb Bo3MoxHhIe
punnnqrzr ycronufi Bbrparrlr4BaHr4fl B pa3Hbrx npygax, B pocroBbrx orrbrrax npaKTI4KoBanLI

coBMecTHoe BblparquBaHr4e KoHTponbHbrx r{ onbrTHbrx lpyfin vnh lrciloJlb3oBzllll{ MeToA

<o6ulero rourporr>. B [ocneAHeM cn]rqae B xaxArrfi npyA coBMecrHo c

3Kcnepr,rMeHTaJrbHbrMn rpyrrnaMrr 6rnu rrocoxeHbr Kapfibr vt3 o6rqefi rns. Bcex
(GoHTponbHoft>> rp)mrrbr, Koropbre orJrrrrrzlrrucb or r,rccneAyeMblx pu6 xapaKTepoM

ueuryftuoro rroKpoBa.

PE3yJrbTATbr 14 OBCtrXAEHrm,

f[nx reHernqecxofi ruoror$nrcaqprr{ KapnoB 6sum r4cnoJrb3oBans 4 pa3Hbx rpaHcreHa.

O6rqee ril4cno [oryqeHHbx MeroAaMrr rer*rofi la reuoMHoft unxenepvr.{ reHepaqnft npune4euo
n ra6ruqe 1. 3aecn xe noKa3aHo, B cKoJrbKr,x H3 n n o6uapylreHbr rpaHcreHHbre Kapflbl,

a raroxe B cKoJrbKr,x 6wm o6Haplarenrr oco6z co cra6znrHo r{HTerpnpoBaHHbIM TpaHcreHoM

(y roroprx rpaHcreH He ylpaqr,rBaercs. c no:pacrorvr).

Ta6lnua 1. fenepaqvu KaprroB, rr,ro4uQr,rqupoBaHHbrx pa3HbrMr.r rpaHcreHaMIa (TG).
Table 1. Generations of common carp modified with different transgenes (TG).

Tpaucren feHepaqlu r{uclo
rrorr]AreHHbrx

renepauufi

r{lrcno

renepaqr,rfi
c TG+

llucro renepaquft
co cra6unrsofi

lrnreroaurzefr TG
fen scGH Po A 2 I

fen scGH F1 6 5 2

feu scGH F1 t1 9 2

feu scGH Fl Gmei 2 2 0

fen scGH Fl Gmit I 1 0

fen scGH F2 7 5 I

feH scGH F3 I I I

feu scGH F3 Gmei I I 1

fes scCH FbTG I 0 0

fen csIGFl Po I 0 0

fen Epo Po I 0 0

fen EGFP Po 2 I 0

Mo4ra(pr.rxaqur KapnoB feHoM ropMoHa pocra 6eroro roncrono6l{Ka scGH
rrpoBoAr4nacb Anfl co3AaHr,rr 6rrcrpopacryrrlr4x Sopr"r. B cooreercrBr4r4 c srofi 3aAavefi

rrcronb3yerc{ (all-fish> pexorr,r6[HaHTHrur KoHcrpyKrlrlr ptMTa-scGH, Koropat BKJlroqaer

npoMoropHo-3HxaHcepHyro o6nacrb reHa MerilrrJrorr4oHeuHa (aD paryx(Hofi Sope.nu
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(MTa) u xpoMocoMHyro Kornro reHa ropMoHa pocra 6eroro roncrono6ura (scGH).
Pn6rr c raxofi KoHcrpyKrlueit n reHoMe 6yayr rpoAyrlr4poBarb roJrbKo HoByro Anfl Kapra
pasHoBr,rAHocrr pn6uoro ropMoua pocra. Kapn u 6ertl';rit roncrono6r4K rrpr,rHaAJrex(ar K

oAHoMy ceuefrcrny, p.rl. rrx ropMoHoB pocra xapaKTepHa BbrcoKiur crefleHb roMoJIorI{I4
aMr,rHoKr.IcJrorHbrx [ocJreAoBaremHocreft. Bo;ree rofo, grr4 rroJrr{[errrr,rAbr oqeHb
tl)aBcrB[TeJrbHbr K Kr4cJroraM, rrleJror{aM u HarpeBaHr,no, TaK r{To r4x SnslaororuqecKarr
Qynxqux 6yaer HapylxeHa rrprr pyrr4HHofi xynuuapnofi o6pa6orrce (Wu et al., 2003).

MeroAou MrrKporrHberqufi 6uno floflyqeHo HecKonbKo reHepaqufi [epBr,rrrHo
TpaHcreHHLx Kapnon (racxo4nilr reHepaqrax, P6). MonerylapHo-reHerraqecruft a*anrr43
coMarrIrIecKLIX TKaHefi, a taxxe HKpbr r,r cnepMbr nonoBo3penrx prr6, BbrsBI{JI Halrwtve
TpaHcreHa y rIacrI,I 3TLIX nepBr4qHbx rpancQopuaHToB. Or noloxrlTeJrbHbrx no rpaHcreHy
(TG+; rpor{3BoArrrenefi 3areM 6svru ron} {eHbr HecKonbKo rroroMcrB Fh (<ru6pprAHbDo)
tloroMcrB or cKpelqr{BaHl,ls rpaHcreHHbD( caMrIoB c r,rHTaKTHbrMH carvrxaun) H Fl
(noroucrna [epBoro rroKoreHl4q or crperuu*altrs. TpaHcreHHbrx npor,r3Bo4zrenefi). CpeaH
HIrx BbUIBJIeHo Iro 2 reHepallplt4, B Koropbrx Bcrpeqafir{cb Kapnbr co cra6ulrHo
I4HTerpvpoBaHHbIM TllaHcfeHorr,r scGH (ra6n. 1, 3). Kpoue roro, or rpaHcreHHbrx cauox P6
6rtma noJr)4IeHbI fuHofeHerrrr{ecKr.re noroMcrBa - c [pr4MeHeHr,reM xax uefiou4rrecKoro
(Gmei), raK LI Ml4Torl4qecxofo frrHofeHe3a (Gmit). Oxu4aercr, qro y rr4HoreHerr,rqecKr.rx
noroMKoB TpaHCreHHbIX CaMOK TpaHCfeH AOnxeH npucyrcrBoBarb B foMo3HrorHOM
cocroqHl,Iu. 3ro Aacr Bo3Mo)KHocrb rroJryqarb or raKprx Kap[oB ToraJrbHo 'rpaHcreHHoe
noroMcrBo. llpeI uefiorvqecKoM Fr.rHoreHe3e B foMo3r4rorHoe cocrorHr.re nepexo4rar 600/o
regoB, a Mrrrorllqecrnfi Ar{rrnonAHsrfi runoreHe3 laer Bo3Mo)Igocrb [oJrf{r4Tb I00%
roMo3ErorHocrb. Tpaucreuurre oco6u BbrqBreHbl Bo Bcex 3 runoreHerrrrecKnx
rroroMcrBrx, Ho roJrbKo n neperrfr roA )KH3Hr,r (ra6l. 1).

Or rpancreHHbrx rrpor{3BoArlrelefi Fh u F1 6slo rroJr} reHo HecKoJrbKo [oroMcrB
Fz, s o.4HoM 143 Koropbx n4enrrQvIqplpoBaHbr cra6rEnrHo rpaHcreHHbre Kapnbr. Or uux
noJr) IeHbI ABa pasHblx tloroMcrBa F3 - or o6rrqHoro cKpeqr,rBaHurr npout3nogurenefi n
Arrnnol{AHoe rLIHOreHerI4qecKoe [oroMcrBo c npnMeHeHr{eM nHAyrltpoBaHHofo
MefiotrrecKoro rl4uoreHe3a. B o6oux [oroMcrBax o6napyxenrr prr6rr, coxpaH.f,rorrlr4e
TpaHcreH B TeqeHr.re HecKonbxr,rx ner (ra6n. 1, 3).

Haqarur olrblTbr no rron] {eHr{Io crepl{JlbHbrx rpaHcfeHHblx rpunnorrAoB, Anq qero
caMoK KapaceKapnoBbD( ru6pra4on cKperqr{BzlJra c rpaHcreHHbrMpr caMrlaMr.r (noroucrno
FbTG). Iepnrrfi orbrr oKa3zLJIcs HeyAaqHbrM - TpaHcreHHhre oco6u n ilon)AreHHoM
noroMcrBe He o6Hapyxeuu (ra6n. l).

Mo.qra$llxaqux KaprIoB reHoM r{Hcynr.rHouo4o6uoro Qarropa pocra I xerrr,
csIGF-I, KaK LI B rrpeAblryueM cJr)rrae, ucnoJrb3oBilJracb An-f, co3AaHvrr c rroMorrlbro
rpaHcreHe:a 6ucrpopacryrqefi Soprr,ru. IGF snnqrcrcfl MeAr4aropaMr4 CTf 1-ro roprAKa.
Ilpegnolaraercs, qro I4MeHHo qepe3 r{Hcynr.rHnogo6nrre Qaxroprr pocra peam,Byercq
reficrsre CTf ua opraHu3M B IIerroM, u Ha nponrQepaqurc aussepeHqr4pyroqr4xct
KreroqHbD( [yJIoB, B qacrHocrla. CnegonareJrbHo, oAHr.rM vlg SeHorunvqecKrax
rpolfiBneHufi axcnpeccuu IGF flBlmercfl, crr{Mynrrlr4s pocra. Y nonyleHHbrx KapnoB
P6 rpancres ne 6rur BburBJreH (ra6n. 1).

feneru'recxax nro4xQurKaqlz'fl KaprroB reHoM spr,rrpono3runa Epo [poBoArrnacb rns
noBblllreHus vtx ycrofiultnocru K geQuqury Kr4cnopoAa. 3purpoflogrr{H oKa3brBaer
BblpaxeHHoe crl{Mynfipyloqee Aeficrnue Ha 3pr4Tpono33. Elaro4apx groMy pe3Ko
noBbllrraercs cuoco6Hocrb opraHl{3Ma cBt3brBarb Kl4cnopoA r4 TpaHcnoprl4poBarb ero B
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opfaHbr r4 TKaHr{. B nparrure r4HAycTpuarrbHoro pbr6oBoAcrBa rroBbrrrreHrre ycrofi.IunoctH
pbr6 K HeAocrarKy Kr4cnopola fipvr nJrorHbrx rr cBepxrrJrorHbx nocaAKax - oAHa I{3

rrepBocrerreHnbrx 3aAarr. B pesynmare npoBeAeHHbrx gKcnepr4MeHToB 6EIno non) reHo

orpaHrueHHoe qlacJro xn3Hecloco6nrx Jrr{qr4HoK rrcxoAHofi reHepaquu Po. K co}KzLIIeHIrIo,

Bce oHr4 6rrnu orplrrlarenbHbrMr,r tro rpaHcre+y epo (ra6r. 1).

feu sereHoro Snyopecrlr4pyroqero 6e.nra EGFP r4cnoJrb3oBzlltc.s KaK reH-penoprep
B cocraBe MoneKyn.flpnofi xoncrpyrqrau co BcrpoeHHblMlr cai,narv'u LoxP. On orneqaer 3a

cr,rHTe3 6elxa, xoroptrfi, nornoqtu cBeroB)'ro gHeprl4lo n ynrrpaQuo.neronofi u cuueit

o6racru crreKTpa, r43n) raer sprAr,rrdHfi genenrrfi cBer (Xn,,* : 510 HM). llo ero

QrryopecqeHr-Iilrr MoxHo u4euru$uuupoBarL oco6efi c rpaHcreHou EGFP y)I(e Ha cra4krrx

eu6puoHoB LI rHrIrIHoK.

flpurrleHeur{e MoneKynrpHbD( KoHcrpyKrlui't c caitraMl{ y3HaBauur (LoxP) Anr cafir-

cnequ$u.recrofi perorrl6rzua:sr (Cre) 6arreprao$ara Pl flr;rflercfl. repcreKrl'IBHblM

HarrpaBneHr,reM rennofi r{HxeHepr4r,r. Oco6eunocrblo AaHHbIx KoHcrpyKII[fi tBrterc-fl

Bo3Mo)KHocrb B AalruefiureM 3aMeHsrb BcrpoeHnufi TpaHcreH ua nro6ofi Aplrofi reu,

4eficrnue Koroporo Ha opraHr,rel,r Heo6xoArrMo I4ccJIeAoBarb. 3auena flponcxoArrr c

[oMorrlbro cafir-ctequsu.recxofi pexorr.r6vrHa\vLr B rlpucyrcrBla]I Cre-perou6unassr c

orreHb sHcoxoft eQQenrnnHocrbro (Pan et al., 2005).

!.nl- yAo6crna ucrroJrb3oBaHr,r{ pa3nr,rrrHbD( reHoB B reHHo-rrH}KeHepHbIX

r{ccneAoBauurx 6rua co3AaHa yHuBepcilnbHuu{ MoJleKyn-flpHar KoHcrpyKIII4q, coAepxcau\Afl

r-eH-peroprep egfp, $nanrraposaHHsrfi caircavru loxP AflA cafir-cnequ$uuecrofi
perovr6uHawrkr.llo srlrl,r cafirau rpeArronaraJlocb 3aMeHtrb perloprepHsrft ren EGFP na

nro6oft ueneeofi reH, BXoAruIzfi e cocraB Apyrofi KoHc'rpyKIIuu c cainarr,lu LoxP. B clyrae
ycneuruofi perou6uuaqur4 reH egfp 6yyer 3aMelrlarbcs Ha Apyrofi, r{To nprBeAer K

vcrre3HoBenuro SnyopecrleHrlr{r4. CreAosareJlbHo, LI B groM cny{ae craHer Bo3MoxtHbIM

or6op oco6 efi , [oJIo)ICI,ITeJIbHbrx rlo H oBoMy rp aHcFeHy.

Esrlo non)rreHo 2 reHeparlfir4 Po, B o4nofi rr3 Koropblx flpu o6rryueuuu

MoHoxpoMarr4qecKrrM ynrrpaQuoJreroM c ,4rzHofi BoJIHsI 365 HM o6uapyxena

SrryopecqeHrlr{r rrr,rrrnHoK (puc. l). Ha Qororpa$uu cnpaBa xopouo BIIAHbI cBerqlquecfl

iru nnt. Pesymrarrr MoneKyn-rryHo-reHerrrqecKoro aHanru3a JIvMI{HoK 6stnu

orpr4rlarenbHbrMr{, qro rro-Br,rAr{MoMy cBI{AereJIbcrByer o6 3Kcrpa-xpoMocoMHoM

QyHrquonnpoBaHrrr{ TpaHcreHa (reu excnpeccrlpyer, Ho vtcrvrnHofi IaHTerpaIILtI4 ero B

reHoM He nporr3omno). OAsaxo [pr,r BbrcaAKe cefoJlerKoB B npyAbl npfi conHerlHoM

ocBerrleHr,rpr y Hprx na6lroAalacs cta6as 3eJleHoBaraa Q.lryopecIIeHIII{t Ha roJIoBe I4 B.{onb

cnr.rHbr, T.e. r,rMeJra MecTo sKCrrpeccus I{HTefpI{poBaHHofo TpaHcreHa EGFP'

CneAoeareJrbHo, e arofi reHeparlr{r4 P6 r{crI{HHo rpaHcreHnrre oco6u Bce )Ke BrUIBJI9HbI rlo

3Kcnpeccr4q TpaHcreHa Ha 6olee no3AHIax cra4vflx pl3Blrrva BonpeKu pe3ynbraraM

MoneKynrpHo-reHerr4rrecKoro aaurv3a (ra6n. 1). 3ro AorloJrHrrrenrrrrrfi aprWeHT B

non6y reHa-pe[oprepa e{p. K coxaJreHlrro, gra reHepalll4l 6rtla yrpatreHa B npoqecce

BbrparqlrBanr4fl, a no nropofi reHeparlr4r4 Ps TpaHcreHHbIe Kapnbl He BrI{BJIeHbI HI'I no

oKcrrpeccur4 perroprepHoro rena EGFP, HIr rlo pe3ynbrarau [II-p-cKpI,IHLIHra. llonropurr
STOT OnbIT nOKa He yAitllocb.

,{anrnefiruee r43) reH}re 3Kcnpecorra vt cra6vnrsocrl{ TpaHcreHa flpoBoA[nocb Ha

Kaprix c reHoM ropMoHa pocra 6eloro rolcrono6ura scGH.

C rpancreHHbrMr.r reHeparlr4rrrru 6rrnu [poBeAeHbI pocroBble o[bITbI. B ta6nwrc 2

nprrBeAeHbr caMbre o6uaAexuBaroque pe3ynbrarbl. Atts ceronerKoB tr roAoBI4KoB
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noKa3aHo oTHoIrreHLIe MaCCbr TpaHCIeHHbrx KaprroB K Macce KoHTpoJIbHbIx, I.nfl
AB)DuerKoB I4 TpexnerKoB - orHocr{TeJrbHbrfi rrpr4pocr rpaHcreHHofi rpynnrr B nporleHTux
or KoHTpoff. Cpe4u 3TLIX [oroMcrB He yAilrrocr :aaittu Hr,r oAHoro c ycrofi-uprBbrM
noBbrrrreHr4eM cKopocTr4 pocTa.

oAno I{3 TpaHCreHHbrx [oroMcTB Fl KaK B AB)DUreTHeM, TaK U TpeXneTHeM
BO3paCTe 6Olee rreM Ha 20%o onepexalo IIo cKopocrr4 pocra KoHTponbHoe noroMcrBo
(ra6n. 2). O4nano rpu 4a-nruefiureM BbrparrlvBannv cKopocrb pocra rpaHcreHHbD( r,r

KoHTponbHbx [oroMcrB 6una [paKTLIqecKr4 o4nuaronofi. [lt ocranbHbD( 4-x
TpaHcreHHbD( noroMcrs 6oree nrrcorufi no cpaBHeHr,rrc c KoHTponeM rrpr4pocr orMeqeH
TOJTbKO B O.qrrH r43 ce3oHoB BblpaIIIHBaHr.{JI.

Puc. 1. Mo4u$r,rqrapoBaHHLre reHoM egfp (cnpasa) u vtHraxrnrre
o cBeuleHr.rr{ ylrrp a$uonerorra (},:3 6 5 rnr).

(clera) JrusrrHKrr Kapla flplr

Fig' 1' Modified with- gene egfu (at the right) and intact (at the left) common carp larvae underultraviolet lighting (),:365 nm).

Ta6;luua 2. lloxa:arer' pocra rpaHcfeHHbrx KaprroB (s %% or xonrpon_r).
Table 2. Transgenic common carps growth indices (% of the control group).

fenepaqu-r Cerone:rrrl

mTG/nil\%
fo4onuxr.l

mTG/mK %
[ayxnerru,r Tpexlerxu

AMorH.scCH/
AMorn.K %

AMoru.TG /
AMorn.Il %

Po
132,4 101,5

F5
194,0 99,6

Fl 81,0 127,7
F2

121,3 97,8
Fr

132,1 1)) \

Bne.qennue B KnerKr.r reHbr Bcrp anBarorcfl B pa3Hbre ) {acrKr4 reHoMa, qacr6 H3 HI,".HI'IKorra He HaqI4Haer gKcflpecctrpoBarbc.fl, a qacrb Moxer flpeKparr..rrb pa6ory.
Eqe oAHo u3 Bo3MoxHbrx o6sscuewuit orcyrcrBr4-rr ycrofi.ranoro pocroBoroeQQerra - necra6unbHocrb rpaHcreHa scGH, npuiunofi Koropofi Moxer 6rrrr erorpancQopualJLrs pInr4 [oJIHtuI 3nl4MIrHarlvtfl ug reHoMa Kap[oB. D.rruunnaqr4, TpaHcreHoB -o6rrqHoe qBreHue y reHerruecKrr MorEouqrposaHHbrx opraHH3MOn (Fladung, Iggg;Srivastava et al., 1996; yao et a1.,2}}3;Romanoet a1.,2005).
finx oqenru cra6wnsHocrtl TpaHcreHa scGH y Kap[oB r43 HecKoJrEKr,rx reHe pa*uiror Pe Ao F: [poBeAeH aHaJrvt3 zx [HK. Ha ocnosaHuvr ero pe3ynbraroB o[peAeJreHbr
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KoJrr4qecTBo rronoxuTeJrbHbD( IIo TpaHcreHy pbl6 B sTrrx reHepalll4tx B pa3HoM Bo3pacTe

(ra6n. 3) ra s$$exu,IBHocrb nepeAarru rpaHcreHa rloroMcrBy.

flolonospelue oco6z, y KoropLD( TpaHcreH scGH cra6unrHo o6HapyxuBarcs B

coMarr/rllecKl4x rKaHtx LI 3penblx raMerax Ha nporqxeHuvr pflAa ler, 6rIJIn BbIsBJIeHbr B

o4uofi r43 reHepaqzfi Po. rluclo rpaHcreHHbrx oco6efi s erofr reHepallul{ ilepBruHbD(

rpauC$Oprr,raHToB r 6-ru rOAaM CHIDKaJIOcs Ha TpeTb; B AaHHoM cJryqae 3To MorJIo 6rrrs

cBr3aHo He c sJrrrMuuaquefi TpaHcreHa, a c ru6enblo 3Haql,Irenrnofi qacrvr prr6 ,4anHofi

rpynrlbl, B qHcJIe KoTOpbIX, BO3MoxHo' OKa3aJII'Icb I'I TpaHcI'eHHbIe' y ocTaBilInxcq

TpaHcreHHbD( npol43eolurenefi reg scGH cra6unbHo coxpaHtncq Ao Bo3pacra 10 ler
(ra6r.3).

Ta6.rrr.lqa 3. KoluqecrBo TpaHcreHuux (scGH+) pu6 n reHepaql'Ij{x B pa3HoM Bo3pacre'

Table 3. Transgenic fish (scGH+) quantity in generations of different ages'

B noroucrnax F5, F1 Lr F2 Aon-f, TpaHCfeHHbIX OCO6efi c Bo3pacToM cHIDKaeTcs

(ra6l. 3). 3ro oco6euso HarnsAHO npotBl{nocb y Kap[oB F2 I',I O[HOrO I43 IIOTOMCTB Fr ' Bce

oHr4 B BO3pacTe 3 roAa 6blnra I'IAeHTI4oI4III4pOBaHbI KaK TpaHcreHHble', cpeAl4

rrflTrIrOAOBlrKOB [OnO]OITeJIbHbIMt{ rIO TpaHCreHy OCTaJILIC6 3 rcapna Fz' CpeAIl

ceMr..rfoAoBr4KOB TpaHcfeH o6HaplDKeH TOJIbKO y oAHOfi CaMKI4 Ft' v ocTaJIbHbIX KapnoB

FlvFzTpaHcfeHB3ToMBo3pacTeoTcytcTBoBaJIKaKBreHepaTIIBHbIx,TaKI{B
coMarr4qecKr{x rKaHqx (ra6.n. 3). OrcyrcrBl,Ie TpaHcreHa y 3rl4x p"t6 ylT"o o6btcHurb

efo flonHofi Qusuuecrofi snlrvu Haw4efi"n" tunofi pa3HoBI4AHocrLIo rpaHcoopMa\uv'flpv

roropoft HeBO3MOXHa cnellHol{qecKas auuluQuxaIII{JI IleneBofi IIOCneAoBaTenbHocTI4'

fenepaqtaq Bospac'r Ana:rus. ur. scGH+, urr. scGH+, o%

P6 0+ 40 t2 30.0

6 20 8 40,0

8 10 8 40,0

9 l0 8 80,0

10 8 8 100,0

F6 t 60 30 50,0

7 50 8 16,0

Fr Jlnqunru 10 10 100.0

3+ 65 8 12,3

A+ 8 8 100.0

5 8 8 100,0

7 6 6 100,0

Fl J 20 10 50,0

5 10 0 0

7
A 0 0

J 108 64 59,3

5 64 J 4,J

6 36 I 2,8

7 J 1

9 1 I 100,0

F3 Jluqunru 58 z) 39,1

0+ 100 46 46,0

LT 60 z) 41,'l

-)
raA 57 46,0

44,6
F3, Gmei Jluqunrr,r 56

'25

0+ 100 5l 51,0

LT 66 30 455

J 61 JJ 49,3

4 43 z) 5?5
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Cunrarrrr c nepecrpofixauu, Korophre cBr4AerenbcrBoBaJrr.r 6u o Apyrl4x BHAax

rpanc$opl,ra\vr4 TpaHcreHa, npr{ 3JreKTpo$opese npoAyKToB aunwrQaraqura .{HK ncex
KaprroB r.r3 3TI[x noToMcrB He BbuIBJreHbr.

Taxnu o6pasou, TpaHcreH oKa3aJrcr cra6unrrro I4HTerpI4poBaHHbIM B reHoMe

ToJrbKo oAsofi caMKr.r F2. Or srofi cauxu 6lunu [oJryqeHLI p.Ba Bvp.a rloroMcrBa F3 - or
o6rrqnoro cKperIII4BaHvs. c IaHTaKTHrTM caMrIoM 14 c rrpr4MeHeHpIeM I4HAyII[poBaHHoro
uefioruqecKoro r[HoreHe3a. Pesylrrarbr aHanr43a AHK KaprroB I43 AByx rloroMcrB F3 or
TpaHcreHHofi cauxu F2 npe[craBJreHbr s ra6rr'rqe 3.

B 9Tr4X AByX TTOTOMCTBZX F3 rraCTOTa BCTperraeMOCTr4 TpaHCfeHHbrX prr6,
npocnex(eHHaq K HacrorrqeMy MoMeHTy Ao Bo3pacra 4 rom" ocraBaJlacb npl{MepHo

oAr,rHaKoBoi,t, uauuuu or cra,qr4r.I JIr.FurHoK. He6omruue Bapua\w,I qacrorbl TpaHcreHHbIX

psr6 n pa3HoM Bo3pacre KuDKAoro r{3 rroroMcrB MorJrr{ 6rrrr o6ycJIoBJIeHbI pa3Iwr.r'vlflMr

cocraBa z o6reua aHanv3vpyeMblx nrt6oporc (ra6r. 3).

3SSexrranHocrb nepeAaqu rpaHcreHa scGH noroMcrBy 6rma .qoBonbHo nucoxofi,
trr.{cJro rpaHcreHHbrx KapnoB B reHeparlvJrx F6 6n'ro Ha )apoBHe 50Yo, n F1 - or 20 lo 1000 ,

B Fz - 30, 68 u 640/o. B o6orEx floroMcrBax KaprroB Tperbero froKoJreHl4t rarcKe BbIqBreHa

s$QemunHas nepeAarra rpaHcreHa - KoJrr,rqecrBo rpaHcreHHbIX JIr{qfiHoK B Arr[noI,IAHoM
rr,rHofeHerr.rqecKoM rroroMcrBe Aocrurano 44,60A, B rloroMcrBe or o6rrqnoro
cKperrluBaHlas. - 39,7 oA (ra6r. 3).

MolerynapHo-reHeruqecrufi aHanvs noKa3tln raKxe, rrro rpaHcreH scGH
rrepeAaercr KapnaM BToporo vt rperbero uoxorenuft B Hel43Meuennoft

$oprrae. Ha pucynrcax 2 u 3 npe4craBJreHbr pe3ynbrarbr 3neKTpo$opesa, npoBeAeHHoro

c npoA).KTaMrr crerlu$uuecxofi aunln$uxarluz IHK KaproB I43 lroKonesuitF2 u F3.

Puc.2.3nexrpoSoperpaMMa aunru$uxaroB, noqrqeHHblx Ha Marpl,Iqe ,{HK xapnon roxo:reHu-r F2

(ceronerru or rpyrrfloBofo cKperqnBaHvrs. 7-ro4oeaxoa F 1 ).
lpuueuaHue: ,{opoxxa I - ffiK-uapxep 100 bp; AopoxKr.r 3, 4 - [oJIoxIIreJIbHufi roHrpom
(xoHcrpyrqn-r ptMTa-scGH); Ha ocrzrnbHblx Aopoxmax - aunln$uraru IHK xapnon F2.

Fig. 2. Electrophoregram of amplification products obtained on F2 calps DNA matrix (underyearlings
from 7-year carps F1 group mating).
Note: Lane 1 - 100 bp DNA Ladder; lanes 3, 4 - positive reference sample (ptMTa-scGH construct);
other lanes - amplification products of F2 carps DNA.
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Puc. 3. 3rexrpoSoperpaMMa aunruSuxaroB, rroJDAeHHbrx Ha Marpr,rqe IHK xapuoa noxonennx F3

(runoreHeuaqecKr{e 4-ro4oruxu).
lpuueuanue: ,{opoxra I - ffiK-ruaprep 100 bp; .qopoxxu 2, 3 - noJroxlrrenssslft KoHTponb

(xoucrpyrcqua ptMTa-scGH); Ha ocrulrrbHbrx Aopoxffiax - aunru$nrarrr ,{HK xapnoe F3.

Fig. 3. Electrophoregram of amplification products obtained on F3 carps DNA matrix (gynogenetic
4-year carps).
Note: Lane I - 100 bp DNA Ladder; lanes 2, 3 - positive reference sample (ptMTa-scGH construct);
other lanes - amplification products of F3 carps DNA.

Ta6ruqa 4. Pacnpe4ereuue rpaHcreHHbrx
cefoJreTKoB F3 rro MZrcc€.

(scGH+; vr

of transgenic (scGH+) and

HerpaHcreHHbrx (scGH-)

untransgenic (scGH-)Table 4. Mass distribution
underyearlings F:.

Gmei O6uqnoe cKpeuII{BaHI4e

Macca, r scGH- (%) scGH+ (%) Macca. r sccH- (%) scGH+ (%)

5-10 0.0 1.5 7-8 1.9 0,0

10-15 3.8 8-9 '))
t5-20 10,3 13,6 9-10 16,7 8.7

20-25 15,4 ))1 l0-l I 7,4 10,9

25-30 t4,l t2.l tt-12 18,5 10.9

30-35 6.4 13,6 tz-t) 11,1 19,6

35-40 9.0 4.5 13-t4 9,3 10,9

40-45 7.1 10,6 t4-t5 13,0 13,0

45-50 3,8 6,1 l5-16 J.I 8.7

s0-55 2,6 ?0 t6-17 J,I 6,5

55-60 10.3 6"1 tt-t8 5.6 6,5

60-6s 7,7 15 18- l9 J.I ))
65-70 2,6 19-20 0,0 0,0

70-75 3,8 t\ 20-21 1,9 0,0

75-80 1a 0,0

80-85 0,0 0,0

85-90 1.3 0,0

CpeAnss 38,95 7) 17 Cpe4rur 12,75

o 18.49 14.39 6 2,92 aAa

Max 89.8 71,0 Max 20,4 18.1

Min tt"7 9,8 Min 7.8 8,4
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Ha enexrpo$operpalrMix BuAHbr roJrbKo noJrocbr, coorBercrByroque $parrraenry
nyxuofi Anr4Hbr (-540 bp). llonocbr, coorBercrByroqrre KoMrroHeHraM c MeHbrrreit utu
6onrruefi uorexyrxpHofi uaccofi (uro cBr,rAerenbcrBoBaJro 6u o rpancQoprr,raqura

TpaHcreHa, rrpr,r Koropofi usrrreruercs.p.rrvrna ero rrocneAoBarenbHocrz), orcyrcrByror.

Kax Br,rAHo H3 pacnpeAeneHr,r.f, ceroJrerKoB F3 no Macce (ra6n. 4),
B rr{HoreHerr{qecKoM rroroMcrBe cpeAHrrq l.r^acca KapnoB H KoJrr{qecrso 6oree KpyrrHbrx
prr6 n HerpaHcrermofi (scGH) rpyrre 6rnu Bbrrre, qeM B TpaHcressofi (scGH+;.
B noroucrne F3 or o6rrqnoro cKperrlr4Banvfl KoJrrrqecrBo caMbD( Kp)mHbx oco6efi Toxe
6srlo HecKoJrbKo Bbrrrre B HerpaHcreuHofi rpyflne. B raKr,rx cn.yl'aflx or6op
6srcrpopacryrrlr4x oco6efi rro Macce reJra, flpelruecrByroilIr4fi MoneKynrpHo-
feHeTzqecKoMy aHaJrr43y, npr4BeAeT K yTpaTe TpaHcfeHHoro MaTepuara, rroTeHrlr4an pocTa
Koroporo, Bo3MoxHo, er{e He ilpoflBurrcfl, a rarcKe 6yaer 3aHltxarb qr.rcno

rroJro)KrrreJlrHblx rro rpaHcreny prr6 rprr rocneAyroqeM ero III{P-cKpr4H}rHre. Bosuoxno,
y Ic,acrvr rpaHcreHHrrx xapnon F3 3Kcnpeccr{q rpaHcfesa scGH oTcyrcTByer rrJrv ee

ypoBeHb AaneK or orrrr4MaJrbHoro - cJrr{rrrKoM nlrgxnfi urur, nao6opor, cJnrrrxou nrrcorufi.
9p esuepn afl np oryKrlurr coMarorponr,rHa Mo)Ker np r{B ecrr,r K Top M o)r(e Hr4ro p ocra.

B noroucrnax F3 or6op rro Macce He npoBoAvrrrcfl,.IIo pesynsraraM Moneryn.flpHo-
feHerr,rqecKoro ananr4ga coMarr.rqecKr{x rxaHefi KapnoB [oKoJreHr4rr F3 6stm
cQoprr,trpoBaHbl ABa rloroMcrBa, cocroqrque roJrbKo r{3 nono}Kr{TeJrbHbrx no rpaHcreHy
scGH oco6efi, o6qrav qr4cJroM 113 sxs., rr3 Hr,rx 57 - or o6rrqnoro cKperqr.{BaHvs. 14

56 - ruuoreHerr,rqecxue. Tenepb ecrb Bo3MolKHocrb npoBo4urr or6op rpaHcreHHrx pu6
c BbIcoKr.rM noTeHrlr4zlloM pocTa rlo Macce.

lm Aartluefiuefi cerexquonnofi pa6orsr neo6xoAurr,ro fipoBepr,rrb HarrrFrr.re

TpaHcreHa B 3penbrx rroJroBbrx rpoA)'KTax KaprroB F3 rr 3sTeM npoBoAHTb nor,rcK yAaqHbD(

rorr6nHaquit npu cKperqlrBaHrrrl TpaHcreHHbD( flpor,r3BoAr4relefi .

3AKIIOIIEHI4E
flonyreuHbre Ha AaHHoM 3Tane rlccneAoBauufi pesynbrarbr [oKa3a-rru, r{To rpaHcreH

scGH B HerpaHc$oprvrzponaHHoM nuge cra6r,rJrbHo coxpaH.f,ercx y He6oJrbrrroro .uurcr.ra

nonoBo3penbrx KapnoB I,I3 noxonenufi Po, Fr,, Fr, F2. floxa:ana Bo3MolrHocrb
e$Sexrnnnoft [epeAaqu Herr3MeHeHHoFo rpaHcreHa noroMKaM BToporo u rperbero
noxonenufi, tIoJD/seHHbrM or npor{3BoAure,refi, y Koropbrx rpaHcreH cra6vnsso
r{HTerpI4poBaH B feHoMe. Y rapnon F3 oTcfrcTBr're sJrr'rMv[a\vM r4nr4 TpaHcQopuaqnu
TpaHcreHa npocnexeHo Ao Bo3paqa 4 roAa. C$oprr,ruposaHo 2 floJrHocrbro rpaHcreHHbx
roroMcrBa - or o6nrqHoro cKperwrr,anrfl (57 pu6) H rr4HoreHerr.F{ecKoe (56 prr6). OHu
flBJltrorct Marepr4a-rroM Anq 4anureilrueit rpaguguonnofi ceneKrlr{u. Co npeueueM TaKHM

Marepl,IanoM AoJDKHO CTaTb HOBOe nOKOneHHe Fz, rrOJD reHHOe OT rplmnoBofo
cKpeqI.{BaHHs TpaHcreHHbx npoLr3BoAt4relefi Fl vt }rMeroqee qacToTy nepeAaqr4
rpaHcreHa 63,9Yo.

B xoAe 4a-urnefirueft pa6ornr c rpaHcreHHbrMr4 KapnaMr{ flnaHr,rpyercq ps1
ceJIeKIII4oHHbIX Meporrpuxtuilllpex4e Bcero, 3To orIeHKa xou6raHaquoHnofi cnoco6nocru
TpaHcreHHbrx rrpopl3no4urerefi, or6op oco6efi, cra6unrno nepeAaroqr.rx rpaHcreH rrpr4

onrI,IMaJIbHoM ypoBHe gKcrrpecclrr4. 3areu Heo6xo4urvro ocyulecrBn.rrrb nunefinoe vI

ceuefi Hoe pBBe.{eHHe oro6pauHbD( rrporr3no4urelefi .

B rrvtlavtsx, cnoco6nrx cra6rantHo nepeAaBarb rpaHcreH
o6napyxuBrrrux onepexarcrqzfi pocr, neo6xo4r.rMo BbrBecrr4 TpaHcreH

BOIIPOCbI PbIEOnOBCTBA tou 13 Ns3(51) 2012

noToMcTBy vl

B IOMO3I,ITOTHOE

613



I{BAHIIXA E.B. ra gp.

cocrosHr4e. 3ro o6ecneqrar AonoJrHr.rrenrnrrfi MexaHrr3M coxpaHHocrl{ TpaHcreHa B

rroroMcTBe, a TaK)Ke AacT Bo3MoxcHocTb non) raTb ToTaJrbHo rpaHcreHHoe [oroMcrBo ,4n.fl

ToBapHoro Bbrpaurr4Banus. B yxte [on] {eHHoM rr.rHoreHerr.rqecKoM noroMcrBe HyxHo
BbrsBlrrl u oro6parb roMo3rrforHbrx rro rpaHcreHy nporr3BoAurenefi.

Oro6panurrx no ypoBHro 3Kcrrpeccprr4 Trpor4sno4urerefi, y Koroplnr rpaHcreH
BbrBeAeH B roMo3r,rrorHoe cocrosHr4e, Molr(Ho 6srno 6rr ucuonL3oBarb An-s [on) {eHilt
np oMbrrrrneHHbrx 6ucrp op acryrrlr4x Kpoc coB.
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RESULTS OF GENETIC ENGINEERING RESEARCH ON CARP
@ 2012 y. E.V. Ivanekhar, L.N. Dumat, A.V. Recoubratskvl, V.V. Dumal,

S.M. Rastorguyeot, V.A. Barmintsev2
I - All-Russian Research Institute of Freshwater Fisheries, Rybnoe, Moscow area

2 - Russian Federal Research Institute of Fisheries & oceanography, Moscow
Genetically modified carps with silver carp growth hormone gene have been
produced. Unchanged transgene was transferred to the third generation F3 in the
progenies of breeders with stable transgene integration. Two all-transgenic
progenies F3 have been formed that keep transgene without rearrangements
during 3-4 yearc. Further selection of gained stock is necessary to create
fast-growing carp form.
Key words: genetic modification, calp, transgene, growth hormone, stability,
selection.
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