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KomOunarust aineneii reHoB Vrn-A1, Vin-B1, Vin-D1, Ppd-D1, Ppd-B1 ananmu3upoBaiach ¢ UCIIOIb30BaHUECM
ajtenb-cnenupuyHbIX IpaiiMepoB y 48 paHHECTENbIX U CPeTHEPAHHUX COPTOB SPOBOM MSITKOH IIIIEHUIIBI U3
Pa3IMYHBIX CENEKIMOHHBIX IeHTpoB Cnbupwu. [1o Vin-1 v Ppd-1 renam BBISBICHO 6 raluIOTHIIOB, BKITIOYAs 2
HamboJee PacpOCTPaHCHHBIX C IByMs IOMUHAHTHBIMU TeHaMU, Vin-A1 u Vin-Bl, Ha (poHE periecCHBHBIX
reHoB Ppd-D1b, 00yCOBIMBAIOIIAX YYBCTBUTEIBHOCTD K (poTonepuoay. JloMmuHanTHbIH amiens Ppd-Dl1a
BCTPEYACTCS OUCHB PEIKO M OB ONMMCAH B COYCTAHUH C IOMUHAHTHBIMU TeHaMu Vrn-Al u Vin-B1 TombKO
y omnoro copta (TymyH 15), koTopbIii siBIsieTCS HanboJee CKOPOCTIENIBIM M3 BCEX MPOAaHATM3UPOBAHHBIX
COPTOB. BHYTpH Ka)KI0TO rarioTUIa BBISBICHA 3HAYUTEIbHAS BAPHAOCIBFHOCTD IO MPOIOJIKHTEIIEHOCTH
BETeTAIl|H, YTO MPEATONaraeT CHIIFHOE BIUSIHNE «T€HETHIECKOTO (POHA» Ha NaHHBIN npu3Hak. [lomyden-
HBIC PE3YJBTaThl MOT'YT OBITh HCIIOJIB30BaHbI B MAPKEP-OIIOCPEIOBAHHOM CENICKIIIH [T 0TOOpa FTCHOTHIIOB,
Han0OJICe ONTUMAIIBHBIX JUIS TEX FJIU MHBIX YCIIOBHI BO3/ICIIBIBAHUS.

KoroueBbie ci1oBa: ajutesi reHoB Ppd v Vin, BeTeTallMOHHBIHN IIepro, POTONEPHOA, COPT, MsIrKast MILICHULA.

BBEJIEHUWE

OnHOM W3 BaXXHEHUIINX OMOIOTUYECKHUX Xa-
PaKTEPUCTHK, OMPEACISIONINX XO3IUCTBCHHYIO
IIEHHOCTh COPTOB 3€PHOBBIX KYJIBTYP H UX TIPUTOI-
HOCTB JJIsl BO3/ICJIBIBAHHS B TOW WJIM HHOUM KITMMa-
TUYECKOH 30HE, SBISIOTCS MPOAOIDKUTEILHOCTD U
CTPYKTYypa BEreTallMOHHOTO rnepuoja pacreHuit. [1o
muenuro H.M. Basunosa (1935), BeretaninoHHbIH
TIEPHO SBIISIETCS OJTHUM M3 MOIIIHBIX CPEICTB IIPH-
CIOCOOJICHUS PACTECHHUH K YCIIOBHSIM cpeJibl. TecHo
CBSI3aHBI C MMPOAOJDKUTEIILHOCTBIO PA3IMYHbIX TIe-
PHOIOB POCTA M Pa3BUTHS PACTEHHUI OOJIBITHHCTBO
MIPU3HAKOB U CBOWMCTB COPTa U B KOHEYHOM HTOTE
ero ypokaiitHocTh. OCHOBHOE KOJIHYECTBO paboT
10 TEHETHKE BETETAIMOHHOTO MEePUO/a y MIICHU-
LBl CBSI3aHO C U3YUYCHUEM IMPOJOJKUTEIBHOCTH
nepuojia «BCXOJbI—KoJIoNIeHue». JlanHbIi (dakTt

OTpa¥kaeT, B IEPBYIO O4epe/ib, BOBMOKHOCTH Oosiee
TOYHOT'O ONPCACIICHUA CPOKa BbIKOJIAIMBAHUS, B
OTJIHYHE OT BPEMEHHU CO3PEBaHM.

ITo coBpeMEHHBIM TPEICTABICHUSIM, CPOKH KO-
JIOIICHHUS (CO3PEBAHMS ) Y MIIICHULI ONPE/ICIISTFOTCSI
TpeMsi TCHETHYECKUMH CUCTEMaMHK, KOHTPOJIUPY-
IOIMMH PEaKIUIo pacTeHUH Ha: 1) ApOBUHPY-
oiue Temieparypsl (reusl Vrn-vernalisation);
2) horomniepuos (reust Ppd-photoperiod response) u
3) KOMIUIEKC IPYTHX, MCHEE H3yUCHHBIX, (PaKTOPOB
(rens Eps-earliness per s€, KOHTPOJIHPYFOIINE BPEMSI
[BETCHHUSI, 1 HE3aBUCAIINE OT (PAKTOPOB BHEIIHEH
cpensl) (Worland, 1996). Ilpu 3ToM GONBIIMHCTBO
HCCITeIoBaTesIeil CXOMUTCSt BO MHECHHIH, YTO TIIABHYTO
POJIb UTPAKOT ABE IEPBBIC CUCTEMBI, 4 TPEThS UMECT
JMIIb BTOpocTeneHHoe 3Hadenue. A.®. Crempmax
(1984, 1987) mpumen k 3akiodeHuro, uto 70 %
TeHETUYECKH 00YCIIOBIICHHOTO BAPHUPOBAHUSI ITPO-
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JOJDKUTENTBHOCTH TIEPHOJIA «BCXOABI—KOJIOLICHHE)
JEeTepMUHUPOBAHO reHamu Vin, 25 % —renamu Ppd
Y TOJBKO 5 % — IpyruMuy reHaMH.

PacturensHbIil MaTepuan KiacCuGUIIUPyeTCs
KaK YyBCTBHUTEJBbHbIH MM HEUYBCTBUTEILHBIH K
¢doroneproy, B 3aBUCUMOCTH OT TOTO, TpeOyeT
JIM OH JUITMHHOTO JTHS JJISl TIePeXo/ia K [IBETCHHIO.
I'ennt Ppd-D1, Ppd-BI v Ppd-A 1, pacionoxeHHbIe
Ha TOMEOJIOTHUYHBIX XPOMOCOMAax 2- Fpymisbl,
KOHTPOJMPYIOT PEakIio Ha (HOTOMEPUOT] y MST-
koi rrenunsl (2n =42, BBAADD) (Scarth, Law,
1984). Ilo cuyie BIUSHUS HA YYBCTBUTEIHHOCTD
K ¢ortonepuony Ppd-1 TeHbl HAXOAATCS B CIELy-
torieM nopsinke: Ppd-D1 > Ppd-B1 > Ppd-A1, xot4
B OTZIEJIBHBIX cirydasx apdexr amnens Ppd-B1 co-
noctaBuM ¢ Ppd-D1 (Worland et al., 1998; Nishida
etal.,2013).]J. Beales ¢ coasrt. (2007) pazpabortanu
JIMarHOCTHYECKue Mapkepsl it Ppd-D1, ocCHOB-
HOT0 JIOKyca peakuu Ha oronepuoa. JJoMuHaHT-
HBII ajutenb 3Toro reda Ppd-D1a obycnoBiuBaer
HEUTpaJbHYIO PEaKLMIO Ha JUIMHY JIHS, B OTIINYHE
ot penieccuBHoro amtens Ppd-D1b.

Ha naHHbIil MOMEHT JOCTUTHYT OIPEECIICHHBIN
ycIex B paciiuppoBKe MOJICKYISIPHO-TeHETHYEC-
KO0 MEXaHW3Ma JeTePMHUHAIMH YYBCTBUTEIb-
HOCTH K SIPOBHM3ALlMU U CPOKa KOJIOLIeHUs. bpiio
IIOKa3aHO, YTO B OCHOBE 3TOI'0 MEXaHU3Ma JIeKaT
MYTalliu B PETYISTOPHBIX paiioHax Vrn-1 reHa
(Distelfeld et al., 2009). OTu MyTanuu CHUMAIOT
3aBUCHUMOCTD IE€PEeXoAa K CTaJuH KOJOIICHHS OT
(axTopa SPOBU3ALNHU U MIEPEBOIAT T'eH U3 pelec-
CHUBHOT'O B JIOMUHAHTHOE COCTOSIHUE. Y MSTKOH
MIICHULBI UMEETCS] TPU TOMEOJIOTUYHBIX Vin-1
nokyca: Vin-Al, Vin-Bl u Vrn-D1. YcTaHOBIICHO,
YTO COYETAHUE PA3ITMYHBIX JOMHHAHTHBIX aJljie-
JIell TOMEOJIOTUYHBIX Vrn-1 JOKycOB BIIHAET Ha
CPOK KOJIOUICHHS U, COOTBETCTBEHHO, Ha OOLIYIO
MPOAOJIKUTENIEHOCTh BEr€TaLlMOHHOTO MEpPHOAa
(Stelmakh, 1993). 3yuenne npogoIKUTEIbHOCTH
(a3 pa3BUTHS MATKOW MINCHUIBI Y U30TCHHBIX U
3aMEIIEHHBIX JIMHUH C Pa3JIMYHBIMU aJUICNISIMU
reHoB Vrn-1 mokasaso, 4To CPOK BEreTallHOHHOTO
Mepro/a 3aBUCUT B OCHOBHOM OT MPOJOJKUTEIb-
HOCTH 3Tara «KyleHue—nepBsii y3em» (Boponus,
CrensMmax, 1985; Kosner, Pankova, 2004; EmiieBa
u zip., 2013).

Caenienvist 00 0011 TPOIOIKUTEILHOCTH BEre-
TAIIMOHHOTO MEPUO/IA IPOBOH MIIEHULIBI JOCTATOY-
HO pa3zHooOpazHbl. [To muenuto K.A. ®nsikcOeprepa
(1938) u M.U. Pynenko (1960), ona BappupyeT OT

76 no 140 u Oonee nueit. Jpyrue aBTopsl CUUTAIOT
Mpe/esIaMy BEreTaIllK SPOBOW MSTKOW TTIIIECHHIIBI
70-80 u 120-130 nmmei#t (Kymakos, 1980; 3pikun
u 1p., 2000). ExpHOTO MHEHHMS 110 BOIIPOCY KJ1ac-
CU(UKAIIMK COPTOB 10 TPYIIIaM CIIEIOCTH TaKKe
He cyiecTByeT. OQUIMaIbHO B HACTOSIIEE BPEMs
MIPUHSTO TOIB30BaThCs Kiaccudukarueit [ocy-
JAPCTBEHHON KOMUCCHH TI0 UCTIBITAHHUIO U OXpaHe
CEJIEKIIMOHHBIX JOCTUXEHUU, COIIACHO KOTOPOM
110 3¢PHOBBIM MPUHSTHI TPYIIIBI CIIEJIOCTH: PaHHE-
crieniasi, CpeMHEPaHHSISL, CpEIHECTIeNast, CPSTHETIO3 /-
Hsisl, O3/IHECTIeNast (WWW.gossort.com).

B Tabn. 1 mpencraBneHo ycioBHOE pacmpere-
JICHHE TEeHOTHUITIOB C IOMUHAHTHBIMHM V-1 TeHaMu
o rpynmam cnenoct. Ha ¢one pazHoit peakiun
Ha (hOTOMEPHO/I TCHOTHITBI SIPOBBIX COPTOB MSITKOM
IIICHUIIBI ¢ PA3JTNYHBIMKI COYETAHUSIMH JIOMUHAHT-
HBIX TEHOB PaCIpeneeHbl IO CKOPOCTH KOJIOIIIe-
HUS U, COOTBETCTBCHHO, OOIIEH CKOPOCIEIOCTH.
T'eHoTun ¢ OMHMM JTOMHHAHTHBIM reHoMm Vrn-Bl
XapakTepeH I HanboJee MOo3aHECIISITBIX COPTOB
(IBYpYYKHU WIIH TTO3HKE), XOTS B OTJICIBHBIX CITy-
yasix 0oJiee MO3HECIENBIMU SBJSIOTCS COPTa C
OJHUM IOMHMHAHTHBIM reHoM Vrn-D1. Haubonee

Tabauna 1
YcnoBHOE pacnpesielieHue COpToB
¢ reHamu Vrn-1 u Ppd 1o rpynmnam creiaocTH
(JIeontnes, 1980; Stelmakh, 1993)

I'pynna | YyscrBurenbsHble | HeuyBcTBUTEIBHBIE
10 CKOPO- | K (hOTONEPUOIY K (horomepuomy
CIIEJIOCTH (rensl ppd) (renst Ppd)
JBypyuku | Vin-Bl -
TMosnaue | Vin-D1 Vin-B1

Vin-B1 Vin-D1
Cpennue - Vin-D1
Vin-B1 Vin-D1
Cpenne- | Vim-Al —
paHHue Vim-Al Vin-Bl
Vin-A1 Vin-D1
Pannue - Vin-A1
Vin-A1 Vin-B1
Vin-A1 Vin-D1
Vin-Al VinB1 Vin-D1

[Ipumeuanue. Ppd— NOMUHAHTHEIC; ppd — pELIECCUBHbIC
IeHbl, KOHTPOJUPYIOIIHE peakuuio Ha (oronepuos. JlaHbl
HOBbIE 0003HaueHus Vrn-1 renoB. COOTBETCTBYIOIINE CTAphIe
o6oznauenusi: Vinl (Vin-Al), Vin2 (Vin-B1), Vin3 (Vin-DI).
B Tabiuie yka3aHbl TOJIBKO JOMHHAHTHbIC V-] TeHBI.
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CKOPOCIIEIIBIMU SIBJISTFOTCSI COPTA C TPEMSI JOMUHAHT-
HBIMU TeHamMu — Vrn-Al, VimB1, Vrn-D1. OnHako
He0OXOUMO MMETh B BH[Y, YTO TaKOH T€HOTHII
OKa3bIBaeTCSI HaMMEHEE MPOAYKTHUBHBIM U TIpaK-
TUYECKH HE BCTPEUACTCS CPEAM CYIIECTBYIOIINX
coptoB (Crenbmax, 1986).

Lenbro aHHOM PaOOTHI SBISOTCS XapaKTEPUC-
THKa CHOMPCKUX pAaHHECIIENBIX M CPETHEPAHHUX
COPTOB SIPOBOM MSTKOM MIIEHHUIIBI 110 Te€HaM, Jie-
TEPMHUHHUPYIOITAM TTPOIOIKUTEITFHOCT BeTCTaIIH-
OHHOTO TIEPHUOJIA, U COMOCTABJICHUE TMOMTyUYCHHBIX
PE3yIBTAaTOB MOJIEKY/ISIPHBIX UCCIIEIOBAHUI C Peab-
HBIMHU TOJICBBIMU XapaKTEPUCTUKAMU T€HOTHUIIOB.

MATEPHAJIBI U METO/IbI

MonekynsipHblii aHanu3 TeHoB Vrn-1 u Ppd-1
MpoBOAMIICS Ha MaTepuaie 48 copToB spOBOM
MSITKOH MIIEHUIBI CHOMPCKOM CEIEKIINH U3 OTAEIA
pacTuTenbHbIX pecypcoB CHONPCKOro HayYHO-HC-
CJIEJ0BATEIIECKOTO HHCTUTYTAa PACTEHUEBOACTBA U
cenexiwn. JJHK Beiaessimn u3 3-1HeBHBIX IPOPOCT-

KOB, BBIPALICHHBIX HA BIAXKHOW (PUIBTPOBATBHON
Oymare B wamkax [lerpu. Jluctest 3—4 pacrenwmii
MOMeIaJId B TPoOHpKy obobemoM 1,5 mi, nobas-
nstmu 700 Mk 6ydepa (1 M IM Tpuc-HCI, 1 mu
5MNaCl, 1 mn 0,5 M D/ITA, 0,625 mu 20 % SDS
1 0,04 r Na,S,05), n3Menpuanu Ha FrOMOTEHU3aTope
FastPrep-24 (MP Biomedicals, USA) u nnkyou-
poBasin Ha BoasHOW OaHe mpu 60 °C B TeueHue
30 muH. 3arem gpobassum 700 MKIT XJ0podopM-
n3oammiIoBoro cnupra (24 : 1) u uenrpudyru-
poBanu 25 muH npu 12 ThIC. 00./MuH. BepxHioro
¢dpakuuio momenaau B npoOUpKy 06beMoM 2 M,
noGasnsimn 1,4 mn oxnaxkaennoro mpu —20 °C
96 %-ro sTaHona M ueHTpUyruposasn 15 MuH
npu 4,5 TeIc. 00./MUH. K ocanky moOaBmusiu
700 mxa 70 %-ro criupTa W HEHTPU(YTHPOBATH
S muH nipu 4,5 ThIC. 00./MuH. Hagocanounyro sxu-
KOCTb YJQJISUTH; 0CaJIOK BBICYIIMBAIN Ha BO3TyXe
u pactBopsuii B 50 Mk Oydepa TE.

Hns uzydyenus anmneneit renos Vin-Al, Vin-Bl,
Vin-D1, Ppd-D1 w Ppd-B 1 ncTions30BaTuCh aJlIeb-
crnietudraHblie npaimepsl (Tadm. 2). ITLP nposoau-

Taoauma 2
[Ipaiimeps! A HACHTUDHUKALMY PA3IMYHBIX ajuienell reHoB Vrn-1 u Ppd-1
Y T€KCAIJIOUTHOM MILIEHULIBI
Alnenb, . .
N Annens-ciennuIHbIC TpaiMepHl, Pa3mep JluteparypHsrit
OnpEACICMbIN ucnosabp3oBaHusbie B [TIP JIHK-¢parmenra (1.H.) HUCTOYHMK

B pesynsrare 1P o

Vim-Ala VRN1AF 965+876

Vim-Alb GAAAGGAAAAATTCTGCTCG 714 Yan et al.. 2004

vrn-Al VRNI-INTIR 734 anetat.
GCAGGAAATCGAAATCGAAG

Vin-Bla Intrl 1124

Vin-Ble ATCATCTTCTCCACCAAGGG 737 Sheherban et al., 2012a
Intr1/B/R3 Fu et al.. 2005
CTCATGCCAAAAATTGAAGATGA wera

vrn-B1 Intr1/B/F 1149
CAAGTGGAACGGTTAGGACA
Intr1/B/R4 Fuet al., 2005
CAAATGAAAAGGAATGAGAGCA

Ppd-Dla Ppdl_F 288

Ppd-D1b ACGCCTCCCACTACACTG 414
Ppdl_R1
GTTGGTTCAAACAGAGAGC Beales et al., 2007
Ppdl_R2
CACTGGTGGTAGCTGAGATT

Ppd-B1b For4-PpdB-prom 2003
TCCTCCCAGGTACAAAGGCA Kucenera u ap.
Rev1-Ppd-exon2 (He omy0u1.)
GTGCTTACTGATGACGGGGA
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7 B 0011eM 00beMe peakimoHHOH cMmecu 20 MK,
Bmrodaromeit: JIHK (50-100 ar), 10 x Oydep mst Taq
nonmepassl (650 mM Tris-HCI (pH 8,9); 160 mM
(NH4),S0,; 25 mM MgCl,; 0,01 % Tween 20),
mo 0,25 mM kaxgoro dNTP, mo 1 Hr Kaxxmoro
npaiimepa, | mxn Taq momumepassl (1 enuHuIA
aktuBHocTH/MKI), H,O — 110 KOHEYHOTO 0OBEMA
20 Mk, Yeaosus TP mist BeisiBiICHUS ajnieiaei
redoB PPD-1 u Vin-1 nipuBeneHs! B Ta0MI. 3.

st anneneit rena Ppd-B1 ycnosus [P 611
cienyromue: nenarypamus npu 94 °C B TeueHue
3 muH, ganee 2 mukna: 94 °C—-30¢, 58 °C—-30c,
72 °C — 2 muH, 11 mmkios: 94 °C -30 ¢, 58 °C
C TIOCTENEeHHEIM MoHmkeHneM 10 52 °C — 30 c,
72 °C — 2 muH, 3ateM 27 mukinos: 94 °C — 30 c,
58 °C—-30c¢, 72 °C—2 muH, (puHATBHAS JIOHT AN
nipu 72 °C — 7 mun. Pa3znenenue npoxykros [TL[P
MIPOBOJIVIIH C IIOMOIIIBIO AMeKTPo(dope3a B TeUCHUE
50—70 muH B 1 %-M arapo3HoM reine, coaepskaiiemMm
OpOMHUCTBIN ATUINH.

[TosieBBIC MCCIIEOBAHUS TMPOBOAUIINCEH Ha
onbITHOM Tronte Cubupckoro HUM pacrenneBo-
crBa u cenexnuu ¢ 2005 1. mo 2013 r., cornacHo
METOAMYECKUM YKa3aHUSM 10 U3yUCHUIO MUPOBOM
KoJUTeKIMY mieHuIbl (Mepexko, 1999). B cratbe
MIPHUBE/ICHBI TAHHBIE 1O 00MIEH MPOJOIKUTEIBHO-
CTH BETETAIIMOHHOTO MEpHOIA.

PE3VJIBTATBI 1 OBCYXJIEHUE

[Tpu nzyuennu BausHus renos Vin-1 u Ppd-1
Ha CPOKH CO3PEBaHMsI OCHOBHOE BHUMAaHHUE OBLIO
COCPEIOTOUEHO HA MICHTU (KA JOMUHAHTHBIX

ayneneii reHoB Vin-A1, Vin-Bl, Ppd-D1 v Ppd-B1,
BKJIaJ] KOTOPHIX B COKpAIIEHHE CPOKOB KOJIOIIe-
HUS W, KaK CJIEJCTBHE, B CPOKH CO3PEBaHUs, OBLT
HEOJHOKpATHO ToKa3aH panee. [Ipu Hammanm mo-
MUHAHTHBIX Vin-A1 v /uma Vin-B1 10CTOBEPHOTO
BIIMSTHUSA [TPUCYTCTBUSI €11e OJJHOTO JOMUHAHTHOTO
reHa Vrn-DI Ha CpOKM KOJIOUICHHUSI OTMEUEHO HE
obu10 (IloTokmua 1 1p., 2012). Kpome Toro, panee
MTPOBOIUMOE N3yYEHHUE COPTOB, MPOU3PACTAFOIINX
B EBporre n Cubupu kak reHeTHIeCKUMH, TaK U MO-
JIEKYISPHO-TEeHETHYECKIMHU METOJJaMH, TIOKA3aJ10,
yto Vrn-DI npakTUYeCKHd OTCYTCTBYET Y SIPOBBIX
COPTOB MUICHUIIBI, Mpou3pacTaromux B EBpone n
Cubupwu (Stelmakh, 1990; Mowuceesa, [oruapos,
2007; Shcherban et al., 20126, 2014). B cBs3u
C BBIIICU3JIOKEHHBIM, HICHTH(UKAINAA aJjienen
Vin-D1 y coproB CHOUPCKOTO pErHoHa B TaHHOMN
paboTe He IPOBOAMIIACH.

Amnnenurena Vrn-A 1 n3yvanuch ¢ UCTIONB30BaHU-
eM VRN1AF u VRN1-INT1R npaiimepos (Tad. 2).
OxumaeMbIid pazMep aMIuTH(GUIIPOBaHHOTO (hpar-
MEHTa C HCIIOJIb30BaHNEM JTHX MpaiMepoB IS
penieccuBHOTO ayens vin-Al cocrapnset 734 m.H.,
JUIsSL CAMOTO PacHpOCTPAaHEHHOTO JOMHHAHTHOTO
anens Vin-Ala— 965 u 876 m.H. (puc. 1, a).

Cpean npoaHaau3NpOBaHHBIX 48 T€HOTHUIIOB
PpelleCCUBHBIN ajuenb vin-A1 oOHapy:KeH TOIBKO y
nByX coptoB— Cronpstaka 4 n @opa. OcramsHbIE COp-
Ta HECYT JOMUHAHTHBIN aluiens Vrn-Ala (tadm. 4).

HUcnonezoBanue npaiimepos Intrl u Intr1/B/R3
MO3BOJISIET BBISIBUTH JOMUHAHTHBIC ajuienu Vin-
Bla (1124 nn.)u Vrn-Blc (737 n.u.). Hapuc. 1, 6
mpeacTaBieHa aMIUTH(QUKAIUS dTHX aljeneil y

Taoénauna 3

Yenosust nposeaenus 1P ¢ annens-cienuduyanbivu npaiimepamu reHoB Vin-1 u Ppd-D1

Venosus [P
Tectupyewmpiii HavanbHas dunanpHas
AIUIeNL/TeH KonmuuectBo | Jlenaryparusi, OTxwur, DIoHTaIus,
JICHATYpaILIus, HKITOB ©(c) ©(c) (c) DJIOHTALINS,
t° (MHH) H t° (MMH)

Vin-Ala,
Vin-A1b, 94(10) 38 94(45) 50(45) 72(60) 72(5)
vin-Al
Vrn-Bla,
Vin-Ble 94(2) 38 94(45) 58(45) 72(70) 72(5)
vrn-Bl 94(2) 38 94(45) 58(45) 72(70) 72(5)
Ppd-Dla,
Ppd-DIb 94(2) 38 94(45) 55(45) 72(30) 72(5)
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ToTecueHc 521
HoBocubupckas 22
MpuneHckas 6
AnTaiickas 92
Anrapa 86
PocuHka

TynyH 15

Ob6ckasn 14
Owmckas 26
3nato3apa

®©
o
o

©

M.H.

—1000
— 700
— 500

—1000
— 700
— 500

Puc. 1. Brisenenne peueccuaoro vin-Al (734 m.H.)
n noMuHaHTHOTO Vim-Ala (965+876 1n.H.) anneneii (a),
a TaxKe JIOMUHAHTHBIX ayened Vin-Bla (1124 nH.) u
Vin-Blc (737 m.H.) y COPTOB CHOMPCKOH CENEeKINH C HC-
MIOJTb30BaHUEM aJUIENb-CIIeIM(UIHBIX TpaiiMepos (0).

HEKOTOPBIX COPTOB MSTKOW TIIICHHIIBI, BKIIOTAs
TpH reTepo3uroTHbIX copra (Tymyn 15, O6ckas 14
1 Omckas 26), HeCyIux cpasy JBa JOMUHAHTHBIX
amtenst. Copra, y KOTOPBIX HPOIYKT aMILTH(UKa-
IIUU OTCYTCTBYET, BEPOATHO, HECYT PEIIECCUBHBIN
asens vrn-Bl1. Jliig ero nneHTnduKanuy nenoib-

30Baj1ach komOuHaIws npaiiMepos Intr1/B/F//Intrl/
B/R4. Beero u3 48 copTOB NIIEHUIIBI PELIECCUBHBIHA
amnens virn-B1 (1149 n.H.) BeIsiBIIeH y 8 (puc. 2),
JOMUHaHTHbIe amienu Vin-Blaw Vin-Blc —y 22
1 12 copTOB COOTBETCTBEHHO; 6 COPTOB SABISIOTCS
reTepPO3UIOTHBIMU (Ta0JI. 4).

Kpome Vin-1 reHoB, KOHTPOJIMPYIOLIUX peak-
LUI0 PAacCTeHUsl Ha SPOBM3ALMIO, CYIECTBEHHOE
BJIMSIHUE Ha IPOJOJKUTEIILHOCTD BEI€TaLlMOHHOTO
reproa MOTYT OKa3bIBaTh TeHbI Ppd- 1, onipenens-
IOLIHE YyBCTBUTEILHOCTh PACTEHUS K JUTMHE JIHSI.

Amnanus reHoB Ppd-D1 ¢ ncnonb3oBaHueM aj-
Jenb-crnennpUIHBIX TpaiiMepoB (Tabd. 2) mokazan
HaJIMYMe JOMUHAaHTHOTO ajenst Ppd-Diay equHcT-
BeHHOTO copta — TynyH 15 (puc. 3, a), uto gemnaet
€ro c1abovyBCTBUTEIBHBIM K ()OTOTIEPHOIY; BCE
OCTaJIbHBIE COPTa XapaKTePU3YIOTCS HATHMYUEM
petieccuBHOTO anuienst Ppd-D1b v SiBISIFOTCS 4yBCT-
BHUTCIIBHBIMH K JIJTHHE CBETOBOTO JHA (Tadid. 4).
Ananu3 reHoB Ppd-B1 BBISBAI MOHOMOP(HOCTH
BCEX U3YUYEHHBIX COPTOB B PETYISATOPHBIX paliOHAX
reHa — B 00JIacTH TIPOMOTOPA U TIEPBOTO HHTPOHA
(2003 1.1H.) (puc. 3, 6).

BonpmmHCTBO paboT CBSI3aHO ¢ U3yYEHHEM
BJIMSHUS T€HOB V7n u Ppd Ha CpOKU KOJOIICHHUS,
B IIEPBYIO OUEPEb, 3-32 C BO3MOKHOCTBIO OoJiee
TOYHOTO OIPE/EICHHUs] CPOKa BHIKOJAILIMBAHUS, B
OTIINYME OT BPEMEHH Cco3peBaHusl. B To e BpeMms
HEOIHOKPATHO OBLIO MOKa3aHo, YTO o0wias mpo-
JOJDKATEIBHOCTD BET€TAIIMOHHOTO IEPHO/IA, JIEHKa-
11asi B OCHOBE KJIACCH()UKAIIMU COPTOB IO TPpyTIIaM

Taonuua 4
BrisiBrieHHbIE ajieNibHbIe KOMOUHAIUU TeHoB VRN-A1, VRN-BI v PPD-D1
y IPOAHAIU3UPOBAHHBIX COPTOB MATKOM MIIEHULIBI
Copra Vin-A1 Vin-B1 Ppd-D1 Tamnorun
banaranka Vim Ala Vin Bla Ppd-D1b 1
AJeHbKasl yllyulleHHas Vin Ala Vin Bla Ppd-D1b 1
Cubupka 1818 Vin Ala Vin Bla Ppd-D1b 1
Tynyn 14 Vin Ala Vin Bla Ppd-D1b 1
Cxopocrienka yny4iieHHas Vin Ala Vin Bla Ppd-D1b 1
Owmckas 2078 Vin Ala Vin Bla Ppd-D1b 1
JIrorecuenc 937 Vin Ala Vin Bla Ppd-D1b 1
Ckana Vin Ala Vin Bla Ppd-D1b 1
Jlena Vin Ala Vin Bla Ppd-D1b 1
Buprocunka Vin Ala Vin Bla Ppd-D1b 1
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Oxonuyanue Ta0auIbI 4

Copra Vim-Al Vim-Bl Ppd-DI lamnotun
Wpteimanka 10 Vin Ala Vrn Bla Ppd-D1b 1
Owmckas 12 Vin Ala Vrn Bla Ppd-D1b 1
[puobckas Vin Ala Vrn Bla Ppd-D1b 1
JIrorecuenc 521 Vim Ala Vim Bla Ppd-D1b 1
Adratickas 92 Vin Ala Vrn Bla Ppd-D1b 1
Pocunka Vin Ala Vrn Bla Ppd-D1b 1
UYepnsnsa 13 Vin Ala Vrn Bla Ppd-D1b 1
Crpama Cubupu Vin Ala Vrn Bla Ppd-D1b 1
HoBocubupckas 15 Vim Ala Vim Bla Ppd-D1b 1
Vnaua Vim Ala Vim Bla Ppd-D1b 1
Owmckas 36 Vim Ala Vim Bla Ppd-D1b 1
Tynyn 14h68 Vin Ala Vin Bla Ppd-D1b 1
Amnrapa 86 Vin Ala Vin Blc Ppd-D1b 2
Amnraiickas 98 Vin Ala Vin Blc Ppd-D1b 2
Owmckast 32 Vin Ala Vrn Blc Ppd-D1b 2
[Momrormko Vin Ala Vrn Blc Ppd-D1b 2
Karroma Vin Ala Vrn Blc Ppd-D1b 2
I1. BaBenkoBa VimAla Vin Blc Ppd-D1b 2
Tapckas 8 Vin Ala Vin Blc Ppd-D1b 2
Tapckas 10 Vin Ala Vrn Blc Ppd-D1b 2
Boesuanka Vin Ala Vrn Blc Ppd-D1b 2
Jrorecnienc 25 Vim Ala Vin Blc Ppd-D1b 2
Kpacnosipckas 1103 Vin Ala vrn Bl Ppd-D1b 3
Tromenckas 80 Vim Ala vrn Bl Ppd-D1b 3
HoBocubupckas 22 Vin Ala vrn Bl Ppd-D1b 3
[punenckas 6 Vin Ala vrn Bl Ppd-D1b 3
3naro3apa Vin Ala vrn Bl Ppd-D1b 3
HoBocubupckas 29 Vin Ala vrn Bl Ppd-D1b 3
HoBocubupckas 31 VimAla vrn Bl Ppd-D1b 3
Auraiickas 70 Vim Ala vrn Bl Ppd-D1b 3
Taexnas Vim Ala Vin Bla Ppd-D1b 4
Vin Blc

Ob6ckas 14 Vim Ala Vim Bla Ppd-D1b 4
Vin Blc

Owmckast 26 Vin Ala Vin Bla Ppd-D1b 4
Vin Blc

I1. A3sueBa Vim Ala Vim Bla Ppd-D1b 4
Vin Blc

Anraiickas 99 Vim Ala Vim Bla Ppd-D1b 4
Vin Blc

Cubupsiuxa 4 vrn Al Vin Blc Ppd-D1b

Dopa vrn Al Vin Blc Ppd-D1b

Tynyn 15 Vin Ala Vrn Bla Ppd-Dla
Vin Blc
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Puc. 2. ITI[P-ananu3 ¢ UCIojab30BaHUEM KOMOUHAIIUN
npaitimepoB Intrl/B/F//Intr1/B/R4 nns BeIsSBIECHUS pe-
neccuBHOTO amiens vin-B1 (1149 m.n.).

CIENIOCTH, HAXOAUTCS B MPSMOW 3aBUCHUMOCTH OT
CPOKOB KOJIOILIEHHS U, CJIeIOBATENIbHO, BO MHOTOM
00ycTIOBlIeHa B3aUMOACHCTBUEM T€HOB Vim u Ppd.
IIponomKnTEeNnbHOCTD BEreTallMOHHOTO TIEPHOAA IS
48 paHHECHENBIX U CPEJHEPAHHUX COPTOB SIPOBOM
MSITKOH IMIIEHULBI U3 PA3IMYHBIX CEJIEKLIMOHHbBIX
neHTpoB CuOMpH OleHHBajach Ha MPOTIKECHUN
9 net (c 2005 1. mo 2013 r.) HA OMBITHOM TOJE
Cubupcroro HUM pacTeHueBonCTBa M CENICKIIUU.
JlaHHBIE 110 TPOIOKUTETBHOCTH BETETALIMOHHOTO
nepuona c 2011 . mo 2013 r. 17151 OTAENBHBIX COPTOB
TIPEICTABIICHBI B TAOM. 5.

CornacHO pacmpeieeHnuIo ajieield TeHOB
Vin-Al, Vin-BI n Ppd-D1, npoaHanu3upoBaHHbIC
COpTa MOYKHO pacHpelesuTh Mo 6 ramioTuiaM
(tabm. 4, 5). lNarutoTurel 1 1 2 ¢ mOTHBIM HAOOPOM
JOMUHAHTHBIX aJulesiel 110 H3y4aeMbIM reHaM Vin- 1
COCTABJISIIOT CaMyK) MHOTOYHUCIIEHHYIO I'PYIILY.
Crnemyer OTMETHTB, 4TO TOJIBKO K TaruIoTHITy 1 OTHO-
csATCs copTa, pailoHupoBaHHbIe Kak B 1920-1950-¢,
tak 1 B 2000-e rozip! (Tadn. 5). B tanHoM ramorurne
MOKa3aTelb MPOAOJDKUTEILHOCTH BereTallu ObLI
HauMeHbIuM y HoBocubupckoit 15 B 2006-2007
romax (65—66 gueit), y coptoB banmaranka n Cuoup-
ka 1818 —B 2012 1. (66 gueit). Camast ITUTCIbHAS
BereTanus okasaiack y copro Crpana Cubupu (87
nueit) 1 Omckas 36 (88 queit) 8 2009 r. B cpennem
3a2011-2013 rr. noka3arenb BappUpOBAI AJIS AaH-
HOI1 rpynmsl coptoB oT 70,54 o 78,4.

Taxo¥t CHITEHBIHN pa30poc MmoKa3areseil y CopToB
OJTHOTO TAIUIOTHUIIA, 3HAYUTEIHHO Pa3THIAIOIIIXCS
10 BPEMEHH JIOITyCKa K UCMONB30BaHMIo (0T 1929 1.

3naTo3apa
[MamsaTn AsveBa

O6ckasa 14
Owmckas 26

o]

~
I
g
>

[

a M.H.

1000 —

500 —

250 —

2500 —

2000 —

1500 —

Puc. 3. [TI[P-ananu3 ¢ ucnojib30BaHUEM KOMOWHAIIUN
mnpaiimepoB Ppdl F// Ppdl R1// Ppdl R2 (a) u For4-
PpdB- prom // Rev1-Ppd-exon2 (6) ans aHanusa anne-
neii reHoB Ppd-D1 u Ppd-B1 cOOTBETCTBEHHO.

10 2007 1), a TaKKe TPOUCXOXKICHHIO (0T SKyTHH
10 OMCKa), TIO3BOJISIET MTPEITOJIOKUTh, UTO TAHHOE
COYeTaHue ajuiesiell MOXKeT OBITh aKTyaJIbHBIM IS
COPTOB, PA3NUYAIOIINXCA KaK M0 MPOIOIIKUTETb-
HOCTH BETeTaIlH, TaK U [0 MPUCTIOCOOUTEIBHBIM
cBoiicTBaM. Kpome Toro, ciienyer oTMETUTB pa3HO-
o0pazue 3TUX COPTOB U 110 KaYECTBY MOIYIaeMOTr0O
OT HUX 3€PHA, TOCKOJIbKY CPEIN HIX UMEIOTCS KaK
copra-¢puiepsl (Hampumep Omckas 12, Pocuaka u
Ip.), TaK ¥ copTa criibHOM mmeHut s (HoBocnoup-
ckasg 15 u ap.).

K ramnotuny 2 oTHOCSTCS copTa, UMEIOIINe
aiwiens Vin-Blc (tabm. 5). B aToli rpymie oka3anich
coprta, paiioHupoBanHbie B 1989-2009 rr. Kak u
CopTa MPEeBIAYIIEro TaluioTUIIA, OHH JIOCTaTOYHO
CHJIFHO Pa3IMYaroTCs 10 MPOJODKUTEIBHOCTH Be-
reTaruoHHOTO MIEPUOJIa, UMEest IPUMEPHO TaKOU ke
pa3Max BappbUpOBaHUsI 110 3TOMY Npu3HaKy. [ Ipomon-
JKUTETBHOCTh BEreTaIlly ObLTa HANMEHbBIIEH y AH-
rapsl 86 B 2006 1. (62 mus) u [lomomko — B 2012 1
(63). Camas qymuTeTbHAS BETETAINS 0KA3aIach Y OM-
ckux coproB Kartorma m Omckas 32 8 20092010 rr.
(86—88 mueit). B cpemuem 3a 2011-2013 rT. mokaza-
Tenb BapbupoBai ot 67,43 no 77,14.
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K rammoruity 3 oTHOCATCS COpTa € perieCCUBHBIM
aeneM Vrn-Bl1, paiiornpoBanssie B 1952-2010 i
[TpomomKUTEILHOCTD BEreTaITny ObLTA HANMEHBIIICH
y Tromencrkoii 80 B 2012 1. (66 nueit) u HoBocnbup-
ckoit 22 B 2006, 2008 u 2012 rT. (67 gneit). Camast
JUIMTEbHAS BEreTalys OKa3ajiach y cOproB TroMeH-
ckas 80 B 2009 1. (86 nueit), 3matozapa—B 2010T. (85
nHeit) 1 HoBocuOupekas 31 — B 2009 1. (85 mneii). B
cpennem 3a 2011-2013 rr. mokasaresib BapbUpOBaI
ot 68,67 mo 77,17 y copra 3mnarozapa. Ciemyer oT-
METUTb, YTO OOJBIIMHCTBO JAHHBIX T€HOTHUIIOB I10
KayeCTBY OTHOCSITCS K IIEHHBIM U CHJIbHBIM COpPTaM.
Kpome Toro, IMEHHO B 3Ty TpyIITy BXOZST IEPCIIEK-
TUBHBIC COBPEMEHHBIC CPEIHEPaHHUE CHOMPCKUE
copra HoBocnOmpckast 29, HoBocubupcekas 31 u Ai-
Taiickas 70, KOTopble 0COOCHHO OTM3KH ITO BEreTaITHH
K «KIIACCHYECKOMY» CpEeTHEpaHHEMY CHOUPCKOMY
copry Ckana. JlaHHBIE cOpTa B BBICOKOM CTETEHH
HACBILIEHBl TEHETHYECKUM MaTE€pPHaIOM MECTHBIX
(hopM 1 capaTOBCKUX COPTOB, KAK 3TO OTMEJAETCS ISt
CHOHMPCKUX TeHOTHIIOB U IPYTHMH aBTopamu. Ho oHu
elnie ¥ OTIINYAI0TCS TeM, YTO TP MX CO3/IaHUH ObLITH
WCIIOJIb30BaHbIl MIICHUYHO-TIBIPEIHbIE THOPUABI 1
PsLIT THOCTPaHHBIX COPTOB, KOTOPBIE, BUJMMO, UTPa-
JM posib SP(YEKTUBHBIX HCTOYHUKOB YCTOHYMBOCTH
K OOMe3HsIM.

lanmorumn 4, reTepo3nuroTHBIN 10 Teny Vin-Bl,
BKJIFOYAET COPTa, paiiornpoBanHbie B 19822005 rm.
o mpomomkutenproCcTH Beretarn B 20112013 .
B CpEJIHEM BapbUpOBaHUE ObLIO B Ipeaeax 72—82
JTHSL.

Kramnoruny 5 oTHeceH caMblii HO3IHECTIETbIHA
13 BceX M3ydeHHBIX copT Cubupsiuka 4 (pazmax
BapbHUPOBAHMUS MPOJOJKUTEITHHOCTH BETETAIIUH OT
80 B 2008 1. mo 100 nueit B 2005 1), a Taxke copt
®dopa, 0co00l OTIMYUTETBHON YePTOH KOTOPOTO
SBJISIFOTCSL OYCHb KOPOTKHUH BETreTaTUBHBIN MEPUOA
pa3BUTHUS PaCcTEHUH (BCXOIBI—KOJIOIIEHNE) U pac-
TSHYTHIA PETPOAYKTUBHBIN TIEPUO] OT KOJOIICHUS
JIO CO3PEBaHUSI.

EnnHCTBEeHHBIM COPTOM, HMEIOIINM, B OTIINYHE
OT JpYrHX T€HOTHUNOB, aiienb Ppd-D1a BMecTo
Ppd-D1b, oxazaincs copt Tynyn 15. B HacTosimee
BpeMsl 3TO CaMbIil CKOPOCHENBIH COPT U3 BCETO
HabOpa JOMYIICHHBIX K MCIOIB30BAaHUIO COPTOB
SIPOBOM MSITKOM MIIIEHHUITBI Ha TeppuToprn Cndupu
u Poccuu B uenom. Ero pailioHupoBaHuE TOJIBKO
B Boctounoii Cubupu onpapasiBacTcst TEM, UTO
copT crnocobeH (pOpMHUPOBATH MPUEMIIEMYIO B
XO3HCTBEHHOM OTHOIICHUH YPO)KaHHOCTB TOJIBKO

IIPY AOCTATOYHOM, a el1e Jy4llIe IPHU W30BITOUHOM,
yBIaxHeHHOCTH. ClielyeT OTMETUTh, YTO pas-
JIUYHE SIPOBBIX COPTOB TOJBKO IO MPHUCYTCTBHUIO
Ppd-D1a/Ppd-D1b Bcerna conpoBokiaeTcs Oolee
KOPOTKHM CPOKOM KOJIOIIIEHUS y COpTOB ¢ Ppd-Dia
amenem (ITotokuna u np., 2012; Kumar et al.,
2012). Kpome Toro, rarmorun Vin-A1 Vin-B1 Ppd-
Dla, onucannseiii y TynyH 15, nocTarouHo peako
BCTpEYAETCs Y SIPOBBIX COPTOB MIIEHHUIIBI, TIPOH3-
pacratomux B EBporie u Poccun. Tak, ananms 245
€BPOTIEHCKUX COPTOB BBISIBUII TOJIBKO OJIH COPT C
rartoruniom Vrn-Al Vin-Bl Ppd-D1a (Shcherban
et al., 2014). YacroTa BcTpe4aeMOCTH ajliess
Ppd-D1a, nonaBisiomero 4yBCTBUTEIbHOCTD K
(hoTomeproay, CylecTBeHHO YBEIUYMBACTCS OT
CEBEPHBIX PETMOHOB K FOXKHBIM, YTO MOXKHO TIPO-
CIIE/IUTH TI0 PE3yJbTaraM OLEHKH TeHOB Vrn-1 n
Ppd-1 'y copTOB MSTKO MIICHUIIBI M3 PA3TUYHBIX
peruonos mupa (Igbal et al., 2010; Gomeza et al.,
2014; Shcherban ef al., 2014).

3AKJ/IFOYEHUE

Hannuue B mepBbIX Tpex rarioTunax MakCH-
MaJbHOTO KOJMYECTBA PAHHECIHENBIX U CpeHE-
PaHHHUX COPTOB CHOMPCKOH CEJIEKLIUH, aKTyalbHBIX
IUI. COBPEMEHHOT'O PAaCTEHUEBOACTBA, KOCBEHHO
CBHJIETEIbCTBYET O MEPCIEKTUBHOCTH HCIOJIb-
30BaHMA B MPAKTUYECKON CENEKIIUH MMEIOIIXCS
y HUX codeTaHuii amienel renoB Vin u Ppd. He-
MHOTOYHCIIEHHOCTb COPTOB 5—6-T0 rarjioTHIIOB, a
TaKOKE JIOKAJIbHBIA XapaKTep MCIOJIb30BAHUS UX B
IIPOMU3BOJCTBE IPEIIONaraoT ux crenupuIHOCTb
W/WITN Y3KYTO 9KOJIOTHYECKYTO CIIeIHaTH3aIUIO.

B npenenax kaxxao¥ M3 BBIAEICHHBIX TPYIII
MMEIOTCSl BECbMa 3HAUMTEJIbHbBIE Pa3IU4us 10
MPOJOKUTENBHOCTH Beretauuu. Hanpumep,
cpeau CopToB l-ro ramjaotuna 0COOEHHO PE3KO
pa3auyarTcs paHHecHenbld copT HoBocnOup-
ckas 15 u cpenaepannwmii copt cenexrun Cubup-
ckoro HUMCX Owmckas 36. Pazmax BappupoBaHus
MIPOAOJKUTEILHOCTH BEreTalluy IIEPBOTO COpTa —
ot 65 no 80 mueil, BToporo — ot 72 1o 88 mHEl.
Bo BToOpoii rpynne pasznuyaroTcs paHHECHeNbld
copt Ilomromko cenexkmuu CuoHUMPC (63-73
nHs) U cpenHepanHuii copt Cudupeckoro HUMCX
Karromia (73-83 nus). Jlanubie GaxTel npejmoia-
raloT HaJu4ue JIOTIOJHUTENbHBIX TeHEeTHYECKUX
pa3nuyuMii, BHOCSIINX CYIIECTBEHHBIH BKJIAJI B
OIIpeieNICHUE MTPOAODKUTENBHOCTH KaK OTACIBHBIX
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(a3 pa3BuUTHs, TaK ¥ BEreTAI[MOHHOTO TIEPUOA B
[EJIOM Y COPTOB, UMEIOIINX OJIMHAKOBBIN TarIOTHIT
o reHam Vrn-1 u Ppd-1.

Pabora BeImonHeHa mpu MHAHCOBOM MOAACPIK-
ke OrompkeTHoro npoekra VI.53.1.5.
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ANALYSIS OF THE ALLELIC VARIATION OF THE VRN-1 AND PpPp-1 GENES
IN SIBERTAN EARLY AND MEDIUM EARLY VARIETIES OF SPRING WHEAT
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Summary

Combinations of alleles of the Vin-A1, Vin-Bl, Vin-D1, Ppd-D1, and Ppd-B1 genes were analyzed with
allele-specific primers in 48 spring wheat varieties from different breeding centers in Siberia. Six haplotypes
were identified for Vrn-1 genes, including two most abundant with two dominant genes Vrn-41 and Vin-
B1 against the background of recessive Ppd-D1b genes, which cause sensitivity to photoperiod. Only one
variety (Tulun 15) was found to bear the photoperiod-neutral Ppd-D1a allele, combined with the dominant
Vrn-Al and Vrn-B1 alleles. It showed the earliest ripening of all accessions examined. Within each haplotype,
a considerable variability was found in growing duration, suggesting a strong influence of the “genetic
background” on this trait. Nevertheless, the results can be used for marker-assisted selection of genotypes
most appropriate for different growing conditions.

Key words: alleles of V7n and Ppd genes, time of vegetation, photoperiod, variety, common wheat.



