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Uenb. OnpedeneHue annenbHO20 COCMOSHUSI 2eHO8 YyecmeumeribHocmu K ¢pomonepuody Ppd-1 y
16 copmoe msiekol 03uMoll NWeHUUbI cenekyuu benouyepkoeckol orbIMHO-CeNneKyUOHHOU cmaHyuu u
demekyus e2anomunos o 2eHy Ppd-D1 coenacHo npuHsmol knaccugukayuu. Memodsl. Beidene-
Hue [HK, annenb-cneyugudeckas u eHeddosas NLP, anekmpogope3 8 acapo3HbIX U nonuakpuasna-
MUOHbIX eensx, onpedernieHue OOCMOBEPHOCMU pPa3fiuyull Mo Cpokam KosoweHus. Pe3ynbmamel.
PacmeHusi copmoe Bodoepali bunouepkuscbkbili, bunouepkuecbka Hanuekapsbikoea, Onacs, lNep-
nibiHa nnucocmeny, Anaaus, 5lcoyka, JIbibudsb, LlapusHa, Jlucosa nucHsi, Pomanmsika, Budpada, Llledpa
Hblga, Yapodulika 6unoyepkuscbka, Pycca, Apuada-1 umetom eeHomun Ppd-A1b Ppd-Blb Ppd-Dla
u omHocsimes K VIl eannomuny no eeHy Ppd-D1. eHomun copma J1a2aHOa burnouyepKuscbKka xapak-
mepu3yemcsi Hanuduem annenel Ppd-A1b Ppd-Blb Ppd-D1b u omHocumcs k IV eannomuny no
eeHy Ppd-D1. [locmosepHasi pa3Huua (P = 0,01) no cpokam konoweHusi oO6Hapy>XeHa moribKo Mex0oy
copmamu Pycca u J1seaH0a 6unouepkueckbka u cocmasnsem 12,4 cymok. Bbieodbl. bosnbuwiuHCcmeo
copmos BOCC umerom eeHomun — Ppd-A1b Ppd-Blb Ppd-D1a, 8 komopom annens Ppd-D1a de-
mepMuHUpyem HedyscmeumerbHocmb K ¢homornepuody u criocobcmeyem 6ornee paHHeMY Korouwe-
Huto. Tonbko copm JlaeaHOa 6urnoyepkuschbka sierissemcsi Hocumenem peueccusHozo annens Ppd-
D1b, omHocumcs k IV e2annomuny u umeem 6osiee Mo30HUE CPOKU KOSTOUEHUS.

Knroueesie cnoesa: eHbl Ppd-Al, Ppd-B1l, Ppd-D1, osumas nweHuya, NLP-aHanus, gpomonepuodu-
yeckasl 4yacmeumesibHOCMkb.

BBe,qel-wle. MweHWua 3aHMMaeT NepBoe MeCTO B MUpe MO KOMNYECTBY 3aHMMaeMbIX
NMOCEBHbIX MMowagen n ABnseTcs caMbiM KyrnbTuBMpyembiM B Mupe 3nakom (FAO,
2014).

CBeT 4BnsieTca BaXHEeWWMM AN XWU3HWU pacTeHu hakTopoM OKpyxatollen cpefbl.
MweHnua npouspactaeT B 60MbLIOM LUIMPOTHOM AMana3oHe, YTO CBUAETENbCTBYET O LUMPO-
KOM aganTauun K pasnnyHbiM yCrnoBusaM cpefbl U ANYHe CBETOBOro AHA. Takon nnacTuyHOC-
T BraronpuaTcTByeT B TOM 4yucre nonumopduam reHoB hoTonepmoguveckon 4YyBCTBUTE-
nbHOoCcTU. MexaHn3m, obycnaBnMBatoLLMin POCT U pa3BUTUE PaCTEHUI MLUEHWLbI B YCNIOBUSAX,
OTNINYAIOLLMXCS AFIMHOW CBETOBOIO AHSA, OTHOCUTCS K BaXXHbIM arpOHOMUYECKUM MpU3HaKkam.

Peakuns pacTeHuMin Ha NPOAOIMKUTENBHOCTL CBETOBOrMO AHA — oTONEepnoanm3m —
NPOSIBMSIETCH B YCKOPEHWUM UMK 3amMensieHUu pasBuMTUS B 3aBMCMMOCTU OT KOMMIeKca Kin-
MaTU4ECKUX YCIOBUA KOHKPEeTHOro pernoHa (CkpunumHckun, 1975). dotonepmnoamnsm y msr-
KO rekcannougHon nweHuusl T. aestivum L. (2n = 42) obycnosneH reHamu Ppd-1, pacno-
NOXEHHBbIMU B KOPOTKMX Mfe4yax XpPOMOCOM BTOPOW opToniornyeckon rpynnbl: Ppd-Al-2A,
Ppd-B1-2B, Ppd-D1-2D (Law et al., 1978; MciIntosh et al., 2003).
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Msarkas nweHuua OTHOCUTCA K pacTeHUsM
OJIMHHOrO CBETOBOIO AHA C SAPKO BblpaXeHHON dhoTo-
nepuoamndeckon vyBcTButenbHocTbio (PrY). Pacre-
HUS, Y KOTOpbIX YOOBMNETBOpPEHa SPOBU3aLMOHHASA
noTpebHOCTb, NPU BbipalMBaHUM B YCIIOBUSAX OCBe-
LeHHocTn MeHee 10 4acoB, 3agepXkmBaloT CPOKU
LBETEHNS OTHOCUTENbHO PacTeHWUN C TEMU XKe FeHo-
TUNamu, BbipamMBaeMbIMU MPY NPOAOIKUTENBHOCTU
ceeToBOro AaHsa 14 yacos (Beales et al., 2007).

Ouvknin TMn — pacTeHus nweHuUbl HocuTenu
peueccuBHOro annens b xapakrepusyloTcsa Bbipa-
XEHHOW YyBCTBUTENbHOCTBIO K U3MEHEHWNI0 Npoao-
TKUTENBHOCTU [OHSA, KOoTopas Havbonee CuUNbHO
nposiBNseTca y HocuTenem Bcex TPEéx peLeccus-
HbIX annenewn.

CoBpeMEeHHbIM copTam MLWEeHWLUbI, Bblpallyy-
BaeMbIM Ha tore YKpauvHbl, NpUCyLle Hanuyine go-
MUHaHTHOro annens a reda Ppd-D1, onpeaensio-
LLIero CHMWXeHme 4yBCTBUTENbHOCTU K poTOonepuo-
ay. Bknag reHoB B CHWXeHWe YyBCTBUMTENbHOCTU K
doTonepmoay y pacTeHui MuieHuLbl MATKOW O3M-
MO HepaBHO3HayeH M Bo3pacTaeT oT Ppd-Al,
Ppd-B1 k Ppd-D1, n Hanbonee cunbHO npossnsie-
TCA y pacteHun ¢ annenem Ppd-D17a.

PacTeHusiM-HocuMTENAM OHOrO UMW HECKOMb-
KMX OOMWHaHTHbIX annenen reHos Ppd npucywim
bGonee paHHME CPOKM KOJIOLLEHMS M CO3pEBaHWUs,
yTo GnaronpusaTHO cKasbiBaeTCcs MNpu BblpallvBa-
HUM B CTENHbIX M NECOCTEMHbIX permoHax Ykpawu-
Hbl, MO3BONASA U3beratb 3aCyxu MU BbICOKUX Temre-
paTyp npu Hanvee 3epHa ¥ aNNUTOTUN Bypon u
ctebneson pxasunHbl (Pegoposa, 2004). B Toxe
BpeMs paCTeHUst HOCUTENMW PELLECCUBHbIX annenen
N MMeLMNe BbICOKYIO SPOBM3ALMOHHYIO MOTPe6-
HOCTb SAIBMAOTCSA Hambonee NpuUcnocoOneHHbIMU K
CypoBbIM 3UMHUM ycrioBuam (Prasil et al., 2005;
MokaHy et al., 2008), ogHako NPOAYKTUBHOCTb UX
CHWKeHa BBMOy Oonee MeaneHHoOro pasBUTUS
BecHou (bakyma u gp., 2016).

BblpaykeHHOCTb hbOoTONEPMOANYECKON YYBCT-
BuTenbHocTu (PIMY) pasnuuHa y KynbTUBUPYEMbIX
COPTOB MLEHULbI Msrkon osumoin. CopTa Bapbu-
pytoT No ypoBHIO ®IMTYH OT CUNBHO YyBCTBUTENbBHBLIX
A0 abContoTHO HEYYBCTBUTESbHbLIX, CMOCOBHbLIX K
KOMOLIEHNI0 Jaxe B YCNoBusAX 8-4acoBOro AHs
(Worland et al., 1994).

N3y4eHne reHoTMnoB KynbTUBMPYEMbIX COPTOB
Heobxoaumo B paboTe cenekunoHepoB Anst nony4e-
HWNS1 COBPEMEHHbIX BbICOKO-aAanTUBHbIX U NPOAYKTU-
BHbIX COPTOB MLWeHWUbl. BBray BaxkHOCTW, OaHHbIV
npusHak sBnseTcs oO6bEKTOM WHTEHCUBHBLIX UCCIe-
OOBaHUM annenbHoro pasHoobpasus reHoB Ppd,
npeacTaBreHHbIX B reHodoHge T. aestivum L.

Llenbto gaHHom paboTbl Obina uaeHTuduka-
LUMs annenbHOro COCTOSIHUA reHoB doTonepmoau-
YECKOW YyBCTBUTENBHOCTU Y COPTOB MSArKOM 03Mu-
MOW MweHuLUbl cenekumn benouepkoBCKOW OnbIT-
Ho-cenekumoHHomn ctaHuum (BOCC), onpegeneHve
rannotunoB no reHy Ppd-D1 v cpaBHeHue nony-
YEHHbIX pe3ynbTaTOB C OaHHbIMW MOMEBbIX Ha-
onogeHnn.

MaTtepuanbl u meToabl

MaTtepuanoMm Ans vccnegoBaHWs MOCIYXWW
16 COpTOB MArKOM O3MMOW MLUEHWULbI Cenekumm
BOCC: Bogorpain 6unouepkmscbkuii (2014), buno-
LepkuBcbka HanuekaprbikoBa (1999), Onaca (2001),
MepnbiHa nucocTteny (2001), Anarua (2003), Acouka
(2006), Jbibuap (2006), LiapweHa (2008), Jlucosa
nucHsa (2009), PomaHTteika (2009), Bugpaga (2010),
LWeapa HbiBa (2011), Yapoguiika GunoLepKkMBcbka
(2011), Pycca, Opunaga-1, JlaraHga Gunouepkmecbka
(2017) (Katanor coptos BOCC, 2017).

[Ons onpegeneHnss anmnenbHOro COCTOSHUSA
reHoB cuctembl Ppd-1 vcnonb3oBanu npaviMepsl,
npegcraBneHHble B Tabnuue 1.

Tabnuua 1. HykneotngHas nocnegosaTenbHOCTb NpaniMepoB k reHam Ppd-D1, Ppd-B1, Ppd-Al n pa3svepsbl

OoXunaaembiX NpoayKTOB amnnw(bm Kauunmn

Mparimep Annens HykneotungHas 3 Pa3mep npoaykrtoB
nocnenoBaTenbHOCTb NpanMepoB amnnudmkaumm, n. H.

Ppd-D1-F ) . 5-ACGCCTCACTACACTG-3

Ppd-D1-R1 Ppd-D1b 5-GTTGGTTCACAGAGAGC-3 414
Ppd-D1-F Pod-Dla* 5-ACGCCTCACTACACTG-3 288
Ppd-D1-R2 P 5-CACTGGTGGTAGCTGAGAT-3’ 2377
Ppd-B1-F1 Ppd-B1b** 5-ACACTAGGGCTGGTCGAAGA-3 1292
Ppd-B1-R1 Ppd-Bla 5-CCGAGCCAGTGCATAAC-3 1 600
Ppd-Al1-F1 A ek 5-CGTACTCTCGTTCT-3

Ppd-A1-R2 Ppd-Alb 5-GTTGGGGTCGTT GGTGGTG-3’ 299
Ppd-Al1-F1 - 5-CGTACTCTCGTTCT-3

Ppd-AL-R3 Ppd-Ala 5-AATACGGGGACATACC-3' 338

MpumeyaHus: * — npanmepbl pa3paboTtaHbl Beales et al. [2007], ** — npavimepbl paspaboTaHsl Nishida et al. [2013].
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Takke nsy4anu Hannyve nonMMopdrn3MoB B CTPYKType reHa Ppd-D1, npaiimMepbl NpuBeaeHbl B Tabnuue 2.

Ta6nuua 2. HykneotuaHas nocrnegoBaTenbHOCTE NpaiMepoB K MyTaumsiM BHyTpy reHa Ppd-D1 v pasmepsbl

OoXngaembiX NpoOyKTOB aMI'IJ'IVICbVI Kauunm

Annens MyTauus HykneoTtupHas 3 Pasmep npoaykros
nocnefoBaTenbHOCTb NpanMepoB aMmnudukaumm, n.H.
) 16 n.H. nHcepums 5 -GATGAACATGAAACGGG-3’
Ppd-P3 B 8 3K30HE 5'.GTCTAAATAGTAGGTACTAGG-3 320 wnm 336
Ppd-P4 TOB 5-AGGTCCTTACTCATACTCAATCTCA-3’ 2612
P MHTPOHe 1 5-CTCCCATTGTTGGTGTTGTTA-3
oTCcyTCTBME geneuun 2., .
5'-CCATTCGAGGAGACGATTCAT-3
Ppd-P5 T.N.H. 1 T3 uHCcepumnn B 5 -CTGAGAAAGAACAGAGTCAA-3 1005
WMHTPOHE 1
) 5 n.H. peneuuss B 7|5-GAATGGCTTCTCCTGGTC-3°
Ppd-P6 SK3OHE 5'-GATGGGCGAAACCTTATT-3’ 1032 wm 1027
) 5 n.H. pgeneums B 7|5-GTGTCCTTTGCGAATCCTT-3’
Ppd-P7 SK3OHE 5. TTGGAGCCTTGCTTCATCT-3' 184 nn 179
dpakumoHnpoBaHne nNpoaykTos amnnmduka-
UMM npoBOAUIOCH MEeTo4aMu TrOPU3OHTarIbHOro ol L
anekTpogopesa B 2 % arapo3HoMm rene u BepTu-
299 n.H.

KanbHoro anektpocopesa B 7 % [MAAl. Pasmep
dparmMeHTOB Onpeaensny ¢ NOMOLbIO NporpaMmel
GelAnalyzer (2010) oTHOCUTENBHO MapKepoB MO-
nekynspHoro sBeca pUC19/Msp | n GeneRuler DNA
Ladder Mix.

[locTOBEPHOCTb pasnMyuini MO CpoKam KOJo-
LEeHNst 32 TpW rofa ONpefensany no HaumeHbLLEN
cyuiecTtBeHHon pasHoctu (HCP).

Pe3ynbTaTthl U ux o6cyxaeHue

Mpn nposegeHnn TUP ¢  annenb-cneun-
dmyeckumMun npanmepamm k reHy Ppd-Al, 6binum nony-
YeHbl parmeHTbl pasmepomM 299 n.H. (puc. 1) y Bcex
16 coptoB. CornacHo AaHHbIM nuTepatypbl (Wilhelm
et al., 2009; Nishida et al., 2013), Hannuue parmeHTa
299 n.H. cBuaeTenbCcTBYeT 06 OTCYTCTBUM Aeneunm B
obrnactiu nNpoMoTopa, YTO COOTBETCTBYET PELIECCUB-
HOMY COCTOSIHMIO annens reHa Ppd-Al.

Mpn nposegeHun TMLUP c annenb-cneundu-
Yeckumu npanmepamu k reHy Ppd-B71 y Bcex copToB
nonyyeHbl OAWHaKoBble pparMeHTbl  pasmMepoM
1292 n.H. (puc. 2). CormacHo uccnegosaHusim Ceku
n coastopoB (Seki et al., 2011), Takon pasmep npo-
OYKTOB aMnnuduKkaLmn xapakTepeH Ans COpToB C
peLieccuBHbIM annenem b reHa Ppd-B1.

M1 2 3 4 5 6 7 8 4

Pwuc. 1. OnekTpodpoperpamma npoaykToB amnnmdukaumm B 2 %
arapo3HoMm rene, nomny4eHHbIx ¢ nomolysto MUP ¢ AHK coptos
nweHnUbl 1 annenb-cneumduyeckuMy npaimepamu K annernto
Ppd-A1b: 1 — Boporpaii 6unouepk1Bcbkbiin, 2 — Bunouepkms-
cbka HanuekapnbikoBa 3 — Onacs, 4 — lNepnbiHa nucocTteny,
5 — 3narus, 6 — Acouka, 7 — Jbidbugs, 8 — LlapuBHa, 9 —
Jlucosa nucHsa, M — mapkep monekynapHol maccsl GeneRuler
DNA Ladder Mix.

PeueccuBHoe coctosiHve annens Ppd-Blb
onpegensieTcss O4HOKOMWWHBLIM TEHOM C OTCYTCT-
Bnem mytauun (Beales et al., 2007; Diaz et al.,
2012). CuHTe3 Benka y coOpToB-HOCUTENnen anre-
new OMKOro Tuna sIBNSEeTCs LMpKagHO-3aBUCUMbIM,
C MMKOM TPAHCKPUMNUMOHHOW aKTUBHOCTK Yepes 3—
6 yacoB nocre paccBeTa M1 NocneayroLnM CHUKe-
HMEM 3KCMpPeccun A0 MUHUMAIbHOrO YPOBHS B
TEMHOEe BpeMs CyTOK. [JOMWHaHTHble ansnenu, Ha-
NpOTUB, XapakTepu3yHTCHA BbICOKOW 3KCMPECCUEN
Ha NPOTSHPKEHUM BCEro AHS C MUKOM TPaHCKpUMLu-
OHHOWM aKTUBHOCTU B TEMHOE BPEMS CYTOK U Ha
pacceeTe (Beales et al, 2007; Wilhelm et al,
20009).
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|

1292 n.m.

Puc. 2. Onektpodoperpamma npogykToB amnnndmkaumum B 2 % arapo3Hom rene, nonyveHHbIx ¢ nomottbto MLP ¢ AHK copTtoB nwexu-
ubl U annenb-cneundunyeckumu npammepamm k annento Ppd-B1b: 1 — Bopgorpaii 6unouepkmBCbKbIin, 2 — BunouepkmBcbka HanuBkap-
nelkoBa, 3 — Onacs, 4 — lMepnbiHa nucocTeny, 5 — dnarusa, 6 — Acouka, 7 — JlbIGuab, 8 — LiapueHa, 9 — Jlucosa nucHa, M —

mapkep mosekynspHou maccbl GeneRuler DNA Ladder Mix.

Mpn nposegeHumn MNLP c nparimepamn gns
OonpeaeneHusl annenbHoro coctosiHua reHa Ppd-
D1 B 15 copTax nweHuubl, 6bin nonyyeHsl dpar-
MeHTbl pa3mepoM 288 n.H. (puc. 3). 310 cBMaeTe-

A

NbCTBYET O HANMYMM MyTauuu nepea KoaupyroLlen
obnacTblo reHa — geneuuun pasmepom 2089 n. H.,
KoTopas xapaktepHa ans Ppd-D1a annens.

)

Puc. 3. Onekrpodopes B 2 % arapo3HoM rene npoaykros amnnudmkaumm OHK copToB nweHulbl ¢ annenb-cneunduyeckumm npanve-
pamu k annento Ppd-D7a (A): 1 — bunouepkuBcbka HanuBkapnbikoBa, 2 — Bugpapa, 3 — Pycca, 4 — [punaga-1, u Ppd-D1b (B): 5 —
JlarsHaa 6unouepkuecbka, M — mapkep monekynspHot maccel GeneRuler DNA Ladder Mix.

PacteHns MOHOreHHO AOMWHAHTHbIE MO FeHy
Ppd-D1a HeuyBcTBUTENBHBI K choTOnepuoay.
Beales et al. (2007) cuutaloT, 4TO 3TO NPOUCXOAUT
ns-za geneunn 2089 n.H. B perynsatopHoOn 4actu
reHa, 4TO CKasblBaeTCA Ha €ero TPaHCKpUMuuw.
PaHee npepgnonaranock, 4To 3kcnpeccusi Grnoku-
poBaHa, HO MO3Xe BbIACHUINOCh, YTO 3JKCMPEeCccus
BCE X€ OCYLLECTBMSETCH, BO3MOXHO C anbTepHa-
TMBHOIO NPOMOTOPA, U NPOAYKTbI IKCMPEeccun Ha-
KannuBalTCH, OAHaKO MWK MaKCUManbHOW WX
KOHLUEHTpaLnn MEHSTCA — MPOUCXOAUT CMeLle-

HWe Ha nonynepwof (Toubkui Ta iH., 2012). ben-
kn-PRR HakannuBaloTcs B TeYeHMe BCero AHS U
Houn. MakcumanbHasi KOHLUEeHTpaums HabniogaeT-
CS B KOHLe TEMHOBOrO nepuoa CyToK, a B Havane
CBETOBOr0 [AHS BbiCOKas KoOHUeHTpauus PRR-
OenkoB uHOyuMpyeT akcnipeccuto reHa FT. Ero
NPOAYKTbI AOCTUraloT NMuKa KOHLUEHTpauun B cepe-
OVHE [OHs, a 3aTeM KOHLEHTpauus MOCTENEHHO
cHmxkaetcs (Toubkuii Ta iH., 2012). MNMpn 3TOM KOH-
ueHTpaumss PRR-0enkoB Bo3pacTaert, gocTurasi
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MakCuMyMma B KOHLe TeMHOBOW (pa3bl U 3amblkaeT
unkn (Beales et al., 2007).

CormacHo [aHHbIM MONEeBbIX HabnwaeHun,
BCe copTa Kpome copTa JlarsHaa 6unoLepkmBCbKa,
OTHOCAT K paHHUM U cpeaHe-paHHuM. Pasmep
npoAaykTa amnnudukaumm, nony4eHHoro npu npo-
BegeHumn MNUP ¢ OHK, BblaeneHHon M3 pacteHun
copta JlaraHga  ©unouepkuBcbka, COCTaBuUI
414 n.H., YTO COOTBETCTBYET peLieCCUBHOMY arsie-
nto b reHa Ppd-D1. PacTeHnsi ¢ MHTaKTHbIM FreHOM
Ppd-D1 cuntesmpytoT PRR 6enku ¢ cobcTBEHHOrO
npomoTtopa reHa FT, cneacTBYEM 3TOro ABRsieTcs
yeTKkas perynsaunsa akcnpeccun 3Toro fokyca, a
pacTeHNs1 XapaKTepu3yTCst YyBCTBUTENBHOCTBLIO K
doTonepuopny (Beales et al., 2007).

Copt JNaraHga GunouepkmMBCbKa OTHOCUTCS K
cpeadHenosgHnUM coptaMm M cpeau Bcex uccneno-
BaHHbIX COPTOB uUmeeT Hambonee no3gHME CPOKU
LBETEHMSA NO AaHHLIM HabnaeHun 3a 3 roga.

Mpoaykramu reHos Ppd-1, B Tom yucne Ppd-
D1, asnstotcs 6enkn, uHgyumpyowme nokyc Vrn3,
KOTOpPLIN KOHTpOMUpYeT BpeMs LBeTeHusd. Bmecte
C TeM Hanuyne MHCepuuuM TPaHCMO30Ha B MHTPO-
He 1 (rannoTtun Il vnn annene Ppd-D1c) wnu ge-
neummn 5 n.H. B 3k30He 7 reHa (rannotun IV unn
annenb Ppd-D1d) npuBOAMT K CUHTE3Y HEYHKLM-
oHanbHbIx 6enkos (Guo et al., 2010).

Takke ¢ nomouwlbto MNMLP-aHanu3a ¢ ucnonb-
30BaHMEM npanmMepoB, paspaboTaHHbix (Guo et
al., 2010), aHanmaupoBanu Hanu4mMe nonmmopdmns-
MOB HYKNEOTMAHbIX MOCNefoBaTeNbHOCTEN reHa
Ppd-D1 v onpegensnu rannotunbl COPTOB MO AaH-
HOMY reHy. [lonoXeHMe OnUCaHHbIX MyTauunh B
cTpykType reHa Ppd-D1 npegcrasneHo Ha puc. 4.

Mpn npoeegexnmn MUP ¢ npanmepamn Ppd-P3,
ObinM NomnyYeHbl NPOAYKTbI amMnnundukaunm pas-
mepom 320 n. H. (puc. 5), 4To CBMOETENbLCTBYET O
peneumn 16 n.H. B BOCbMOM 3K30HE.

0.0 0.5 1.0 1.5 2.0 2.5kb
L | | | | |
Ppd-D2 g Ppd-D2 Ppd-P3¥....% Ppd-P3
Ppd-DI i 1Ppd-D1 pd-P3¥......%Pp
o e < Ppd-P5
Ppd- P6 & < Ppd-P6
Ppd-P7 ¥ 4 Ppd-P7
Ppd-P4 » < Ppd-P4

24bp plus 15bp

Puc. 4. Cxematnyeckas ctpykrypa reHa Ppd-D1 (uut no Guo et al., 2010). Bbicokme npsiMoyronbH1KA NpeAcTaBnstoT KOAVPYHOLLME PErVOHDI,
HW3KME NPSIMOYroNbHUKY NPEACTaBNSAOT MHTPOHBI, 5’HTP i 3'HTP pervioHbl. BcTaBku 1 geneummn 0603HavaroTcst COOTBETCTBEHHO + U -.

1.2 3 54 5 M

s

Puc. 5. SnekTpodhopes npoaykToB amnnudukaumm B 7 % MAAT
OHK copTtoB nweHuubl 1 npanmepamu Ppd-P3 k reHy Ppd-D1:
1 — BbwunouepkuBcbka HanuekapnblkoBa, 2 — Bugpapa, 3 —
Pycca, 4 — [pwapa-1, 5 — Jlaranga Gunouepkuscbka, M —
mapkep monekynsipHot maccel pUC19/Msp |.

Mpanmepbl Ppd-P4 n Ppd-P5 cospaHbl ans
obHapyxeHus1 TpaHCMO30HHOro anemeHTa (TJ) B
nepBoM MHTpoHe reHa Ppd-D1. Ecnu B MHTpoHe 1
reHa Ppd-D1 HeT T3, B pesynbtate lNLP ¢ npan-
mepamu Ppd-P4 obpasyeTtcsa hparMeHT pa3smepom
2612 n.H., npy Hanudun T3 npoaykTbl aMmnnMdu-
Kaumm He HabnogatoTcs. B Hawem vccnegoBaHum
y BCEX COPTOB KpoMe copTa JlaraHaa Gunouepkms-
cbka He ObINIo MOMy4YeHO NPOAYKTOB amnnuduka-
umn. OgHako, ecnv pernoH nepen KoavpyHLen
00nacTblo reHa SBMSIETCS MHTaKTHbIM (HET gene-
umn pasmepom 2089 n.H. nepen KOOUPYHOLLUM
PErMoHOM, B HaLlEM WCCeLOBaHUN XapaKTepHO
TonbKoO Ana copta JlaraHga 6unouepkuscbka) n TO
OTCYTCTBYET, TO C npanmepamu Ppd-P5 MOXHO
aeTektuposatb dparmMeHT pasmepom 1005 n.H.
OparmeHT pasmepom 1005 n.H. geTekTUpoBaH
TOnNbKO y copTa JlarsHaa bunouepkmecbka (puc. 6),
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4YTO CBMOETENbCTBYET 06 OTCYTCTBMU TPAHCMO30H-
HOro anemeHTa y 3Toro copta. B kayecTBe KOHT-
ponsi MPOXOXOEHUs peakuun 6bln UCMoNb30BaH
copT 3umosipka cenekumm MnpoHOBCKOrO MHCTUTY-

Ta nweHuy umenm B. M. Pemecna, y KOTOpOro
paHee Obin OeTEeKTUPOBaH NPOAYKT amnnuduka-
LuMun c npanmepom K annento Ppd-P5.

Puc. 6. Onektpodopes B 2 % arapo3HoM rene npogykros amnnudmkaumm OHK copToB nweHuubl ¢ annenb-cneynduyeckumm npanve-
pamu Ppd-P5 k reHy Ppd-D1: 1 — Bogorpan 6unouepkmecbkbii, 2 — Bunouepkuscbka HanvekaprnsikoBa, 3 — JlaraHga Gunouepkmecb-
Ka, 4 — 3umosipka (NonoXuTenbHbIN KOHTponb), 5 — lMepnbiHa nucoctany, 6 — 3Anarus, 7 — fAcouka, 8 — JbIbuab, M — mapkep

mornekynsipHol macckl GeneRuler DNA Ladder Mix.

B pesynbTaTte nposegenusa MNUP ¢ npanme-
pom Ppd-P6 Obinn nony4yeHsbl NpoaykTbl amnnudn-
Kauuu pasmepom okorno 1000 n.H. (puc. 7). MNony-
YeHHble dparmMeHTbl BbinM NCNOMb30BaHbI B Kaye-
cTBe MaTpuubl ana cnegytowero payHga MNUP c
npanmepamu Ppd-P7.

P4 75TV 6 N

Puc. 7. Onektpodopes B 2 % arapo3HOM rene MpOAYKTOB
amnnudukaumm OHK copToB nweHuubl ¢ npaimepamu Ppd-P6
Kk annento Ppd-D1: 1 — Bopgorpaii 6unouepkUBCbKbIN, 2 —
BunouepkrBcbka HanvekapnblkoBa, 3 — Onacs, 4 — lMNeprblHa
nucocreny, 5 — 3narma, 6 — Acouka, 7 — Jlbibugb, 8 — Lla-
puBHa, 9 — Jlucosa nucHs, 10 — PomaHTbika, 11 — Buapaga,
12 — Uleppa HbiBa, 13 — Yapoguiika 6Gunouepkmcbka, M —
mapkep monekynsipHou maccel GeneRuler DNA Ladder Mix.

B pesynbTaTe, y BCeX COPTOB KpoMe copTa
Jlaranga GunouepkmBcbka obHapyXuBanu Npoayk-
Tbl amnnudgukaumm pasmepom — 184 n.H., 41O
cBugeTenbcTByeT 06 OTCYTCTBUM Aerneuun pasme-
pom 5 n.H. B 7 9k30He reHa Ppd-D1. Y copta Jlara-

HOa Gunouepkmecbka c npanmepom Ppd-P7 amn-
nuduumposaH  dparmeHT  pasmepom 179 n.H.
(puc. 8). MpucyTtcTBme Takoro dparmMeHTa cauge-
TenbCTBYET O HANU4uMu geneuum 5 n.H. B ceabMom
3K30HEe KoaupytoLen yactu reHa Ppd-D1.

g

fr — &

184 n.H. 179 n.H.

o

. e

M1 2345

Puc. 8. Onektpodopes B 7 % MNMAAI npoayKkToB aMmnnudukaumm
OHK copToB nweHuubl ¢ npaimepamn Ppd-P7: 1 — bunouep-
KMBCbka HanuBkaprblkoBa, 2 — Bugpaga, 3 — Pycca, 4 —
Opvapa-1, 5 — NaraHga 6unouepkuscbka, M — mapkep more-
KynsipHou maccel pUC19/Msp .

Taknm o6pasom, Ha ocHoBe AaHHbIx [MLP-
aHanusa copTa, uccrnegoBaHHble B paboTe, Obinu
OTHECEHbI K ranfioTunam, BblAEeNEeHHbIM U OMNMnCaH-
Hbim Guo et al. (2010) n Chen et al. (2013).
15 copToB MArKOM O3MMOKM MWEHULbl Ccenekuuu
BOCC, 6binu oTHeceHbl k VIl rannotuny no reny
Ppd-D1 (tabn. 3), ona KOTOPOro XxapakTepHO Ha-
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nnyne T3 n oTcyTCcTBME Aeneumn 5 n.H. B 7 9K30-
He, otcyTcTBMe 16 n.H. B 8 3K30HE, U peneuus
2089 n.H. nepen kooupylLWUM pPermoHoMm. ITOT
ranfnotun Obin paHee obGHapyXeH cpeau COpPTOB
MSAIKOM MLeHuUbl kuTanckon cenekumm (Chen et

al., 2013). Ona copta JlaraHga GunouepkMBCcbka
XapakTepHo oTtcytcTBue 16 n.H. B 8 aK30He, OTCyT-
ctBne TO mHcepumm n geneuns 5 n.H. B 7 3K30He
reHa Ppd-D1, 4TO no3BONMNO OTHECTU [AaHHbIN
copT K IV rannoTtuny.

Ta6nuua 3. Mannotunel reHa Ppd-D1, naeHTudmumnpoBaHHblie y COpTOB Msrkon nweHnusl BOCC

Ppd-D1 MyTtauuu B nocnegoBatenbHocTH reHa Ppd-D1
CopTa nieHnubl A
P ! ranpnomn | 24 nu. +15n.H. | 2T.n.H. | WHcepuua TO Sn.H.B 16n.H.8
3K30He 7 3K30He 8
Jlaranpa Y, i . ) ] ]
Ounouepk1BCcbka
15 coptoB BOCC Vi - - + + -

MpumeyaHue: nHcepummn 1 geneummn 0603Ha4YeHbl COOTBETCTBEHHO + 1 - .

Mo pesynbTatam BbIpalUMBaHUS uccregye-
MbIX copToB B TedeHune 3 net (2015, 2016 n 2017
rogbl) obHapyxeHbl pasnuuna (P = 0,01) no Bpe-

MEHMN KOMNOLWIEeHNs Mexay Hambornee paHHUM cop-
ToM Pycca n Hanbonee nosgHum — JlaraHga 6u-
nouepkmecbka (Tabn. 4).

Ta6nuua 4. N'eHoTunbl No reHam Ppd-1 n cpoku konoweHust coptoB BOCC

Bpems konoweHus,
Copt FeHoTMN
OHM € HavYana mas
BunouepkmnBCcbka HanMBKapIMKOBa Ppd-Alb Ppd-Blb Ppd-Dla 20,0
Onacs Ppd-Alb Ppd-Blb Ppd-Dla 20,0
MepnbiHa nucocTany Ppd-Alb Ppd-Blb Ppd-Dla 24,0
Onarus Ppd-Alb Ppd-Blb Ppd-Dla 25,3
Acoyka Ppd-Alb Ppd-Blb Ppd-Dla 23,0
JTbibnab Ppd-Alb Ppd-Blb Ppd-Dla 24,3
LlapuBHa Ppd-Alb Ppd-Blb Ppd-Dla 22,0
JlncoBa nucHs Ppd-Alb Ppd-Blb Ppd-Dla 21,7
PomaHTbIka Ppd-Alb Ppd-Blb Ppd-Dla 22,0
Bugpaga Ppd-Alb Ppd-Blb Ppd-Dla 23,7
LLlegpa HuBa Ppd-Alb Ppd-Blb Ppd-Dla 24,0
Yapoguika bunouepkvBcbka Ppd-Alb Ppd-Blb Ppd-Dla 24,3
Bopgorpai 6unouepKknBCbKbIN Ppd-Alb Ppd-Blb Ppd-Dla 25,0
Pycca Ppd-Alb Ppd-Blb Ppd-Dla 15,3
Hpvapa-1 Ppd-A1b Ppd-Blb Ppd-Dla 20,0
Jlaranga GunouepkmBcbka Ppd-A71b Ppd-Blb Ppd-D1b 27,7
HCPo,01 11,0

CraTucTnyeckme OTnn4yms No BPEMEHU KOmo-
WweHunst 6uinn goctoBepHbiMmn (P = 0,01) TOnbKO
ONs OBYX yKa3aHHbIX COPTOB. Bce ocTanbHble ucc-
negoBaHHble B paboTe copTa AOCTOBEPHO Apyr OT
apyra He OTnM4anmchb.

"eHotun Ppd-A71b Ppd-B1lb Ppd-Dla no gas-
HbIM nccneposatenen (bakyma n gp., 2016; Yebo-
Tapb n gp., 2017) Hanbonee pacnpoCcTpaHeH cpe-
OV YKPaUHCKMX COPTOB MATKOW O3UMOW MLIEHWULbI.
Takasi kombuHaumsa annenen BoisiBrieHa y 13 cop-

TOB 03UMOWN MLIeHULbl cenekuuun MontaBckon ro-
cydapcTBEHHON arpapHoin akagemun (YeboTtapb n
ap., 2017), 10 n3 14 coptoB MMPOHOBCKOIO MHCTU-
TyTa nweHuubl nmeHn B. M. Pemecna (Bakyma u
ap., 2016). N3 16 nccneposaHHbIX copToB Berno-
LLepKOBCKOM OMbITHO-CENEKUNOHHON CcTaHuun 15
oTHocsTca K VIl rannotuny, KOTopbIn Toxe Hanbo-
rnee yacTo BCTpeYyaeTcs cpean YKpanHCKUX COpToB

B copTax MArkMx 03uMbIX MLIEHUL OTeyecT-
BEHHOW cenekumm A0CTaTOYHO peaKo BCTpevaeTcs
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nonnumopdnam no konuMHocTn reHa Ppd-B1 (dant
n op., 2014) 'en Ppd-Bla obHapyxnBaeTca B He-
KOTOPbIX 3HOEMUYHBIX cOpTax AnoHUW, U noka He
ObiN BbISIBIIEH B APYrMX 30HaxX KyrnbTUBMPOBAHWS
(Seki et. al., 2011)

Bo3HukHOBEHME AOMUHAHTHBLIX annenen Ppd-
Al y rekcannougHbIX NeHUL, CBA3aHO C MyTauu-
SIMW, BbI3BAHHbIMW HECKONbKUMU Aeneunsvn B
NPOMOTOpPE Ha y4vacTke, perynupyloweMm TpaHCK-
punumio B ycnosusx ykopodeHHoro gHsa (Wilhelm et
al., 2009). Mo paHHbIM uccnepoBaHun danTta u
ap., (2014) BbLIGOPKN O3MMBIX M APOBLIX COPTOB
BngoB Triticum aestivum yKpaumHCKOM U pOCCUIC-
KOW cenekunn, AOMUHAHTHbLIA annenb ¢ aeneumen
303 n.H. B reHe Ppd-Al BbiSiBfEH Yy COPTOB 03UMON
nweHnubl 3Haxuaka opgecbka, Mosara, HUKkoHus B
coyeTaHuM C AOMWUHaHTHbIM annenem Ppd-Dla, y
copta HOxHasa 3aps maeHTUOUUUPOBAH TEHOTWNM
Ppd-A1a Ppd-B1b Ppd-D1b (®ant u gp., 2014)

BbiBoabl

Bce uccnepoBaHHble B paboTe copTta MSArkon
o3umon nuweHuubl cenekumm BOCC, saenstoTcs
HOCUTENAMM peLeccuBHbIX annenen Ppd-A1b n
Ppd-B1b. Mo reHy Ppd-D1 Bce copTa kpome copTa
JlarsHga GunouepKkMBCBHKa, SABMSAKOTCA HOCUMTENAMM
OOMWHAHTHOrO annens a, a BbllleyKasaHHbIN copT
HOCUTENb peLeccnBHOro annens b.

B ctpykType reHa Ppd-D1, Hamu Bbino getek-
TUPOBAHO TpY NoNUMopdnama 13 NATU U3BECTHbIX:
aeneuuna pasmepom 2089 n.H. nepeq KOANPYOLLUM
permoHom, mHcepumss TO u geneums 5 nH. B 7
3k3oHe. CornacHo pfaHHbiM [1LP-aHanun3a reHa
Ppd-D1 pacteHusi copTa Bopgorpan Gunouepkus-
CbKbIli, Bnouepkmecbka HanmekapnbikoBa, Onacs,
MepnbiHa nucoctany, dnarusa, Acodka, J1bidbuab,
LlapusHa, Jlucosa nucHa, PomaHTbika, Buapaga,
Leapa HbiBa, Yapoawuiika Gunouepkunscbka, Pyc-
ca, Opwapga-1, cootBetctBoBanu VIl rannotuny.
CopT JlarsHga 6unouepkuBcbka HECET peLieccuB-
Hbli annenb b reHa Ppd-D1, cCOOTBETCTBEHHO He
umeeT Aeneunn nepeq KoOOUPYOLUMM pPErMOHOM,
YTO NO3BONSAET OTHeCTU ero K IV rannoTuny.

Mo cpokam konoweHua pgocTtoBepHo (P =
0,01) otnnyanucb copTa J1arsHaa dunouepkmBcbka
n Pycca.

WccnegoBaHne npoBOAMOCh B pamKax roc-
6romkeTHon Tembl MOH Ne 569 «lMonvmopdumam
NOKYCOB (POTOMEPMOLMNHECKON YYBCTBUTENBHOCTU
COPTOB MLUEHULbI N COU, N pa3BUTUS pacTEHUA OT
X annenbHOro CcocTosiHMs, no AaHHbim [LP-
aHanusay.
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NNP-AHAJI3 F'EHIB
®OTOMNEPIOAUYHOI YYTNIUBOCTI

Y COPTIB M’SIKOi O3MMOI MWEHWLI
CENEKUITi BITOLIEPKIBCBKOI
AOCNIQHO-CENEKUIUHOI CTAHLIT

B. M. CDi/'I/MOHOSl, A. O. EaKglmal, r.o. L-IeGomapl,
J1. A. BypdeHiok-Tapacesuy”, C. B. Lle6omap1’3

t Opecbkuii HalioHanbHUIM yHiBEpCUTET
imeHi |. I. Me4yHukoBa
YkpaiHa, 65082, Oneca, Byn. [1BopsiHCbKa, 2

2 binouepkiBcbka gocnigHO-cenekuiiHa cTaHLuis
YkpaiHa, 09176, Kniscbka 06n., binouepkiBCbkuin p-H
c. Mana BinbwaHka, Byn. PagsiHcbka, 1

% CenekuiiiHO-reHeTUYHNI iHCTUTYT —
HauioHanbHWI LEeHTP HaCiHHE3HABCTBA
Ta coptoBmBYeHHA HAAH YkpaiHu
YkpaiHa, 65036, Oneca, Byn. Osigioninscbka gopora, 3
e-mail: s.v.chebotar@gmail.com

MeTta. Bu3HayeHHsi anenbHOro CTaHy reHiB 4YyTnMBOCTI
no cotonepiogy Ppd-1 y 16 copTiB M’AKOi 031MOI nLue-
Huui cenekuii BinouepkiBCbkOI  [OCHIAHO-CENEKUINHOT
cTaHuji i geTekuia rannotunie 3a reHom Ppd-D1, 3rigHo 3
npuHATOK Knacugikauieto. Metoau. Buginenns OHK,
anenb-cneundivHa i rHisgosa /1P, enektpodopes B
araposHux i noniakpunamigHMx rensx, BU3Ha4YeHHs OOcC-
TOBIPHOCTI BiAMIHHOCTEN 3a TepMiHaMK KONOCIHHA. Pe-
3ynbTatn. PocnvHn coptie Bogorpan GinouepkiBcbkui,
Binouepkiecbka HaniBkapnukoBa, Onecs, MNepnuHa nico-
creny, Eneria, Acouka, JInbigb, LlapieHa, JlicoBa nicHs,
PomaHTuka, Bigpaga, Wenpa Huea, Yapogivika Ginoue-
pkiBcbka, Pycca, [piaga-1 matote reHotun Ppd-A1b
Ppd-Blb Ppd-D1la, i BigHocATbes o VIl rannotuny 3a
reHom Ppd-D1. M'eHoTun copTa JlereHga GinouepkiBcbka
XapakTepuayeTbca HasBHicTio anenis Ppd-A1b Ppd-Blb
Ppd-D1b i BigHocuTbCA go IV rannotuny 3a reHom Ppd-
D1. fdoctosipHa pisHuus (P = 0,01) 3a TepmiHamu Kono-
CiHHA BuSABMEHa TinbkM MiX copTamu Pycca i JlereHaga
GinouepkiBcbka i cTtaHoBMTb 12,4 pobn. BUCHOBKM.
Binbwicte copTtie BACC mae reHotun — Ppd-A1b Ppd-
Blb Ppd-Dla, y sikomy anenb Ppd-Dla pgetepmiHye
HeYyTnMBIiCTb A0 doTonepiody i Npu3BoAMTE A0 GinbLu
paHHbLOro KomociHHs. Tinbkn copT JlereHaa Ginouepkis-

Cbka € HocieM peuecuBHoro anens reHa Ppd-D1b, Big-
HocuTbea Ao |V rannotuny mae HawbinbLL Mi3Hi CTPOKK
KOMOCIHHA.

Knrouogi cnoBa: renn Ppd-Al, Ppd-B1, Ppd-D1, o3uma
nwenuus, NJ1P-ananis, ¢goTtonepioguyHa YyTnumBICTb.

PCR-ANALYSIS

OF PHOTOPERIDOUS SENSITIVITY GENES
IN BREAD WHEAT VARIEITIES

FROM BILATSERKOVSKA
EXPERIMENTAL BREEDING STATION

V. M. Filimonov', A. A. Bakuma®, G. A. Chebotar?,
L. A. Burdenyuk-Tarasevich?, S. V. Chebotar'?

! Odesa I. I. Mechnikov National University
Department of Genetics and Molecular Biology
Ukraine, 65082, Odesa, Dvoryanska str, 2

? Bilotsekivs'ka Experimental Breeding Station
Ukraine, 09176, Kiev region, Belotserkovsky district
Malaya Olshanka, st. Sovetskaya, 1

¥ plant Breeding and Genetics Institute —
National Center of Seed and Cultivar Investigation
National Academy of Agrarian Sciences of Ukraine
Ukraine, 65036, Odesa, Ovidiopolska doroga str., 3
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The aim. Determination of alleles of the photoperiod
sensitivity genes Ppd-1 in 16 winter wheat varieties of
the Bilatserkovska Experimental Breeding Station and
identification of the haplotypes of Ppd-D1 gene accord-
ing to the accepted classification. Methods. DNA isola-
tion, allele-specific and nested PCR, electrophoresis in
agarose and polyacrylamide gels, determination of the
significant differences in the time of heading. Results.
Plants of the varieties Vodohrai bilotserkivs’kiy; Bi-
lotserkivs’ka napivkarlykova, Olesia, Perlyna lisostepu,
Elehiia, Yasochka, Lybid’, Tsarivna, Lisova pisnia, Ro-
mantyka, Vidrada, Schedra nyva, Charodiika bi-
lotsekivs’ka, Russa, Driada 1 have the genotype Ppd-
Alb Ppd-Blb Ppd-Dla and belong to the VII haplotype
of the Ppd-D1 gene. The genotype of the variety Leg-
enda bilotsekivs’ka is characterized by the presence of
the alleles Ppd-Alb Ppd-Blb Ppd-D1b and belongs to
the IV haplotype of the Ppd-D1 gene. The significant
differences (P = 0.01) in the time of heading was detect-
ed only between the varieties Russa and Legenda bi-
lotsekivs’ka and was 12.4 days. Conclusions. Most
BEBS varieties are characterized by genotype — Ppd-
Alb Ppd-Blb Ppd-Dla, in which the allele Ppd-Dla
determines insensitivity to the photoperiod and leads to
early heading. Only variety Legenda bilotsekivs’ka is the
carrier of the recessive allele of Ppd-D1 gene, belongs to
the IV haplotype, has the latest time of heading.

Keywords: Ppd-Al, Ppd-B1, Ppd-D1 genes, winter
wheat, PCR analysis, photoperiod sensitivity.

226 ISSN 2415-3680 (Online), ISSN 1810-7834 (Print). BicH. Ykp. mos-ea 2eHemukie i cenekuioHepis. 2018, mom 16, Ne 2



