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AnHoTanus. [ToBblIeHUE TEMIIEPATYPhl B TEYEHHUE BEreTAallMOHHOIO NIEPHOAA MO-
XKET IPUBECTHU K CHIKEHHIO YPOXKaHHOCTH CeJIbCKOX 03i{CTBEHHBIX KYJIBTYP, UTO OyJeT
MMETb MOCJIEACTBUS JUI PACTEHUEBOJICTBA M MPOIOBOJILCTBEHHON OezonacHoctu. Oc-
HOBHBIM (haKTOPOM, OIPAHMYMBAIOIIMM BbIPAILIMBAHUE MIICHULBI U (OPMUPOBAHHE BbI-
COKOKa4eCTBEHHOI'0 3€PHA, SABJISETCS HPOJIOJDKUTENILHOCT Oe3Mopo3Horo nepuona. Ce-
JIEKLHS B CIIOXKHBIX KIMMATHYECKUX YcioBusaX CuOupH 10KHA ObITh HalpaBieHa Ha
CO3/IaHHE OTHOCHUTEIBHO CKOPOCIISIIBIX, BBICOKOYPOXKAHHBIX, INIACTHYHBIX COPTOB. Ba-
PBUPOBaHKE NPOIOJDKUTEIILBHOCTH CPOKOB KOJIOLICHUS M CO3PEBAHMS ABISETCS BaXKHBIM
9JIEMEHTOM aJaNTally IMIICHUIB! K KOHKPETHBIM YCIOBUSIM BbIpaiiuBaHus. Llens pa-
0OTBI — OLIEHKA KOJIICKLIK COPTOB SIPOBO Msirkoit miueHuupsl (Triticum aestivum L.) mo
MPOJIOJKUTEIIBHOCTH BEre€TAlIMOHHOIO TIEPUO/ia U ONpPEACNeHNE y HUX ajUleNel reHa
Vrn-Al. B naHHOM HCCIIEIOBAaHUU HCIOIb30BAIM BOCEMb COPTOB MATKOH SIPOBOIA MIiie-
HHULIBI U [IBE N30T CHHBIC JINHUK C U3BECTHBIMU aJUiesisiMu reHa Vrn-A1 (koutpons). O06-
pa3libl BBIPAIIMBAIM B TUIPOIIOHHOM TEIUIMIE. Y CTAHOBIICHO, YTO IISTh 00Pa3LoB M3
BOCBMH MMEJIY MHCEPLHUIO MOOMIBHOTO T€HETHYECKOro 3JIEMEHTa B IIPOMOTOPE I'eHa
Vrn-Al nnuno#t 965 m.H. — aiens Vrn-1a, a Tpu o0pasua — JAeNeldio B IPOMOTOPHOM
obnacru. [Ipu anexrpodopese npoxykros TP obpa3upl ¢ generyeii mokasanu Halu-
yue (pparmMenTa uHoH 714 m.H. — amutens Vrn-1b. Tlpu n3ydexnn nonuMopdusma reHa
Vrn-Al BoisiBeHo npeobnananue amienst Vrn-Ala, nossieHre KOTOPOro 00ycaoBICHO
HaJIMYMEM HHCEPLH MOOMIBHOTO FEHETHYECKOT 0 JIEMEHTA HE TOJIBKO Y COPTOB HOBO-
CHOMPCKOW CeJIeKIMU, HO U y COPTOB IPYrHX peruoHoB. KoppemnsiuoHHbINH aHamus,
NPUMEHEHHBIH JUISl yCTAHOBJICHUS 3aBUCUMOCTH BPEMEHH KOJIOIICHUS OT KOHKPETHOIO
anens reda Vrn-1, nokasan 3nadenue 7 = 0,57. 1o mo3BOJISIET CACNATh BBIBO 00 yMe-
PEHHOI KOppesiy BIUSHUS ajuienel reHa Vrn-Al Ha NpoaoKUTeNbHOCTD MepUuoaa
BCXOJIbI—KOJIOIICHHE.

KioueBblie cioBa: Triticum, heHONOrusi, CKOPOCIENOCTh, CENCKUMs, 3armaHas
Cubwups, ren Vin-Al
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Summary. Agricultural production in the XXI century has faced significant envi-
ronmental challenges, the most important of which is global and local climate change.
To solve the problems it is necessary to produce new varieties of crops, and first of all,
common wheat (Triticum aestivum L.). Variation in the duration of ripening period is
an important element of wheat adaptability to specific cultivation conditions. The ques-
tion of whether a variety that is early in earing date remains early in maturity date is
essential, but data on this problem are rather limited. Thus, to produce new early ma-
turing forms of spring common wheat, it is worth paying attention to the sources of
alleles used in the southern regions of Russia or abroad. The aim of our investigation
was to evaluate a collection of common spring wheat accessions for the duration of the
growing season and allelic composition of the Vrn-A1 (response to vernalization) gene.
In this study, 8 cultivars of spring common wheat and 2 control near-isogenic lines were
used (See Table 1). The studied accessions were grown in hydroponic greenhouse. To
extract genomic DNA from the collected samples, 30-80 mg of leaves frozen in liquid
nitrogen were used. DNA extraction was performed using a commercial kit “Wizard®
Genomic DNA Purification Kit” (Promega, USA) according to the manufacturer's pro-
tocol. The Vrn-A1 locus polymorphism study was performed using a set of previously
described allele-specific primers. Confirmation of the presence of a deletion into the
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Vrn-Al gene promoter or insertion of a mobile genetic element was performed using
Sanger sequencing. As a result of these studies, it was found that five cultivars had an
insertion of a mobile genetic element in the promoter of the Vrn-41 gene and were
characterized by the presence of a fragment of 965 bp in length on electrophoresis,
while three cultivars showed a deletion in the promoter sequence. When PCR products
were electrophoresed, cultivars with deletion showed a fragment of 714 bp in length
(See Fig.1). The results were also confirmed by Sanger sequencing. Correlation analy-
sis applied to establish the dependence of earing time on the allele of the Vrn-1 gene
showed a value of » = 0.57, which allows us to conclude that the allele of the Vrn-1
gene is moderately correlated with the duration of shooting to heading period. The du-
ration of the growing period, and, consequently, early maturity, is related to the transi-
tion from vegetative to generative development. In wheat, the complex process of tran-
sition from vegetative to generative development is largely determined by allelic diver-
sity of Vrn genes regulating the type of growth (spring vs. winter). In the course of
investigation on the study of Vrn-41 gene polymorphism, the prevalence of the Vrn-A1
allele, the occurrence of which is due to the presence of an insertion of a mobile genetic
element, was found not only in varieties of Novosibirsk breeding, but also in commer-
cial cultivars from other regions.
The article contains 1 Figure, 1 Table, 5 References.
Keywords: Triticum, phenology, earliness, breeding, West Siberia, Vrn-A1 gene

Fundings: This work was supported by Russian Science Foundation (Grant No 22-16-
20026) and the Government of Novosibirsk region.

Acknowledgments: The plants were grown at the Center for Common Use for Plant
Reproduction of ICG SB RAS within the budgetary project FWNR-2022-0017.

For citation: Goncharov NP, Plotnikov KO, Chepurnov GY, Kamenev IA,
Nemtsev BF, Smolenskaya SE, Blinov AG. Global warming and the genetics of wheat
type and rate of development. Vestnik Tomskogo gosudarstvennogo universiteta. Bi-
ologiya = Tomsk State University Journal of Biology. 2025;69:68-75. doi:
10.17223/19988591/69/8

BBenenne

CenbCKOX03sSIICTBEHHOE MTPOU3BOACTBO B X XI B. CTONKHYIIOCH C CYIIIECTBEH-
HBIMH SKOJIOTHYECKHMH BBI30BaMH, HamOoJiee Ba)KHBIM W3 KOTOPBIX SIBIISCTCS
rIo0abHOE U JIOKAIBHOE M3MEHEHHE KIMMata. 3a mocienHee cronerne (1920—
2020 TT.) MPOW30ILIO YBEIUYCHHUE CPEAHET0JOBOM TEMIIepaTyphl BO3MyXa Ha
2,17°C, cpenHeromoBast HOpMa 0CaJIKOB Bo3pocia Ha 85,5 mm B rox [1].

Jliis perieHust TI00aIBHBIX POOJIEM HEOOXOIUMO CO3JaHKME HOBBIX COPTOB
C/X KyJNbTyp, U B TIEPBYIO OYepelb SIPOBOM MATKON miueHUNm! (Triticum aes-
tivum L.). I'maBHbIM (haKTOPOM, TUMHUTHPYIOIIUM €€ BO3[EIbIBAaHUE B (POPMHUPO-
BaHHE BBICOKOKAUECTBEHHOT'O 3€pHA, SBJISIETCS MPOIOJIKUTEILHOCTh 0€3MOpOo3-
Horo neprona. CIoXKHbBIE KIIMMaTHYeCKre yCIoBuss CHOMPH CBUICTEILCTBYIOT O
TOM, YTO CEJIEKIIHS JOJDKHA OBITh HAIIPaBJIeHa Ha CO3/IaHUE CKOPOCTIEIBIX, BBICO-
KOYPOXaHBIX U TUIACTHYHBIX COPTOB.

[Ipu3HAKK TPOTOIKUTEIHLHOCTH MTEPHUOJIAa BCXOJIBI—KOJIOMIEHUE U BCXOBI—CO-
3peBaHUE SIBJIIOTCSA BAXHBIMH JUTSI IIPUCITOCOOISAEMOCTH TIISHUIIBI K KOHKPET-
HBIM YCIIOBHSIM BO3JIENIBIBaHMS. Bompoc o ToM, ocTaeTcst JIn COpT, paHHECIICIbII
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0 J1aTe KOJNOIIEHHSI, PAHHECTIETBIM TI0 TaT€ CO3PEBAHMS, SBISCTCS CYIIECCTBEH-
HBIM, HO JaHHBIE 110 ATOH pobieMe JOBOJILHO orpanuueHsl [2]. Ha nanHbIi Mo-
MEHT aJUICJIbHBIA cOcTaB reHoB Vrn (response to vernalization) u Ppd (response
to photoperiod) Bo3nenbiBaeMbIx B HoBOCHOUPCKO# 0071aCTH COPTOB SPOBOM MST-
KOH TIICHUIIHI U3BECTEH U HE OTIIMYaeTCs OONbIIUM pa3sHooOpasueM [3]. Takum
00pa3oM, IS CO37aHHsI HOBBIX CKOPOCIENBIX (POPM 3TOH OCHOBHOH 3E€pPHOBOMU
st PO kynbTypsl cTONT 00paTHTh BHIMAaHHAE HA UCTOYHHUKH aJUIENEH, MCIIOb-
3yeMbIe B FOJKHBIX peruoHax Poccum u/mimn 3a pyoeskom. Llens paGoThl — orieHKa
KOJUIEKITUH 00pa3IoB SPOBOI MSTKOH MIIEHHUIBI IO MPOAOIDKATEILHOCTH BETe-
TaIMOHHOTO TIEPUOA U AJUIETFHOMY COCTaBy TeHa Vrn-A 1, KOHTpOIUPYIOLIETO y
HUX SPOBOM THII Pa3BUTHS U CKOPOCTH Pa3BUTHSA (CKOPOCHENOCTD).

MarepuaJibl U METOABI

B uccrnenoBanmy HCoONb30BAIOCH 8 COPTOB SIPOBOW MSITKOM MIIIEHHUIIBI HOBO-
CHOHMPCKOW M KPaCHOJAPCKOM CENISKITUU U 2 M30T'CHHBIC JIMHUU aBCTPAINHCKOTO
copta Triple Dirk ¢ u3BectHpIMU ajutensimu TeHa Vin-Al (koHTpoib). OOpasibl
BEIPAIMBAIIICE B THAPOIIOHHOW Terutume VHCTUTyTa IUTONOTHMH W TCHETHKH
CO PAH (HoBocubupck) ocenpro 2023 1. J[ist kKaxkIoro pacTeHus, BhIpaliiBae-
MOT'0 B TEIUTHIIE, OIPEIEIISUICS TIEPHO OT BCXOAOB 10 KOJMOMICHUS (B JHSIX).

I'enomuyro JIHK BeImensmm u3 coopanHbIx 00pasmoB JucTheB (30—80 Mmr), 3a-
MOPOXEHHBIX B XHUAKOM azore. Dkcrpaknuio JJHK mpoBogmmm xomMepueckum
HabopoMm «Wizard® Genomic DNA Purification Kit» (Promega, CIIIA) B coor-
BETCTBHH C TIPOTOKOJIOM Tmpom3Boautens. MccnenoBanne amnenet Vrn-AI npo-
BOJIIIIN C UCTIONIE30BAHUEM PaHEE OMMMCAHHEIX aJUIeNb-CIICHU(UIHBIX IPaiiMEpOB
[4]. Busyanuzanus pe3ynabTatoB [1L[P BEIIONHEHA ¢ TOMOIIBIO 3JIEKTPOPOPETH-
YECKOr0 pa3leNieHus MPOIYKTOB peaknu B 1%-HOM arapo3HOM Tejie, OKpalleH-
HOM OpOoMHUCTBIM 3THAMEM. Hanmume B mpomoTope reHa Vin-Al nenenuy Wit
BCTaBKH MOOMIIEHOTO T€HETHIECKOTO 3JIEMEHTA ONPENeISUIH ¢ TIOMOIIBIO CEKBE-
HupoBaHus 1o Canrepy. Jist cratucTideckoi 00pabOTKH pe3yabTaTOB pacCcyu-
ThIBaJICA K03 hurmeHT koppensuu [Tupcona (r-ITupcona) [S]. Ero pacuer mpo-
BOAVUIA TIPA TIOMOIIM TIPOTpaMMHOTO si3bika R 4.2.2 ¢ mcnonp30BaHHEM CTaH-
TApTHBIX CTATIIAKETOB.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

B pesynbrarte mpoBeIeHHBIX NCCIeIOBaHIN OBIIIO0 0OOHAPYKEHO, UTO IISATH COp-
TOB M3 BOCbMH HMEJIH BCTaBKY MOOMJILHOT'O TEHETHUECKOTO DJIeMeHTa (Tabuia)
B IPOMOTOpE TeHa Vrn-Al u XapakTepr30BaJIMCh HAIMUHUEM Ha 3JeKTpodopese
(dparmenTa [umHOM 965 11.0. (COOTBETCTBYIOIIECH auento Vrn-Ala), Toraa Kak y
Tpex o0pa3ioB Oblia oOHapykeHa nenerus B mpomotope (puc. 1). [Ipu nposene-
HUU 3nekTpodopesa npoaykros TP oOpasisl ¢ nmenerueil J1eMOHCTPUPOBATIH
(parmenT amuHOHN 714 11.0., COOTBETCTBYIOMICH aymento Vrn-A1b (puc. 1). Iony-
YEHHBIC Pe3YIIbTAThI TOATBEP)KACHBI CEKBEHHPOBaHUEM 10 CaHTEpy.

Koppensimmonnsiid ananmu3, MpUMEHEHHBIN TSl YCTAaHOBIICHUS CBSI3U BPEMEHU
KOJIOILIEHUS C HAaJMYUEM KOHKPETHOTro ajeins reHa Vrn-Al, mokasan 3HaueHHe
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r= 0,57, 9T0 TIO3BOJISIET ClIEeNaTh BHIBOJA 00 MX YMEPEHHOW CBS3M C MPOIOIIKH-
TEIBHOCTBIO ITEPHUO/Ia BCXOIABI—KOJIOIICHHE.

Pe3ynbTaThl H3yyeHHs1 a/lJIeIbHOTO COCTaBa reHa Vrn-A1 n IpogoKUTEIbHOCTH
BereTallMOHHOI0 Mepuoaa o0pa3uoB APOBoH MArKoil mueHuusl B 2023 r.
[Results of Vrn-Al gene allele polymorphism and heading time of spring soft wheat samples

in 2023]
HazBanue copra Annens reHa [epuon TpoHCK K ICHHE
No (uHIN) Vin-Al BCXOJIbI—KOJIOLLIEHHUE P [Ori )::f][
[Name of variety or line] | [Vrn-A1 gene allele] [Days to Heading] £
1 | Triple Dirk A Ala 40+12 ABcTpajius
[Australia]
. . ABcTpanus
2 Triple Dirk D Ala 38+1,1 [ Australial
Kypsep Kpacnonapckuii kpait
3 [Kuryer] Ala 40+3,1 [Krasnodar region]
Mapam Kpacnonapckuii kpait
4 [Madam] Alb 39+16 [Krasnodar region]
Janko Kpacnonapckuii kpait
5 [Danko] Alb 4l+13 [Krasnodar region]
Kerpun Hogas 3enangus
6 [Ketrin] Ala 4l+18 [New Zealand]
Tas Kpacnonapckuii xpait
7 [Taya] Ala 41+1.9 [Krasnodar region]
HoBocubupckas
8 I?ﬁgogggggi“z"ﬁ]l Ala 39+13 ofacts
v 4 [Novosibirsk region]
HoBocubupckas
o | Honoomat |
4 [Novosibirsk region]
HoBocubupckas
10 ﬁlﬁgi’s;‘gfg;“z"l é]g Ala 35416 ofacts
4 [Novosibirsk region]

Tpumeuanue. JlanHbie O KOJOUICHHIO MPEICTABICHBI B BHIC CPEIHHX apU(PMETHUSCKHX +
CTaH/apTHas OIMOKa CpeTHEM.
[Note. Heading data are presented as arithmetic means + standard error of the mean].

™M RS W P g

ﬁéaﬁﬁ%#&

e bpem — L —— — —
714 bp—— e — — — pe—

Puc. 1. Pesynbratsl anekrpodopesa npoaykros [TLP, monyueHHbIX ¢ HCHONB30BAaHUEM
ajenb-cueuuGUIHBIX npaiMepoB s mpoMoTopa rena Vrn-Al [4]: M — mapkep
MOJICKYJISIPHBIX Macc, /—3 — oOpasiipl TBepaoit menutst (7. durum Desf.) ¢ amnensmu
Vrn-A1b (xourpons), 4 — Kypeep, 5 — Manawm, 6 — [lanko, 7 — Ketpun, 8 — Tas,

9 — HoBocubupckast 41, 10 — Triple Dirk A, 11 — HoBocubupckas 31,

12 — HoBocubupckas 18, 13 — Triple Dirk D
[Fig. 1. Results of electrophoresis of PCR products obtained from primers for the Vin-A1 gene promoter
[4]: M - marker of molecular weights, 1-3 —7. durum Desf. accessions with the Vrn-A1b allele (controls),
4 - Kuryer, 5 - Madam, 6 - Danko, 7 - Ketrin, 8 - Taya, 9 - Novosibirskaya 41, 10 - Triple Dirk A,

11 - Novosibirskaya 31, 12 - Novosibirskaya 18, 13 - Triple Dirk D]
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PaHnee yxe ObLTO ITOKa3aHO MpeoOaaHue JOMUHAHTHBIX aJljielieil reHa Vrn-
Al B coprax cubupckoi ceneknuu [3]. B maHHO# paboTe moka3sIBaeM, 4TO y BCEX
W3yYCHHBIX HAMH COPTOB, B TOM YHCIIE BO3IEIBIBAEMEIX B 00JIe€ F0KHBIX IIHPO-
TaX, IPUCYTCTBYIOT JOMHUHAHTHBIC aJUIEH HTOTO T'eHA. YMEpEHHAs CBSI3b IPO-
JOJDKATENBHOCTH BETE€TAIIMOHHOTO MEPHOoa C Pa3NUIHBIMA aJUICTGHBIMI BapH-
aHTamu reHa Vrn-A1, cogepanmMi MyTallii B IPOMOTOPE, TOBOPHUT O BO3MOXK-
HOM BJIHSHHUH JTOH OOJIaCTH T€HOMa Ha BBIPAYKEHHOCTH IMpU3HAKa CKOpPOCIIe-
JIOCTB/TIO3IHECTIENOCTh. [lOHMMaHIe TeHeTHYeCKUX MEXaHU3MOB PETYILIIIUH Bpe-
MEHU KOJIONICHHS PAaCTEHUU SIPOBOM MSATKOHM MIIEHUIBI OyIeT crocoOCTBOBATH
CO3MIaHHIO BBHICOKOAIAITHBHBIX COPTOB HOBOT'O TIOKOJICHHUS 3TON KyJIBTYPHI C OII-
TUMAITFHOH BBIPa)KEHHOCTBIO TAHHOTO IPU3HAKA TSI KOHKPETHBIX 30H BO3/ICIbI-
BaHUS, OTPaKAIOIIEH JTOKaIbHBIE 0COOCHHOCTH KIIMMATHYECKUX YCIOBUH. BBUITY
JIOKAIBHBIX M TIIO0ANBHBIX M3MEHEHUH KIMMaTa BO BCEX 30HAX BO3JCIBIBAHUS
MIIEHAH! (YYacTUBINUECS B MOCIIEAHEE BpeMs JICTHIE 3aCyXH U PaHHSSI BECHA C
BO3BPaTHBIMH 3aMOPO3KaMH) H3yUeHHE AIDIETHHOTO COCTaBa TEHOB V71, KOHTPO-
TUPYIOMAX (HOPMUPOBAHNE ONTHMAIBHONW IPONOIDKUTEIHHOCTH BETETAIlNOH-
HOT'O IIEPHOJIa, UMEET BasKHOE 3HAUCHHUE [UIS CEIEKIINH.

3akiioueHne

Nzydenune nonmumopdusma reHa Vrn-A I nokaszayo npeodiiagaHue J0MHUHAHT-
HOoro ayens Vrn-Ala, BOSHHKHOBEHHE KOTOPOTO OOYCIIOBJICHO HaJHYUEM
BCTaBKH MOOMIIBHOTO T€HETHIECKOTO HJIEMEHTa HE TOJIBKO y COPTOB HOBOCHOHP-
CKOW CETICKIINH, HO U Y COPTOB APYTHX PETHOHOB, HAIIPUMEP KPaCHOIAPCKOM ce-
JIeKIIHH.
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