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Abstract: The vernalization gene VRN-DI locus includes three major allelic variations, namely the
dominant allelic variations Vrn-DIa and Vrn-DIb related to spring growth habit and semi-winter
growth habit, and the recessive allelic variation vrn-DI related to winter growth habit. In order to
clarify the effects of different allelic variations at the VRN-DI locus on the heading date and cold re-
sistance of wheat in the Huang-Huai winter wheat region, in this study, 156 wheat varieties (lines)

were used to identify the phenotypic traits of heading date and cold resistance. The wheat materials
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carry the same allelic variations at the known major vernalization gene VRN-AI1, VRN-BI , and VRN-
B3 loci as well as the photoperiod gene Ppd-D1 locus, but have different allelic variations only at the
VRN-DI locus. The results showed that there were extensive variations at the heading date, over-
wintering seedling mortality rate, and dead stem rate among the 156 wheat varieties(lines). Analysis
of variance indicated that the heading date was mainly affected by genotype, environment, and the in-
teraction between genotype and environment, while the over-wintering seedling mortality rate and
dead stem rate were mainly affected by genotype and environment. There were significant differences
in the heading date among the three allelic variations at the VRN-DI locus, and the heading date from
early to late ranked as Vrn-Dla , Vrn-DIb , and vrn-DI. Under all environmental conditions, the cold
resistance of the recessive vrn-DI was significantly better than that of the dominant Vrn-Dla and Vrn-
DIb, with the average over-wintering seedling mortality rate decreased by 19. 20% and 11.18% , respec-
tively, and the average over-wintering dead stem rate decreased by 16.53% and 8. 03% , respectively.
Compared with Vrn-Dla, Vrn-DI1b exhibited better cold resistance, with the average over-wintering
seedling mortality rate and dead stem rate decreased by 8.02% and 8.52% , respectively. The results
in this study provide important information for the utilization of different allelic variations at the
VRN-DI locus to improve the heading date and cold resistance.

Keywords: Triticum aestivum L. ; Vernalization gene VRN-DI ; Heading date; Cold resistance;

The Huang-Huai winter wheat region
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Table 2 Information of primer sequences for different alleles at the main vernalization and photoperiod gene loci
RS Rk pric 51495 51 s JTERARKRIT g g
Gene locus Chromosome nizn:r Primer sequence(5'—3") Allele :si?q;;q lcmpnerrljilulrr::%‘@ Reference
VRN-AI 5A 361S-F AAGCCCGTTATATCACCTTA

VAI-R GATGTGGCTCACCATCCACG Vrn-Al 469 65 [19]
361W-F AAGCCCGTTATATCCCTTT
VAI-R GATGTGGCTCACCATCCACG vrn-Al 469 65 [19]
VRN-BI 5B Intrl/B/F CAAGTGGAACGGTTAGGACA
Intrl/B/R3 CTCATGCCAAAAATTGAAGATGA Vrn-BI 709/673 58 [7]
Intrl/B/F CAAGTGGAACGGTTAGGACA
Intrl/B/R4 CAAATGAAAAGGAATGAGAGCA vrn-BI 1149 56 [7]
VRN-DI 5D NID/F CTTAGAATCGATGGGGGAGTTA
NID/R1 TTCTTTGCCACCTTGTACGT Vrn-DI 916 57 [20]
NID/F CTTAGAATCGATGGGGGAGTTA
NID/R2 TATGGAAGCAGGCAGAAATGGA vrn-D1 775 57 [20]
VRNI1DF CGACCCGGGCGGCACGAGTG
VRNI-SNP161CR AGGATGGCCAGGCCAAAACG Vrn-Dila 612 65 [8]
VRNI1DF CGACCCGGGCGGCACGAGTG
VRN-SNP161AR AGGATGGCCAGGCCAAAACT Vrn-DI1b 612 65 [8]
VRN-B3 7B VRN4-B-INS-F CATAATGCCAAGCCGGTGAGTAC
VRN4-B-INS-R ATGTCTGCCAATTAGCTAGC Vrn-B3 1200 57 [21]
VRN4-BNOINS-F ATGCTTTCGCTTGCCATCC
VRN4-BNOINS-R CTATCCCTACCGGCCATTAG vrn-B3 1140 57 [21]
Ppd-D1 2D Ppd-D1_F ACGCCTCCCACTACACTG
Ppd-D1_R2 CACTGGTGGTAGCTGAGATT Ppd-Dla 228 54 [22]
Ppd-D1_R1 GTTGGTTCAAACAGAGAGC Ppd-DI1b 414 54 [22]

916 bp

M:Ladder k;1: R & 6652. 47 41853 A% 22;4. 13 12;5.
Tr22 2256 K (ZS AR IO 7004 1958 A K 855539 P4 979;
10 JA 4 25511541 58,

M: Ladder k; 1: Liangxing 663 2: Shi 4185; 3: Zhoumai
223 4: Shimai 12; 5: Jimai 22; 6: ddH>O (control); 7: Yan-
nong 19; 8: Shijiazhuang 8; 9: Xinong 979; 10: Zhoumai 25;
11: Aikang 58.
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VRN-DI i &5 Vrn-D1 (916 bp) #A
vrn-D1 (775 bp) F AL % B
Identification of the alleles Vrn-DI (916 bp) and
vrn-D1 (775 bp) at the VRN-DI locus

Fig. 1
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Table 3 Analyses of variation of heading date and cold resistance
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Fig.2 Correlation analyses of heading date(HD), over-wintering seedling mortality rate( WSMR)

and over-wintering dead stem rate( WDSR) among environments
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Table 4 Statistical analysis of heading date and cold resistance in wheat cultivars

[N 78 3 - HE £ bR = SR
Trait Environment Range Mean=+SD CV/%
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Fig.3 Comparison of heading date( HD) among different alleles at the VRN-DI locus(Xinxiang)
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Fig. 4 Comparison of over-wintering seedling mortality rate( WSMR) and over-wintering dead
stem rate( WDSR) among different alleles at the VRN-DI locus



« 1480 # K F W

2 45 %

2.4 VRN-DI i S EMNTREAMBEEERST

VRN-DI i i 3 A543 7228 S 30 7€ P ik 3] 55
WK Fvrn-DI1 . Vrn-D1b MVrn-Dia (& 4) ., fEpk
BT, BMkvrn-DI1 09k 4 JE 1 R ik 4 JE 25
R EAMRT B M Vrn-Dla 1 Vrn-D1b ; i Vrn-
DI1b [FFE W Vin-DIa 38 B0 H 880 09 0 FE 1, 45 )
JETERRAIE T R 2RO BT W R A5 6 A8 S ] 12
M E LR, 73 NN 550028 Fvrn-DI (1K
B FRMFE 2L 3R Virn-Dla 43 51 F B 19. 76 % il
22.63%.10.52% F1 13. 76 % L J 27. 33 % A1 13. 2%,
XAy TR 19, 20 % F1 16, 53 % svrn-DI F#R4
FEHT M IE 2L R Vin-DIb 43 9 F B 11, 41%
11.70% 4. 7296 F0 4. 23 % LA K 17, 42 %6 K11 8. 17 %6 ,°F
Pior i R 11, 18 % A1 8. 03% 3 Vrn-DI1b 1) # 4
FEHT R MFE 2L R Vin-Dla 73 ) F K& 8. 35% Fll
10.94% 5. 80% F1 9. 52% LA J&% 9. 91% #1 5. 10% ,
SRR 8. 02% 1 8.52% .,
3 W

ANTR TN AR A B ' ] 0 67 A ) 45
AR S5 20 A X /N 22 Bt FE M 1 52 e AR E 5 R
FH E 1A A 35 DR J) 9 358 O e £ 1) A L a4 7
53 Froid & W, & HCAE VRN-AI, VRN-BI
VRN-B3 Lk K Ppd-D1 o7 55 #5 7 [ Pk 55 7 28 5 Al
6 JE A SRR S5 60 A8 S ANAE VRN-DI A i 4717
AN TR 5560 7 S (0 M RE AT A0 A, A BRI B R
e 30 f G At A 6 O A 9 67 A T] A 7 AR S 0k
VRN-DI 57 5550 8 9 5% W, [ B, 3 46 14 356 44
B EEE P AER UL L X HH T REL L X
Vrn-Dla ZE R BIAHXT F Vrn-D1b Mvrn-DI FE K &
BRI T RIS B 11 b R o 3k o PR B A
4 22 S 3 A a0 R 25 L 8 T 4 ok B R
TR A S DX T AL 27 X AL R

VRN-DI i 55 3 A5 48 S HLA b 35 1 i 98
PR 255, LI WA (6] 22 X0 i A (RO I bt JE 75
Ko 3R K, A Wk Vin-Dia 198 M
AN (RO PLFEME R %, Guo 7 IE L Vin-Dla
FEDAEE T KEFEE XML EXE A .
TG REEZX, I TAERER S, #
Vrn-Dla WP (RO T LI A, MELAF X
B SFP (R) 48R 250457 Vin-Dla , iX 4%
m R (RO T e R A, (TR
A o AT B [R]85 s K A HE AT 38 168 o, A 42k o P 0 B
RAEGE L EERZ X i ™ IR &

PSRl CFRO) Bl L 3t J B R #5HF Virn-D1a 5 F
(ROPLFEWHRZEM R, JLFBALEZ X/NE S
(RO vrn-D1 S 028 5, ] 58 FNHZ AR 25 X6
AR RO BB R m A K.

Vrn-DI1b %578 5 H A A& e — 45 1 2 &
PEAEK IR S AR 5 ORI R R T
Vrn-DI1b %0078 5 5 4 R HUIEME R X &R, IR UE S
TEPrZEE E B ven-DI B B F UL T Vrn-DIb
Vrn-Dib FEFAMAEEUELLZ X, X —48
XA T 5 BRHE A 22 X by & 2 X O IX
B AR IR TR A A X i b AR A & X e
A Wy 7 A, & A WA AR A8 R X S R
(RO VTFEME MR ]G A2 XA 2R
X O] fESE 5T Vin-DIb b Fp (RO Ho B 9 B A
B A2 XA B (RO 4K Z 808 4 vrn-DI
K BB B (RO Vin-D1b ™, 2447
See R WL Bl i B 7R A TR TR [ I A 2R R
F )R IEA EER S Vin-DI1b S A8 70 1
W 2009,2015 F1 2022 4F % A= ™ 1 VR F 19 ol B 2
& A Ven-DI1b . B CECHEDL 7 b i i FH 48
A Vrn-DI1b 122V i Tl 8OE A B 2 52 J5 AR
T Xof 40 FE M (10 56 2 Ak

VRN-DI 37 55 3 ™55 v 28 5 b 09 7 i 5
A ZRHUIEVE 2 A B G F L B Al B T LY Vien-
DIa () Bt FEVE B 2% AR 6 1 vrn-D1
Filt (B 0 FEVE B -, T Virn-D1 b il B 3 A 47p 98 1k
HRFE ., N R X RO R R EANF IR
b A A 35 DRI S 40 58 AL 5% e ) i 82 R L AR T
VRN-DI 7 i AN [7) 85 37 728 5 22 8] (9 FE 382 5 A 2
Ji A AR SRR (RO PUIE MR 25, A S A M
Fi (RO A G A AR W, (HhT FEMER 4707, B L,
R BRI HN SET R R, BEEEEARN AL
FHAH G . Zhang %7 BT EAR A KT 8
SR ZE 12 BVHE ARG TR A AR A AR S
Femh b & B A SE A ALAE VRN-DI A 35 A7 15 56
AR 2 7 I A A 8 8 5 i BaPEvrn-DI
LR A E 12 B Vm-Dla & F HPrIENE
AP TE 103, SCEL Tl e AR S A A K R F
ZWBEROFE 12 HEENEHR,

JINZE FRE TR T 52 Ak R RO R A 3 IR
Wi A o 3 27 2 A RE ) B A R PR A s ik
D V) AH 9 4 S [ e A g R A
WFoR A T H i E G 1 22 5 LR VRN-
AI.VRN-BI .VRN-DI1 1 VRN-B3 Vi J 't Ji 31 %



E1m

A A /N A AR AR TR VRN-DI AN [5) 45 37 72 S5 3 il 300 0470 9 M 1 52 i) . 1481 -

[N Ppd-D1, i H. VRN-DI 37 5 3 F 45 7 56 4 7] 1
A I 22 5 0 ST TR SRR RO SIS Y (E Y B
5 PRt 2 Y R 48 T S R A A 3 R 0 5
B & D (RO L FE AR 21, 3k 2K 0 A (RO
AR B #5217 F i A I DR 5 A 1 R R ) R 4l
TS AR S L [N I i 462 B X 3 2 5 Rl (RO A - il
Tl it A% JL B HE AT 8 A L Sk Rl (RO 1Y B BT R £
HEE

SE WK

[1]SHI C N,ZHAO L,ZHANG X F,et al. Gene regulatory net-
work and abundant genetic variation play critical roles in head-
ing stage of polyploidy wheat [J]. BMC Plant Biology .2019,
19(1) 6.

[2JARJONA ] M,ROYO C,DREISIGACKER S, et al. Effect of
Ppd-Al and Ppd-BI allelic variants on grain number and thou-
sand kernel weight of durum wheat and their impact on final
grain yield [J]. Frontiers in Plant Science .2018,9:888.

[3]SOLEIMANI B, LEHNERT H, BABBEN S, et al. Genome
wide association study of frost tolerance in wheat [J]. Scien-
tific Reports +2022,12(1) :5275.

[4]KAMRAN A, IQBAL M, SPANER D. Flowering time in wheat
(Triticum aestivum L. ) : A key factor for global adaptability
[J]. Euphytica +2014,197(1) ;1.

[5]XU S J,CHONG K. Remembering winter through vernaliza-
tion [J]. Nature Plants ,2018.,4(12) :997.

[6]YAN L.LOUKOIANOV A, TRANQUILLI G. et al. Posi-
tional cloning of the wheat vernalization gene VRNI []J].
Proceedings of the National Academy of Sciences of the U-
nited States of America,2003,100(10):6263.

[7]JFU D L,SZUCS P,YAN L L,et al. Large deletions within the
first intron in VRN-1 are associated with spring growth habit
in barley and wheat [ J]. Molecular Genetics and Genomics ,
2005,273(1) : 54.

[8]ZHANG J.WANG Y Y,WU S W,ez al. A single nucleotide
polymorphism at the Vrn-DI promoter region in common
wheat is associated with vernalization response [J]. Theoreti-
cal and Applied Genetics s2012,125(8) :1697.

[9IDING Y L,SHI Y T, YANG S H. Molecular regulation of
plant responses to environmental temperatures [ J]. Molecular
Plant ,2020,13(4) ;544.

[10JGALIBA G.QUARRIE S A.SUTKA J.et al. RFLP map-
ping of the vernalization (Vrnl) and frost resistance (Frl)
genes on chromosome 5A of wheat [J]. Theoretical and Ap-
plied Genetics,1995,90(7) :1174.

[11]JTOTH B,GALIBA G.FEHER E,et al. Mapping genes af-
fecting flowering time and frost resistance on chromosome
5B of wheat [[J]. Theoretical and Applied Genetics, 2003,
107(3):509.

[12]ZHANG ] J,ISLAM M S, ZHAO Y. et al. Non-escaping
frost tolerant QTL linked genetic loci at reproductive stage
in six wheat DH populations [J]. The Crop Journal ,2022,
10(1) : 147,

[13]JCHEN Y, KAVIANI M, YOOSEFZADEH NAJAFABADI
M. et al. Copy number variation at Vrn-AI and haplotype di-

versity at Fr-A2 are major determinants of winter survival of
winter wheat ( Triticum aestivum 1.) in Eastern Canada
[J]. Canadian Journal of Plant Science ,2024,104(4) :336.

[14]JSUTKA J. Genes for frost resistance in wheat [ J]. Euphyti-
ca,2001,119(1) :169.

[15]JDHILLON T,PEARCE S P,STOCKINGER E J,et al. Regula-
tion of freezing tolerance and flowering in temperate cereals:
The VRN-1 connection [J]. Plant Physiology . 2010, 153
(4):1846.

[16 JCACCIALUPI G.MILC J.CARADONIA F.et al. The Tritice-
ae CBF gene cluster-to frost resistance and beyond []].
Cells,2023,12(22) :2606.

[17]GALIBA G, VAGUJFALVI A, LI C X, et al. Regulatory
genes involved in the determination of frost tolerance in tem-
perate cereals [J]. Plant Science ,2009,176(1):12.

[18]JMENG L Z,LIU H W, YANG L,et al. Effects of the Vrn-
DIb allele associated with facultative growth habit on agro-
nomic traits in common wheat [ J]. Euphytica, 2016, 211
(1):113.

[19JSHERMAN J D, YAN L. TALBERT L.et al. A PCR marker
for growth habit in common wheat based on allelic variation
at the VRN-AI gene [J]. Crop Science ,2004,44(5) :1832.

[20]JGUO X R, WANG Y Y,MENG L Z,et al. Distribution of
the Vrn-DIb allele associated with facultative growth habit
in Chinese wheat accessions [ J]. Euphytica »2015,206(1) ;1.

[21JYAN L.FU D, LI C,et al. The wheat and barley vernaliza-
tion gene VRN3 is an orthologue of FT [J]. Proceedings of
the National Academy of Sciences of the United States of
America ,2006,103(51) :19581.

[22]BEALES J, TURNER A,GRIFFITHS S,ez al. A pseudo-re-
sponse regulator is misexpressed in the photoperiod insensi-
tive Ppd-DI1a mutant of wheat( Triticum aestivum 1..) []J].
Theoretical and Applied Genetics s2007,115(5) :721.

[23]LI T.LIU H W.MAI C Y.et al. Variation in allelic frequen-
cies at loci associated with kernel weight and their effects on
kernel weight-related traits in winter wheat [J]. The Crop
Journal ,2019,7(1) :30.

(2400 PNR A, 5T 98, A5, oy [ 3 M 96 3t X /1N 22 i 470 € 1k
S H5 VRNI HE R 5 A LT ] Ve 2440, 2015,41(4) : 557.
YOU G X,SUN G Z,ZHANG X Y,et al. Cold hardiness and
its relationship with the VRNI genotypes in wheat varieties
in the Yellow-Huai-Hai River Valley Region of China [J].
Acta Agronomica Sinica ,2015,41(4) ;557.

(250475 . 58 5% , HH IR 4, 4. R 48 /I 22 3 07 o R 2 AL D' J3 401
e R A e L FEVE RPN (], MR 2 4, 2025, 51(2) + 370.
YANG F,GUO Y,TIAN Y,et al. Effect of vernalization and
photoperiod genes and evaluation of cold tolerance for wheat
landraces from Gansu Province [ J]. Acta Agronomica Sinica ,
2025,51(2):370.

[26 T3 A rp /N SR s B B R 3 4 LML bt rh LR
AL L 2003,

ZHUANG Q S. Chinese wheat improvement and pedigree
analysis [ M]. Beijing: China Agriculture Press,2003.

[277ZHANG H J,XUE X H.GUO J,et al. Association of the re-
cessive allele vrn-DI with winter frost tolerance in bread

wheat [J]. Frontiers in Plant Science ,2022,13:879768.



