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Relationship Analysis between Cold Hardiness and
Vernalization VRN-1 Alleles in Wheat Varieties
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Abstract ;In order to clarify the effects of VRN-I vernalization genes on cold hardiness of wheat,the freeze injury
of 134 wheat cultivars collected from 11 main producing provinces was investigated in shijiazhuang during the period
of 2009 -2010. The VRN-1 alleles composition was identified using the sequence-specific markers which made its re-
lationship with cold hardiness definite. The results indicated that the cold hardiness of cultivars was closely related to
composition of VRN-1 alleles, geographic origin, and drought tolerance. As in the same geographical origin, the cold
hardiness of cultivars was generally weakened with the enhancement of vernalization effects controlled by VRN-1 al-
leles. Besides, cold hardiness of cultivars with same VRN-I alleles were always weakened with the lower latitude of ge-
ographical origin. These results should be helpful to cold hardiness improvement of wheat cultivars.
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Table 1 Wheat varieties( Lines) used in this study
o 5 mA(R) ESid 3 mA (&) i
Origins  Cultivars( Lines) Pedigree Origins  Cultivars( Lines) Pedigree
k|38 9 & PUBH 936/ (1523 x 1542)83 % 25 7 05 W 33 i 97-4167/ i 96-4067
iz 11 Ymh/Tob/Mcd/3/Lira 17 4338 4-106/BAU3338
i 12 AL/ 144 i 05-6607 1 6172/ 4575 28
i 175 BPM27/%% 411 17 4399 1k 6172/ #5728
i 155 T 19/6 % 21 4 8901 7297/ 303 // W 5 2
T3z 306 R CVE ) A= #2018 9411/98172
KSR [ (BT RIRIR/5238-016)F, /4T K 4 5] 3 6 B #3536/ 6172
F,/(H407 5/ KH 10 5)F, M9 =5 Jil#Z 13/ 4185
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HE 38 i 4001/ 47 4212 -1 7% 6002 I ¥y 6154/ 383 32
HEIES 5 £ 91-5065/38 35 38 izE 02 -1 9411/9430
f# 15 3 38/92R137/ /835 384 4 58-3 i e 822/ 8901
i 18 92 % 3/T447 F, /3L 38// 7 41853 436 B ENGE
# B05-7388 2 935-352/9% 1 17 i g 47 B 2% x B 3199F,
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B DR HL 2 Y DNA FESL . MRS SCHR [10-12 ] & Al
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Table 2 Primers for detecting the allelic types of VRN-1 genes in wheat

ERSE-eA 519751 Ji BER /N (bp) BGEE(C)

Target gene Sequence of primer Product size Annealing temperature

Vrn-Al 361S-F:5'-AAGCCCGTTATATCACCTTA-3’ 469 58
VAI-R:5'-GATGTGGCTCACCATCCACG-3’

vrn-Al 361W-F.5'-AAGCCCGTTATATCACCTTT-3' 469 58
VAI-R:5'-GATGTGGCTCACCATCCACG-3’

Vrn-Ala VRNIAF:5'-GAAAGGAAAAATTCTGCTCG-3' 965 & 876 50

Vrn-Alb VRNI-INTIR:5'-GCAGGAAATCGAAATCGAAG-3’ 714

Vrn-Alc 734

vrn-Al 734

Vrn-Alc Intrl /A/F2.5'-AGCCTCCACGGTTTGAAAGTAA-3’ 1170 56
Intrl /A/R3:5'-AAGTAAGACAACACGAATGTGAGA-3’

vrn-Al Intrl/C/F:5"-GCACTCCTAACCCACTAACC-3’ 1068 58
Intrl/AB/R:5'-TCATCCATCATCAAGGCAAA-3’

Vrn-B1 Intrl/B/F:5"-CAAGTGGAACGGTTAGGACA-3’ 709 63
Intrl/B/R3:5'-CTCATGCCAAAAATTGAAGATGA-3’

vrn-Bl1 Intrl /B/F:5'-CAAGTGGAACGGTTAGGACA-3’ 1149 58
Intrl/B/R4:5'-CAAATGAAAAGGAATGAGAGCA-3’

Vrn-D1 Intrl /D/F.5'-GTTGTCTGCCTCATCAAATCC-3’ 1671 65
Intrl/D/R3:5'-GGTCACTGGTGGTCTGTGC-3"

vrn-D1 Intrl/D/F :5'-GTTGTCTGCCTCATCAAATCC-3’ 997 63

Intrl/D/R4 :5"-AAATGAAAAGGAACGAGAGCG-3’
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Fig.1 Grades of low-temperature tolerance and representative wheat cultivars
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Table 3 Low-temperature tolerance of wheat cultivars differing in VRN-1 alleles

229 Grades

v FE A Alleles

# & Number

it fp &4 FX Name of varieties

1 vrn-Al /vrn-B1 /vrn-D1 4 s 11 96 6002 73 15 .24 % 8679
1+ vrn-Al /vrn-B1 /vrn-D1 2 Wz 38 hid 12
2 vrn-Al /vrn-B1 /vrn-D1 12 B 8901 7 # 616 7 B0O5-7388 I 02-4080 ,rf13 175 Jr & 8 5 5T 411 i3 155,
HANT B 14 B E 18R 25
vrn-Al /vrn-B1/Vrn-DI1 5 Bh4e 199 A 7 828 i 05 Wi 33\ J& 7 18 fEZ 25
2+ vrn-Al/vrn-B1 /vrn-D1 18 TEME 2018 JBF 6 5 A FKF 8 5 HE 4564 HE 6172 ff 4399 4 05-6607 HE3 585 . th 9 5|
TR 19 (1l 17 (AL 66 (AL 619 1114k 20 g 35037 #i 27 18 14537 47 /IME 6 45
vrn-Al/vrn-B1/Vrn-D1 1 T 9428
Vin-Al/vrn-BI /vrn-D1 WET 5 856 5 W 05-629 4 47"
3 vrn-Al/vrn-B1/vm-D1 19 7086 JH & 456 6 J5 502 A 14 B 19 B 22 B E 2 5 HE 98 %1k 9909 |
BRPT S8 4IF 213 (5F 99021 B3 7698 L /ME 54 /ME 22 I {2069 FEHE 1718 15
553 M Fl 06290
vrn-Al/vrn-B1/Vrn-D1 7 4185 4K 9123 A 811 A4 B05-6678 JE & 24 7 11 KL 8 &=
Vrn-Al/vrn-BI1/vrn-D1 3 gz 00 a3 HE T3
3* vrn-Al /vrn-B1 /vrn-D1 6 Ui 45 02-1 Y[ 4 58-3 B 366 i1k 2035 {2 0601 %4 91168
vrn-Al/vrn-B1/Vrn-D1 20 17 18 .3 5265 1§ 4589 4 9 5 (KA 99 P& 20 Fil 23 HE 62 4R 1 5 B
A7 004 Ji 47 20 FBH A 9989 [ 4410 1% 4 29 JZ 4 065050 BB 6 5 Bk 558 .58
16 MEF 28 )11 % 42
Vrn-Al /vrn-B1 /vrn-D1 4 B3 66 Lipr 58" i E 23 W4k 979
vrn-Al/Vrn-BI1/vrn-D1 1 K I 668
Vrn-Al /vrn-B1/Vn-DI 2 #7012 3215
vrn-Al/Vrn-B1/Vrn-D1 1 3 306
Vrn-Al1/Vrn-BI1/Vm-DI1 1 fiif 4338
4 vrn-Al /vrn-B1 /vrn-D1 1 %3 50
Vrn-Al/vrn-B1 /vrn-D1 3 B 202 B3 15" T H 4 B
vrn-Al /vrn-B1/Vrn-D1 4 J& 98165 | HF 020 % 7 988 (4 % 37
vrn-Al/Vrn-B1/Vrn-DI 1 NEXY
Vrn-Al/vrn-B1/Vrn-D1 13 4365 AN 21 B 509" Tk 722 Fif 1376" 53 17" 5% 16" Yk 180 T

Vrn-Al/Vrn-B1/vrn-D1
Vrn-Al/Vrn-B1/Vrn-D1

1
1

0569" #73 13 K 168" fid 48 75 H 16"
3 9023

210

Vrn-Al 23 361S-F/VAL-R 5| ¥ Ko 45 R, vrn-A1 g 361W-F/VAL-R 51 ¥ K 45 R 5 =« Vrn-AL Rl orn-A1 {5 S 2E SR BT 58 FBERT I 15 a: A
VRNIAF/VRNI-INT1R G| ##0 Vin-Al {57 55 845K B Ky Vin-Alasb . K] VRNLAF/VRNL-INTLR 5| #5860 Vin-A1 {57 55 345K 8K Vin-Alb
The Vrn-Al allele was detected by primers of 361S-F/VAI-R and vrn-Al allele was detected by primers of 361 W-F/VAL1-R. Both Vrn-Al and vrn-Al al-
leles can be detected in Aikang 58. a:The varieties with Vrn-Ala haplotype were detected by primers of VRNIAF/VRNI-INTIR. b: The varieties with
Vrn-Al1b haplotype were detected by primers of VRNIAF/VRNI-INT1R.
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2.2 VRN-1 EEFAERK

FIFH 2 % B #b AR 0 361S-F/VAI-R 361 W-F/
VAL-R #FAL S B KL R VAL {37 5, 45 5020,
BRIEDT 58( 3 3) FIH 2 Xt hric ¥ Re Y™ 3%t H br iy
b, HoAh 5 R P G 25 SRR AR A 0 T Ah . 2 XEE1
PG B bR 7 BOR/INE g 469 bp (18] 2A 2B) , db Ay
3UAS GBI Vin-AL S P 55 067 A8 S5 o A3 44 R 1Y
23.1%

M 123 4 5 6 7

8 9 1011 12

A:361W-F/VAL-R 5| ¥ P 145 ;B.361S-F/VAL-R §" 45 1
M50 bp marker;1: £ 3% 15;2: 4 K 91233 . [ 7086 ;4 : £5 3 828 ;
5.8 38;6. % 95 ;7. & 12;8, 5 9428;
9:f1 701210 H 2 175511 Hp & 11512, 54 8 5
A :Detected by primers of 361W-F/VAI-R,

B:Detected by primers of 361S-F/VA1-R,M:50 bp marker,
1:Shimai 15,2 :Jinhe 9123 ,3 . Han 7086 ,4 ; Shixin 828 ,5; Jimai 38,
6 : Zhongmai 9,7 : Zhongmai 12,8 ; Jing 9428 ,9 : Shi 7012,

10 : Zhongmai 175,11 : Zhongmai 11,12 ; Jingdong 8
B2 Vrn-Al BERMRNENER
Fig.2 Allelic variation at the Vrn-Al loci

b8 T 5 4 3 %t FRiC VRNIAF/VRNI-INTIR .
Intrl /A/F2-Intrl /A/R3 . Intrl /C/F-Intrl /AB/R X%} &
W EEH VAT LS 09K o 32 516 (58 52 21 FI T &
445 3 AT RS A AL R 965 bp AT 876 bp, Bl Vin-
Ala 25 4572 15 PE4R 1376 55 10 4> Ay 3 45 7
3 714 bp, B Vin-A1b 257 ; Z K08 Fh R 734 bp A
Bt BN Vin-Ale 2B B 8% vrn-AI 258y, F) FH 361S-F/
VAL-R 361W-F/VAL-R $5ic & W S VrnAI ) 5,
W 7012 F8 # 9023 %5 FiF| ] VRNIAF/VRNI-
INTIR 4 90 y 734 bp, KB H AT GE R Vin-Alc 45 4L
KA (BRI A Intel /A/F2//Intel /A/R3 #0013 5y
FIg TP g A Intel /C/F//Intel /AB/R ¥ A
1068 bp J7 B (&l 4A (4B) 5 3 B 3X 28 5 Ff Oy orn-Al
FKAI(KI 3 K 4A 4B)

FIARGER R FE Vin-Ala Vim-A1b 25T (¥ 45 )
b5 A PRIg R IS5 R — 3, (HAEXT Vin-Alce 55450
M |, 361S-F/VAL-R 361 W-F/VAL-R
255 5580 3 X AR iC A il 45 R — 3, 3 28 i Fil
FEA EOHG Vn-Al S50 2 W 75 i — 2B 5T .

M1 2 3 4 5 6 7 8 9 10 11 12

700 bp-—»

M:100 bp marker;1:Fi4¢ 137632 . Il 1E 20353 . % % 73;
4305165 5 215645 4338 ;7. T 35 47,8 . 757 17
9.4 15;10 . 18 6172;11 .7 % 4 512,383 38
M:100 bp marker,1:Xinong 1376,2 ; Linxuan 2035,3 :Jinmai 73,
4.Kehan 16,5 :Kehan 21,6 :Heng 4338 ,7 ; Jinmai 47,8 ; Jinan 17,
9:Yangmai 15,10:Han 6172,11 ;Ningchun 4,12 ;Jimai 38
B 3 VRNIAF/VRNI-INTIR #% VrnAl (i SEMT R
Fig.3 Allelic variation at the Vrn-Al loci
detected by VRNIAF/VRNI-INTIR

M 123 4 5 67 8 910 11 12

1000 bp—=

A Intrl /A/F2//Intrl /A/R3 355 1
B:Intrl/C//F-Intrl /AB/R P #8451t ;
M:100 bp marker;1 ;47 4185;2:3% 5265;3 ;44 7012;
4417 15,5 87 90236 3 11,7 : 48111 235
8. 23,9 . & 185107 % 20511118 6172;12. 5 (& 8 5
A ; Detected by primers of Intrl /A/F2//Intrl /A/R3 |
B:Detected by primers of Intrl/C//F-Intrl/AB/R ,M:100 bp marker,
1:Shi 4185,2:Ji 5265,3:Shi 7012 ,4 ;Shimai 15,5 ; Zhengmai 9023 ,
6 :Zhongmai 11,7 ; Taishan 23,8 : Lumai 23,9 ;: Zhoumai 18,
10 :Jimai 20,11 :Han 6172,12; Jingdong 8
B4 VAl BEEMNENER
Fig.4 Allelic variation at the Vrn-Al loci

) H 2 % H #b FR ic Intel /B/F//Intrl /B/R3 |
Intrl /B/F//Intrl /B/R4 ¥ I 5 4k 52 37 3 B VenBI
f 5. Intrl/B/F//Intel /B/R3 ¥ 3l VenBI, 0] 3 14
709 bp K B, Intrl/B/F//Intrl/B/R4 #;
vrnBIL 0] P 3 H 1149 bp FEX (K 5A,5B) , 455
R IG 6 A4S A A VenBL SR 5 5 A
B 4.5% .
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The results form Fig. A to Fig. D were detected by primers of Intrl/B/
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Fig.5 Allelic variation at the Vrn-B1 and Vrn-DI locis
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