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The Genetic Effect of Wheat Vernalization Gene
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Abstract: In order to understand the genetic effect of vernalization gene Vin- the effect of vernalization treat—
ment on development of 15 wheat cultivars was studied and the allelic composition of the Vrn- gene in 5A 5B and
5D genomes in above cultivars were analyzed using the sequence-specific PCR. The results indicated that there is
significantly difference in heading stages of genotype with different Vrn- allele combinations. The genetic effect of
three dominant Vrn- alleles is follows: Vrn-Al > Vin-DI > Vrn-B1: the vernalization genes have additive effects the
presence of a dominant Vrn- allele in any genotype confers spring growth habit whereas the presence of recessive
alleles in the homozygous state confers winter growth habit. Therefore the winter-spring character of cultivars can be
confirmed according to the combination of vernalization genes.
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1.2.2 CTAB
1.1 DNA “ 2 DNA.
15 6-8 ( 1) PCR 25
1376, 22, 48 7012, 6172, L 10 x Buffer 2. 5 pwL Tag DNA
21. 22. 23. 20+ 9023. 3217, 1.25 U dNTP ( 10 mmol/L) 2.0 pL
18, 18, 8 . 4ll. 5 pmol/L DNA 30 ~40 ng. PCR
1.2 94°C 4 min 94°C 1 min 30
1.2.1 s 712°C 1 ~2 min 33 72°C 10 min
25°C . 12 h o PCR 1.5% o
1 6-8
Tab.1 Primers for detecting the allelic types of vernalization genes in wheat
/bp /°C
Allelic type Sequence of primer Product size Ann. temp.
VinAla VRNIAF: 5"-GAAAGGAAAAATTCTGCTCG-3~ 965 876 50
Vin-Alb 714
Vrn-Alc VRNI-ANTIR: 5"-GCAGGAAATCGAAATCGAAG3- 734
vrn-Al 734
Vrn-Alc Intrl /A/F2:5"-AGCCTCCACGGTTTGAAAGTAA3” 1170 56
Intrl /A/R3:5"-AAGTAAGACAACACGAATGTGAGA3-
Vrn-B1 Intrl /B/F:5-CAAGTGGAACGGTTAGGACA-3~ 709 63
Intrl /B/R3: 5" -CTCATGCCAAAAATTGAAGATGA 3~
vrn-B1 Intrl /B/F:5-CAAGTGGAACGGTTAGGACA3~ 1 149 58
Intrl /B/R4: 5" -CAAATGAAAAGGAATGAGAGCA3~
Vrn-D1 Intrl /D/F: 5"-GTTGTCTGCCTCATCAAATCC3" 1671 65
Intrl /D/R3: 5"-GGTCACTGGTGGTCTGTGC3~
vrn-D1 Intrl /D/F: 5-GTTGTCTGCCTCATCAAATCC3~ 997 63
Intrl /D/R4:5"-AAATGAAAAGGAACGAGAGCG3~
2 Ll
( D

2.1 ( 2)o

o 1376 48. 7012, 21, 9023) .
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( 3217, 18, 22, 23, 20). .
( 6172, 8 . 411, 22, 18) . 3 2
O '“‘5 d o
20 ~25 d; 30 ~35 do

A. 3217: . 15 d: 20 d; B-.S HE 30 d;

1376 46 d 7012 s 60 d
72 d. A. Bainong 3217: Left. Vernalization 15 d; Right. Vernalization 20 d;
B. Jingdong 8: Left. Vernalilation 30 d; Right. Vernaliatio 35 d. Photos
> ° were taken on the 60th day after wheat seedling is transplanted

in greenhouse.

1
Fig.1 The growth state of wheat plant in critical
points of vernalization

2

Tab.2 The Seedling-heading period of wheat cultivars by different vernalization

/d

/d Days of vernalization

Cultivars The days from

0 5 10 15 20 25 30 35 40 vernalization to heading
1376 Xinong 1376 46 £3 41 +3 40x4 39+3 36+5 33+7 29%3 30x2 304 46 +3
48 Wanmai 48 55+7 538 49x7 45+5 42+5 412 35x1 340 33+2 55+7
7012 Shi 7012 72+10 63 +9 484 39+2 36+1 34x1 32x2 31+1 291 54 +£2
21 Xuzhou 21 72+7 695 56+8 48+3 41+2 362 37+3 36+3 35+2 61 2
9023 Zhengmai 9023 - 5510 52+8 49+1 42+4 36x4 34x2 32x3 31=x3 60 2
3217 Bainong 3217 - - - - 412 38+4 34+1 33+2 33zx3 61 +2
18 Zhoumai 18 - - - - 57+5 46+4 47+4 45+5 4413 71 4
22 Lumai 22 - - - - 5910 45+7 43+3 42x1 396 70 +7
23 Lumai 23 - - - - 618 594 45x6 445 434 75 +6
20 Jimai 20 - - - - * 4011 315 290 29=x2 61 +5
6172 Han 6172 - - - - - - 656 60+3 45+4 85 +4
8  Jingdong 8 - - - - - - * 58+9 47 +12 87 £12
411 Jing 411 - - - - - - * 60 +10 58 +10 95 +10
22 Xiaoyan 22 - - - - - - * 62 +15 5513 95 +13
18 Xinmai 18 - - - - - - * 73+8 657 105 +7
+ Dl o 50% ”

Note: Seedling-heading period means the duration from transplanting of seedlings to heading which was represented by average value + standard devia—
tion “— "means not heading “* ” means the heading ratio of total plants below 50%; “Underline” means the best treament to finish one generation in—
cluding the vernalization and seedling-heading period.

2.2 ; Vrn-DI 3217, 18.
20 20 ~25 d ;
( 3 2 ~4) Vrn- 6172, 8 . 411, 22
o Vrn— 18 30~35d o 3
Al + Vrn-DI 1376, 48. Vin-Al > Vin—
7012, 21 ; VinAl + DI > Vrn-BI o
Vrn-B1 9023 5d : VinAl + Vrn-DI

Vrn-Al 22, 23 20 d Vin-Al Vin-DI o
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Tab.3 The genetic effect of wheat vernalization gene
VRN /d
Cultivars Detection of VRN alleles Critical points of vernalization

1376 Xinong 1376 VrnAl vrn-B1 Vrn-DI 0

48 Wanmai 48 Vrn-Al vrn-Bl Vin-D1
7012 Shi 7012 Vin-Al vrn-B1 Vrn-D1

21 Xuzhou 21 Vrn-Al vrn-B1 Vin-D1

9023 Zhengmai 9023 Vin-Al Vrn-BI1 vrn-D1 5

22 Lumai 22 Vin-Al vrn-B1 vrn-D1 20

23 Lumai 23 Vrn-Al vrn-B1 vrn-D1

3217 Bainong 3217 vrn-Al vrn-B1 Vin-D1

18 Zhoumai 18 vrn-Al vrn-Bl Vrn-DI

20 Jimai 20 vrn-Al vrn-B1 Vrn-DI 25
6172 Han 6172 vrn-Al vrn-B1 vrn-D1 30

8  Jingdong 8 vrn-Al vrn-Bl vrn-DI 35
411 Jing 411 vrn-Al vrn-B1 vrn-D1

18 Xinmai 18 vrn-Al vrn-B1 vrn-D1

22 Xiaoyan 22 vrn-Al vrn-B1 vrn-D1

M 1 23 4 5 6 7 8 9 10 1112 13 14 15 M_1 2.3 4 56 6 7 8 9 10 1112 13 1415

1 500
700 bp b

1000 bp

M. Marker; 1. 1376, 2. 48;3. 7012;4. 21;5. 9023;

6. 017:7. 22:8. 23:9. 18: 10. 20011, 6172; Intrl /D/F ‘ Intrl /D/R3 Intrl /D/F  Intrl /D/R4.
12. 8 13, 41114, 18: 15. (34 ). The upper is Intrl /D/F and Intrl /D/R3 the under
VRNIAF  VRNIANTIR Intrl /A/F2 Intrl /A/R3. is Intrl /D/F and Intrl /D/R4.

M. Marker; 1. Xinong 1376; 2. Wanmai 48; 3. Shi 7012; 4. Xuzhou 21; 5. 4 Vrn-DI

Zhengmai 9023; 6. Bainong 3217; 7. Lumai 22; 8. Lumai 23; 9. Zhoumai Fig.4 Allelic variations of Vrn-DI amplified

18; 10. Jimai 20; 11. Han 6172; 12. Jingdong 8; 13. Jing 411; 14. Xinmai
18; 15. Xiaoyan 22( The same as Fig.3 4)

2 Vrn-Al
Fig.2 Allelic variations of Vrn-Al amplified with the primer sets 3
of VRNIAF & VRNI-ANTIR and Intrl/A/F2 & Intrl/A/R3
M 1 2 3 4 5 6 7 8 9 1011 1213 14 15 ~

with the primer sets of Intrl /D/F & Intrl/D/R3 and
Intrl/D/F & Intrl/D/R4

700 bp 14-17

1 000 bp

18 19
Intrl/B/F  Intrl /B/R3 Intrl/B/F  Intrl /B/R4. Vin-
The upper is Intrl /B/F Intrl /B/R3; The under is Intrl /B/F Intrl/B/R4.
3 VrnBI
. . L. . . o Vrn-
Fig.3 Allelic variations of Vrn-BI amplified with
the primer sets of Intrl/B/F & Intrl/B/R3 and N

Intrl/B/F & Intrl/B/R4 Vrn-d
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