FB YR IAAR 2023, 24 (6): 1558-1567
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230320003

HOoRA/DZE T kAL A PE R
AR S A B

WEFLI 2L BHALFIR,E A ER L EFE 14K
CHR BB A G NI, 22 7300705 2 H A AR A BERMIFE BLAL | > 730070; b EAO B A G/ EYRREDF 5T, dbat
100081 ; *Hift &b B E B EYIFFE T, 22 M 730070)

WE T R FRADEFBALRTOEEEFRARR, AL ALK FERT TEHERLATEEL, AFRAA
F AR H K B AR T Fo b BAC(Vim-Al Vin-B1 ,VinD1 #2 Vin-B3) 4= % 8 30 (Ppd-D1) A B 69 545 % %, 2% &M .
(1)445 W75 oAb 245 6 AP AL B RS E F, 0 F IR F £ F B K, 58 H Vin-Ala (2.5%) .Vin-Bla (11.0%) . Vin-Blb
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Distribution Frequency of Vernalization and Photoperiod Genes
in Gansu Wheat Landraces and Winter Hardness Analysis
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Abstract: Landraces are important parent sources in wheat breeding, and play vital roles in the breeding
progress via introgressing elite traits. Using allele-specific markers of wheat vernalization genes Vin-A1, Vin-BI,
Vin-D1, Vin-B3 and photoperiod gene Ppd-D1, this study detected their dominant allelic variations in 445 Gansu
landraces, and analyzed the relationship with winter-spring growth habits. The results showed: (1) The
frequencies of the dominant alleles at the four vernalization genes were 2.5% (Vin-Ala), 11.0% (Vin-Bla) ,
1.6% (Vin-BIb), 0.5% (Vin-Blc), 67.4% (Vin-DI1) and 0.5% (Vin-B3) , respectively, and the frequency of
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the photoperiod-insensitive Ppd-DIa allele was 17.8%. (2) Except for Vin-Bla + Vin-DI, different
combinations of dominant alleles were detected in landraces collected from spring wheat regions. The frequency
distribution of dominant vernalization alleles decreased gradually from spring wheat to winter wheat regions,
whereas all recessive allele composition at Vrnl and Vin-B3 loci increased constantly. The Ppd-D1a was detected
in Gansu landrace germplasm from different wheat regions, and its frequency in winter wheat region was much
higher than that in spring wheat region. The highest frequency (35.6%) was observed in Longdong dry land
winter wheat area, and the lowest (5.1% ) was detected in Taomin high and cold spring wheat region.
(3) Through comparing the genotyping results with the historic phenotype recorded from wheat resource
catalogue of Gansu Landrace, a lower coincidence was observed in winter/strong winter landraces than that in
spring/mild winter wheat, and the coincidence decreased gradually for the landraces from the spring wheat to
winter wheat regions. (4) Eighty-three spring wheat, 119 mild winter wheat and 82 winter wheat were
identified, which can be applied in spring wheat region (Central and western Gansu province, high and cold
Taomin spring wheat area) and autumn-planting winter wheat regions with warmer (Longnan Jialing River
Upstream and Upper Wei River in Southern Tianshui) and colder winter region (Pingliang, Qingyang Jing River

basin, North of Dingxi and Tianshui) , respectively. In conclusion, this study provided a reference for mining

excellent traits of landrace varieties in modern wheat breeding.

Key words: wheat; Gansu landrace variety; vernalization gene; photoperiod gene; allelic variation; winter-

spring characteristic
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KR gR sl B OB R 147,174 2.0 m, 78R

R1 Vin-1.Vin-B3 Ppd-DI EF3| ¥ FEFIRBXER

20 cm, 7ERE B A L4y B — 30, AL 36
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K H Yan Z£19°0 Milec 25" | Fu 2" & Beales
G R RS, TR AR (Vin-A1L
Vin-BI1 . Vin-DI . Vin-B3 i) FOGJE A LA (Ppd-D1
PSS A 51 B A T AR TR
FIA L. USRI DNA , DNA $E U STS
R 75 v [l O A . K% Zhang 55 B 1 7
P E AN R AL SE R A KB Beales 251 )7 ik
5 Ppd-DI115i 5. 550 A8 57257 Ppd-D1a #1 Ppd-D1b,
SRy R B 1.

Table 1 Primer sequence and related information at Virn-1.Vrn-B3 and Ppd-D1 loci

I 45 FRinA s I (5-3') FURmFRIE) TR Op)
Gene name Marker name Primer sequence (5'-3") Alléhc Vanatlm,l Amplified Reference
(dominant/recessive ) fragment
Vin-Al Vinl-AF GAAAGGAAAAATTCTGCTCG Vin-Ala (44) 965+876 (6]
Vinl-IntIR GCAGGAAATCGAAATCGAAG Vin-A1b (BAE) 714
Vin-Alc CibPk) 734
vrn-Al (&) 734
Intr1-A-F2 AGCCTCCACGGTTTGAAAGTAA Vin-Ale (s24%) 1170 [11]
Intrl-A-R3 AAGTAAGACAACACGAATGTGAGA
Intrl-C-F GCACTCCTAACCCACTAACC vin-Al (&) 1068 [11]
Intrl-AB-R TCATCCATCATCAAGGCAAA
Vin-DI Intrl-D-F GTTGTCTGCCTCATCAAATCC [11]
Intr1-D-R3 GGTCACTGGTGGTCTGTGC Vin-DI1 (B1%) 1671
Intr1-D-R4 AAATGAAAAGGAACGAGAGCG vrn-D1 (Fatk) 997
Vin-B3 Vin4-B-INS-F CATAATGCCAAGCCGGTGAGTAC Vin-B3 (s4%) 1200 (9]
Vin4-B-INS-R ATGTCTGCCAATTAGCTAGC
Vin4-BNOINS-F ATGCTTTCGCTTGCCATCC vrn-B3 (k) 1140 (9]
Vin4-BNOINS-R CTATCCCTACCGGCCATTAG
Vin-Bl Intr1-B-F CAAGTGGAACGGTTAGGACA Vin-Bla (B4E) 709 +1235 [10-11]
ExI1-B-F3 GAAGCGGATCGAGAACAAGA Vin-B1b (B44) 673+1199 [10-11]
Intr1-B-R3 CTCATGCCAAAAATTGAAGATGA Vin-Ble (@.1%) 849 [10-11]
Intr1-B-R4 CAAATGAAAAGGAATGAGAGCA vrn-B1 (Jg) 1149 [10-11]
Ppd-DI TaPpd-D1-F1 ACGCCTCCCACTACACTG [19]
TaPpd-DI-R1 TGTTGGTTCAAACAGAGAGC Ppd-D1b (GEJEIMHUE) 414 [19]
TaPpd-DI-R2 CACTGGTGGTAGCTGAGATT Ppd-Dla GGJHIAAHUR) 288
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I T ) S50 A8 5 1 I B HE I /N 22 7
LN, Vin-1 1) 3B AT 1A (Vrn-A1 F1 Vin-
DI 5 B8 1A LL Ry B S A AR SR, "I
PRS2 3 AR 4 Ry ek LA IS IE 5 H 5 vim-
Al+vrn-DI1+Vin-B1 A BN, Vin-1 0575519 3
AL DR 4R Bt BN BEIE F 3515 AR R R s A1 o
(A3 MR S 574 5 Vin-B1 5% Virn-D1 75 2235 4y 4k
Vin-Ala %F Vin-B1 8% Vin-D1 7 FAPAER BB 5
Pt —20 X R EME (L Vin-Ala 5067728 5 ) Flg54¢
P (Y B S A8 5% Vim-B1 8% Vim-DI) . 3T
TR /INAE U AP BEE B sl #8n A F 1 KR
S R My = N A S A o o 1 1 S O & £ o
— HPEARIE RIS R ) A M A TR RS T
A B sk e 2k B 6 2B RA R HAEL R T
o SR BURPE IR L T AR iR I 25 51, #Eal
Ppd-D1a WAL R 56 R A A UL, #5447 Ppd-D1b
AR R AR B AR R

2 HER59H

2.1 A EMELIEEAREREMNTR

51 ¥ Vinl-AF 1 Vinl-IntIR ¥ Vin-A1 {57
SIS S, 445 Oy b SRR 2 O A R, 11
Py 41 H1 965 bp F11 876 bp 4545 , Ui X 11 143 i
HEH W SR A S Vim-Ala, 432 15 4 14 HY 734 bp
AL, I 734 bp iy B SRR Vim-A 1 57 55 0T RE
S WA Vin-Ale SBENVE vin-A1 0078 5 855519
X} Intrl-A-F2+Intr1-A-R3 )% Intr1-C-F+Intri1-AB-R,
{14 %) 1086 bp AT 7, 158 B X 432 17 di Bl #5747
vrn-Al BV AR 5

M 51 ¥ Intrl-B-F+ExI-B-F3 Fl Intri-B-R3+
Intr1-B-R4 4722 B PCRAGIN Vin-B1 v 15 0 256 AL
5,445 0 AP 1L S 2R I8 49 13 S 1 709 bp
F11235 bp BYHT BY , 150 BH X S0 b k485 7 M S5 7 A2
S Vin-Blas; 7059738 H 673 bp F11199 bp i Y, 1
WG AR 5 Vim-B1b; 2 47 34 1 849 bp 4 Y, #5447
Vin-Ble S5 A8 55376 (347 34 H 1149 bp iy B, #71
BN AR S vin-B 1, SRS Vin-Bla Vin-B1b
H Vin-Ble 53 AR 53 5128 11.0% . 1.6% F10.5%, Bt
PEEE AR T vin-B1 AT A%k 84.5%

A5 ¥ %t Intr1-D-F | Intr1-D-R3 1 Intr1-D-R4
4T 22 8 PCR KGN Vim-D1 57 55 (R 2 78 5, 38 44y
PGS, 300 3971 HH 1671 bp BYAHF L, 107 {534 4

997 bp Fr SR, FBH 67.4% () S Fh i RS
{178 5 Vim-D1, 24.0% () i B 45 707 Bk 55 02 A8 57
vin-D1 .

FH5 19 Virn4-B-INS-F F1 Vin4-B-INS-R¥ Vin-B3
D REERIAR S, 445 kb Jr Bl rb 29735 1 1200 bp
PR Sl B, R X 2 (4547 Mk S AR 5% Vin-B3
(e KAZ2, &3 s Ha4b514) Vin4-BNOINS-F
H Vin4-BNOINS-R Y ¥4 H Ak RL, 214714 H 1140 bp
FARE Sl Y, U B B 2 (3 48547 Mk S AR 5% Vin-B3
A A IS vin-B3 Al S0 78 5

F51¥1%} TaPpd-D1-F1 . TaPpd-D1-R1 1 TaPpd-
DI-R2 4725 PCRAGI Ppd-D1 5 5. 55 78 55, 46
438 9, 79 3 4 184 4 288 bp FAF Y, S 3
A ABUREA S 5 Ppd-D1a(17.8%) , 320 U3 A1 R 14
tH 414 bp B, Ry SR I B EE51 28 5 Ppd-D1b
(71.9%) .
22 HWAHSRMENIEEAHERREAS S HINE

445 15y 3b 5 Rl R IR 6 il A IR R S5
5% Vin-Ala . Vin-Bla . Vin-B1b . Vin-Blc . Vin-D1 Fll
Vin-B3 W) 85 % 43 5 K 2.5% . 11.0% . 1.6%. 0.5% .
67.4% M 0.5% (F2) . HH Vin-DI 1) 53 4 451 5 fie
5, ORI Vim-Bla, HoA4y WA SE 07 A8 40 A AR 44
ARG . HEaT 1B AL S 25 0 A8 S i A k) 265 17
53R Vin-Ala(4 43 )  Vin-Bla(4 1)y ) , Vin-B1b (3
%y)  Vin-Blc (1 )y ) \ Vim-D1 (251 1)y ) #1 Vin-B3 (2
B3)e 24083 BHEENAE R A Vin-Ala+Vin-Bla
(413 ,09%) . Vim-Ala+Vin-D1 (2 1)y, 0.5%) . Vin-
Bla+Vin-D1 (40 133 ,9.0%) . Vin-B1b+Vin-DI (3 3},
0.7% ) 1 Vin-Bla+Vin-DI1+Vin-B3(143,0.2%) . Vin-
Bla+Vin-B3 (1 4y,0.2%) . #5475 4 Rk S A8 57
vin-A1+vrn-Bl+vrn-D1+vrn-B3 IR} 87473(19.6%)

BACKE H 457 A S5 I HLAH A e R R 22 X 4
AR ZEFEER(E2) . Vim-Ala FE 5 A 12 YRR
R FERFZ X (405,10.3%) , M PEHEBEAEZZ X S
M A A2 DX R B VL A 22 XD A3 A o BRTE T
UEAEE XA, KAy 54 F XA Vin-Bla /A, H.
TP HEWE AR 22 X3 A A% (25 10y, 21.4% ) B iy, HAR
JIBE AR SR A X (310, 6.7%) FPkIR i FE 22 X
(2451,5.1%) , IS B X (2407, 4.3% ) Flow B L
A FE X (263 ,4.0%) A%, Vin-Bl1b FE A TE
TPRE 5 X (610 ,5.1%) . Vin-Blc ¥ A5 1E
T PG I 5 2 X (160, 0.9% ) Rl 5 B T i A2 IX
(14y,2.0%) . Vin-DI BHENAEFIE6 KEX)
A, R AR X e (39 1), 83.0%) , ik
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Sk P VR 22 X (90 3, 76.9% ) A PRI i FE B F
X (28 1y, 71.8%) , & B& VL. b i 4 22 X (26 17,
52.0%) JEIT A X (21 4y, 45.7% ) Rl 45 S35
KA XK (15407 ,33.3%) 56k o #5717 Vim-B3 AL
AR SR RIE 2 4y, Horp 1 8 T VeI R A X
LI RARBARAE X o #5707 Vim-Ala+Vim-Bla W) 4 {iy
FHRRAR AR X 55 (4.0%) . ¥4 Vim-Ala+Vin-DI
B2 3 A RE, JR T PG A A X R kIR e FE R A
X . 47 Vin-Bla+Vin-DI () 40 13 ¥4 B 76 A 6] 22
DX A 43 A, 0] 79 AR A2 X (23 47, 19.7%) B

T, BRI FA X (545, 10.0% ) 1 T kIR 7 5
FHEX(247,51%) T80 A X (147,2.2%)F
R R Ml B A X (110, 2.19%) AR . AT Vin-
BI1b+Vrn-D1 ¥ 3 (M EHE T P B 22 X (2.6%) o
1 3 ¥E45 Vim-Bla+Vin-D1+Vin-B3 WA B A Ak B Fi
T X, AT A Fe k28 A8 55 virn-A 1 +vim-B1+vin-
DI+vrn-B3 1 87 1 M BHEAN R 22 X B4 43 A1, B AR
B A XA AR e i (25007, 55.6%) , R Sl
A Xk (217 ,4.3%) .
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Table 2 The frequency distribution of vernalization and photoperiod genes and their combination in landrace wheat

varieties from different wheat regions in Gansu

B (%)
e A lé%/:ﬁK : No. of variety/ Frequency §

e Noo ) e R WWEN RARE R )

variety froquency HHEK HEIK BEX  AEK REX WA E -

HISWR CDSWR HCTSWR UWRWWR LDDTWWR UJRWWR PANM

Vin-Ala 11 2.5 1/0.9 1/2.1 4/10.3 1/2.0 4/4.0
Vin-Bla 49 11.0 25214 2/43 2/5.1 3/6.7 2/4.0 14/10.9
Vin-B1b 7 1.6 6/5.1 1/1.0
Vin-Blc 2 0.5 1/0.9 1/2.0
Vin-D1 300 67.4 90/76.9 39/83.0  28/71.8 21/45.7 15/33.3 26/52.0  81/80.2
Vrn-B3 2 0.5 1/0.9 1/1.0
Ppd-Dla 79 17.8 11/9.4 6/12.8 2/5.1 9/19.6 16/35.6 17/34.0 18/17.8
Vin-Ala+Vin-Bla 4 0.9 4/4.0
Vin-Ala+Vrn-DI 2 0.5 1/0.9 1/2.6
Vin-Bla+Vin-DI 40 9.0 23/19.7  12.1 2/5.1 1/2.2 2/2.0 5/10.0  6/5.9
Vin-B1b+Vrn-D1 3 0.7 3/2.6
Vin-Bla+Vin-D1+Vrn-B3 1 0.2 1/1.0
Vin-Bla+Vin-B3 1 0.2 1/0.9
vin-Al+vrn-Bl+vrn-D1+vin-B3 87 19.6 9/7.7 2/4.3 3/7.7 21/45.7 25/55.6 21/42.0 6/5.9
(vrn-A1+vrn-Bl+vin-DI1+vin-B3)/Ppd-Dila 30 6.7 1/0.9 2/4.3 0/0 3/6.5 15/33.3 4/8.0 5/5.0
(vrn-Al+vrn-Bl+vrn-DI1+vin-B3)/Ppd-D1b 57 12.8 8/6.8 3/7.7 18/39.1 10/22.2 17/34.0 1/1.0

ARSI A AN [ P A LR L 151

The frequency is the proportion of detected materials to the number of varieties originate region; HISWR: Hexi irrigation spring wheat region;
CDSWR: Central dry spring wheat region; HCTSWR: High and cold Taomin spring wheat area; UWRWWR: Winter wheat region of upper Wei
River; LDDTWWR: Winter wheat area on the drought tableland of Longdong; UIRWWR: Upper Jialing River winter wheat region; PANM:

Planting area not marked

T Y T A 221X v A A A X R R g
FEHL X, BHENAS T Vin-DI1 53 A 5w
HJe B V%028 5 Vim-Bla, Vin-Ala  Vin-BIb
Vin-Blc F Vin-B3 53 Aii #2451 s 1B ) F e 442
DX Bl AR PO 2 S IX A B VT L e & 22 IX, [l BRI
Vin-D1 3 A A 58y, e URE Vim-Bla, Hoas i AE5F
(228 5 IC I3 SIS ATHARRAR o

ST BE R AR RHURR S 57 A8 53 Ppd-D1a W53 Aii 5t
B 17.8% (79457 ) , FEAFIZE XITH 4341, Pe A 2305
A FZ KRS AR (16 407, 35.6% ) fmr T3 B U 1l
X (1714,34.0%) I8 _EiiFEAZ2 X (947 ,19.6%)
TR R AR X (61, 12.8%) , W PUHEIE A 22 X
(11153, 9.4%) FIPRIR = FE 22 X (2 403, 5.1%) B AR
e (vim-A1+vrn-Bl+vrn-D1+vrn-B3 )/de—Dl a iy
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BorAR, AR R4S K AR (1545 ,33.3%)
o, VY HE R A X (1Y, 0.9%) fe fik . HE At
(vrn-Al+vrn-Bl+vin-DI1+vrn-B3)/Ppd-D1b 4 & )
MREST Oy BRI R AR 22 X Ah , gy A2 K
Gy A, FLIE T b i 4 32 X0 A AR i i (18 44
39.1%) , P HEME A X (8 44y, 6.8% ) el . 341EFZH
X, R R B X Ppd-D1a W43 A3 (12.8%)
15 T TA) P E R A7 (X (9.4%) APk IR 5 FE R E X
(5.1%) ;3 N4 F X, Ppd-Dla TE P AR YR 4 42 X
(35.6%) Filga B 1T_E i 4 22 IX 43 AT % (34.0% ) #4¢
o T A X B A3 A3 (19.6% ) %
23 ETRBEERICHNLEEMVm-1BENSE

T RENHEZEEN—EHES

Pz BECH A8 Mo SRR IR H e &R
445 (i A Rkrh 83 4y A o L 18.7%5 175 0y R 55
24k, i 1639.3%; 63 0 R A1E, o5 L 14.2%; 42 4
SR A, b 18.4%; 82 I Ric B A FEM, 5 1
18.4% (#3) . WK H i8R 83 My Bk AR 25
SAi T HE X, ot Vim-Ala  Vin-Bla . Vin-D1 Fl
Vin-B3 BIARAY59 4 3.6% . 15.7% 85.5% F1 1.2%;

x3 HWHRMEFUER Vin-1EMTROSHINE

IR H SEICE A AR B —B0R R 100%. R H
SEICERAY 175 O 55 &R RE 250 T 22 X il
BEVT B4 A7 X, Hovp Vim-Ala  Vim-Bla . Vin-B1b.
Vin-Blc Fl Vin-D1 W35 504 2.9% 13.1% .3.4% |
1.1% . 69.1%, Vin-1 37 15 4= B bk 45 0 A8 53 451 %
14.3%; Horf 126 0y 3£ K BV 2 A5 Vim-Bla, Vin-Blb.,
Vin-Ble Fl Vim-DI I V£ %5 {7 A8 5, H— 0k ik
72.0%. FEURE HSEICER MMM R B A 1AL FE
X, Hrpvim-A1+vrn-D1+Vin-B1 1 Vin-1 1) 3 4 15,
LBk FLBAE IS IE 5 T AR50 1 R 4.8% (3 4y)
F163.5% (40 14y ) , FE PR BUHED FUGEUR H Stic 4k &
PR —BORIE 68.3%. TXIE H iR 1R AR A
R FBOAERZZ X, o Vim-1 19 3408 &k
HANBEIE#K 1 9% 64.3% (27 15y ) , B KL DR 70 HE
W5 2 R H St 28 0 B AP Rl — B0 K 64.3%
NN B 50 A, T Al FE DR 8 A AR S A A
AR, Vim-1 34015 AR A R B i T
S PRI ) 4 P 5 R E Sid B 4 3k
(1 — B 8 v (64.3%~100.0% ) , A1 3] 5 4 1
—HCRIGWAEAT

Table 3 Frequency of dominant allelic variation and all recessive allelic combinations at Vrn-1 loci and winter-spring nature

from Gansu landrace wheat

Vin-Ala Vin-Bla Vin-Blb Vin-Blc
Ko PR (%) : : . A . : . :
Type Number Frequency PUEEC  BUR(%)  MRHEC  BER(W)  BORMEC BOR(%) B BER()
Number Frequency = Number  Frequency Number Frequency Number Frequency
4 Spring 83 18.7 3 3.6 13 15.7 0 0 0 0
541 Weak winter 175 39.3 5 2.9 23 13.1 6 34 2 1.1
24} Winter 63 14.2 0 0 3 4.8 0 0 0 0
5l 24"k Strong winter 42 9.4 0 0 1 2.4 0 0 0 0
RIX» 82 18.4 3 3.7 9 11.0 1 1.2 0 0
Un-discrimination
Vin-D1 Vin-B3 vrn-Al+vrn-Bl+vrn-D1 "
; SERHED B
e N‘ ; , — (%)
R R S gl % IS 0. of accessions .
Type PURSC B (%) BORV BUR(%)  BRPEC IR(%) Consistency
Number Frequency Number Frequency  Number  Frequency based on genotype
# 1k Spring 71 85.5 1 1.2 0 0 83 100.0
594 Weak winter 121 69.1 0 0 24 13.7 126 72.0
£V Winter 22 349 0 0 40 63.5 43 68.3
R APE Strong winter 15 35.7 0 0 27 64.3 28 64.3
KX 71 86.6 1 1.2 3 3.7

Un-discrimination
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R A8 HIEOP K, P G AR i 3 BRI A b
Fii & ME 22 SRR . T PG BRI S R PSR il
FRL AR AT kT T XU S AR TR A X
BB WA (PR 22 X)) , & PR (2 76 K KRS
TS ), LA b X SRIAE 14 /N2 P P 1) 55 AVl B
T A R, Wk S R TR R SR
el I N s | 8 A M R o N N N ER S T
S B A SR DX S A RO FEYS R DX sk 11 3 43
FAE 1 AR AR R BT K e B R A K
T A 58 A K B AR A AR /N 22 K TE R, Lk
G A8 5 FE 7= 1B B VR, 3k 26 XSk R 11 /N 22 S 4k
FaE AN o ARIE B AL AL AR 5 Vim-AT X Vi-
B1 1 Vin-DI (") FALAE R H5407 vim-D1 (R4 BT 5€
PESR S5 8RR H St 2R A&, i e 284
D3P 5 4 5 T 9 5 (1 I https < //doi.org/10.13430/
j.cnki.jpgr.20230320003 , [t 2 1) , Hrf 83 ) H ko
f A, R IE T HOR th P R X, ARy
T T 22 X R A A 25 DX 5 119 (8 S 1
GRS Vim-DI 554 A, EE0R A Hia
PUER A X AR P TR AR A 22 X, AT AE AR R BB
ok 1 DX 3 5 82 13 &M R it A M 1 A R, R Bk
H B A< 05 SO AT A2 X, Hr e, AT R
S FEV IR E i B AR R A X A A L DA
TS [t o g S AR R R S A A T
B AR RRE R

3 g

3 HRtAmMELERENTREBNES

4R A E XIS 2 IR E

445 Uy SR RO R B 6 R R AL SR AR S HL
O3 AT 2 S B, AT VPG A 22 X T i R
B X IR S TE R A X G UL A A2 X TE
A A X B B AR R A X, AL R A A S
AR UR BEALG , 17 Btk S 6 A8 S i T v o 1
NEABAEEN R R A EGH 6 Fh 2034 B
P A 6, R B AEEE AL S o AR, 7
T DA AR SO AR S A R, 28 DA
R FHEY B Vim-Bla+Vim-D1 4k, H4 i
PEBA 018 S 2H A M R BB o A TE R A2 X, T
4 [ SN AR S vin-A 1 +vrn-B1+vrn-D1+vrn-B3 1)
S3 AT NV R 1] AR 5 BT #, BB AR PR A
A% 1X (55.6%) > {Hi L if & F2 X (45.7%) > F B AT
A X (42.0%) > 174 HE B AR A2 X (7.7%) =1k

W FE B/ X (7.7%) > R R H 2 X (4.3%) .
TR Al R 11 S S 6 A8 5 T LA /D BT B /N 22 X
IR AR K, o, Vin-A1 67 5 V557
ARSI R, Vin-B1 5 Vin-D1 57 15 BAE 7 A8
S EIRAYFEACTT R, H Vin-A1 (7 5% Vin-B1 5
Vin-D 157 s34 _FAAE 5 BB H R KR4 by i
T EER A B R B TR

LB SN P 153 ) Oy /N FZ G Rl A T A
AL R S5 R B, Bk Vin-DI AE T A 1 AL 5L
SN AR S ISR BT o5 A Eb A e (60.9% ) , HLUR
Vin-Ala(5.9%) F Vin-B1(5.2%) ; i H.3& Ak B 1E 55
AR S BB X, N T 4 KA K b4
2 X Vin-D1 550728 S A3 A STRAR UG , v [ 452
X /INAZ 3ty St o P B G A A B SR AR U B 5
AW Vin-D1 . Vin-Bl Vin-Ala %5 8 &5 A5 &
IS T 43 A7 e B 22 A S5 (R I 9 a5 R AR —
S, BB H 44 5 G RO PY RS B AR AR LT R
HA5E . Zhang 552N} 278 11 B RL/NFZ b A A AL B
DR 25 57 A8 SRS, Vim-D1 43 A5 B0 2R fe i, Ho g
Vin-Al  Vin-B1 F1 Vin-B3 , 5 AWF58 4 F AL RE R
SEPERT B A A SEAS AR (R A0 38 25 S A
K. Derakhshana 55" {18 £ B Hb 77 i o S 22485417
Vin-D1(67.4% ) F1 Vin-BI (48.0%) ‘i P 25 v 78 5
Vin-B1 43 Aji A58 5 T A IF 5% 1% 7 o5, 1k 45 07 A8
SRR FTRE SR AR R 56, AL
X B TLH RS Vin-AL 07 58 3 Fh Pk 25 47 A5
S AT R — R, R AR AR 27 X A
T Vim-A1 BE S A8 5 0 A AT 5% 3 FH A4
BHEEE, — T e S R AL KRR RIE T
BRI O, ML T B S AL B2 KRR /)N
% AT EFERA L KIS R 6 E
B R B B S Vin-1 81 Vin-B3 3847 T 800, 1A
5 2 RAETE Vin-Al Vin-B1 BVESE A8 5 & 5%
XAFAE Vin-B1 F1 Vin-D1 B2 AR 5 ARTFAE Vin-
B3 BRSNS ARG A A, B Vim-B3 .
PN AR AR AR S, HZ X Vim-Al Vin-Bl
SRS A S A XA Vin-B1 1 Vin-D1 B VE 4%
AR RPN oA X I A — 25, ULy S A
PRI R A S P e T, M S A A A
DX IR — 3, 1y b R e] 7853 0 BN B L
FIOC R .
3.2 HiftithA R EEERE Ppd-DI1 L s AE G

£ TR Ppd-D1a 5D TR

o H g b A A R A 6 AR 5 Ppd-Dla 4 5%
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XAR & THEEZ X 2REEMEEA G vn-A1+
vin-Bl+vrn-DI1+vin-B3 4546 Ppd-D1a BI#F 30 45,
Br kIR = FE A2 X Ah , AR A 22 K34 A, H
ZER @ THLZ X 2RMWHELIEE LS vin-A1+
vrn-Bl+vin-D1+vrn-B3 454 Ppd-D1b H) ¥ KL 3L 57
1y, 432 KB A i T 242 X (HAN [ 4 22 IX R A&
4% X Ppd-D1a # Ppd-D1b WA AR s N T 42 [X ]
252 KR AEBBURIE Rl Ppd-D1a Wi %35 4 $E 5
H 4 X Ppd-D1b MR & F Ppd-Dla, A& X
T 1 DR 267 A8 S A T B AR A3

Yang %25 5 Py 926 173 by FUE A R RS T
T Ppd-D1a ks, #77 i Fp A R Al Ppd-Dia 850
Aii B %535 2 38.60% Fi1 90.60% , 3 i s Al H ot P
AU 4 B X RN, 1970 55 LUS B9 5 R A Y
AT Ppd-D1a AEUREEA AR 5, TCie & 7 b Fhids
T RIS 2 S A AR S A 2 4 AL 1) R A
WAt E o A WESE T Ppd-D1a 4 A1 4 F X k5
Yang 5520 45 SRR — B (B R AU X BB e T
BE ARG R A USSR AR 5 Ppd-D1a #5341
W 1T 40.00% . HIRA B LRIV TCIE 2
F XS4 FZ X Ppd-D1a W40 2 35 5 T A E 58 45
Fo VLHIAHALE N A INZ B G A —FE HR
FIEE VLA S e & A FR A T % A 309 25 A i
JREENL AR 5 Ppd-Dia, \H A8 BTG A6 2 < w0
W B A | AR AT /NAZ A A 21 R 6O e
FYESR R BRI, A1 2 H BRI 2K H AR, #50
Ppd-D1a 5551722 51/ N2 B4 e IE 5 A, 40 % 1 /1
22 38 B DI
33 BHERSENTRIHSEEENS —E

bbE

ZHFM R NERIC B A K R B R, B
KB ZVZET Vin-1 Vin-2 F1 Vin-3(Vin-B3) 14 5&
IR o Vim-1 2895 /N B A A I DG B i
s H— U (Vim-Al  Vin-B1 . VimD1) 27
DL B A SE D AL Vin-A L Xt Vim-B1
M Vim-DI 5 E i VE R, B Vin-Al > Vim-BI >
Vin-D1 BEa 8 {0 Amo 55 "I\ Ry 3 A5 FL A
SO AR, P RE SRR M RIS R A G . A2 S5
HA R DR F X153 43 b it Rl AL s Vim-AL
Vin-B1 Vin-D1 F Vin-B3 555078 S kI 45 5 510
BARANN — B AR B B2 XN — B A
KA ) — BN, SRV RS R A3 H
AMHFEARNZZ X A — AR =, PTRE S5 Vim-B1

N Vin-DI1 VAR 55404 G o TRIBRFSE (1 75 fy 4
PE/NZE b Vim-A 1 RGN 25 526, 97.30% ) fi B
(AL SE R Y 5 A = e g APk 2T PE— 3. s
FE A& /INZ FRGIN ) 2 A 0 TR R 5 A 7 v R A R 1
— B R AR AR AN i — 2k, AT RE S
BRI X

B AN R 1 R /N A2 AR A5 i A
K, BRUE H SRICER 0 A B A S ST AR iR I )
B A A 07 A S 4 Bk AL A 4 I Y AR R 1Y
— 3k, WEZE X432 KB, A—sEAR
N5 BEEE R R Vin-A1  Vin-B1 Rl Vin-D1 SHK I
B AR A O, S5 BRI R Ppd-A1
Ppd-B1 ., Ppd-D1 ~|E U8k sk s 45 (v A8 S A o0
ABFFEA— b BT 53R Ppd-D1 UL, th F
Ppd-A1 F1 Ppd-B1 {3 i, 5t Z A5 50 ARIE , WA 55, 56
AN 728 S ARSI T Y J) B 67 st SR B 7 A8 S 2 S 3
TR RN FFAE AR R e B U 3t Hp R0 4238
PR AP VT RS T S A4k A MEie el
SRAME, XS5 A Tl — L IIE,
34 HifgARMHNEEESH

(TN STER VAN ) WP s (05 g -] 3 1S
Qb UE TR 22 X H R KK B B s 45 X,
ZHRBHRE A RAE  BIEL A X AGER/NE Hr
Tep = WA A E DAY NI DA < VA ol B PR e S
TE/NFZ BT S &N R B TTNT ST
4°C R IR 4~8 JH , i AL . RS RW Vil S22/
P IEME R S B L R AL 2 —, AR A
Vinl BIAFAE S B3 FRA S R P90, B 2 ek
34 Vinl SRS AR S 1) b Pl — fREPU SE MR A 22, FL
HENY WA SR AR 57 Vim-A La 8% Vin-A1b 09 5 Fh s
W Vin-B1 58 Vin-D1 (4 it P 6T A L B8 BH0RK , 485 45 X
O e 25057 7 S AR R R X R IR 5 AR A T 3 A7 sk
By ok Bt L DR Al Fh LA SR A BU IR A
FEMAE Al P S AR S A LR R H SR AT
PEICER, O 1 485 4y Sk A5 A AR S 1) 83 My AR
119 1y 55 26 1 (28 3 PR UG, AN 4% 45 Vim-B1 1
Vin-D1 51455 67 A8 5% BB Fi1 40 10 2 (42 175k
AR T LRI RE . U BB RS A Rk T )R Y
B 59 RS AE IR A R T T
TEH 0 DL 3 T R AR AR DX IR K 43l
TEH I BRI AL 55 &k AR/
B AR FE A N, DL R b Rh ) S5 P RN R
I



1566 LN 7/ S AR S S 24 %
SE Lk genes in Chinese wheat landraces and their relationship with
[1] Lozada D N, Carter A H, Esten M R. Unlocking the yield winter hardness. Scientia Agricultura Sinica, 2010, 43 (13):

potential of wheat: Influence of major growth habit and 2619-2632
adaptation genes. Crop Breeding, Genetics and Genomics, [14] M5, siRIB, falfR, etk skE, s, T,
2021, 3: 210004 L A AL R DR A A S 7 23 A IR/ e
[2]  Worland A J, Borner A, Korzun V, Li W M, Petrovic S, B0 A . VEI2EAR, 2011, 37 (11): 1917-1925
Sayers E J. The influence of photoperiod genes on the Yang FP, HanL M, YanJ, Xia X C, ZhangY, QuYY, Wang Z
adaptability of European winter wheats. Euphytica, 1998, W, He Z H. Distribution of allelic variation for genes of
100: 385-394 vernalization and photoperiod among wheat cultivars from 23
[3] Snape ] W, Butterworth K, Whitechurch E, Worland A J. countries. Acta Agronomica Sinica, 2011, 37 (11): 1917-1925
Waiting for fine times: Genetics of flowering time in wheat. [15] WeotEE, FMALE, sRF50E, M A, b el B X /N
Euphytica, 2001, 119; 185-190 FhPUIENE N H 5 VRNT IE R AR 56 & . AED2:4k, 2015, 41
[4] Distelfeld A, Li C, Dubcovsky J. Regulation of flowering in (4): 557-564
temperate cereals. Current Opinion in Plant Biology, 2009, You G X, Sun G Z, Zhang X Y, Xiao S H. Cold hardness and
12: 178-184 its relationship with the VRNI genotype in wheat varieties in
[5]  Trevaskis B. The central role of the VERNALIZATIONI gene in the Yellow-Huai-Hai River Vally Region of China. Acta
the vernalization response of cereals. Functional Plant Agronomica Sinica, 2015, 41 (4): 557-564
Biology, 2010, 37: 479-487 [16] Koemel J E, Guenzi A C, Anderson J A, Smith L. Cold
[6] Yan L, Helguera M, Kato K, Fukuyama S, Sherman J, hardiness of wheat near-isogenic lines differing in vernalization
Dubcovsky J. Allelic variation at the VRN-1 promoter region in alleles. Theoretical and Applied Genetics, 2004, 109: 839-846
polyploid wheat. Theoretical and Applied Genetics, 2004, [17] Reddy L, Allan R E, Garland-Campbell K A. Evaluation of
109: 1677-1686 cold hardiness in two sets of near isogenic lines of wheat
[7]  Yan L, Loukoianov A, Blechl A, Tranquilli G, Ramakrishna (Triticum aestivum L.) with polymorphic vernalization alleles.
W, Sanmiguel P, Bennetzen J, Echenique V, Dubcovsky J. Plant Breeding, 2006, 125: 448-456
The wheat VRN2 gene is a flowering repressor down-regulated [18] Amo A, Serikbay D, Song L X, Chen L, Hu Y G.
by vernalization. Science, 2004, 303: 1640-1644 Vernalization and photoperiod alleles greatly affected
[8] Zhu X, Tan C, Cao S, Yan L. Molecular differentiation of null phenological and agronomic traits in bread wheat under autumn
alleles at ZCCT-1 genes on the A, B, and D genomes of and spring sowing conditions. Crop and Environment, 2022,
hexaploid wheat. Molecular Breeding, 2011, 27: 501-510 1:241-250
[9]  Yan L, Fu D, Li C, Blechl A, Tranquilli G, Bonafede M, [19] Beales J, Turner A, Griffiths S, Snape J W, Laurie D A. A
Sanchez A, Valarik M, Yasuda S, Dubcovsky J. The wheat pseudo-response regulator is mis-expressed in the photoperiod
and barley vernalization gene VRN3 is an orthologue of FT. insensitive Ppd-Dla mutant of wheat (Triticum aestivum L).
Proceedings of the National Academy of Sciences, 2006, 103 Theoretical and Applied Genetics, 2007, 115:721-733
(51): 19581-19586 [20] Yang F P, Zhang X K, Xia X C, Laurie D A, Yang W X, He
[10] Milec Z, Tomkova L, Sumikova T, Pankovd K. A new Z H. Distribution of the photoperiod insensitive Ppd-D1a allele
multiplex PCR test for the determination of Vin-BI alleles in in Chinese wheat cultivars. Euphytica, 2008, 165:445-452
bread wheat (Triticum aestivum L.). Molecular Breeding, [21] Mo5ie, HAck, ke, kiRt X%, a1, e,
2012, 30: 317-323 AR, X, 25U, R B ORI AERT LT
[11] Fu D P, Szics L, Yan M, Helguera J S, Skinner J V, NI RN Tl e 1) 3 A S 0 . VR4, 2012, 38
Zitzewitz P M, Hayes D J. Large deletions within the first (7): 1155-1166
intron in VRN-1 are associated with spring growth habit in Yang F P, Xia X C, Zhang Y, Zhang X K, Liu J J, Tang J
barley and wheat. Molecular Genetics and Genomics, 2005, W, Yang X M, Zhang J R, Liu Q, Li S Z, He Z H.
273: 54-65 Distribution of allelic variation for vernalization, photoperiod,
[12] Zhang X K, Xiao Y G, Zhang Y, Xia X C, Dubcovsky J, He and dwarfing genes and their effects on growth period and plant
Z H. Allelic variation at the vernalization genes Vin-A1l, Vin- height among cultivars from major wheat producing countries.
Bl, Vin-DI, and Vrn-B3 in Chinese wheat cultivars and their Acta Agronomica Sinica, 2012, 38 (7): 1155-1166
association with growth habit. Crop Science, 2008, 48: [22] wihak, HERE, SevrdE, BALmR, MR, Hl& Nz o
458-470 HEAS RIS/ b AR % S s HoR R RN, 2003
[13] 2252, BOMJR, WA . E/NAZ 7 il Rl 2 AL R 1) 43 A (5): 10-13

B G2 F P EAOLAE, 2010, 43 (13): 2619-
2632
Jiang Y, Huang L Z, Hu Y G. Distribution of vernalization

Shang X W, Kang Z Y, Chai S X, Wang H J, Hao C Y.
Suggestions to the industrialization of high quality wheat and

ecozone division in Gansu according to wheat quality. Gansu



6

W5 A R /N7 P ARAL D TRBIE R G0 A1 AR S A AP0

1567

[23]

[24]

[25]

[26]

[27]

Agricultural Science and Technology, 2003(5): 10-13

W SCHE . T /N LR P R R L BT R AR AR H R
1, 2009:42-55

Yang W X. Technical guidance of wheat production in Gansu.
Beijing: China Agriculture Press, 2009: 42-55

SR, o, sk, A, ERJE, SRR HR/ N b
ol = T AR TN ' SR I B DR 9 2 RN A . 22 SR AR
2017, 37 (7): 864-870

Zhang B, Bai B, Zhang X T, Yang Z Q, Wang X L, Zhang X
K. Combination and distribution of vernalization and
photoperiod genes in wheat varieties from Gansu province.
Journal of Triticease Crops,2017, 37 (7): 864-870
Derakhshana B, Mohammadia S A, Moghaddama M,
Kamalic M R J. Molecular characterization of vernalization
genes in Iranian wheat landraces. Crop Breeding Journal,
2013, 3: 1-11

XSO, BB, XU, SAGHE, IhE, iU, KRR,
W . IR TT /N ARAL R ) 2 S 3 R A R BT AR )
WALYEIFM, 2014, 15 (6): 1352-1359

LiuWL, Zhang HJ, LiuDJ, Guo Y P, SunY, Ma S M,
Song F Y, Yang S P. Distribution of allelic variation for
vernalization and photoperiod genes in the wheat varieties from
Heilongjiang. Journal of Plant Genetic Resources, 2014, 15
(6): 1352-1359

Steinfort U, Trevaskis B, Fukai S, Bell K L, M Dreccer M F.

Vernalisation and photoperiod sensitivity in wheat: Impact on

[28]

[29]

[30]

[31]

canopy development and yield components. Field Crops
Research, 2017, 201: 108-121

Royo C, Dreisigacker S, Soriano J M, Lopes M S, Ammar
K, Villegas D. Allelic variation at the vernalization response
(Vin-1) and photoperiod sensitivity (Ppd-1) genes and their
association with the development of durum wheat landraces
and modern cultivars. Frontiers in Plant Science, 2020,
11: 838

SRIERE, BAc, e, JE P . H STS dric il # £k 5L 14
Vin-A1TEH [F/NZE Wi o0 A AR 2441, 2006, 32 (7))
1038-1043

Zhang X K, Xia X C, He Z H. Zhou Y. Distribution of
vernalization gene Vrn-A1 in Chinese wheat cultivars detected
by STS marker. Acta Agronomica Sinica, 2006, 32 (7): 1038-
1043

Kiss T, Balla K, Veisz O, Lang L, Bedd Z, Griffiths S, Isaac
P, Karsai 1. Allele frequencies in the VRN-A1, VRN-BI and
VRN-DI vernalization response and PPD-Bl and PPD-DI
photoperiod sensitivity genes, and their effects on heading in a
(Triticum aestivum L.).
Molecular Breeding, 2014, 34: 297-310

Zhang HJ, Xue X H, Guo J, Huang Y W, Dai X R, Li T,
HuHJ,QuYF, YuLQ, MaiCY, Liu HW, Yang L, Zhou

Y, Li H J. An association of the recessive allele vin-DI1 with

diverse set of wheat cultivars

winter frost tolerance in bread wheat. Frontiers in Plant

Science, 2022, 13: 879768



ER R FRRFER
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230320003

Miz 1 ZiFEEERT&ESKEMENT

Table S1 Accessions suitable for various ecological areas

BUR T H X35 PR 2K Vin-Al Vin-B1 Vin-DI1 Ppd-D1 REME
Resource availability area Name ‘Winter or spring type
1 AR Vin-Ala vrn-Bl vrn-D1 Ppd-Dla -

1 RARERZE Vin-Ala Vin-Bla vin-DI Ppd-D1b *#
1 A Vin-Ala vrn-Bl vrn-D1 Ppd-DIb #
1 Kk Vin-Ala vrn-BI Vin-DI Ppd-DIb EOES
1 R F Vin-Ala vrn-Bl - Ppd-D1b FEE-S
1 ESut Vrn-Ala vrn-Bl vrn-D1 Ppd-DIb RS
1 A Vin-Ala vrn-Bl Vin-DI Ppd-DIb 994
1 a3 Vin-Ala vrn-Bl1 vrn-D1 Ppd-D1b EEES
1 KHIX N vrn-Al Vin-Bla Vin-D1 Ppd-DIb #
1 XN vrn-Al Vin-Bla Vin-D1 Ppd-D1b H

1 H3k vrn-Al Vin-Bla vrn-D1 Ppd-Dla =

1 Kk vin-Al Vin-Bla Vin-D1 Ppd-DIb H

1 HET vin-Al Vin-Bla Vin-D1 Ppd-D1b #

1 T vin-Al Vin-Bla Vin-D1 Ppd-DI1b 5
1 AR vrn-Al Vin-Bla Vin-DI Ppd-D1b H

1 biES vin-Al Vin-Bla Vin-D1 Ppd-DIb *

1 AR ERE Vin-Ala Vin-Bla vrn-D1 Ppd-DIb *

1 BF 39 vin-Al Vin-Bla Vin-D1 Ppd-Dla E=

1 AR vin-Al Vrn-Bla Vrn-D1 Ppd-Dla #

1 a6k vin-Al Vrn-Bla Vin-D1 - E

1 AR 3 vrn-Al Vin-Bla Vin-DI Ppd-Dla H

1 v 5 vrn-Al Vin-Blc vrn-DI1 Ppd-Dla GEES
1 ITisEan vrn-Al Vin-Blc vrn-DI Ppd-Dla EOES
1 S vin-Al vrn-Bl Vrn-D1 - S

1 ETHA vin-Al vrn-Bl1 Vin-DI - #H

1 NESE vin-Al vrn-Bl1 Vin-D1 Ppd-D1b #

1 Kfgz vrn-Al vrn-BI1 Vin-DI Ppd-D1b H

1 EIERARLS 3 vrn-Al vin-Bl Vin-D1 Ppd-D1b H
1 e vrn-Al vrn-BI Vin-DI Ppd-DIb H

1 VERE vrn-Al vrn-BI Vin-DI Ppd-DI1b E=3

1 KEF vin-Al vrn-B1 Vin-D1 Ppd-D1b #

1 Ji 5k vin-Al vrn-Bl Vin-D1 Ppd-DI1b 5
1 INFFkFE vrn-Al vrn-BI Vin-DI Ppd-D1b H

1 Fek vrn-Al vrn-B1 Vin-D1 Ppd-D1b +

1 kR vrn-Al vin-BI Vin-D1 Ppd-D1b B

1 N vrn-Al vrn-Bl Vin-D1 Ppd-D1b H

1 THiNE vin-Al vrn-Bl Vin-D1 Ppd-DI1b 5
1 ARKY vrn-Al vrn-BI Vin-DI Ppd-D1b #
1 AN vrn-Al vrn-B1 Vin-D1 Ppd-Dla *
1 BHUNE vrn-Al vrn-BI Vin-DI Ppd-Dla H

1 BfENE vrn-Al vrn-B1 Vin-D1 Ppd-DI1b =
1 KT vin-Al vrn-Bl Vrn-D1 Ppd-D1b E=3

1 [T vrn-Al vrn-Bl Vin-D1 - *

1 BT vrn-Al vrn-Bl Vin-D1 Ppd-D1b =S
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1,2 and 3 means the spring wheat district in the Midwest of Gansu,

areas. - means missing

the warm southeast region with weak winteriness and

the cold winter wheat
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