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Abstract: Understanding the mechanism of pre-harvest sprouting (PHS) is very important to breed
wheat cultivars with PHS resistance. The functional molecular markers VpiB3 , Vpl-b2 and Dorm-
1 , combining with the germination test of spike, seed, seed + awn, seed + spike-stalk, seed +
glumes, and seed + awn + spike-stalk + glumes, were used in this study to find out the mechanism
of PHS resistance of the 11 winter wheat cultivars (lines). The results showed that the resistance of
PHS in two red-grain check cultivars Jing 9428 and Jingdong 8 was controlled by red-color and Vp-1Bc
as well as glumes or their inhibitors. Nine white-grain cultivars (lines) had not only the common
mechanisms of resistance called awn and glumes or their inhibitory substances, but also some different
mechanisms. There were no relationships among PHS resistance of high tolerant line CA0431 with
VplB.Dorm-1 and grain color, while its resistance was controlled by other genetic factors. High re-
sistance of Shandong 046432 was due to Vp-1Bc and Dorm-1 . Spike-stalk provided the medium resist-
ance to cultivar Aikang 58. The effect of Vp-1Bb gene on the resistance of CA9550-2 needed further
investigation. Awn and glumes or their inhibitory substances offered some resistance to the three me-

dium susceptible lines CA9640, CA0459 and CA0493, and two high susceptible lines Shandong 928802
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and CA0306. However, the genotype Vp-IBb of Shandong 928802 and genotype Vp-1Bc of CA0306

were not associated with the PHS resistance.

Key words: Wheat; Grain color; Pre-harvest sprouting (PHS); Mechanism of resistance; Molecular

markers; VplB3.Vpl-b2 and Dorm-1
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MIEVp-1Bb MVp-1Be ;s i MK ZFHRE GI 5§
PCR #3141 = Fp i Bt VIA 56 . Xia 457 7ERK

W ZE Bl R BT Vp-1Bd % A AL Chang
SEUOTE T E N SRR R BT 53 Ak 2 AR
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TERIRANAEZS G 0 K 2F T TR N A RS A i L AR
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(RO WK 2. AT ITK 2 m. 78E 30
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LG R AR TR oA P K B B o
HRHFERZRHARNKE,

RERER ZFFR (V0 =5 BRI R 2R Bk B
X100 %

2010 48 Fl K 25 S8 08 JE A8 R IR 43 /N 22 il B
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G385 PR I AE S N AT (D FFRLR 2
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1.2.3 A2 DNA #9#3

B AP (RO 38 UL 3 ST RFFRL 3 R, HILAK
MR AR, A 2.0 mL B0 s hno. 9
mL B (Tris-HCl 200 mmol « L', pH 8. 0;
EDTA 25 mmol « L™ pH 8. 0;NaCl 288 mmol -
L '50.5% SDS), #4318 57, 65 C /K ¥ 30 ~ 60
min. FEANISBE S0 A SE R R B /S5 (L s D)
2P 5~10 min;4C,12 000 r/min &> 10min;
RS FWEE S —JCW 1.5 mL B0, AL
RGN/ SR (24 2 1) B2 50 480 B 0 45 B
BEILAaME, T 4C,12 000 r/min &L 10
min; %% FIER 5 — LW 1.5 mL .08 H.m
A 0.6 AR Y S N I, R RR IR 5. — 20 C YT
1 hLl F3;4C,12 000 r/min &.0> 10 min; 7 &,
U TE W AT 7090 £ BE BE ¥ 2 ;5 4°CL 12 000
r/min, B0 5 min; 7 EWE, BT 5 hPL |,
JAGE & TE %t DNA,
1.2.4 3144 m.PCR & ¥ % & ik

W8 Yang 25 Chang 25" ik £ A1 JF
KBy STS $ricVplB3 Vpl-b2 FDorm-1 W54
JFA G G, I 2 AT B 52 56 7 ik i 47 PCR
PG AR UK Sr B . HBI RS R AR B Y A
NN = D S R I

x1 KXHAREFASY

Table 1 The primers used in this study
Gk 1E J5 B i) B/ C Wi R/ bp H R Y
Primer Forward Reverse Annealing Fragment size Genotype
5 -TGCTCCTTTCCCAATT- A COCTEETEE A CCTE <ol 652,845 Vp-1Ba, Vp-1Bb
VpIBS il 5'-ACCCTCCTGCAGCTCATTG-3 61 560,672 VilBe, Vo lBd
I A - 532,725 Vp-1Ba, Vp-1Bb
Vpl-b2 E}GT,S‘{(‘TLLTTT“‘(‘AATT 5 TGCTTCTCTTCTCTCACCAGTG-3' 66+ 449,507  Vp-1Be. Vp-1Bd
453,616  Vp-1Be, Vp-1Bf
[P, ~
Dorm-1 0 STTCCTCCCACCAAA- 51 (0CCGGTCTAAACGTACGA-3' 66 486,606

TCTGA-3'

* B KRR 0.4C, * ,Annealing temperature decreased 0. 4C at every cycle.

2 HREAN

FVpIB3 FVpl-b2 WiFh I fgtric ¥t 11 4~
Sk G A AT R, O A R — 2. ORI
Vp-1Ba, Vp-1Bb #Vp-1Be = Fh 5 K A, K %k 9
Vp-1Bd, Vp-1Be FVp-1Bf 25#1 (3 2), % B

Fh T 9428 It 4 8 5 & 5 Hu & 2 AH C 19 Vp-
1Bc 3K ,Dorm-1 #xic A 486 bp, 5 B HH & 2
G, Tt 9428 HAG MR AR 2R itk , = ARl
REERDH N 1. 0% 1. 5% F1 6. 2% . N
2.9%052009 kR K ZE R K 19. 024, 1 KL+
R i A T N T o T 1 T ol g O S
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)R 2R 1.0%.5.0%.2. 0% F1 1. 0% , ]
WA T RPARL & 25565 2010 AR HF KL + 550 7 FlLAT
KL+ 4 2 40 PR K 2F R U] AR TORRL R 2R
PLESE SRR, 50 9428 MR R ZEHUME A L2 HE (5
FVp-1Be SEHEFEH] 1m0 B 5 F el A 6. X
M4 8 5 HA RSk FhirE, ZFEREA
A R 24, 3%, 29. 2% F 30. 1%, F B K
27.9% 52009 4FEFFRL K 2E 2N 36. 000, FF AL+ 15
FIVREARL 4 Bl & 28 5% 40 0 R 32. 0200 30. 0%, 5
FERLR 28 264250 o N AURFRL 4 531 7 FUFFRL 4 4 2
ANGE R 5 2E RN 3. 0% L B AR TR R R 2E R
2010 FFEAF R R PIGE IR, RV A 8 Sk 2F
ok B bz e, Vp-1Be 3 ]R3 52 90 6 9 4t TR
P

R T BT A A AR T B PO 9428
U4 8 5 DA M R B R 2 AP CA0306 1 F
PR pl e 27 A28 AR 9 A UL Rl B & 2 4
VU2 PP 2R Bl 2 A8 5 0T 9428 HE T & N iR AT
FERZFRL; 54 8 SR E hhi kA

CA0306 #ZiE & A m K F AL A T4 8 5
F1 CA0306 Z [H] i [n] 5% 4 8 5 Ay v J B R 2F
R, SRR Kk ZE R AL HE CA0431 ATl R
046432, IR Rh & ZER Yy 8. 3% 1 8. 0%, HL ik
U & ZE X BR O 9428 RZFR A 5 N H 47 M.
CA0431 MR HE % 2 Vp-1Ba R FN W ,Dorm-1 43
FARICAT I 25 5 486 bp, A & ZF 2R A 7 B
W4 046432 & Vp-1Bc F: N B FI Dorm-1 1 606
bp B ¥ 5HUHE ZEAH G, PSSR 2009 4F
AL R 2 A 25 BN K H 2010 AFFFRL KR 2F R
5 H A 5 ANAE PR & 2R A AR BOR 22 7 Hoh ok R
1 KPR B ST R R A U UK 2 R AR
THERL R 2%, F2W] CA0431 Ll 45 046432 (1
A S P S e A K.
2009~2010 Fi4E CA0431 HIFFRL R HFH K 1. 0%
F A7, 5% 55 —4F b WA 20 ks bt Bl & 28 X BRI
BN T A ZE. B, e s R
P AR R 2 R — DA

x2 TELEBEHEBEAFE

Table 2 Frequency of seed germination under different treatments %
2008 2009 2010
¥R FFRL  AFRL R FPRL  HFRL jiy S|

it A ¥ o % T + + L I e + + A % Average of
Cultivar S Dorm-1 - KL aE @ik +4 L MH o +4 - intact

Grain VplB b Intact Seed Seed Seed  Seed  Seed Intact Seed Seed Seed  Seed  Seed Intact <nik

olor /bp ke See 4+ Seed Seed Seed o See 4+ Seed Seed Seed o spike

€0 ‘ + 4+ Fall o + 4+ Fall o

awn awn
stalk  glume stalk  glume
It 9428 4L Red Vp-1Bc 486 1.0 19.0 1.0 5.0 2.0 1.0 1.5 27.0 24.0 32.5 12.5 6.0 6.2 2.9
I % 046432 H White Vp-1Bc 606 - 1.0 1.0 0.0 0.0 1.0 3.2 26.5 17.5 23.0 18.5 14.5 12.7 8.0
CA0431 H White Vp-1Ba 486 4.7 1.0 1.0 0.0 0.0 0.0 2.0 47.5 21.5 37.0 17.0 14.5 18.1 8.0
SR 58 [l White Vp-1Be 486  13.1 16.0 4.0 4.0 0.0 0.0 27.0 32.0 18.0 24.5 9.5 9.0 10.7  16.9
CA9550-2 1 White Vp-1Bc 186 6.9 9.0 1.0 8.0 0.0 0.0 4.8 90.0 64.0 81.0 61.5 56.5 49.8 20.5
A8 4 Red Vp-1Bc 4186 24.3 36.0 32.0 30.0 3.0 3.0 29.2 71.0 66.5 71.5 33.0 39.0 30.0 27.9
CA9640 H White Vp-1Bc 486 30.7 46.0 17.0 55.0 0.0 1.0 47.8 92.0 71.5 87.5 68.0 43.5 46.7 41.7
CA0459 H White Vp-1Bc 486 53.3 19.0 6.0 18.0 10.0 2.0 44.1 96.5 76.0 87.5 72.0 71.0 49.3 48.9
CA0493 1 White Vp-1Bc 486 55.6 22.0 10.0 18.0 6.0 4.0 57.8 95.5 81.5 89.5 64.5 56.0 57.0 56.8
11 %5 928802 i White Vp-1Bc 186 — 93.0 65.0 75.0 17.0 16.0 71.4 80.0 68.0 80.0 58.0 59.0 54.5 63.0
CA0306 H White Vp-1Bc 486 82.7 94.9 82.0 72.0 45.0 42.0 83.7 96.0 87.0 97.0 76.5 73.0 93.4 86. 6
V44 Average 30.0 32.4 20.0 25.9 7.5 6.4 33.9 67.6 54.1 64.6 44.6 40.2 39.0 34.7
C—UFOR R K ERK . “—7 indicates the PHS was not tested.

RO TR BB R R, U R R BT 58 M
CA9550-2, = 4F - 34 & FH & 2F R o 16. 9% Al
20. 5%, BRLLRL LA IR A 8 SR K R

(27.9Y) K. 0 58 K Vp-1Ba 3 H ) ,Dorm-1
Fric A 486 bp., ¥ 5B H & ZEMI 5. 2009 4F A
2010 4EFFRL & 24390 16. 0% Al 32. 0%, 1
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S5 R YU & A O Vp-1Bb 3£ Y s Dorm-1
Gy FhR IR 45 R 5 R Kk 2F A OG5 2009 4F A
2010 4 HoFF L & 27 28 3 W) I 5 TR R+ 15 FFRL
T FC PR+ 4 3 AN Ab B 5 R RL A+ R A A PR
R ZERPEIT . 3 TSR BT AT 4 U A ke Ak
R — 2 WA AR ARRF R R 2F R AE 22
TR S35k 9. 0% F1 80. 0%) . Vp-1Bb K H %
i CA9550-2 By FE A& 28 5 i — L WF IR UESE

B S O R & ZE AL, A FE CA9640,
CA0459 fil CA0493 = A &, HOF ¥k 24
RPN 41, 7% 48, 9% F1 56. 8% . X 3 AU
Tl % 2E MRN8 Vp1 B3 FlDorm-1 730 K I 1 5 &
R ZEMI DG . PAR IR FPRL & 25 R 35 B . i T AR
P R BT FORRE 4 3 AN LB K ZE R
1175 4 BEOFF AL+ B 0l 1) e 2F 38 L Bz i, SR
5T 8 AT 40 W CA9640, CA0459 Al
CA0493 (I RE & 28 A — & 1y 40 14 FT . 2 4l 4
BN TCEH

55 DU 28y e SR AR R ZE R A HE LR 928802 il
CA0306, -1y d i % 2E % F 63. 0% 1 86. 6% ,
4y 5 J@ FVp-1Bb, Vp-1Bc F R, ) 551 18 % %
FHIE . HE TP 4F B FF R & 2F R I AR & . 1L AR
928802 435 93. 0% A1 80. 0% ; CA0306 4351 Ky
94. 9% F1 96. 0% » 3 H 25 R & 4, Vp-1Bb, Vp-
1Be BEPRIF AN K 2R A . PIAE R AL
AR P T AL PR+ 85T MR R 4
TAEFRFRL 475, 5 2009 4F 4b FOFFRL + R AT A 22
St M5 2010 A4 FRFF R+ FE TG 2 5
3 b
3.1 RAEXMEEFHEIE

oK Vg U S AT 9 R B ) A R R
R WE W, FRATT I 45 R AR T X —
Ko 2010 48 11 A 5 i oF- Jo0RFRL K 2F A Ak 3
VA R o VA | N o VA v 1 5 T A i YO
I ET 2009 4, & 2009 4F A I (E Y 2~ 6 1%
(£ 2). BRILNZR 928802 ¥R A 2 41,2010 445
AR X 5 b B ZE AR L 2009 . BR
PR A R R U0 1 A TR 3R AN [ O s B A AN )
WA e AE 22 F A FEIR A . 2009 4F & 78 K
T 43 B HAL T I SO BB S L 1T 2010 4R 2 7E 48

FAHB 4> AR} 56 5 B . W CA9550-2 54
8 5 .CA0459 Fl CA04932 7£ 2009 4F Ff ki & %%
IR A 9.0%.36. 0% .19. 0% Fl 22. 0% ., J@& T 4L
TR ZERL S 2010 4FAFRL K 25 5653 51 2 80. 0%
71.0%.96. 5% f1 95. 5% , W] & T Bl & 2F 25 0,
H=AF 11 A B i o7 3 8 B8 k28 R 4 I ol
30.3%.33. 9% F1 39. 0%, ZRIHFAKK. K
CA9550-2 &b, [a]— AP A Rl A B fl R 27 6 22 7
B LOFPRL R ZE R 22 /N, 4 8 5 SRR A
TR, B O h P2 A, CA0459 Hl CA0493 =
AR R SRR 3 g RS R 7R SRR
A LAE S A0 R AR R R K 25 — A 46 b R AT B
R ZE TR R AT BE IR
3.2 BEFHMENS

R R A AR RN R R
bk, HS 45 R G 77 bR, H 5 R
FHRRBZ R FIRIRSN B o TE K il L A
45 ke B il K B8, | R0 0 T W) A i 2 TR R Y
M, G SRR S R A 2E X N B R 2R B
PEATSEE MR B 2 1 T BLAR R ZE I HLEE . A
WFoE Al A 5 8 & 28 A0 06 1 2 B M STS #rid
VpIB3 \Vpl-b2 FDorm-1 . %545 % T FF kL S AT
8 58 SR ) e 2E Ak B B SY TR R ZE P L
H, Yang %0 57 % W, — BCRE & 2 S RP R
Vp-1Ba 3R, $p f & 25 & Fp & Vp-1Bb f1Vp-
1Be PR, ARE th iy 5 9428 111 75 046432 Fl
B4 8 SR Vp-1Be SEH AL, TATT A 5 s R
93 & 2Bk s CA0306 S Vp-1Be FE[H R, {H ™
I R 2, CA9550-2 FIIl 4% 92880 & Vp-1Bb
TR H e PR R 2 S E R R A
. IR T A Vp-1Bb F1Vp-1Be &R R 1 & Fl
PIpirE R 28 LR A 55 i — B F oY . X e
TNERR IR — AR 2R R R A S8R, =
PUMEWLEE L3 & 2%, kA FIN R & T 0 F 7BL
Yoo ik I 5PUHE KL 28 M G 2L B M STS Ty gk br
ieDorm-1 , 7E 104 {3 KL /N 22 A4 BL A AT 3 38
468 bp F1 606 bp W7 Y, X P2 457 5 S Rl
PR FR B TE R B 2 D iz bR ic o TR R
o FhRcH B E . A AL AR 046432
A3 606 bp R B, i HLH A AR5 0 B & 2R BT
PE. SRR ZF AR L L e 3R 5T 3 0 A 1
SR 11 A 5 AR K 23 R A R AR
FER RG22 5. Z s 0t 9 4~ [
L R A — s M EIAE . SRR E
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ZEPUE SR IR AT RN I R R ZE L
Pk — AR T 2R/ . 3R [ A — 26 [ b
i PR B A AZ T B R RN E 2R T
122 T 55 0 Bl & 28 B s i pi i . (Hax 26 it Jr
m PR E MR 2 RN TR R AR R
2 F R /NZE i &R CA0431 F1 1l & 046432 g %%
R ZF R BT M I A 8 5 (40D, ik di
TR ZE X RO 9428 (LR 8o 430 . CA0431 Al
7R 046432 R MR B A& IR/ ZZ BLdl & 2F
BRI R EARM B, CA0431 L 2
AT s LR 046432 SR AT . 2B B 7 4h, A BF
FER ORI, FIRL/NZZ Rl CA9550-2 il & 25 i sk
PEAEGY T . 2008 F 2009 W 4F % fil % 2F %y
6. 9% 4. 8%, R HLIE AL, MM 2010 4F H& FH & 2
HIE49. 8% AP B R, X ATRESE T
AN T AT 3 H L THE SR 3] B 2830 1 A 5 2% 7 Cn ik
AUV ) DA B B 28 B AS ) T 380 % 1 R S50 L &
PARUED . B LA XF EDRL/N 22 i Bl Bl & 25 1k
N HEAT 24 A Y L A R AR AR P AR I 2
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