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Evaluation of Wheat Pre-Harvest Sprouting Resistant
Germplasm Resources and Their Preliminary Application
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Abstract: Wheat pre-harvest sprouting significantly reduces yield production and flour quality. It has been
gradually aggravated in recent years, and destabilize the safety of wheat production in China, particularly in the
Huanghuai region. Identification of pre-harvest sprouting resistant germplasm and functional molecular markers
are of importance to accelerate pre-harvest sprouting resistant breeding. In this study, 77 pre-harvest sprouting
resistant germplasms observed from field experiments and 128 advanced breeding lines from a rotational
population introduced with six resistant germplasms were used. These genotypes were tested for pre-harvest
sprouting resistance using the whole-split germination and seed germination methods, as well as genotyped by
functional markers VpIB3, Dorm-BI, and PMI9. 49.35% (38 of 77) of germplasm resources showed
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intermediate resistance, and 57.90% (22) of them contained functional resistance alleles of VpIBa or (and)
Dorm-B1b. The germplasm resources Xinong 172, Kalango, Huaimai 40 and Yunong 186 were detected carrying
both two functional alleles. 36.72% (47) of the advanced breeding lines showed intermediate resistance, of which
87.23% contained resistance alleles and 17.02% (8) contained two functional alleles. Stacking resistance loci can
increase the level of pre-harvest sprouting resistance. In the germplasm resources, the whole-split germination
and seed germination decreased from 36.65% and 34.99% in non-resistant individuals, respectively, to 18.17 %
and 23.87 % in individuals with two resistance loci. The same pattern has been observed in advanced lines. There
was a significant difference in the number of resistant loci between advanced materials and others. Among them,
17.02% of the materials with medium resistance level contained two resistance loci, while only 4.94% of the other
materials without medium resistance level contained two resistance loci. This study deployed molecular markers
and phenotypic characterization techniques to identify pre-harvest sprouting resistance germplasm, followed by

germplasm innovation using dwarf failing rotation selection, which provided a basis for future improvement of

wheat spike germination resistance in the Huanghuai region in China.

Key words: wheat; pre-harvest sprouting ; germplasm resources ; rotational selection
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Table 1 The name and origin of wheat germplasm resources
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BT T UE 2RI A0 S . 50 R R HLIX
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1 12726 F A 27 42 0020 P VTR 53 h#33 e E R
2 1212 AR 28 79681 TP R 54 P4 172 rh BT
3 K4 9134 F ] 29 LBF11(8)-12-6 o] 1] 55 %731 o R
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14 EFZ 33 LREMIDIN 40 #to12 o E 66 P18l o [ TRl g
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*indicates red-skinned wheat
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Table 2 Functional marker patterns of six germplasm resources introduced into rotating populations

b MR FR R R (%) REFRREL ibESER
No. Name Vp1B3 Dorm-B1 SGR GI Resistance level
1 P 172 a b 20.65 26.84 MR

2 477 54 a a 25.27 28.03 MR

3 A6 a a 10.06 18.29 R

4 R-E1707 a a 12.26 25.06 MR

5 #2018 a a 5.39 12.49 R

6 B4 186 a b 9.36 28.57 MR

VpIB3 417 H: () 569 bp F1652 bp I 4 BIFEARIC A a BIAN b B, Horh a B HL UM ; Dorm-B1 5 B4 1) 468 bp H1606 bp A 714> BT iC
Jya B B, o b BUFR I B R

The 569 bp and 652 bp bands amplified by Vp/B3 were labeled as type a and type b, respectively, with type a showing resistance; The 468 bp and
606 bp bands amplified by Dorm-B1 were labeled as type a and type b, respectively, with type b showing resistance; SGR: Spike germination rate;

GI: Germination index; MR : Middle resistance; R : Resistance ; The same as below
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Table 3 Information for functional markers of wheat pre-harvest sprouting trait

Frid EmGIYFF(5-3") S5 ¥)¥51(5-3") 14 Bt (bp) SN ST
Marker Forward primer sequence (5'-3') Reverse primer sequence (5'-3") Fragment size Allelic variation
VplB3 TGCTCCTTTCCCAATTGG ACCCTCCTGCAGCTCATTG 569/652/845 VplBa/VplBb/VplBc
Dorm-B1 GTTCCTCCCACCAAATCTCA GCCCGGTCTAAACGTACGA 468/606 Dorm-Bla/Dorm-B1b
PM19 CATGTACTAGTGACACGGATG CTGCCGCTAGTTTCACTACAC 117/99 PM19a/PM19b
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1515 % S W P A% T B | S A A 5 o AR S ) L
AL R R, B ORI S R e T
TS KOV 5 A48 S5 22 B5ORN AR M Sz e 1 JE A A2 S
JE A8 S R B 7 M R 3R BH B A 2 R M KO
o, R R IR 32 N Tk o P RAIR . Mgt %
R AT R AR & 2R e bR (R 28 M
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Table 4 The descriptive statistics of three traits of the materials in this study

[ 1) Groups 75 B A
PR U — - — B FE AR BER
Traits Population it i it ik il Total Mean R Range W
HR R MR S HS v
R 2ER (%) FhBRIR 7 10 34 8 10 69 32.07b 66.97 0.02~100.00 92.64
SGR TN ES 2 19 49 34 19 123 3882a 5061 1.41-90.59 91.14
B AR 9 29 83 42 29 192 3640 5640 0.02~100.00 91.75
RHFFEE (%) LAl 3 14 29 23 4 73 34.00a 5039 0.79~67.46 94.28
Gl [STAWTES 0 12 55 55 5 127 39.00a 3430 8.04~75.00 94.68
FA AR 3 26 84 78 9 200 37.17 4038 0.79~75.00 94.70
HREIG KR (%) [229%,46%) [46%,64%) [64%,82%) [82%,100%) >100%
SWA 7 I 2 36 28 6 I 73 65.71a 19.27 28.35~108.31 75.80
[STAVIRES 2 65 49 6 3 125 64.97a 22.69 22.44~15337 80.81
B kR 4 101 77 12 4 198 6524 21.43 22.44~153.37 79.08

PIH G AR FREFOR P BRI A A G RAEZ R 22 5 B35, B3 KF- 0 0.05 5 B0 i A v 4 AN PRAR I FEAE B R (B

Different letters after the means indicate that germplasm resources and advanced breeding lines differed significantly in this trait at 0.05 level; There
was a small number of missing values in each trait during the experiment; SWA: Spike water absorption; HR: High resistance; S: Sensitivity; HS :
High sensitivity ; The same as below

1: KRS (HS);2: 14 44(S);3: 14 31(R) ;4 8155 21 (HR) 5 5: A 1209(HR) ;6: 354 15(MR) 5 7: ££F 1707(R) ;8: 14 12(R) ;
9: K2 366(MR) ; 10: 475 6 5 (MR) ; 11 : ZE4EIFH 55 (MR);12:#:2 0020(R) 513 : #54 36(HS ) ; 14: PI8585(MR) 5
15: 73 40(MR ) ;16:Kalango(HR)
1: Tianhe No. 9 (HS); 2: Jimai 44 (S); 3: Luomai 31 (R); 4: Jinxiu 21 (HR); 5: Suimai 1209 (HR); 6: Yuanfeng 15 (MR);
7: Baofeng 1707 (R); 8: Guomai 12 (R); 9: Zhengmai 366 (MR ); 10: Caiyuan No. 6 (MR); 11: Fengdecunmai 5 (MR);
12: Xumai 0020 (R); 13: Xinmai 36 (HS); 15: Huaimai 40 (MR)
E2 FRFEMRINERAFRE

Fig.2 Spike germination performance of germplasm materials

A | RGeS EARITIER B W PP EARITIER
Germplasm  Advanced breeding lines Germplasm  Advanced breeding lines
60 r 60
2 s0f =
5} o)
m ‘é 401 m § 40 1
o a0f Ho a0
e 2 e -
= S 20t 2827+
§ 10} £ 10f I
HR R MR S HS HR R MR S HS
SRR T FPRIBA AT
Levels of germination resistance in whole spikes Levels of germination resistance in seeds

3 MERFREESNKGROBHELFERMFHLF RS %

Fig.3 Frequency distribution of spike germination and seed germination resistance in germplasms and advanced breeding lines
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Table S The correlation analysis of three traits associated with pre-harvest sprouting

BT AR Fil BT EYMTES
JESIN All Materials Germplasm Advanced breeding lines
Traits BEWOKE BRI BRENUKR RRRZER O RIHER BEUKE  RERZER ORI
SWA SGR GI SWA SGR GI SWA SGR GI
TR /K% SWA ns * ns ns *E *
TR ZE% SGR 0.14 K -0.04 kK 0.24 HxE
RHEEL G 0.14 0.49 0.04 0.50 0.21 0.47

s ARTKFRF KA * 0 #5307 0.05,0.01,0.001 AR BEARR ; T [F)

ns: Unsignificant level; *, ** and *** indicate significant level at 0.05, 0.01 and 0.001, respectively; The same as below

22 MEBEDELFIEIRICSMATSERS

0 B B R 3R IR B i

R T A R 2P A O I B AE A R v
A3 A FBCE A RO R 3 A D Rg bR il
Vp1B3 .Dorm-B1F1 PM19 %} g (s b4 Ak 1 7 3 A
O3 I 2 TR TR i DR ()40 45 A7 6 DR 7 o i
BERHER N 20 A1 22 3K, b (W Vp 1 B3 Fnic i
PPk A LA (a ) S A T (&1 4) , ik 31 42 1y
(54.55%) , HHvg 24 i pBHA R it S LL_EoKF H
1 P107-160 F1 P1977 B R 2R 24K T 5%, ik B 4T
Ko Dorm-Bl F5ic 76 Bt 5 IR W AL A 5

M 1 2 3 4 5 6 7 8 9

2000 bp |

1000 bp
750 bp
500 bp

250 bp

M:2000 bp marker; 1:12 37 26;2: £18737 55 ;39167 88,4 . K%
91345 P44E2 455 6: 1342 12;7: P44 71958 : PI8044;9:/ME 6 %
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9134; 5:Xichun No.2; 6: Guomai 12; 7: Xinong 719; 8:PI8044;
9: Xiaoyan No.6
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Fig. 4 The fragments amplified with marker Vp1B3 from
the partial germplasm in this study

F6 MERABPARIRCEFMNETREHSLBNBRFREDN

ME(6.50%) HATUIESEA FEH (b BY) |, 11 PM19 bR
TEAEA B IR P AN S BT S AR L Ric o T
AR b L

FE A5G IR R UEA T BT PERR C ) AN W] 45 3 AR S
HARRIPUHEKT 22 550 Br 2 B, BEE U7 55
1) Z 00, A B A TR T H A BB fL
SAARREWE B BT E R TR A R — 215 4
(F6.F5), FRTIEASGHEN S5 118
2ANBUEAE AT A A ] R R R 2R AR R 2R B 22
SEARE AR TGS PR A
7 5 (9 5 BB (Vp 1 Bb+Dorm-Bla) (18 Kk 5%
RAFFEBOEIIME S M 36.65% F134.99% , &4 24>
P AL 5 W F 5 % IR (VplBa+Dorm-B1b) & %
R R BCEIE N 18.17% F123.87%, % A 1
AHUPEAL S B RP BRI R 2R Rk R B BIAE
12.93%~31.48% .27.82%~35.13% Z [0 . 4+ T Fric
SRR 25 3N 2 2R B 0] 4 A Dk 43 B 245 2R
I, X LT REAR 0 H R 2R AR SRR B A et
ZBUr B -0.25 F1-0.15, 1M 76 BE Rl & 25 R & 2
FRR R B P R DL B B R RS IR (38 40 R, A
42.11% (16 )3 M B A5 VplB3 . Dorm-BI WHLPE
P (6 7) , BRI B IR BRI & A BB ZE BT
AR — L ZE

Table 6 Phenotypic analysis of pre-harvest sprouting traits of different marker allelic combination types in the germplasm

s iy Al S 0] A 2T MRS ZF A (%) SGR RHAEE(%) Gl

Allelic combination #H i BvME EORE ES e #H FEE BME BORE ERRE
type Number Mean Min. Max. (%)CV Number Mean Min. Max. (%)CV
Vp1Bb+Dorm-Bla 28 36.65a 1.14 100.00 63.92 31 34.99a 1.71 61.86 46.21
Vpl1Ba+Dorm-Bla 34 31.48a 3.07 82.94 63.68 34 35.13a 7.91 67.46 50.84
Vp1Bb+Dorm-B1b 2 12.93a 0.02 25.84 141.26 3 27.82a 1.07 48.46 87.28
Vp1Ba+Dorm-B1b 5 18.17a 0.79 31.37 71.27 5 23.87a 0.79 41.68 62.36
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Fig. 5 The classification analysis of the spike germination rate and germination index in the germplasm with different

allelic combination types

Table 7 Functional marker patterns of germplasm reaching medium resistance

e MEAFR R 2R (%) KRR %) Ptk
No. Name Vp1B3 Dorm-B1 SGR GI Resistance level
1 12726 b a 25.75 38.33 MR
2 T 55 b a 25.11 24.45 MR
3 T S1364 a a 24.26 12.62 MR
4 g2 = a a 26.41 35.25 MR
5 PI8585 b a 39.88 31.28 MR
6 LBF11(8)-12-6 b b - 33.91 MR
7 7 12 a a 17.45 35.40 MR
8 LA 91168 b a 25.83 38.50 MR
9 L 719 a a 24.18 11.12 MR
10 /ME 65 a a 18.40 7.91 R
11 MEFZ 1209 a a 4.19 28.24 MR
12 PI07-160 a a 3.07 12.31 R
13 M3y b a 28.66 38.46 MR
14 PI1977 a a 3.96 16.71 R
15 1114 F2032 a a 23.79 9.05 MR
16 PI985 a a 31.41 25.50 MR
17 W5 65 b a 36.59 21.47 MR
18 315 a a 34.72 38.98 MR
19 ik 172 a b 20.65 26.84 MR
20 %431 b a 10.97 38.28 MR
21 A 54 a a 25.27 28.03 MR
22 FK 1664 b a 23.65 24.17 MR
23 AR 65 a a 10.06 18.29 R
24 31707 a a 12.26 25.06 MR
25 Kalango a b 0.79 0.79 HR
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Fre MR TR R R (%) KRR %) Btk

No. Name Vp1B3 Dorm-B1 SGR GI Resistance level

26 XEE1S b a 23.18 38.04 MR

27 HF7 1833 b a 28.64 30.96 MR

28 A7 40 a b 28.70 21.47 MR

29 THBE126 b a 1.14 1.71 HR

30 THEBE119 b a - 15.08 R

31 iz 366 a a 20.88 16.14 MR

32 #2018 a a 5.39 12.49 R

33 JiZ 36 b a 31.76 30.95 MR

34 Bk 186 a b 9.36 28.57 MR

35 e 21 b a 2.53 23.81 MR

36 TR 21 b b 0.02 1.07 HR

37 720020 b a 6.18 10.75 R

38 K& F- 9681 b a 12.61 22.06 MR

LSS

- indicates missing value

2.3 FRERMOEBEEST

Y F YR D REAR IC R R IR N ZFE M KOF
18 AN 5T HE— 2 F ) SSKOE RS AG 77 13 F R
PRV IEA T 4 L DL, 38 A s A AR M R AT T
R TEBI(E 0.30 2045 77 3 Fh Bt b4 o3y
S9AZETE (& 6) , o 39 ANFf SR e} B Bl B ,
HZRI o R R AR R ) 3 1 2 BRI 8

2550 Bt BB 77 4 Tl ST G ) AT 38
By AR & ZE BT AR B bt B A _E K, o
30335 BN S P R 1E 3N 28HE B, 7 AN IR BT
BIR R A7 T A 28R B AT 28 Ik B HR BT A b
B 26 DR I Hoh i 42 355 427 54 FliH
G5 21 RISy B — 250, 0T LAE H R o e I A
(TR ZEBUHE ML 22 0] (R SR 5 0 R A
24 BHR&\EPEELFINEEIRIC VpIB3.Dorm-B1

HEMTRERN

R AR PR 2R RO R R BN ARG A
B R PUE AR L 5 RS R IR R — 2 (F 7) I
W28 I MRS B AT HUPEA A TR 2R RN R 2R PR Ak
HI B A3 590 K 41.419% F11 46.44% 5 87 1 b4 BHL & A
VplBa BY T8k 25 R AR 2R 46 5053 i b 38.49% Fil
36.99% ; 1 )y M B 5 A Dorm-B1b Y Fl & 25K Ny

15.09% , % 245 80 K 42.38% 5 12 4y b4 R 0 & A
2AHUPEAL S, R 2E A 37.31%, K AFHR B
35.72%. PR A ZFMOBH A, VpI B3 BittEA
AR FE B, o 99 13 5 A VplBa #Y,
290y 5 VpI B BY & A VplBa BRI E A R A
KPS BB R T R 2R AR 2.13%,
R HIEBCE MK 9.47%. LA i R BT A4
TE T Fb RE i B Ss B m H TR K, Hrh
VpIB3 BT A & R P A =

HRAR 4T 2 DA b i AR R AT 7 A A A A O
(X)W LLE H 47 itk B shht & DL btk
A 33143 (70.219%) 1546 VplBa B, 8 5 (17.02%) [F)
545 VplBa BAF Dorm-B1b Y, 6 153 (12.77%) AN &
A Vp1B3 .Dorm-BI1 WPLIESF AR5, R IAFE m A
o VpIB3 bk AL S A B 040 A 2 £ . Kruskal
Wallis K56 2¢ B & 5 B 80 B 72 bt & DL B
RE5 HAth b4 R} 8] 22 538 2K B 2 K F (6,74, P<
0.01) , Jerfrefbp Je DL b Ap RN B ot S5 06 A8 S 1
W oREE AL A 12.77%, T e Al A4 R ) ik
21.16%; THLU LA EAPR B AT 2 BT S0 AR F 1Y
AREEE B 35 17.02% , T HAWA R R 4.94% , 3%
I PUNEA I Bt N TRe SRV L e e sE AW A D M W3
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Fig. 6 The cluster analysis of the germplasm materials
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Fig.7 Representative materials of different spike germination resistance types from advanced breeding lines
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Table 8 Functional marker patterns of advanced breeding lines reaching medium resistance

R TR HERER 2F4(%) KRR (%) Btk ER
Name YpiBs Dorm-B1 SGR GI Resistance level
21-001 a a 34.26 23.97 MR
21-007 b a 17.16 36.65 MR
21-034 a a 35.62 24.83 MR
21-035 a a 8.83 25.39 MR
21-051 a b 33.17 22.69 MR
21-056 a b 27.06 30.42 MR
21-057 a b 38.12 31.99 MR
21-058 a b 16.54 15.23 R
21-093 a a 28.35 28.75 MR
21-094 a a 19.27 39.96 MR
21-118 a a 21.63 19.62 MR
21-119 a a 30.01 18.99 MR
21-120 a a 37.56 32.60 MR
21-124 a a 26.63 15.84 MR
21-125 a a 29.93 38.36 MR
21-126 a a 30.77 33.11 MR
21-128 a a 37.40 28.05 MR
21-129 a a 28.52 21.22 MR
21-130 a a 10.55 33.69 MR
21-156 a a 28.32 34.46 MR
21-157 a a 6.22 19.12 R
21-174 a a 28.92 31.38 MR
21-177 a b 8.73 35.59 MR
21-186 b a 10.49 36.07 MR
21-200 a b 38.18 36.61 MR
21-203 a a 19.27 29.94 MR
21-206 b a 34.69 30.57 MR
21-233 a a 34.02 32.45 MR
21-239 a a 38.58 25.46 MR
21-241 a a 34.40 24.16 MR
21-245 a a 32.21 34.09 MR
21-246 a a 33.22 30.10 MR
21-248 a a 23.81 15.66 MR
21-249 a b 30.29 30.76 MR
21-251 a a 17.54 30.31 MR
21-252 a a 3735 33.92 MR
21-256 a a 6.63 26.14 MR

21-264 a a 1.41 15.92 R
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=8 ()

TR BRI (%) REFIEE(%) PSR
Name Vp1B3 Dorm-B1 SGR GI Resistance level
21-272 a a 4.57 13.14 R
21-283 a a 18.16 33.04 MR
21-292 a b 30.91 36.69 MR
21-295 a a 17.23 32.82 MR
21-296 a a 23.65 34.85 MR
21-297 b a 16.97 30.38 MR
21-298 b a 20.29 22.19 MR
21-318 b a 37.45 27.33 MR
21-324 a a 29.67 14.60 MR
3 it DA S 44 A RHE BS54 VplB3a Fl Dorm-B1b 55

3.1 MREREEZFNEMREFENZE

INFERR R ZERIMEALE A 2, Z B Z M R
FISEIR , AOREIR FEEB PRI oS Ry Bl G PR P R e
W WAR A b 17 B R 2R Ptk K F
Y oE B R ZEIE D RIR PR A SRR WA
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0] 4 o S o ez 2 1) 5 Wi B B Sf B 20T FH (1]
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FEBCZ R AE MR iy, ZEA BT B IR A A &R
43904 0.50 F110.47 , 24135 FIM B 2 Ko TR R AR
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Bf Ik ) e S DL B R R R 38 4y, i 10 43 35 2]
PO LA EIAKAV ik — 2553 Mk 38 M Kk vh Vp1B3 Fil
Dorm-BI tric &3, Forb A 16 3 b1} (42.119%) (Y
A1 VplBa %28 5 2 MRMU & 4 Dorm-B1b 55

PARSE . HRTASE A R R B, R 1707 78
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O3 F-hr il B B i SO P B T el R
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