T LR A
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20231106003

INZDURER 0 RV R H AT M H

R 123 EOKE 123 A E 123 frg 123 AZ 1230 AFgEg 123 FhHhfE 123
CHLIRIE I HER R BB ST, W% 2230015 VLR AEMBUR IR P RGN F e, #0 225009; “EMERENLSERE , mHi

210014 '
BE: PEARAFRERDE S ERSRGDFEK, AFREXERREH0E, BHRE, HHRFLERRDLE > %
&, SRR R AL TARITE) 5F A A RMBARRF L E ARA R, AFTFRASFEN A REZH TT AR K F AR

B A28 45 NT 5 AN AR b9 B BEAR A H] 69 F K S BN AL, KR BEAR K B AR R R SR AR R U R R A
A H AR K 3 7 fEARIC Vp1B3. Dorm-B1 A= PM19 ZEILPEAF R b 69 0 A7 HH i tE L B AR . £ R A AAR KR T 49. 35%(38 49)
HE P RARF, HPI57.89%(22 4) & A Vpl1Ba 3, (4=) Dorm-Blb AR, &K 172, Kalango. 4% 40, H R 186 Bt
BH 2ARATIT; BRS R P 36.72% 47 40) BB FAUA L, HoF 87 23%A A ks &, 84 (17.02%) RIE&A 2 NshAE
ARt FUMEAE &0 B Ao T RIS KT B REBAR T AR K F o K F 8 BT 5049 36. 45%F0 34. 99% % £ 47 2 Ntz &4
18. 17%4= 25.87%, BAMHBELZAAR LY., SRMBEFRALELA M ELSAREEZEHKBDMNEFTE, 28 24MF
AR AT X 2] 17. 02%f 26 H 1K 4. 94%, R A QA AR T B EHR R, AFRLELH TFiritt kB LR #ITRAE
RFA R GG, @R RFRTAR N, ALRAFELZGDERLF BT

KR A RBRAF MATR:, Wi

Evaluation of Wheat Pre-Harvest Sprouting Resistant Germplasm

Resources and Their Preliminary application

PAN Liyuan!>}, WANG Yongjun'??, LI Haijun!??, HOU Fu'3, LI Jing"??, LILili’*?, SUN Suyang!??
'Huaiyin Institute of Agricultural Science in Xu-Huai Region of Jiangsu Province, Huai'an 223001; *Jiangsu Provincial Collaborative Innovation Center of
Modern Industrial Technology for Grain Crops, Yangzhou 225009 ; 3Zhongshan Laboratory of Biological Breeding, Nanjing 210014

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 five 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 Vp1B3, Dorm-B1, and PM19. 49.35% (38 of 77) of germplasm resources showed intermediate resistance, and 57.90% of
them contained functional resistance alleles of Vp1Ba and/or Dorm-B1b. The germplasm resources Xinong 172, Kalango, Huaimai 40
and Yunong 186 were detected carrying both functional alleles. 36.72% (47) of the advanced breeding lines showed intermediate
resistance, of which 87.23% contained resistance alleles and eight (17.02%) contained two functional alleles. Stacking resistance loci
can increase the level of pre-harvest sprouting resistance. In natural populations, the whole-split germination and seed germination
decreased from 36.45% and 34.99% in non-resistant individuals, respectively, to 18.17 % and 25.87 % 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, with a rate of 17.02 % for those with two markers compared to only 4.94 % for others
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indicating that using functional markers can significantly improve resistance. 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 Yellow and
Huaihai areas in China.

Key words: wheat; pre-harvest sprouting; germplasm resources; rotational selection

HJZ 2 (Pre-harvest sprouting, PHS) &R YSCHK A8 21 I WY sl Wl M 58 5 BB LR F IR, HRAETE
T 176 g S VN ML 2 PP ML X, 3 R B T 00 3 1 A o R 7 R A R AL Ty & 32 IX IR U 2 A B A o
IRFSELR

R ZF T BN P AN G TSR T . RO R BORPRL A E R . AR SR A A A R, G
JTRLE R, R AR T R R 2 1) FE ] — MU= K B 6%-10%, R AE P2 B AR R R Ik 20% LA 112, FHE 2
ECHPRL A e RV R BRI, /N2 0 T AR OISR, QT i ORI (A1 A
PR E BRI thF AN RS o JEMBEEER R, SEGER KM, 8 LRI 4% ROR I R =2 s,
FURAZ B4, Bk, @ NENRR Bk, & E PO M A C O NS E M B2 w2 —.

PURLR 2 /N R0 G IR /N REOR 2T E B R IR s, D pURIUR 2 Th b BE DR 24 B4 1 35 B2 (03t A% M
Kl B 20 tad 90 FFAUE, FRIE 240255 S8 JEdEAT T PR 2 N P SRR L, TRIEH 3 5. AR
22T FokFE S R R IR, SRR L Ff i 2 B 7 SR, REVEIRECE, 768 P A2 o)
ZRLF, Rk, AT B SR R A R P AN R R R 2 /N B B

INFERRR FE R — AR AR B MR, R 52 B PR A0 I8 DR 3R A0, S B A T RR T LA
R R SRR . HAihLk, AN 21 &tk B8 A RUR ZEHUMERL 13, 22 U0 ) 2
PUMEAL S E AR TE 3B, 4A R 7B etk b, Horh— 40 CIF R ThRE AR iC /b o BR U5 %@ G Alh iz
JSL U 14200, 1 s DR A8 (12 O VR RS 3 P BRI PR KBRS, #0sk I R, ZE R R ORBRG R b LA SR
Yang SECUR I Vpl FERIIEEA AL R VpIB SHURSZFHUEA G, HIT K VpIB3 SLEMEARCH T %€ VplBas
Vp1Bb Rl VplBc S8 5 o PM19-A1 ERNT 4A Yetoth b, S oRIE TR R (1 B iR 28 i Halber
P2 20, f 44 Barrero SRR 2R A S R E AT AR 2 AT AL R, 454 RNA I 5o b %
IR PR E B R PM19-A1, FEFFRIIREARIC PM19. SRR GER b B A7 T 7B YLt ik KB 1) Dorm-B1
BB, H L B DhREAR I Dorm-1 %8 5€ Dorm-Bla A Dorm-B1b %728 5 . IX L D) REAR 1 VplB3<Dorm-Bl
A PM19 CLAE /N TR R 2 5 52 U5 48 5 A A o P A3 22 IR R 25T

KBEAE NEE T BEEATER (Ms2), HAENNEREIEFEMIE TR BN RIER
Bty BRI E S 5 AR A E R (Ms2) FIEMEBFTEER (Rht10), PANFERIIALT 4D Jetathk |,
I B FERY . FIH KB EAE PNENBBUNZ SR T E R TARBFEE, M@ R SR #E,
BRENLTEMDE, HN2ZFALHERB AT NEBRBCN R IR, 46 R FERT N



Tk 781, BB TARCHARIRE, KEBRAE/NESH THRCERME S, sl FrFR (f
ERFREAR ., RHMAEAR) R EMIEENE, MRE e,

H TR SR A R S T, B WU At — 2D (2 AR o« AR 008 I G AR R 2 AR
RLIR L RIS 58 77 4 28 ) [ 98 % 5 ARUR 28 BRI U RO PR R B U5 A0 L3N S A3 BUARR 2R A R IS R [
BEURATAE R 128 4 i AR R), G HUARUR 28 R WU« [RIES I A S0 1 Sh AR~ Vp1B3< Dorm-B1 1 PM19
BEATHE WIS [R5 0078 S FE AR P9 1R 23 A0 S L SRR UM TN R 3, IR FEBURRUR 2 /32 i %
PRI Z AR, TR 2 /N 22 Tl o B UL SR IO 1m0k 455 v £ 82 FH B9 5 LA o
(EZEEESYP
(RRFEZYE S

AR R 77 6Pl B YA 128 47 AR S R AL, LB BE VR AR A1 A 22 2 4 AR R 1 3000 R 47
Fol R 55 22 FE ) 198 % s BURRUR SRR DU AF ORI (R 1. B D, m AR RO SN T HUBUR 2 1
RS [ BEAR AT AL 1K) Fa AR R, SNSRI HUME S L e Th g bric i AL L2 2. AR50 T F M RL
2020-2021 SEFfHE TLL I3 AR VHE M X VE B A BHA B T T 2 BT B5FT 3 (33°53' N, 119°04' E). i3 K H]
BENLX IR i, 2 ANEE, Horh 77 RS BHEFATIX, 47K 1.5 m, ATIEE 25 cm; 128 AR &
6 171X, 474 7K, 47MEIEE 25 cm. FREHAMRIE N B (GEREAIIE T LK AR SR D 53T H (A HURE,

NXEADR20 NEZME, FNEENT 7 RIGHABT-20°CUKH, frameiicRE, g rilik.
=1 HNEMRBIREKIR

Table 1 The name and origin of wheat germplasm population

EA TR S 2 KR i EA s KR ETRE 2F KR
Code  Name Origin ICode Name Origin Code Name Origin
1 127 26 o) 7 #3 0020 L5 53 W 33 2
2 1 1212 % 8 F%T- 9681 2 54 Pag 172 S]]
3 #9134 boEs) 29 LBF11(8)-12-6  [4)I| 55 &% 31 T
4 FEHEFE S H 30 [+ 88 bOIE] 56 &7 54 PR
5 HZk 88 o) B1 HA 5819 bENE] 57 FK 1664 T
6 T S1364 L 32 W 12 G 58 FF3 1604 g
7 P4l 2 5 | 33 KK9 5 boNs| 59 2K 65 T
8 P 5k 283 o) B4 G 91168 2 60 fR=E 1707 L5
9 17 Tk 35 Pk 719 [E31] 61 95 o)
10 03 %] 85 ik 36 ME 6 S 62 Kalango* ] 4k
11 JHAe 19 78 37 WEE 1209 2 63 KE2%5 boNs)
12 1833 ] B8 R 19 bONE| 64 XHEZ1S LR
13 G 44 7R B9 a4l 9618 bEIB| 65 w77 G
14 % 33 L5 Ko T 912 ES 66 JBPL 181 T
15 W 40 L5 o 1% 5157 2R 67 A 18 e
16 VR 5 5 o) 42 Pk 558 [E31] 68 &7 26 K
17 THEY 126* L U3 T#E 15 L5 69 AR 6686 T
18 THEG119* LI a4 1l F2032 7R 70 E#1%5 7R
19 H% 366 bONE U5 TR 6 5 bONE] 71 WE3 5 g
20 HAL 2018 b Ko Tt 519 N 72 PI8585 s
21 JHZ 36 W 7 i 4128 2 73 PI107-160 Fh R
22 413 Jext U8 HEF 608 L5 74 PI8044 s
23 Ak 186 bO ] 19 Y6 03-2 L7 75 P1977 Fhs
24 FEEE 601 o) 50 A2 5 bENE] 76 P1985 Fhs
25 4 21 MO 51 SE 15 baNE) 77 PI8685 Fhs
26 TR 21* Bl 52 =536 [IIES

NN

*indicates red wheat
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Each row of germplasm numbers corresponds to Table 1, and red circles indicate that the germplasm is red-skinned wheat
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Fig.1 Seed profile of germplasm materials
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Table 2 Functional marker patterns of five germplasm resources introduced into rotating populations

MEHEFR VpiB3  Dorm-Bl  BEFHRGFH REFRE EIR a2
Name SGR(%) GI(%) Resistance level
PiAk 172 a b 20.65 26.84 MR

&7 54 a a 2527 28.03 MR

2K 65 a a 10.06 18.29 R

f£34= 1707 a a 12.26 25.06 MR

it 2018 a a 5.39 12.49 R

AR 186 a b 9.36 28.57 MR

Vp1B3 #1474 ] 569bp A1 652bp 717 B 43 Bl bRiC A a BRI b Y, b a BRILHFitE; Dorm-B1 § #4745 F (1) 468bp Al 606bp 5 L 4> Bl AR ic A a
oA, Hep o HRBESME. FE

The 569bp and 652bp bands amplified by VpIB3 were labeled as type a and type b, respectively, with type a showing resistance; the 468bp and 606bp bands
amplified by Dorm-B1 were labeled as type a and type b, respectively, with type b showing resistance. The same as below
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WCHEHT (£3). HAFVpIB3Y Hf1569bp.  652bpM1845bp X} Mic Ja. bAilcH!, HraflcA NPi; Dorm-BI
71 1¥1468bp H1606bp 2571 73 i aFibAY, HrbAHt: PMI9Y 411 7bpM199bp 3 Al ic AafibRl, Hria
BN HT . PCRISYAKR R N10 pl: FEHDNA (50ng/pl) 1.0 pL 5555147 (10 nmol/uL) 0.4 pL. 2xTaq MasterMix
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Table 3 Information for functional markers of wheat pre-harvest sprouting trait

Frid SIYIFFH(5°-37) F 47 B (bp) L AR 5

Marker Primer sequence (5°-3°) Fragment size Allelic variation

VplB3 F: TGCTCCTTTCCCAATTGG 569/652/845 VplBa/Vp1Bb/VplBc
R: ACCCTCCTGCAGCTCATTG

Dorm-B1 F: GTTCCTCCCACCAAATCTCA 468/606 Dorm-Bla/Dorm-B1b
R: GCCCGGTCTAAACGTACGA

PM19 F: CATGTACTAGTGACACGGATG 117/99 PM19a/PM19b

R: CTGCCGCTAGTTTCACTACAC

ARHIC 77 B3 Fh SR BEEAREEAT /N SSK SNP S ki, B b e EAR e (AEED AEVHR A F 58
1.2.3 BRSO

R GE T 73 BT R Fl SAS/STAT v9.4 1) PROC MEANS #3117 . 77 2 53 H1 K SAS/STAT v9.4 £ PROC
GLM. P854 2 53 52 MR ) Duncan i &2 MG . MRAE I 2 40 0 45 S vHSARRS BL A IRAE 3 (1), 5
MR HUE Lm0 H 7E b BT LA B bR B H At b R ) 43 A 22 5 8235 MR H) SAS/STAT v9.4 1) PROC
NPARLWAY 47 Kruskal Wallis #:56 . F|F RTM-GWAS #AEBIHT A R BT, RIBFHITERSR
GrHT BAR e
2 BZRESH
2.1 HEM B L FRE S

R 4 N BHRPRIER A AR PR IR GE vl Bk B S Wt s 4% T SRS A0 AR S R R b, Ak
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K BORER 2 PR AR I AR R A v 1 91%, R WIAHIE FEIRk 38 R =42 s, SR IR b 5 1 10 4% S & Pt
TCo WP EIEANAZ 5 R KA R, SRR BOREA 28 FNUA ZF 4R BB AN 36.40% K0 37.17%, 1K E] T HiKF,
UK ZFFHR A2 5 B H0HE 40%, R WIAHIE FUR A A0 5 52 50 B et A it 2R AR B4 A 0ot (R AR 2 1 R

AR FRREE (18 2),
* 4 AR RER gt

Table 4 The descriptive statistics of three traits of the materials in this study

PR fiEEN 415 B CFMIME ERRE TR BER
Traits Population Groups Total Mean (%) CV(%) Range (%) W
¥ HR  Hi R I MR K S & HS
[0%,5%)  [5%,20%)  [20%,40%) [40%,60%)  [60%,100%)]
AR MREEEG 7 10 34 8 10 69 3207b  66.97 0.02~100.00  92.64
SGR (%)  EfElHL 2 19 49 34 19 123 38.82a  50.61 1.41~90.59 91.14
FrEMEIALL - 9 29 83 42 29 192 36.40 56.40 0.02~100.00  91.75
KERE  FURYERG 3 14 29 23 4 73 34.00a  50.39 0.79~67.46 94.28
GI (%) AR HL 0 12 55 55 5 127 39.00a  34.30 8.04~75.00 94.68
FEMEIALL 3 26 84 78 9 200 37.17 40.38 0.79~75.00 94.70
TR K [22%46%) [46%,64%)  [64%,82%) [82%,100%) >100%
SWA (%)  FliHIRG 2 36 28 6 1 73 65.71a 19.27 2835~10831  75.80
Ak HL 2 65 49 6 3 125  6497a 22.69 2244~15337  80.81
FPEMEALL 4 101 77 12 4 198 65.24 21.43 224415337  79.08

P G R 7 BER WA BT B UE A s AR R MR 2 R B3, B3/KF N 0.05.
Different letters after the means indicate that germplasm resources and high generation materials differed significantly in this trait at 0.05 level of significance.

SGR: spike germination rate; GI: germination index; SWA: spike water absorption.
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n’ ' A

MRS SRR R BTN 1. KR 95 (HS); 2: B 44 (S); 3: 3 31 (R): 4: High 21 (HR): 5: WEZ 1209 (HR): 6: 363 15 (MR);
7: ARF 1707 (R): 8: WWH 12 (R): 9: HiF 366 (MR): 10: WH 6 5 (MR): 11: FEEHE 55 (MR): 12: 1% 0020 (R): 13: £ 36 (HS);
14: PI8585 (MR); 15: iEZ 40 (MR); 16: Kalango (HR)

Number of materials and spike germination resistance levels were 1: Tianhe No. 9 (HS); 2: Jiamai 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); 14: PI8585 (MR); 15: Huaimai 40 (MR); 16: Kalango (HR)
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Fig.2 Spike germination performance of germplasm materials
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38.82%)-
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Fig.3 Frequency distribution of spike germination and seed germination trait in germplasms and high-generation lines

GIPANGIFEUE: 2 S &S AN V-8 S S N 7 PG SR Do i i ST R AW RN DK 25 U P
AFAEZ S, P RREIROKER L) 65% (£ 4) . [RIRAHIGNE 734 th 2R I RER 2F 58 5 R 2R 4R A7 A6 2 35 IE AR,
R RBOEE] 0.47~0.50; T FEAR K R SRR 2 R BUR ZFHa 4R BN IEA G, (EALAE M 70 R R IA 21 2 2%
K, RS B OR AR AUNAE-0.04~0.24 [8], W] LN BEREOK R SRR SEPUETC R, MBEAR ZF R 5 K 2F 1R

BRI IR R (GR 5D,
x5 BAFEX MR ZERIBXRME T

Table 5 The correlation analysis of three traits associated with pre-harvest sprouting

AR i MK ALL MR EE G Ak HL

Trait PERRIR K 2 B ZF 28 ROGFTRA MEROK E BURSFEE ROAFIRE BRIRK R R GE  KEFRE
SWA(%) SGR(%) GI(%) SWA(%) SGR(%) GI%) SWA(%)  SGR(%) GI(%)

TR KR n.s. * n.s. n.s. ok *

SWA(%)

BRZHFR 014 ok -0.04 ok 0.24 ok

SGR(%)

BEEIEE 014 0.49 0.04 0.50 0.21 0.47

GI(%)

NS ARIEFRFE AT+ Fx wRIR51E 0.05. 0.01. 0.001 /KT EREFEMAE; FH

n.s.: unsignificant level; *, ** and *** indicate significant level at 0.05, 0.01 and 0.001, respectively;The same as below
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R FURE R 28 DU A G 2 RLAE ARl b e b (6 20 A AT A7 Rk, R I = A T e dsic VpilB3.
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A AT 22 5 BOR, Ferp AR VpI1B3 bRl LIS A2 R A (a ), 383 54.55% (42 43, Dorm-BI
PRCAER R BHRT AR 5 A RL (6.50%) BATHUIESEALEEA (b &), M0 PM19 FricfE R st B o A 547t
VEAEAI AR S, i PO ARSI b A

M 1 2 3 4 5 6 7 8 9

2000bp i

1000bp

750bp
500bp

250bp

M: 2000bp marker; 1: 327 26; 2: FMIFHE S5, 3: JeFE 88; 4: AFE 9134; 5: P42 55 6: iWF 125 7: WA 719; 8: PI8044; 9: /ME 6 5
1: Fanmai 26; 2:Fengdecunmai No.5; 3: Guangtai 88; 4: Zhengmai 9134; 5:Xichun No.2; 6: Guomai 12; 7: Xinong 719; 8:P18044; 9: Xiaoyan No.6
& 4 I|AIRAE VpIB3 FRICH N BILRE
Fig. 4 The fragments amplified with marker V'p/B3 from the germplasm in this study

T3 U AR AL ] 2 G S A Rl T R VR B 9 29 BT 2R B UM L R B, RS KT A BT R, (H
A IIPEAL S AR R BTE BRI R, ARt — iz (k6. B 5. MRBEA TP RS E
A 1ANEE 2 AU S B R AR IR BN 22 R BA RS, (AR R FRES, HPhAsH itk
LSRR (VpIBb+Dorm-Bla) WIFEK ZF3 . RAFTRECFIIME N 36.65%F1 34.99%, &H 2 ANitEfr
RN R IR (VplBa+Dorm-BIb) NN 18.17%F1 23.87%, & 45 1 APuE AL s it 5 %8 Y5 ) 43 51 43 A £F
12.93%~31.48%- 27.82%~35.13%. 8Id 5y T Hric SHER 2 2 F0 R - Fa B0 8] IR IR 23 # 285 R B 7R 26 1)
BEFRIC SRR 25 FNUR ZE FE U AR S M R 502 91 09-0.25 F1-0.15, T BEREL 28 AN % 248 B ik B rhofe LA
ERNR RIS RERMC A IS L (R T, Hid 42.10% (16/38) ANE&H VplB3. Dorm-BI WIHitER /S, £
Al IR B R & RRUR ZE DUV O S R — S 10298 . REVIANR, BREH Dorm-B1 HitEbsic iy
PR IREH D, RFEMC A S BMEN 2 B R BEEERESH, KA R GG P
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Table 6 Phenotypic analysis of pre-harvest sprouting traits of different marker combination types in the germplasm

Fricd & FHR 23 SGR(%) REFFaEL GL(%)
Marker Type MRFRH r=0.25% MK R B 1=-0.15
BH O CFHE RME RRE RRREH HH O PHE RMI BRE ERRAE
Number Mean Min Max CV(%) Number Mean  Min Max CV(%)
VpiBb+Dorm-Bla 28 36.65a 1.14 100.00 63.92 31 34.99a 1.71 61.86  46.21
VplBa+Dorm-Bla 34 31.48a 3.07 82.94 63.68 34 35.13a 791 67.46 50.84
VpiBb+Dorm-Blb 2 12.93a  0.02 25.84 141.26 3 27.82a 1.07 48.46 87.28

VplBa+Dorm-Blb 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 pre-harvest sprouting traits in the germplasm (A, B) with different combination type of markers

7 IRBIPHUR L MR SRR T REARIC R

Table 7 Functional marker patterns of germplasm reaching medium resistance

MEHAFR VpIB3 Dorm-B1 BRUR R RIERE itk
Name SGR(%) GI(%) Resistance level
ZE 26 b a 25.75 38.33 MR
F@EEESE b a 25.11 24.45 MR
5 S1364 a a 24.26 12.62 MR
W22 a a 26.41 35.25 MR
PI8585 b a 39.88 31.28 MR
LBF11(8)-12-6 b b . 33.91 MR
BE 12 a a 17.45 35.40 MR
2R 91168 b a 25.83 38.50 MR
R 719 a a 24.18 11.12 MR
IME 65 a a 18.40 791 R
= 1209 a a 4.19 28.24 MR
PI07-160 a a 3.07 12.31 R
ME3S b a 28.66 38.46 MR
PI977 a a 3.96 16.71 R
Wi F2032 a a 23.79 9.05 MR
PI985 a a 31.41 25.50 MR
TE6 S b a 36.59 21.47 MR
E 15 a a 34.72 38.98 MR
g 172 a b 20.65 26.84 MR
&E 31 b a 10.97 38.28 MR
&% 54 a a 25.27 28.03 MR
EK 1664 b a 23.65 24.17 MR
ZR6S a a 10.06 18.29 R
8% 1707 a a 12.26 25.06 MR
Kalango a b 0.79 0.79 HR
XEEXE1S b a 23.18 38.04 MR
#1833 b a 28.64 30.96 MR
EE 40 a b 28.70 21.47 MR
TEH 126 b a 1.14 1.71 HR
SER 119 b a . 15.08 R
#3366 a a 20.88 16.14 MR
E1f 2018 a a 5.39 12.49 R
A% 36 b a 31.76 30.95 MR
%R 186 a b 9.36 28.57 MR
855 21 b a 2.53 23.81 MR
=01 b b 0.02 1.07 HR
#:3 0020 b a 6.18 10.75 R
B 9681 b a 12.61 22.06 MR
2% 26 b a 25.75 38.33 MR
FEEESE b a 25.11 24.45 MR
5 S1364 a a 24.26 12.62 MR
W2 2 a a 26.41 35.25 MR
PI8585 b a 39.88 31.28 MR
LBF11(8)-12-6 b b . 33.91 MR
BE 12 a a 17.45 35.40 MR
2R 91168 b a 25.83 38.50 MR
R 719 a a 24.18 11.12 MR
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Fig. 6 The cluster analysis of the germplasm materials in this study
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BINE B AL A, BURERR EFREAIIIME N 41.41%F1 46.44%; 87 M EHN&H VplBa 7,
KEFRRR GFIRECN 38.49%K1 36.99%; 1 oM EMYUEH Dorm-B1b Y, TR ZFHRN 15.09%, KFFRECHN
42.38%; 12 M RHEIR S A A PUERL A, BER RN 37.31%, KAFRECN 35.72%. BT PUER ZFA R
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Fig.7 Representative materials of different spike germination resistance types from high generation lines
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Table 8 Functional marker patterns of high-generation lines reaching medium resistance

MELZFR  VpIlB3  Dorm-Bl  BEFERFAR  ORIFEE HUESR
Name 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 37.35 33.92 MR
21-256 a a 6.63 26.14 MR
21-264 a a 1.41 15.92 R

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
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