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Abstract: Wild emmer wheat, a close relative of common wheat, has many excellent traits and resist-
ance genes. Its hybridization with common wheat helps to cultivate innovative germplasm, expand the
genetic base of wheat, and enhance its stress resilience. Using the whole spike germination method
(SGR), 28 new wheat lines derived from distant hybridization and backcrossing between wild emmer
wheat and common wheat were evaluated for spike germination resistance, and the experimental ma-
terials were genotyped using 4 functional molecular markers for pre-harvest sprouting resistance
(PM19-A1l, myblOD , VplB3, and Dorm-BIl). The results showed that the relative spike germination in-
dex of the 28 wheat progeny lines ranged from 0 to 1. 09, with an average relative spike germination index of
0. 38. Among them, six lines were highly resistant resistance, accounting for 21. 43%; three lines were re-
sistant, accounting for 10. 71% ; nine lines showed moderate resistance, accounting for 32.14%; two
lines were susceptible, accounting for 7. 14% ; and eight lines were highly susceptible, accounting for

28.57%. By analyzing the alleles for pre-harvest sprouting resistance, the allelic combination PM19-
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Ala /Vp-1Bc /mybl0-DI1b /Dorm-Bla had the lowest average relative spike germination index of
0.13, while PM19-A1b /Vp-1Ba /mybl10-D1b /Dorm-Bla had the highest average relative spike ger-
mination index of 0. 70. Based on comprehensive phenotypic identification and molecular marker de-
tection, six lines, namely MM-3-1, MM-3-5, MM-3-7, MM-3-0, MM-4 (12-20)-2, and MM-4-8,

were selected for prioritizing utilization as germplasm resources resistant to pre-harvest sprouting.

Keywords: Wheat; Emmer wheat; Distant hybridization; Pre-harvest sprouting; Molecular markers
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Table 1 Molecular marker information of wheat pre-harvest sprouting resistance genes

A Frid PARGREN 55 (5°—37) LR S Fr BN BKRE  S% 0k
Gene Marker  Chromosome Primer sequence (57 —37) Allele Fragment size/bp Tm/C Reference
F:GAAACAGCTACCGTGTAAAGC PMI9-Ala 117 _
TePM19  PMI19-Al AL R TGGTGAAGTGGAGTGTAGTGG PMI9-Alb 99 o8 Lo]
F:ATGGGGAGGAAGCCATGCTG  myb10-Dia 1178
Tamybl0  myblOD DL R: ACTGCTGCTCCGTGCCCTCC  myb10-Dib 1629 64 [21]
T TCCTTTECE A A TN Vp-1Ba 652
, F: TGCTCCTTTCCCAATTGG _
TaVpl VplB3 3BL R: ACCCTCCTGCAGCTCATTG Vp-1Bb 845 o8 [13]
Vp-1Bc 569
F.GTTCCTCCCACCAAATCTCA  Dorm Bla 168
TaDorm  Dorm-Bl 7BL R:GCCCGGTCTAAACGTACGA  Dorm-Blb 606 66 [14]
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Table 2 Spike germination resistance evaluation and molecular marker analysis of the materials
- . BHEER  MMEEFER Ass ke gL
No. Material Spike germination Rcl(atlvAc splkc Resistance Grain
rate/ % germination index level color PM19-Al mybl0D VplB3 Dorm-BI
1 YS-108 1.59 0.02 HR 4T Red a b ¢ a
2 & 36 Xinmai 36 74. 34 1.00 HS 1 White b b a a
3 2% 198 Lankao 198 34,78 0. 47 S I White b b a a
4 P4 20 Xinong 20 22.66 0. 30 MR H White a b ¢ a
5 MMS86-1-3-1 39.21 0.53 S F White b b a a
6 MMS86-1-3-2 49. 45 0.67 HS F White b b a a
7 MMS86-1-3-3 69. 32 0.93 HS H White b b a a
8 MM86-2-2-1 22.10 0. 30 MR F White b b a a
9 MMS86-3-3-1 61.10 0.82 HS 1 White b b a a
10 MM86-4-1-3 63. 14 0.85 HS F White b b a a
11 MMS86-5-3-1 30. 34 0.41 S F White b b a a
12 MM86-5-3-5 25.08 0.34 MR 1 White b b a/c a
13 MM86-6-2-1 21.61 0.29 MR F White a b ¢ a
14 MM86-8-1-2 24,13 0.32 MR 1 White b b ¢ a
15 MM86-8-6-2 10. 10 0.14 R 1 White b b ¢ a
16 MMS86-8-7-1 7.19 0.10 R FI+4 White & red b b ¢ a
17 MMS86-9-2-2 48.16 0.65 HS 1 White b b a a
18 MMS86-11-5-5 20. 13 0.27 MR 44 White &. red 6 b ¢ a
19 MMS86-11-6-3 81. 28 1.09 HS 21 Red b b ¢ a
20 MM-1-1-3 56. 95 0.77 HS H White b b a a
21 MM-1-3-2 72. 88 0.98 HS 1 White b b a a
22 MM-2-3-2 15.58 0.21 MR 1 White a b ¢ a
23 MM-2-5-1 20. 24 0.27 MR H White a b ¢ a
24 MM-2-0 23.41 0.31 MR H White a b ¢ a
25 MM-3-1 1.43 0.02 HR 4T Red a b ¢ a
26 MM-3-5 0. 82 0.01 HR £ Red a b ¢ a
27 MM-3-7 0. 00 0. 00 HR £ Red a b ¢ a
28 MM-3-0 0. 00 0. 00 HR 21 Red a b ¢ a
29 MM-4(1-2)-2 21.79 0.29 MR i White a b ¢ a
30 MM-4(3-11)-1 8.75 0.12 R 4T Red a b c a
31 MM-4(12-20)-2 0.61 0.01 HR 2] Red a b ¢ a
32 MM-4-8 0.21 0. 00 HR 2T Red a b c a

SrTRRICH a b Fle DHRBAFR B EML T a/c BRZIEFM NN A, FHP, EMIEKFPMI9-Ala .myb10-DI1b \ Vp-1Bc .

Dorm-B1b 5 & A,

In the molecular markers, a, b and ¢ represent different allelic variations, and a/c indicates heterozygosity at the gene locus. A-

mong them, the alleles PM19-Ala, mybl0-DI1b, Vp-1Bc, and Dorm-Bl are related to spike germination resistance.

XoF 38 % % 28 Je AR R B R 2F R U H J AR A i F1,MM-2, MM-3 fil MM-4 414 & YS-108 575
— BRI, MM-3 Fl MM-4 4 & R 2890 AR 20 M2 58, R AR B & 28 Pt ol .
PR 5 i T R X B R 2R AR B 0. 065 MM-2 4 MM-1 41472 YS-108 5H % 36 M4esc, HE R
GO YR B K SE AR ECR 0. 27 MM86 A&7 BEA ZFPUTEAR LT A2 36 R TN 3. X 1 ] A
FEXTRE R ZEHRH0CH 0. 51; MM-1 G R 2Rt RAFPUE R 0 B A Z R 2258 A R TR R AR R
PERAR, A B R 2E 50 0.87(K 3. o A A TR B R F RN ERS R,
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Table 3 Phenotypic analysis of spike germination in different hybrid combinations

iRy HRR R EDOR Y LIRS
Hybrid combination Whole spike germination rate/ % Relative spike germination index Number of materials
MM86 38.16 0.51+0.31 15
MM-1 64.92 0.8740.15 2
MM-2 19. 74 0.2740.05 3
MM-3, MM-4 4.20 0.06+0.10 8
2.2 MRFEXSFRICEMER 2.2.3 & FAIRVPIB3 4

2.2.1 HFAFILPMI9-Al 5 ¥t

R FRICPMI19-A1 W] 4744 1 117 A1 99 bp
PIRR B, 40 0 o Bt Bl & 2 Bk I PM19-Ala Flg
TR 2F R PMI9-Alb (£ 1), iR ¥ K,
PM19-Ala MIPM19-A1b WA F 550 R 43, 75%
F1 56. 25 % , - XA A K 2E 46 504 i R 0. 13
0.59(K 1A, 3% 2), i i Pearson AH 3¢5 7, X
PR 3 TR 55 60 0 B R 2 48 5040 ) 2 A B 3 B A
KAIE A & (P<C0. 01) . M 56 RE4T 518 —0. 679
f10.679,
2.2.2 T ARiCmybl0D 57

FIHBR I mybl0D AT P 55 1 178 A1 1 629
bp BF B, 20 5 o8 I A & 2E 3 R myb10-Dia il
il & I Fmyb10-DI1b (32 1), R KA AL 3L
¥ hmyb10-Dib (K] 1B 3£ 2) .

A M1 2 3 4
250bp—>
100 bp —

B M1234 5
2000 bp —

- O S e e e G Y e e

1000 bp —

C M12 3 4

FH PRI VpIB3 I 3 Hy 845,569 Fl 652
bp 3 N A B w1 AN R B A i ok b i R 2E
Vp-1Bb MVp-1Bc .| 42 Fy B8 K 2 H [ Vp-1Ba
(F D, &80, &R MMS6-5-3-5 [ I 7£ 78 Vp-
1Ba #1Vp-1Bc , Ui B fh 3 1 BE X i o 4l
1C. %R 2). X H A 5 &R 1 Vp-1Ba /Vp-1Be Fil°F
P AH N F A& ZEEAT Pearson A4, g5 SRR W,
AR B & ZE 45 805 Vp-1Ba F1Vp-1Bc 53 5] 5 9
FIEAH SR & (P<<0. 01) , M5 R ¥ 51 N
0.715 f1—0. 715,

2.2.4 4rFhricDorm-BI 53t

F A #RiC Dorm-B1 0] §" 14 1 468 F1 606 bp
WA R B, 430 %) 1y S A & 28 i IR Dorm-Bla F1470
R R W Dorm-Blb (£ 1), X564 k3 1 1
MDorm-Bla (& 1D. 5 2).,

5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 2223 24

- 117bp
«— 99bp

6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

—1629bp

56 7 8 9 101112 1314 15 16 17 18 19 20 21 22 23 24

750 bp — “— 652bp
“— 569 bp
500 bp —

D M123 4
500bp—>

250 bp —

56 7 8 9 1011 1213 14 15 16 1718 1920 21 22 23 24

«— 468 bp

M. DL2000; 1. MM86-4-1-3; 2. MM86-5-3-1; 3: MM86-5-3-5; 4. MM86-6-2-1; 5. MM86-8-1-2; 6. MMS86-8-6-2; 7. MM86-8-7-
15 8: MMS86-9-2-2;3 9; MMS86-11-5-5; 10: MM86-11-6-3; 11: MM-1-1-3; 12: MM-1-3-2; 13 4% 20; 14: MM-3-7; 15: MM-4-8; 16
MM-2-3-2; 17: MM-2-5-1; 18: MM-3-1; 19: MM-3-5; 20: MM-4(1-2)-2; 21: MM-4(3-11)-1; 22: MM-4(12-20)-2; 23: MM-3-0; 24 .
MM-2-0, A~D.% &5 FARICPM19-Al .myb10D , VplB3 flDorm-BI W # H 45 %

M: DL2000; 1: MM86-4-1-3; 2: MM86-5-3-1; 3: MM86-5-3-5; 4: MM86-6-2-1; 5: MM86-8-1-2; 6: MM86-8-6-2; 7: MMS86-8-7-
1; 8: MM86-9-2-2; 9. MMS86-11-5-5; 10. MM86-11-6-3; 11: MM-1-1-3; 12: MM-1-3-2; 13: Xinong 20; 14. MM-3-7; 15. MM-4-8;
16: MM-2-3-2; 17: MM-2-5-1; 18: MM-3-1; 19: MM-3-5; 20: MM-4(1-2)-2; 21: MM-4(3-11)-1; 22 MM-4(12-20)-2; 23: MM-3-0;
24: MM-2-0. A—D: Amplification results of molecular markers PM19-A1, mybl0D , VpIB3 and Dorm-BI, respectively.

1 FMoyREH RS FRRIETIEER

Fig. 1 Molecular marker amplification results of partial materials
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Dorm-Bla W~F- Y540 X} 1 & 2F 58 AKX, o 0. 13,
WA A 14 R 45, 16%) 5 PM19-Alb /
Vip-1Ba/myb10-D1b/ Dorm-Bla RS- Y A0 X 78 & 25 5

i o 0. 70, M A5 AT 12 By APRHCE 38, 71905
PM19-Al1b /Vp-1Bc/mybl0-DI1b/Dorm-Bla W)Y
AR AR 2R 4R H0N 0. 38, WAL A 3EA 5 Iy RE
16.13%) . 3 FhEE(7 AR S 21 A 0] - S AR X Bl K 28 48
2% S W3, PM19-Ala / Vp-1Bo/ myb10-D1b/ Dorm-
Bla 5 %15 Kk % M %, PM19-Alb / Vp-1Ba/ mybl0-
DI1b/Dorm-Bla 5B K& 2F A%,

R4 ENETRAGHTRETHENBLFEY

Table 4 Distribution of allelic variation combinations and their average relative spike germination index

— ] = S R R 2 R .
A8 7 A SO A R 4R X ?’iﬂ:*ﬂéﬂz s
o Number of - ) Average relative spike 2
Allele combination : Proportion/ % oo Error
materials germination index
PM19-Ala/Vp-1Bc/mybl0-D1b/Dorm-Bla 14 45.16 0.13+0. l4c 0. 04
PM19-A1b/Vp-1Bc/mybl0-D1b/Dorm-Bla 5 16. 13 0.38+0.41b 0.18
PM19-Alb/Vp-1Ba/mybl0-DI1b/Dorm-Bla 12 38.71 0.7040. 23a 0.07

ANFE/NG F R R R 22 73k 5] 0. 05 BEKF,

Different lowercase letters indicate significant differences at 0. 05 level.

3 itib

Tl K 2 45 7 T 5 W) /N2 R RF R R O
e PR LA BUAE R 2R AR ) 0 /N 22 R AT A AR A 4
K, BRGSO E R RN Tk EEA o
53 BT 1 D 9 R R 2R R R R 2R A K H
REEVL . VER R NEE 1 A R 0, B R 2F
T FEr P 2 B K R 1Y o U 9 I 60 3 R AL,
Tk R B R O e o TE
it 7% M D Yk A A AR AR 2 L U R A
FERL K 2 D 4 A 17 BP0, B 5 AR 4 S B/ 22
FERL A R B AR P o (B0 1 bR 28 DR 3R X & 28 1Y
AR ERIL R, KH &R 24T A%
WBET L BROE CBR S /N2 ) B R ZE P S iR Tk
0 B 5% A LA 9 ] AN [) 23 1) A e} A R 2
BUHEME LAHERA IV 2 . AR 2RI A TR R R 2k
FUR B A& 2k Z ) R BE 45 1 vl 42 BRRE 25 6 M
YN R SR BN A AR IR,

NNt B SR AW B S Tl a1 0 e WA\
AN SRR TSR R OR ZE PO . i MMB6 A& Je X
o MM86-8-6-2 Fl MM86-8-7-1 A 4% T 36 A
222 198U, S) FH & 36 (8%, HS) . M 4T
TR, MM-3 fl MM-4 241 4 J5 1% 6 R 0 e %
R TR AT 20, HZ2H0A 3] 1 ik
A LI By SR SR i I E [ 26 ey AR
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