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Abstract : Thousand-kernel weight is one of the key yield components in modern wheat breeding where
significant progress has been made through genetic improvement. It is crucial to conduct in-depth re-
search on the important genes controlling wheat kernel weight and their functions. In this study, mo-
lecular markers for five genes related to wheat kernel weight (TaSus2-2B, TaGWS8-B1, TaCwi-Al,
TaGS-D1, and TaGWZ2-6A) were used to test 263 new wheat varieties(lines) collected from the 2023

— 2024 national trials in the Huanghuai wheat region. Among these varieties (lines), all kernel
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weight-related genes existed in combinations. There were nine types of combinations for the five prior
haplotypes, specifically: TaGWS8-Bla + TaGW2-6A-A , TaSus2-2Ba + TaGWS8-Bla + TaGW2-6A-A ,
TaGWS8-Bla + TaGS-Dla + TaCwi-Ala, TaGWS8-Bla + TaGS-Dla + TaGW2-6A-A, TaGWS§8-Bla +
TaCwi-Ala+TaGW2-6A-A , TaSus2-2Ba+TaGWS8-Bla+TaGS-Dia+TaGW2-6A-A, TaGWS8-Bla+
TaGS-Dla—+ TaCwi-Ala + TaGW2-6A-A, TaSus2-2Ba + TaGWS8-Bla + TaCwi-Ala + TaGW2-6A-A ,
and TaSus2-2Ba + TaGWS8-Bla + TaGS-Dla + TaCwi-Ala + TaGW2-6A-A. Among these combina-
tions, the TaSus2-2Ba + TaGWS8-Bla + TaGW 2-6A-A combination had the lowest frequency at 1. 90%5,
while the TaGW8-Bla + TaGS-Dla + TaCwi-Ala + TaGWZ2-6A-A combination had the highest fre-
quency at 31.56%. Further evaluation and analysis of kernel traits in 2023 in Zhengzhou and Zhuma-
dian and in 2024 in Xinxiang revealed that among these nine gene combination types, the TaGW8-Bla
+TaGW2-6A-A combination exhibited a relatively weak effect on increasing wheat kernel weight,
whereas the combination type with five pyramided superior kernel weight-related alleles(TaSus2-2Ba
+TaGW8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A ) showed a relatively strong effect on im-
proving wheat kernel weight. The results of this study indicated that increasing the number of superior
kernel weight-related genes(haplotypes) could effectively enhance the kernel weight of wheat varieties
in the Huanghuai wheat region.

Keywords: Wheat; Grain weight; Molecular marker; Breeding; Southern area of the Huanghuai wheat region
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Table 1 Functional markers of wheat kernel weight-related genes used in this study
HH 2 3y A5 FRiD 4 K 51475 Primer sequence (5 —3") 1 - By
Gene Targeted allele Marker F R Size/bp
TaSus2-2B TaSus2-2Ba TaSus2-1 TAAGCGATGAATTATGGC GGTGTCCTTGAGCTTCTGG 423
TaSus2-2Bb TaSus2-2 CTATAGTATGAGCTGGATCAATGGC GGTGTCCTTGAGCTTCTGA 381
TaGWS8-Bl 1TaGWS8-Bla/ TaGW8-Blb TaGW8-7B CGCTCATCCATTCCTTCATCG GCTATATGGGTTGGTGTCGC 1097/1 373
TaGS-D1 TaGS-Dla/TaGS-D1b GS7D AACTTAGGGAGCGAAAACAA CACCAAGACTGGAGATGAAA 566/522
TaCwi-Al TaCwi-Ala CWI122  GGTGATGAGTTCATGGTTAAT AGAAGCCCAACATTAAATCAAC 402
TaCwi-Alb CWI21 GTGGTGATGAGTTCATGGTTAAG AGAAGCCCAACATTAAATCAAC 404
P S— o a4 GAAGGTGACCAAGTTCATGCTGG o p (o A s e T A (e .
TaGW2-6A TaGW2-6A-A GW2-6A-A TCGATGAGATCCCGTACAA CGAGCTAGGGTTTGTTGCGAGC SNP: A
TaGW2-6A-G cwzac GANGGTCGGAGTCAACGGATT CGAGCTAGGGTTTGTTGCGAGC — SNP:G

GGTCGATGAGATCCCGTACAG

TaSus2-2Ba . TaGW8-Bla ,TaGS-Dla . TaCwi-Alaf TaGW2-6A-A R 5 PpfE R0,
TaSus2-2Ba, TaGWS8-Bla, TaGS-Dla, TaCwi-Ala and TaGW2-6A-A are superior haplotypes.
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M:DL2000; 1. %M 601;2.HEZE 211853 HERE 80054 A 49 5354832 210056 337 599;7. PR 3033883 1901;9. LK 116;10:

FiteF 513311744 581112, 1% 519,

M. DL2000; 1: Yuzhou 601; 2. Huaimai 2118; 3. Wanke 800; 4: Zhoumai 49; 5: Huamai 2100; 6: Zhumai 599; 7. Xinong 303;
8: Luofeng 1901; 9: Keda 1163 10: Ruihuamai 513; 11: Xinong 5811; 12: Daimai 519.
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Fig. 1
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Detection results of the marker TaSus2-1/TaSus2-2 in some of the tested materials
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M:DL2000;1:BM 601;2: B 11633 384€ 612;4 .12 H 2 4035 B2 15086 48 9163735 F 5998 483 125;9 . 1% 1186510 %

B 51351144 19094512 7K F 286,

M. DL2000; 1: Yuzhou 601; 2: Keda 116; 3: Yunong 612; 4: Fanyumai 40; 5: Fumai 1508; 6: Huacheng 916; 7: Zhumai 599;
8: Lunxuan 125; 9: Liumai 1186; 10: Ruihuamai 513; 11: Xumai 19094; 12: Yongfeng 286.
Bl 2 TaGWS-7BHRiZXTEB 5 #1 LBy 46 0 45 R

Fig.2 Detection results of marker TaGWS$-7B in some of the tested materials
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M:DL2000;1: BN 601;2. 82 36 553 A% 2112654182 5195 BEFF 80056 . FRAR 61257 . 4£% 38;8: HH 599;9. 32 F# 140;10:
B 1186311 %k 19094512 7K F 286,
M:DL2000; 1: Yuzhou 601; 2: Zhoumai 36; 3: Huaihe 21126; 4: Daimai 519; 5: Wanke 800; 6: Yunong 612; 7: Cunmai 38; 8:
Zhumai 599; 9: Fanyumai 40; 10: Liumai 11863 11: Xumai 19094; 12. Yongfeng 286.
B3 GS7DIRZFE S ks 8 Pyt M L5 R

Fig. 3 Detection results of marker GS7D in some of the tested materials
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10764 581111 BL% 1508312 1% # 19094,
M. DL2000; 1: Huaimai 2118; 2: Zhoumai 36; 3: Huamai 2100; 4. Xinong 3033 5: Yuzhou 601; 6: Zhumai 599; 7: Yunong 612;
8: Luofeng 1901; 9. Ruihuamai 513; 10: Xinong 5811; 11: Fumai 1508; 12: Xumai 19094.
4 cwizz/cwiRIkRiBEERSHIXA R PR ER
Fig. 4 Detection results of marker CWI22/CWI21 in some of the tested materials

14|
'?'3\12'-}
X [
s |
D 10}
5 i
o~ L
sk &
[ A
6L a
-..".ll .............. | I T T BRI R U NS S N T NS N R N
6 7 8 9 10 11 12 13

RFU-1(x 10%
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Orange fluorescent signal is TaGW2-6A-A; Blue fluorescent signal is TaGW2-6A-G; Green fluorescent signal is negative control.
B 5 BERTAGW2-64-A/TaGW2-6A-GIEER 5 Bl B4 45 R
Fig.5 Detection results of haplotype TaGW2-6A-A/TaGW2-6A-G in some materials
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Table 3 Superior haplotype profiles of grain weight genes and the corresponding wheat materials

BLE LA A
Combination of the
grain weight genes

Bk (Gl o
Number
(Persentage)

Bk FR

Name of materials

TaGWS8-Bla +TaGW2-6A-A

TaSus2-2Ba +TaGWS8-Bla +
TaGW2-6A-A
TaGWS8-Bla +TaGS-Dla +
TaCwi-Ala
TaGWS-Bla +TaCwi-Ala +
TaGW2-6A-A

TaGWS8-Bla +TaGS-Dla +
TaGW2-6A-A

TaSus2-2Ba + TaGWS8-Bla +
TaCwi-Ala +TaGW2-6A-A

TaSus2-2Ba +TaGWS8-Bla +
TaGS-Dla +TaGW2-6A-A

TaGWS8-Bla +TaGS-Dla +
TaCwi-Ala +TaGW2-6A-A

TaSus2-2Ba + TaGWS8-Bla +
TaGS-Dla +TaCwi-Ala +
TaGW2-6A-A

11(4.18%)

5(1.90%)

8(3.04%)

17(6.46%)

50(19.01%)

20(7.60%)

33(12.55%)

83(31.56%)

36(13.69%)

AT 916 FE A 337 24 109, R BF 186.3% vk 30538, % vk 56,3 M 601,483 181, K &
226 W17 6321, F 130

174 38 4B AL 9137 354 599 7K 206 7k F 308

B AT 175 ff % 1633 fBEMME 22 12 F & 40,LS01897 285 15 Hi 7 66. %% 78

19CA97.21CA96 . E T 40 . HG2101 .38 4 56 J2 % 71 . FifE 501 . Fi 4 187 . Wi 198 . Fi &
206 AR 789 KA UR 928 .11 078 R BFFE 15. 764l 258 Hi & 72. % 4& 907

LR 1703, %R 2105264 859 T A HLAT 21 R F 1803 M F 225 BL A 1508, K4 1699,
432 2003 HER 22220 UEZZ 16659 HEHE 404 JLZ R 169, 7E % 221 81k 142 %83k 147,
APE 2116 R+ 1906 IR F 7011 3R & 70, ¥4 18, F4 20 M4 196 Fi e & 236 f &
207 KRB 18, VR 1156, P54 156, P4 3763, PG 4% 586, PG4 609,74 &K 633,75 4K
819. P4 839.Fa4 862 Wik 926 iRl 108 4%t 13 [Ex 369 K R&E 25 B4k 612.%
g 821 FRFE 163 . HF 1926 K3 916 . F2 9174 795 . 7B 270 . h F 049 .53 569

ELSE 16 AL 9169.m151 R K 185 . R K 759 4[5 188. L vk ¥ 4696 . k13 513 b Bt
421 R 800, XM1186 ., PG4 12 i 809 . Fi4k 816, Fi4k 9198 .V Al 6 5 ME & 167 fE &
41, R ERF 20, 5E 4 559

LA 1928 F7H2 29 A 12 4B 138 1A% 21126 BF K 116,822 66 IR FE 117.1#5% 186,
SRAZ 39 R 159 .74 161, P54 5195 .4k % 19094 .95 1 5 /K F 286 B 4 905 . K K
181, KB K 201 FBF 1906 FBF 1921 . FBF 23 .3 33 . K8 & 6166, K8 % 918, h & 236,
# 6301, P8 268 A 16, h i 23 8% 49 5 JA# 52 5 A& 54 5

L 519 &8 1901 L HF 1907 L FF 2006 L F 2203 ff F 1903  F W% 112 F7 3% 255 .18
F 519 JEEME 199 FEEMEAZ 21 480 1658 F T 41 87 505. B 1008 . 564 136 ik
# 205 507 211 485 30148016 8 & M 36, EFK 2118, 57 %% 220014 . B R 4 6 5 F}
#1609 . iEF 1901 B F 1503 R ¥ 46 R RIB 2k 15 W13 1186 M1 Z 521 M1 # 526 . FE 1k
125 23 190172 2101 B 69 BB 201 K BF 1132.21P46 ,F 4% 12 5 SF4 16 5
25 M 26 5 IER 35 5 IR 40 IR 1695 A 185 KA R 719541 6186 i
17 KT 138 KRG RHF 11 F 179,75 4 29 PG & 1152, P54 1155, P44k 1522, 7§ &
1668, PG4 1871 . Fi 4 303 . U4 5189 . P& 5199 . P44 579 . P4 612 P4 635,/ 4 867,
TaA4 9112 TG4 963 Bl 686 HiFLZ 195 8% 65 (5 16 5 f5H 18 & 4% 17106 1%
# 18197.,yx2021 . #4% 923 . F4¢ 937 B [7] 120,82 201 K4 216 R 171, 8% 36 5
3216 ZH K 32.%8% 2100.E K 1208 RFl 6 5 481k 136,481k 148 481k 369 K15
699 A 126 .SN1463 JmFF 44 18 F 16,0477 A1 P4 2562 . 744 5811 . ME 1 %5 Jfi +
88 HIRLE 176 H ARl 186 817 85,4 9866 . Friib 4l 2 5 il 42 9 5 . & 21230.34
B 16,44 2198 R % 369 B 160 B4 938 B[R] 123 44 27 ./ & 255 H & 26, H 4l
# 22 B3 548

A L7 kL 5 2 FE A R 6. 46 %0 s TaGW8-Bla +
TaGS-Dla+TaGW2-6A-A 4G/ 50 I # 8, &
SEBFRII 19.01% . WA 4 MR EM R EH
SR A 3 Fh, TaSus2-2Ba + TaGWS8-Bla +
TaCwi-Ala+TaGW2-6A-AH G54 20 k. &
LA B 7. 60% 5 TaSus2-2Ba + TaGWS8-Bla
+TaGS-Dia + TaGW2-6A-A 4154 33 I #1 #t,
i A RL Y 12. 55 % 3 TaGWS-Bla + TaCwi-Ala
+TaGS-Dia+TaGW2-6A-A & F 83 Uk kt, 54
AR 31.56% . B4 5 AR E AL I N A%
# TaSus 2-2Ba + TaGWS-Bla + TaGS-Dla + TaCwi -
Ala+TaGW2-6A-A WM BHA 36 4y, i 2 &M B
13.69%.
2.3 FARKNEERKEREGERAS TR ENE
AR SR A # X 263 MZik R 5 A F

Bk 8 L R (TaSus2-2B , TaGWS-B1 , TaGS-DI ,
TaCwi-Al 1 TaGW2-6A ) WA I 45 J A1 3 A~ 34
B GBI BE S5 R 2O 23800 Z MR- 3
TRLEE , 40 AT AS [) e B 35 [N 0L S R A 780l LA
XF/INAE TR 52, R A BF 58 v, 25 b i ]
VI A A7 (R 3, Hh & 2 SR EA
FER BRI A —Fh N TaGWS-Bla +TaGW 2-6A-
A GIZ RN R /N TR RO AR, E 3 A
IR v S FET 2 0 B A2 2 B R (RO R
REFE MK 41,87 FIl 47,53 g, ¥ 45 N4 4 B
K. &A 3 /MREM SRR RAIEAT 4 F,
AN TRV 2 RS /N 22 1 2% 25 0 A K,
TaGW8-Bla + TaGS-Dla + TaGW2-6A-A 4 45 #y
BN A 7 B B FORT £ 7 b A SF- 280k 43 )
h 40,89 F1 47,60 g. ¥4k 2% B 41 & AR
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Table 4 Associations between elite haplotype combinations and grain traits in wheat
78 AL A B 2H A Tk
Environment Haplotype combination with superior grain weight Thousand-grain weight/g
2023 A FRM TaGWS8-Bla +TaGW2-6A-A 41. 87
Zhengzhou 2023 TaSus2-2Ba +TaGWS8-Bla +TaGW2-6A-A 42.95
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala 42. 66
TaGWS8-Bla +TaGS-Dla +TaGW2-6A-A 42.37
TaGWS8-Bla +TaCwi-Ala +TaGW2-6A-A 42.21
TaSus2-2Ba +TaGW8-Bla +TaGS-Dla +TaGW2-6A-A 43.01
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 43.06
TaSus2-2Ba +TaGWS8-Bla +TaCwi-Ala +TaGW2-6A-A 42.42
TaSus2-2Ba +TaGW8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 43.19
2023 4F5E Ly 5 TaGWS8-Bla +TaGW2-6A-A 41.12
Zhumadian 2023 TaSus2-2Ba +TaGW8-Bla +TaGW2-6A-A 41. 05
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala 41. 44
TaGWS8-Bla +TaGS-Dla +TaGW2-6A-A 40. 89
TaGWS8-Bla +TaCwi-Ala +TaGW2-6A-A 40.92
TaSus2-2Ba +TaGW8-Bla +TaGS-Dla +TaGW2-6A-A 41.76
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 41. 69
TaSus2-2Ba +TaGW8-Bla +TaCwi-Ala +TaGWZ2-6A-A 40. 97
TaSus2-2Ba +TaGWS8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 41. 87
2024 EH & TaGWS8-Bla +TaGW2-6A-A 47.53
Xinxiang 2024 TaSus2-2Ba +TaGWS8-Bla +TaGW2-6A-A 48. 60
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala 49. 26
TaGWS8-Bla +TaGS-Dla +TaGW2-6A-A 47. 60
TaGWS8-Bla +TaCwi-Ala +TaGW2-6A-A 49.92
TaSus2-2Ba +TaGWS8-Bla +TaGS-Dla +TaGW2-6A-A 49.93
TaGWS8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 49. 31
TaSus2-2Ba +TaGW8-Bla + TaCwi-Ala +TaGW2-6A-A 49. 87
TaSus2-2Ba +TaGWS8-Bla +TaGS-Dla +TaCwi-Ala +TaGW2-6A-A 49. 85

R AARLE ARSI 1 RS 3 B, Horh Ta-
Sus2-2Ba + TaGW8-Bla + TaGS-Dla + TaGW2-
6A-A ZH A X /N2 A H 1) B T 0N B S AN
A (R 1 F- S R0 AR 3E 5 ) AU £ A R R
T A3k 41, 76 F 49, 93 g; TaSus 2-2Ba +
TaGW8-Bla +TaCwi-Ala + TaGW2-6A-A 4 1)
BN FEARK o 78 KIS P RT3 T T VO el 1 S 359 47 T A A1
A3 R 42,42 F140.97 g, [FIEFERAG 5 ALk E
FEN I H G K TaSus 2-2Ba + TaGW 8-Bla + TaGS-
Dla +TaCwi-Ala +TaGW2-6A-A %3 R XT 41
Fh /N i TR B L AL A R (RO Y
TR ETE 3 D5k 43. 19,41, 87 A
49.85 g, WA A A AR M E D,

3 it

A 5% B L TaSus2-2B . TaGWS8-BI1 . TaGS-

DI.TaCwi-Al M TaGW2-6A %5 5 4>/ 3 K ki
AL, R G0 AT O S O RS B R
5T FEAH LU, AR 500 A DG S DAL 1 i A A
1~2 AEP RE 5 NEEMBS . B
SR B N F WS R B TaGW2-6A-A 5
TaCwi-Ala LTRGBS E L ES T
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