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Abstract; Wheat grain weight is one of the important yield components and a quantitative trait influ-
enced by genetic factors. To clarify the distribution of grain weight genes in Xinjiang wheat and the
applicability of related molecular markers in breeding, 253 Xinjiang winter wheat varieties were used
as experimental materials. KASP (competitive allele specific PCR) markers were used for genotype
detection, and association analysis was conducted with breeding selection traits such as plant height,
spike length, grain number per spike, thousand-grain weight, grain length, and grain width in two
years. The results showed that the distribution frequencies of excellent alleles TaSusi-7A-Hapl ,
TaCwi-Alb , TaTGW-7Aa , 1aGS5-Alb , TaGS2-Alb s 1aGS-Dla , TaSus2-2B-HapH , TaTGWé6-Ala ,
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TaGW2-6B-Hap3, and TaSus2-2A-HapA in the test materials were 100% , 100% , 84.98%, 56.92%,
51.78% ., 39.13%, 33.20%, 11.07% . 3.16%, and 1. 58% ., respectively. There were 118 combina-
tions of the 14 alleles in the test materials; GS5-2334-SNP, TaGS2-A1-239IND2, TGW7-986-SNP,
and GW2-6B-721SNP can be applied for marker assisted selection of wheat grain weight. The detected
linkage genes are significantly correlated with one or more breeding traits. The GS5-2334-SNP linkage
gene TaGS5-A1 has 36. 65% effect on grain width, followed by 27. 76 % effect on thousand-grain
weight. The GS5-2334-SNP linkage gene TaGS5-A1 has an effect on plant height and grain weight per
ear; the GW2-6B-721SNP linkage genes TaGW2-68B and TGW7-986-SNP linkage genes TaTG W7 have
an effect on grain length; the Sus2-20-20SNP linkage gene TaSus2-2A has an effect on grain weight

per ear, thousand-grain weight, and grain width, and their effects all reach over 10%. This study can

lay the foundation for molecular marker assisted breeding for wheat.

Keywords: Xinjiang; Wheat; Grain weight; KASP; Genes distribution; Breeding applicability

INE R AEE MR EEDZ —, 2 NET
A (14 B R S ERAH 35% ~40% YA
F LI ) R OUR /N2 7 e i RS R TR T
TREERERR B X2 LA EXEEWIEM. T EE
ANFE TR E AL M, N AR PR 1L 3T
fe b7 A= R 18 %0 . Bl A 7R K T Y 4
> E/NZE B PR AN R R R R A A
By, o b T R /N W R R

WEENNE ' —HRZ— BN EFM
CEEI S T RTE O ¥ 2 NI =T 5V R I BUPC]
e b A 22 X DX A Rk 1 7 e AR R A R AT F
9%« 2 PR T FIAT BB AT 20 4F /N2 38 77 BTk
BRI &5 A 2 X R L 20 4F
ANZE AR E TR, PR R I I sk A T
WL 1) B 5 2R 5 S WY A5 R R L T 60 4F
AR 28 2 4 R T S A 0 ) G ks B B
YRR B R TR E T BB 0 1. 26 g5 VK AED F
FERB T A A FEEH M B [H] & XN
ol 1y T S22 05 R A 0 S AR A Sy B DG
Hi X 20 i 90 AR LA™ B 00 £ & E 2RI T
VAU R D W e A ERI b e B E SR N Y
B, BRI 25 R B R WY kL A 1 i xs o =
ANFZ X ANE R R E EENER, &
ARy 1k b Y Bl RAR AR 2 AN B R A A O
HinZz—.

o H R 22 B DR 9 o) Y B IR, R A7
R ZE W s e I mh M A fE— B R
P oE A ES . BT, DR 21 SRk LT
FOAZ I ) T A R SR E A QTLEY 4
¥ TGW6-A1 Y TaGW2 "% TaCwi-Al P,
TaCwi-4A " TaCwi-5D " | TaGS5-A1 1190

TaGS3-D1 U TaSusl "%, TaSus2 "% | TaSus2-
2A U9 TaSusl-7B ™ TaCYP78-A3 ™%, TaC-
YP78-A5 PV M TaCKX6-D1 2 45, 3 6 Jt 7] 9k F
ol B R 1 O Al B /0N 22 B R o B R R 1)
R RS T ARG AR . akl A S FE B 5 R
R, F W e R AN SR TaCwi-AT AL 53
ERNEE PR A A (TE SN R R TS
BH , TaGW2-6B .TaGASR Fl TaCwi-4A FE W% 5 4
Hiy X 53/ N2 R K /N BT T 7 B 5] O X Ok E
PER B 7 5 R BRI A5 KL, TaSus-7A \TaGW 2-
6B TaTGW 6-4A {5 5550 5 R 72 BE VG /N 22 B o
A g3 A L ) 8 R RN BT #5 4 TaSus 1-7B | Ta-
Sus 2-2A |\ TaSus 2-2B . TaGS-DI . TaGW5-Al 1f; 5 %
A FE PR 0 43 A LU A8 858 v o 1T b 7 b BT Hh TaCwi -A L
TaGASR7-A1.TaGW2-6A 1 525 v 5 A 1 Fe 451
B s M A A XV IR HE AL XN ZE SRR (RO
ook B 5 [N 0 M & B, TaSusI-7B | TaSus2-2A .
TaGS3-D1, TGW6-Al, TaGW2-6A | TaCwi-Al ,
TaCwi-4A Fl TaCwi-5D W) &5 ki 8 25 A7 28 5 44 B
A /N A Y 60 %0 LA b, 3 g /N 22 R TR 3 R R
SrFRRICI R SN S AR ERRERNE
AW N TR ok I (SN aE 3PS S E 7N 1 B
e IR LR 52 W L 43 F 45 i 78 A W] 22 X /N 22 i
FH B A BOE A A [, 07 &5 A 26 R R K 56 Bk
3R XF FLAE N () DX 388/ 22 58 FH P 3 AT 4 8 A 4
TFAR A0 5 IRL 2 A R R 55 /N 22 R e AR

Wil 45 BRAR AL A Ml 57 R 1 AN W7 & L ) A& /N FE
oot P R ) S NN R A R R R Y O, T
fiff /N 22 R E R DGk PRI 43 A RO 43 B L A BT
o TRLE /N SR T L O TR TR R E B



51

R M A T B A /N 2 B R R B TR A 43 A S A R A 4 © 39 .

Pe A H B, R R A O P B AR R AR
HE ML, & /N FE A iR D RR R A i 4 IR
LT 7 58 /) 22 6L o 5 PR A T 5 AR G g /e g
B A /N AR E BN IR AT F R PR e R
ARIE . ABEFEAHT 14 ASRCHE A 1) KASP 15
iext 253 10 T g/ A BEAT AR I . L W AR 3R
PR - Sl U € RN | A PSR AR S S
A 3T I B AR I R B S /N 22 BT R b A Ak
P DU O 20 1 bR A0 il I 2 4 7 B 1 S A Bl

1 #MES5 7 &*

1.1 s

BEA RN IE 253, Hh BT AR Ol B 22 PR B
YEYI I 5 BT A0t A 5 D o BT SR it b R s E
B Bl CCVIXD) 56 443 . 8 8 3b 5 B4 8 (LVIX) 117
By FE AR 51 FE 5 B (IVEA) 80 3, #4 & /N4, it
BT 2019 41 2020 45 S 4E BE AR T 07 9
A Bl 2 Bt % TR A 3% (87, 49°E, 43, 95°
N /X 27X, 7K 1.2 m.2 IREE 1T
FE 0.2 m,#& & 225 kg « hm 2, [ A 45 3w K,
1.2 REAHE
1.2.1  F A48 RAE R

At R ] B R BE AL 10 B L 7 A bk
[=IN S AT VIV IR N WY S O ¥ R

BB FERLEE TR, R R B T IR AR AR
(SC-G) #EAT It , ¥ 5 W %8 FF R Bk 500 i, 8
22,
1.2.2 KASP #rit s

AR5 KASP M K bR i 4l 25 36 b & 4 b5
10 CIEED A AR B A BR 2> 7 56 B, b g BE 4R
fFEWEL,
1.3 #HB\EHM

FIFH Excel 2003 #EA7 404 B 38, H] SPSS 20. 0
AT 7 2550 Hr L 22 T LA A S 3 AT

2 HEREAM

2.1 WEHXEREFBENZMHRZERHNS
HAMAE

FIF 14 A~ KASP #ric xF 253 13 /N2 # BHY
5 S 5w, 25 A7 3 N TaGS5-Ala fl TaGS5-
Alb W53 A SRRy 58 39, 92 % Fil 56. 92 % 5t 5+
TR TaGS5-A1b 787 5 1 J7 i B e 08 3 A o5
F AL (92, 31%6) , FEF B PR E Ab 5 R 4y
AR (32, 14% .22, 50%) . 25 5 TaGS-
Dla F1TaGS-DIb 143 41 45 2 43 53l 2y 39. 13 %%
52.57% A 5 3 N 8 TaGS-D1a 16 37 98 /N % %
L4551, 5ot o 600 7 8 ) v 14 3 A A AR AR
(29.91% .33.93%) , 7E & S} 5 | 1E 4 4 11 43 A3 43 %

*1 KASPiRiE(EE

Table 1 Details of KASP marker
£ FRic 4 B Ze ik FAM % {3 3% 4] HEX %5 3 [} FAM £ 1 HEX %1
Gene Maker name Chromosome FAM allele HEM allele FAM phenotype  HEX phenotype
TaGS5-Al GS5-2334-SNP 1A TaGS5-Ala TaGS5-Alb HTKW LTKW
TaGS-DI TaGS-D1-SNP 1D TaGS-Dla TaGS-D1b HTKW LTKW
TaGS2-Al TaGS2-A1-239IND2 1A TaGS2-Ala TaGS2-Alb LTKW HTKW
TaGW2-6B GW2-6B-721SNP 6B Hap3 Hap4 HTKW LTKW
TaTGW6-Al TGW6-1050-AL1 1A TaTGW6-Ala TaTGW6-Alb HTKW LTKW
TaTGW7 TGW7-986-SNP 7TA TaTGW-7Aa TaTGW-7Ab HTKW LTKW
TaSus2-2A Sus2-2A-20SNP 2A HapA HapG HTKW LTKW
TaSus2-2B TaSus2-2B-SNP 2B HapH HapL HTKW LTKW
TaCwi-5D Cwi-5D-312 5D HapC HapG HTKW LTKW
TaGW2-6B GW2-6B-1709SNP 6B Hapl Hap2 HTKW LTKW
TaGW2-6B GW2-6B-83SNP 6B Hapl Hap3 HTKW LTKW
TaCwi-Al-1 TaCwi 2AL TaCwi-Alb TaCwi-Ala HTKW LTKW
TaSusl-7A Sus1-7A-1185SNP 7A Hapl Hap2 HTKW LTKW
TaSusi-7B Sus1-7B-2932IND 7B HapT HapC HTKW LTKW

HTKW. & TR ER; LTKW AL TR &HER, FHE,

HTKW . High thousand-grain weight genotype; LTKW . Low thousand-grain weight genotype. The same in table 2.
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Table 2 Distribution frequency of grain weight related alleles in Xinjiang wheat varieties

[ 515 | 2 i ol

1 2 vl B
. . R B I3 A BB 2R L()(i:f‘lji/?r?ejﬁties Culti\?atji(‘dmi/f{;ieties Importcd, var?ctics
Frid e R Fm Number of Distribu‘tion from abroad
Marker Allle  Phenotype  test (SO AR g PRRE g AR
materials Nunier Distribution Number Distribution Number Distribution
frequency/ % frequency/ % frequency/ %
(GS5-2334-SNP  TaGS5-Ala LTKW 101 39.92 4 3.42 36 64. 29 61 76.25
TaGS5-Alb HTKW 144 56.92 108 92.31 18 32.14 18 22.50
TaGS-D1-SNP  TaGS-Dla HTKW 99 39.13 35 29.91 19 33.93 45 56. 25
TaGS-D1b LTKW 133 52.57 63 53. 85 35 62.50 35 43.75
TaGS2-A1-239IND2 Ta(GS2-Ala LTKW 119 47. 04 86 73.50 11 19. 64 22 27.50
TaGS2-Alb HTKW 131 51.78 28 23.93 45 80. 36 58 72.50
GW2-6B-721SNP Hap3 HTKW 8 3.16 8 6. 84 0 0. 00 0 0. 00
Hap4 LTKW 243 96. 05 107 91.45 56 100 80 100
TGW6-1050-ALL1 TaTGW6-Ala HTKW 28 11.07 10 8.55 0 0. 00 18 22.50
TaTGW6-Alb LTKW 207 81. 82 94 80. 34 51 91.07 62 77.50
TGW7-986-SNP TaTGW-7Aa HTKW 215 84.98 83 70.94 53 94, 64 79 98.75
TaTGW-7Ab  LTKW 24 9.49 21 17.95 3 5.36 0. 00
Sus2-2A-20SNP HapA HTKW 4 1.58 2 1.71 2 3.57 0. 00
HapG LTKW 247 97.63 114 97. 44 54 96. 43 79 98. 75
TaSus2-2B-SNP HapH HTKW 84 33. 20 45 38. 46 27 48. 21 12 15. 00
HapL LTKW 69 27.27 41 35. 04 28 50. 00 0 0. 00
Cwi-5D-312 HapC HTKW 0 0. 00 0 0. 00 0 0. 00 0 0. 00
HapG LTKW 249 100 114 100 54 100 78 100
GW2-6B-1709SNP Hapl HTKW 0 0. 00 0 0. 00 0 0. 00 0 0. 00
Hap2 LTKW 152 100 114 100 22 100 15 100
GW2-6B-83SNP Hapl HTKW 0 0. 00 0 0. 00 0 0. 00 0 0. 00
Hap3 LTKW 81 100 2 100 0 0. 00 79 100
TaCwi TaCwi-Alb HTKW 200 100 113 100 45 100 40 100
TaCwi-Ala LTKW 0 0. 00 0 0. 00 0 0. 00 0 0. 00
Sus1-7A-1185SNP Hapl HTKW 242 100 107 100 54 100 78 100
Hap2 LTKW 0. 00 0 0. 00 0 0. 00 0. 00
Sus1-7B-2932IND HapT HTKW 0. 00 0 0. 00 0 0. 00 0. 00
HapC LTKW 252 100 114 100 56 100 79 100
3 NEHEAXRESCEEANERER
Table 3 Phenotypic differences in breeding traits of grain weight related marker alleles
I\/T/Irikaer %Aﬁ?l%e[ﬂ PH/cm SL/cm NSPS NSS NKPSL GKPS KWPS/g TKW/g KL/mm KW/mm
GS5-2334-SNP TaGS5-Ala  99.69B  11.05B 20,44 1.21 3.96A  49.20  2.06A  41.67A  6.68  3.36A
TaGS5-Alb  110.75A  11.72A  20.83 1.17 3.68B  49.42  1.70B  33.67B  6.70  3.00B
TaGSDI-SNP  TaGSDIa 105,20 11,088 20,49 1.25 3.84 19.53 187 37.64 6.66  3.16
TaGSDIH 10514 11.68A  20.79 1.12 3.80 48.73  1.88  37.52 6.70 3,20
TaGS2-A1-239IND2  TaGS2-Ala  109.66A 11.67a  20.57 1.08B  3.71B  48.28  1.69B  34.31B  6.75a  3.04B
TaGS2-Alb 102.66B  11.24b  20.74 1.28A  3.88A  50.30  2.00A  39.63A  6.65b  3.26A
GW2-6B-721SNP Hap3 105. 69b 11.42 20.59B 1.16B 3.80 48.91B 1. 86 37.47A 6.72A 3.17A
Hap4 120. 58a 12.45 22.35A 1.90A 3.70 57.01A 1.58 27.59B 6.05B 2.86B
TGW6-1050-AL1 TaTGW6-Ala 105. 82 11.42 20.53 1.16 3.79 48.61b 1. 85 37.45 6.75A 3.13B
TaTGW6-Alb 104.58 11.16 21.03 1.33 3.83 52.74a 1. 89 36. 14 6.44B 3.39A
TGW7-986-SNP  TaTGW-7Aa 113.31a 11.81 21.73A 1.66A 3.71 54.38A 1.65b 30.65B 6.37B 2.96B
TaTGW-7Ab 104.67b 11.38 20. 48B 1.13B 3.81 48.81B 1. 89a 38. 14A 6.75A 3. 19A
Sus2-2A-20SNP HapA 106. 24 11.44 20. 66 1.18 3.79 49.27 1. 84 36.91B 6.69b 3.15b
HapG 109. 64 12.57 20. 88 1. 38 3.95 44. 83 2.27 47, 48A 7.07a 3.49a
TaSus2-2B-SNP HapH 108. 41 11.68 20. 92 1. 26 3.70 48. 80 1.69B 34.94B 6.69 3.05B
HapL 104. 49 11.40 20. 58 1. 14 3.82 49. 36 1. 94A 38.46A 6.73 3.21A

PH: ##; SL: HK; NSPS: & HU/NES; NSS. AF /NS ; NKPSL. /NS 5 ; NKPS.: Uk 8 ; KWPS. Bk #; TKW. TR ;

KL:RRK s KW RLSE 5 IR A R RS IC R 90 8 A 6 R/ G 5 B 43 ISR TE 0. 01 1 0. 05 K E22 5 i 35,

PH.: Plant height; SL: Spike length; NSPS: Number of spikelets per spike; NSS: Number of sterile spikelets; NKPSL: Number of
kernels per spikelet; NKPS: Number of grains per spike; KWPS: Kernel weight per spike; TKW: 1 000-kernel weight; KL. Kernel

length; KW Kernel width; The same in figures 1 and 2. Different capital and normal letters following data within the same column and

marker represent significant differences at 0. 01 and 0. 05 levels, respectively.
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* and * * indicate significant correlation at 0. 05 and 0. 01 levels, respectively.
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Correlation between grain weight genes and traits of Xinjiang wheat varieties
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Fig. 2 Effect of grain weight genes on traits of Xinjiang wheat resources
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