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Abstract: As a crucial genetic resource, synthetic hexaploid wheat plays a key role in studying of ker-
nel-related traits. In order to further explore the quantitative trait loci(QTL) of kernel-related traits
in wheat, a RIL population consisting of 154 lines derived from a cross between XN389 and a synthetic
hexaploid wheat(KU2098) was used as materials. Wheat 55K SNP array was used to construct the
genetic map and QTLs for nine kernel-related traits were identified, including kernel length (KL),
kernel width(KW), kernel area(KA), kernel perimeter (KP), kernel length width ratio(KLWR),
thousand-kernel weight(TKW), kernel protein content (KPC), SC(starch content) and wet gluten

content(WGC). A total of 84 additive QTLs were identified across 21 wheat chromosomes, except for
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chromosome 7B. The individual QTL explained the phenotypic variation from 0. 91% to 43. 41%,

with LOD values ranging from 2. 54 to 39. 96. Among them, 31 major and 10 stable QTLs were iden-

tified. A total of twelve QTL clusters, encompassing QTLs associated with kernel-related traits,
were identified on chromosomes 1A (1), 1B (1), 1D (1), 2D (1), 4D (1), 5A (1), 5D (1), 6A (2),
6B (2) and 7D (1). In the corresponding physical interval of QTL cluster C8, two candidate genes re-

lated to kernel traits were identified. Four candidate genes related to quality traits were identified in

physical region of QTL cluster C3. The QTLs can provide reference for yield and quality improvement

of wheat.
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Fig.1 Kernel length(a) and kernel width(b) of both parents
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Table 1 Phenotypic variation of characters in parents and RILs population

FER kg JEA Parent RIL #4& RIL population

Trait Environment ik 389 KU2098 pinil YA PR 22 1t 2 m%fi#' 5 A

XN389 Range Mean SD Skewness Kurtosis LV//

KK 2021YL 5.76 6.97" 5.45~7.85 6.56 0.40 —0.02 0. 46 6. 20

KL,/ mm 2022YL 5. 54 7.33%" 1.68~7.91 6. 61 0.46 0.29  0.78 7.02

BLUP 5.75 7.28"* 5.17~7.79 6. 39 0.35 —0.22 0.49 5.41

i 5E 2021YL 3.057 2.78 2.52~3.27 2.94 0.14 —0.42 —0.03 5.02

KW/mm 2022YL 3.20" " 2.63 2.48~3.52 2.93 0. 14 —0.53 0. 39 4. 67

BLUP 3.147 7 2.68 2.48~3.15 2.89 0.13 —0.47 0. 46 4. 39

TR TR 2021YL 44,377 39.48 26.6~54.3 41.99 4. 85 —0.18 0.74 11.55

TKW/g 2022YL 42.86" 40. 22 30.3~58.3 46. 19 4. 90 —0. 36 0. 87 10. 61

BLUP 44,90* * 40. 36 28.7~55.3 44.01 4.47 —0.45 0. 88 10. 16

KK FE 2021YL 1. 89 2.50" 1.73~2.55 2.25 0.13 —0.10 —0.16 5. 64

KLWR 2022YL 2.05 2. 71+ 1.87~2.77  2.31 0.13 0.04  0.79 5.76

BLUP 1. 96 2.70" " 1.96~2.55 2.24 0.11 —0.02 —0.25 5.06

AL 2021YL 13.54 14,79~ 11.1~20.1 15.41 1.55 0. 06 0.78 10.08

KA/ mm? 2022YL 12. 04 14,69 9.46~18.4  14.02 1. 42 0.37  0.99  10.13

BLUP 13.69 15.18* 7 10.5~17.7 14.71 1. 30 —0.15 0.71 8. 84

R K 2021YL 14.62 16.69* * 13.7~20.0 16. 43 0.93 0. 06 1.43 5. 66

KP/mm 2022YL 14.14 17.69" 13.1~19.9 16. 64 1.16 0. 34 0. 85 6.97

BLUP 14.53 17.26* 13.2~18.2 16. 00 0.79 —0.22 1.24 4.93

A 2021YL 15. 66 17.49* " 12.6~20.1 16. 88 1.51 —0.11 —0.34 8.95

KPC/ % 2022YL 15. 83 19.70" 12.5~20.1 15.62 1.64 0.36 —0.60 10. 51

BLUP 15.94 18.22** 13.2~19.2 16. 14 1.33 0.11 —0.56 8.22

T 15 2 2021YL 32.38 36.03" 26.2~42.6 35.01 3.06 —0. 20 0.03 8.74

WGC/ % 2022YL 32.60 40.16* " 26.6~40.5 33.06 3.13 0.06 —0.68 9.46

BLUP 33. 46 38.20* " 27.1~39.7 33.12 2.62 0.10 —0.29 7.90

TER AR 2021YL 78.95" " 75.95 74.5~80.6 77.37 1. 45 0.16 —0.64 1. 87

SC/ % 2022YL 78.74" 74.09 75.0~81.3 78.37 1.43 —0.29 —0.51 1.82

BLUP 78.32" " 75.38 74.9~80.9 78.12 1.32 —0.14 —0.38 1. 69

2021YL:2021 4F47 12 5 2022Y1.: 2022 EA 1 s BLUP: S (LR TC A BUMAEL. = F1 > x 53 JI3R7RRA I ZE 0. 05 #1001 KPR EH. TR,

2021YL: Yangling in 20213 2022YL: Yangling in 2022; BLUP. Best linear unbiased prediction value. ¥ and * % indicate signifi-
cant differences between parents at 0. 05 and 0. 01 levels, respectively. TKW:Thousand kernel weight; KL:Kernel length; KW .Kernel
width; KA:Kernel area; KP:Kernel perimeter; KLWR: Kernel length width radio; KPC: Kernel protein content; SC: Starch content;
WGC: Wet gluten content. The same below.
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Table 2 Correlation analysis of different traits based on BLUP
PR LIRS R FPRLKSE TRLE FRRLE R FPRAK EABESE ORmA S E kSR
Trait KL KW KLWR TKW KA KP KPC WGC SC
R KL 1
LG8 KW 0.875** 1
kPR 98 H KLWR 0.682** —0.308" " 1
THiE TKW 0.772**  0.794** —0.031 1
FFRL T AL KA 0. 860" 0.782**  0.271°" 0.726"* 1
PR K KP 0.978** 0.621**  0.539"*  0.646" " 0.926** 1
A B i KPC 0.396**  0.420"*  0.421" 0.358" 0. 357 0.399"" 1
T A i WGC 0.429%  0.455"  0.445 0.412**  0.390 0.430" " 0.976" * 1
E R i it SC 0.357"*  0.390" 0.415 0.377**  0.273 0.354" " 0.727" " 0.741% % 1

* ;P<C0.05; * »x .P<C0.01.
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Fig.3 Chromosome positions of the major or stable QTLs for the kernel-related traits
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Table 4 QTL clusters of grain reated traits

B ik QTL Hia B0 PR A S Fric X [&] o7
Cluster Chr. No. of QTL QTL Marker interval Position/cM
C1 1A 3 QKP~1A. 2  QRLWR~ 74 » OKL ~ 74 AX-110962638~AX-110417482  31. 65~34. 57
C2 1B 5 QTKW~ZK;%N’JQEWJV~IE 7 AX-109892648~AX-109579032  204. 87~211. 03
3 1D 3 GKPC~ 7D .QWGC~1D . QSC~1D. 2 AX-110413362~AX-111722231  119. 64~120. 04
c4 2D 3 OKPC~2D~7 , QWGC~2D~1, QSC~2D~1  AX-109301939~AX-108911375  50.44~56. 33
5 4D 2 OTKW~ 4D . QKA ~ 4D, 7 AX-109939837~ AX-111544209 85, 78~87. 43
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7 5D 2 QTKW~5D. 1, QKL~5D AX-109324087 ~ AX-89369050  56. 75~86. 67
8 6A 4 QA%’ ,ngx;;f;;ij,’z AX-108746329~AX-109306991  51.91~52. 30
9 6A 2 QKPC~6A~2 . OWGC~ 64~ 2 AX-108823309~ AX-95076677  73.52~74. 38
Cl0 6B 2 KW~ 68 , QKA~6B, 2 AX-94531520~ AX-111384052 3. 44~6.73
C11 6B 2 QKA~6B. 1, QKP~6B AX-110548110~ AX-110040469 140, 00~ 147, 48
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