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QTL Mapping for Wheat Grain Hardness Based
on RIL Population
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Abstract: The wheat grain hardness is an important index affecting the commodity classification, milling
technology and flour final processing use. Molecular marker-assisted (MAS) technique can effectively improve
the breeding efficiency for grain hardness in wheat. In order to explore and develop more molecular markers that
are closely linked to the grain hardness of wheat, the recombinant inbred lines (RILs) population was
constructed by crossing the hard wheat Yangmai 158 with soft wheat Xifeng, and genotyped by wheat 55K SNP
array technique. The genetic linkage map is 2784.9 ¢cM in length with 3830 non-consegregation SNP markers.
Based on the kernel hardness phenotype in the 4-year experiment, the QTL affecting wheat grain hardness were
mapped in the chromosome. A total of 12 repeatable QTL were identified on chromosomes 1A, 1B, 1D, 2A (2),
3A, 4D, 5A, 5D, 6B, 6D and 7A, and each single QTL could explain 3.2%-15.2% of grain hardness variation.
Among them, eleven QTL were derived from the soft wheat Xifeng, and one QTL from the hard wheat Yangmai
158. Seven QTL showed stable performance and were detected simultaneously in the 4-year experiment, and five
QTL were newly identified. The newly discovered QTL, especially QTL on chromosome 5D, could account for
up to 15.2% of the phenotypic variation. SNP markers closely linked to these QTL will provide help for marker-
assisted selection in soft wheat in the middle and lower reaches of the Yangtze River.
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Table 1 Survey of genetic linkage map
Peafk SNP FRiCEL IR (M)
Chromosome Number of SNPs Genetic distance
1A 188 138.7
1B 108 130.7
1D 62 145.7
2A 122 111.1
2B 166 106.0
2D 157 125.0
3A 343 160.3
3B 110 111.7
3D-1 4 10.0
3D-2 71 122.3
4A 149 172.5
4B 126 146.5
4D 116 135.2
S5A 348 136.6
5B 245 124.5
5D 111 149.5
6A-1 75 0.2
6A-2 20 60.7
6A-3 12 21.9
6B 143 94.1
6D 115 153.9
TA 307 171.3
7B 261 121.2
7D 371 135.0
411 Total 3830 2784.9

R2 BRI EIRHE EEREX R

Table 2 Coefficient of grain hardness index between

experiments
445y Year 2018 2019 2020
2019 0.81
2020 0.77 0.81
2022 0.78 0.75 0.80
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Table 3 Survey of grain hardness index of the population and parent
Ay SRR Parents T4l [ 28 Z#EA Recombinant inbred lines
Vear [P P42 158 F/ME BKRME I (ES 33

Xifeng Yangmail58 Min. Max. Average Skewness Kurtosis

2018 27.66 60.18 9.17 86.66 44.36 0.36 -1.34
2019 22.28 49.05 0.45 67.26 32.24 0.38 -0.72
2020 24.76 56.66 7.22 80.60 39.23 0.30 -0.77
2022 17.06 46.16 0.26 81.94 34.47 0.38 -1.05
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Fig.1 Distribution of QTLs for grain hardness in chromosome
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*5 pinb BFEBIEF FNFETE QTLs X BEAFFHIAE B 9 220
Table 5 Effect of pinb wild type gene and the stable QTLs on grain hardness index of population
2018 2019 2020 2022 Y Average

FEH BE QTL
Gene or QTL TH ORNEA IR S NS BIR(%) S AER BR(%) 6 ANEH R S AEA BER(%)

Yes No Decrease Yes No Decrease Yes No Decrease Yes No Decrease Yes No Decrease
pinb P HERISE 30.78 62.37 50.65 23.29 44.61 47.79 2895 52.00 43.33 23.12 50.17 53.92 26.53 52.28 49.25

pinb wild type gene
pinb WA RITER+7 AN E ) QTL
pinb wild type gene + 7 stable QTL

26.33 71.46 63.15 21.81 56.92 61.68 26.25 61.23 57.13 21.35 59.42 64.07 23.94 62.76 61.85

A AL B QTL A& A R A& BN QTL; 7 4FE 19 QTL 735124 : QGh-jaas-1A ,QGh-jaas-1B . QGh-jaas-1D ,QGh-jaas-2A. 1,

QGh-jaas-5D .QGh-jaas-6B F1 QGh-jaas-6D

Yes: Have gene or QTL; No: Have no gene or QTL; The seven stable QTL: QGh-jaas-1A, QGh-jaas-1B, QGh-jaas-1D, QGh*jaas-2A.1, QGh-

jaas-5D, QGh-jaas-6B and QGh-jaas-6D

3 Tt

INZE KRS B o p R R 2L D A RIURE A 2R
1] AR PG 5T A A 11 2 )5 T puroindolines £ 155
(A AH B R T DR, 552 Wi 1) 3 6 A B A FH 1) 33 PRI 4
X /N KRR A R TR S A 52 . SD Yo i
Pina Fl Pinb 3 RUZH /N2 FPRLAS B 1) T BEHEIA
AWM IE T X — 258, 4 Ao 45 R
Pinb 58 7% K& [F 7] i BERE A 39.529%~58.08% 1 A1 hi
T i AR S S5 R A B ) R . 5 SERT Y
WEGEARL, R T Pina 1 Pinb 3:IH , KW I8 FE /N
11 5 R b 6 3] 12 4> 0 8 52 15 A s
QTL, #¢5&{7F 1A 1B 1D 2A 5D 6B 16D 4t {7,
A ok A PE XU QTL AR E Ao , 32 P58 K 3 e 45
AN AE AR E N TR RE R I

X INAE AP RL A QTL € ALY FEARIESE , 2
DL RFLP . SSR 455> FAric 47 5L AL 4347, i F A%
TCHCE /D LR B 55 e A B, DRI Sk 0T 5
SEN B QTL B 4 /b o A7 f o % B 5 vl it 1Y)
SNP SEFRic g F T 3L R 43 B 2 Hr , B R AR5 e A6 1)
QTL ¥t Ay frdd im o 124 M1k, B4 4ERR 3D LISk
SORZCR R NI SR VAN & e hs A LN S8 A -
QTL. FiEFEESHILFNA A, E I T
BRI RIS (1 QTL AN B 5[] o

AWFFE LI 7T FE QTL 5 ERIE A5/ )N
A KPR QTL AE YL o fA b (7 B AT LU X, &30
HA 24~ QTL 5 E R iA QTL (v B 4% T, AT e AR
QTL, HAx 545 C 4l QTL A B AHZE 5T , Ik &
PRS0 /N AR B BE A QTL ., 76 1A Jefafk |, 5k
JE i T 6> QTL®™" X 8 QTL #4; F 1A Y
PR IR v , (B A58 7 QGh- jaas-1A fi T 1A

Y R K U 532.4~533.8 Mb &b, 5 B 4E ) QTL 13z
SOCEARE, & TH A QTL. 1B L afkli)q e
7T 64 QTL" " AR B 5T TE 1B [ 648.0~648.1 Mb
IR T 14 %4 5%E QTL QGh-jaas-1B, 1% QTL 5 Li
ZEUSOURT kumar 5528 1) QTL AV B 2230T , P RE
[i]— QTL. 1D 4L iftili T 44> QTL"™ > A& Wf
5% %€ 1 1Y QGh-jaas-1D {37 T 1D Y (a4 1) 463.5 Mb
BT, 5 Li & @AY QTL A2 B 52T, vl RE & AH [H]
QTL. 2A Yok & B3 4~ QTL™ > AR FAE
2A YLAf A 35.7~35.8 Mb Ak % B QGh+jaas-2A.1
5B HRE QTL ¥4k T AN 4, M B & Bl QTL.
SD YRR T Pina Fl Pinb JER AR4120 SARGE T
61> QTL'"> "> A 5% 5 fif 1Y) QGh - jaas-5D i T
SD YL A 29.5 Mb FFHIT , 15 EL 438 A9 QTL ¥ AHHEE
WO, J& T#H K QTL, 6B YLt fAdfiE i QTL A 3
ANEOBT A HIFSE 5 AL ) QGh ' jaas-6B £ T 6B Y (A {4
) 138.0~141.7 Mb &b , 5 EL 4% 3B 19 QTL 3 F H4 AN A
LA H E B QTL, 6D ik B A 4 1
QTL 618202 UACHIF 5% & IR ) QGh -+ jaas-6D {31 F 6D
PR 1) 66.0 Mb AL, 5 EL41GE QTL (i EIAIE ,
BAILQTL,

AHFFEAE 4 I RERTIN 2 Y 7 e QTL 434K
e A EATY R, B Y BAG REAR /N2 A b i B 0 4R
FH R X 86 QTL #5251 8111 SNP FRic v 8128
EREN 20N oS SE RSP N I TP
R BRI B R 5 KA 23.94, LR 5 R AY,
7 158 M) 1Y 58 2, 1 B0 87 R i 5 i 5000 1wy 3
62.76, FERHIX BLBRIC AL A AT DAZERR B 22 1 i ik vh
FEEEAEH . WROEESAI/INE T 95
AT HE SRR T VG RN R KRR
WV 2 3 B a5 /N2 R e T 22 9 5 e AR, i
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