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Genome-Wide Association Study on Agronomic
Traits Related to Yield in Common Wheat

SONG Kefeng' , XING Yuanhang' , ZHAO Huiling' , ZHANG Chuanliang' , LI Yueyue',
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(1. College of Agronomy, Northwest A&.F University, Yangling, Shaanxi 712100, China;
2. Nanyang Academy of Agricultural Sciences, Nanyang. Henan 473000, China)

Abstract;: To analyze the genetic rules of agronomic traits related to wheat yield, in this study, 319
wheat materials and 16 K SNP array data were utilized. Through the method of genome-wide associa-
tion study(GWAS), seven yield-related traits, namely plant height, spike length, number of spike-
lets per spike, 1 000-grain weight, grain length, grain width, and grain length-to-width ratio, were
analyzed in five environments. The results showed that all the seven traits exhibited extensive pheno-
typic variations, with the coefficient of variation ranging from 5. 97% to 15.77% , and the broad-sense
heritability ranging from 82.42% to 96.62%. The results of the genome-wide association analysis in-
dicated that a total of 98 significant and stable SNP loci were detected in five environments, explaining
2.9% to 12.1% of the phenotypic variations. Among them, three SNP loci, namely 1D-325966494,
2D-645942075, and 7D-166300030, showed pleiotropy. Through haplotype analysis, two excellent
haplotypes that significantly reduced the plant height were obtained, which were located in specific re-
gions of chromosomes 2A and 3A. One candidate gene TraesCS2A02G457400 related to plant height
was identified, and its function has not been clarified yet.
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Table 1 Phenotypic statistics of seven yield-related traits in five different environments

LN HEi -1 {H ﬁ\/‘f% fe/ME PN ’E}ac—/%ﬁl H? /%
Trait Environment Mean SD Min. Max. CV/%
PH/cm El 67.96 9.02 50. 33 136. 67 13.27 96. 62
E2 74.96 7.89 49.67 125.00 10. 52
E3 74.70 9.13 52.00 141. 67 12.22
E4 62.90 8. 11 46. 67 134. 33 12. 89
E5 70. 05 7.92 54.92 134.42 11.31
SL/cm El 9.67 0.99 7.43 14. 60 10. 24 91.11
E2 9.27 0.93 6.90 13. 37 10.07
E3 9.66 0.99 7.10 14.07 10. 21
E4 8.73 0. 85 6.53 13.40 9.77
E5 9.33 0.78 7.45 13.68 8.39
NSPS El 21. 25 1.70 15.00 26.33 8.02 86. 30
E2 21.71 1.59 17. 33 25.67 7.31
E3 22.82 1.53 18. 33 27.67 6.69
E4 18. 86 1.72 14.67 24.00 9.15
E5 21.15 1. 26 17.75 24,17 5.97
TKW/g El 46. 86 5.99 29.19 64. 04 12.79 82.42
E2 42.20 6.66 22.57 59. 20 15.77
E3 44,04 5.96 23.56 58.50 13.53
E4 50. 24 4. 54 28. 60 62.05 9.03
E5 45.78 4.33 27.11 55.72 9.47
KL/mm El 6.76 0. 34 5.87 7.71 4.97 93.21
E2 6.32 0.31 5.28 7.21 4.98
E3 6.45 0.33 5.41 7.44 5.08
E4 6.63 0. 30 5.71 7.40 4.47
E5 6.54 0.29 5. 60 7.41 4,38
KW/mm El 3.51 0.19 2.89 4. 09 5.43 76.77
E2 3.35 0.24 2.64 3.89 7.13
E3 3. 39 0. 20 2.74 3.87 5.91
E4 3.62 0.15 2.87 4.02 4.09
E5 3.47 0.15 2. 80 3.81 4. 31
KLWR El 1. 95 0.12 1.69 2.30 5.93 88. 82
E2 1.91 0.13 1.59 2.37 6.98
E3 1.92 0.14 1.57 2.37 7.06
E4 1. 84 0.10 1. 58 2.38 5.27
E5 1.91 0.10 1. 67 2.31 5.43

E1~ES5 535l 4 5 DB, PH: ks SL. K ; NSPS G HUMES; TKW. THRHE ; KL.RK; KW R 58 KLWRR RS H .
B8 IR

E1—ES refer to the five environments. PH: Plant height; SL: Spike length; NSPS: Number of spikelets per spike; TKW: Thou-
sand kernel weight; KL: Kernel length; KW Kernel width; KLWR: Kernel length to width ratio; H?: Broad-sense heritability.
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. TEIRE,
E1—E5 refer to the five environments. PH, SL, NSPS, TKW, KL, KW and KLWR refer to plant height, spike length, number of

10 15 20 25 30 35 20 30 40 50 60 70
NSPS TKW/g

KLWR

spikelets per spike, thousand kernel weight, kernel length, kernel width and kernel length-width ratio, respectively. The same in the fol-
lowing figures. B1 79MFEHXERESINITEARERHSH

Fig. 1 Distribution of seven yield-related traits in five different environments
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Fig.2 Correlations of the measured traits
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Table 2 Distribution of SNP in wheat genome

e o,k LY A 23KV LG | R
Chromosome Start site End site Number Proportion/ % Density/Mb !

1A 1208114 593590608 1025 5.39 1.73

1B 4339755 687066858 1087 5.72 1.59

1D 250377 485437419 524 2.76 1.08

2A 1316717 778168946 1637 8.61 2.11

2B 2132160 797282050 1223 6. 44 1. 54

2D 10070288 648634501 556 2.93 0. 87

3A 414567 747278808 893 4.70 1. 20

3B 531959 825508350 1750 9.21 2.12

3D 2967876 614269769 417 2.19 0. 68

4A 3801470 741786618 763 4.01 1.03

4B 561098 671832113 821 4.32 1.22

4D 3716489 500382750 266 1. 40 0. 54

5A 3811471 701575389 1 081 5.69 1.55

5B 9581457 712411183 1342 7.06 1.91

5D 1613240 562726606 348 1.83 0.62

6A 1665233 616822131 883 4.65 1. 44

6B 4550936 717105104 1312 6. 90 1. 84

6D 1621363 464020946 224 1. 18 0.48

7TA 4742696 732187598 1 344 7.07 1. 85

7B 43752 730376889 1062 5.59 1. 45

7D 3865403 628818143 447 2.35 0.72
A\g%crlﬁr%}c - - 7626 40. 13 —
g;%ﬁf}c — - 8 597 45, 24 —
gif}i - - 2782 14,64 ~
ST Total - - 19 005 100 —
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Fig.3 Distribution density(a) and the proportion of different types(b) of SNPs
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Fig. 4 Population structure analysis of the 319 wheat accessions
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