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Genome-wide association study of grain traits of sweet maize germplasm
resources

XU Yun-lin, FANG Hao, ZHOU Bo-yu, YI Yue-ming, WANG Chang-jin, CHENG Xin-xin, YU Hai-bing
(College of Agriculture, Anhui Science and Technology University, Fengyang 233100, China)

Abstract: The grain length, grain width, grain thickness and hundred-grain weight are important traits affecting the yield
of maize. Four characters of seeds such as grain length, grain width, grain thickness and hundred-grain weight of 100 germplasm
resources of sweet maize were summarized and analyzed in this study, and 37 297 single nucleotide polymorphism (SNP) loci
were used to make correlation analysis on the important loci controlling the grain traits of sweet maize. The results showed that
the grain traits of 100 germplasm resources of sweet maize had abundant genetic diversity with a relatively large variation range.
The grain length was 4. 65-10.43 mm, the grain width was 5. 13-9. 42 mm, the grain thickness was 2. 04=7. 50 mm and the hun-
dred-grain weight was 4. 51-20.09 g. Analysis on the phenotypic variation revealed that, the variable coefficient of the hundred-
grain weight was the highest, with a value of 32. 60%, and the variable coefficient of the grain width was the lowest, with a value
of 10.61%. The distribution curves of frequencies of four grain traits were basically conformed to normal distribution. Results of
correlation analysis showed that, the grain length, grain width and grain thickness were positively correlated with the hundred-
grain weight very significantly, the grain length was negatively correlated with the grain thickness very significantly. A total of 75

SNP loci controlling the traits of four seeds were detected through genome-wide association study. Among the 75 SNP loci, 17

W7 B 8 2020-07-28 SNP loci were related with the grain length, 24 SNP loci were
e H 5 :2020-07-

ESTE . [H5 0 ARN 4 7 5 2 0 2 BT (31440066 ; % related with the grain width, 11 SNP loci were related with
B B B AR 22 T 5 T eI B (KJ2019ZD57) 5 42 B4R} the grain thickness and 23 SNP loci were related with the

e AATE hundred-grain weight.
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Fig.1 Population structure analysis on sweet maize inbred lines
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Table 1 Variation analysis on four grain traits of 100 sweet maize

inbred lines

FEAR bt bt o
R 10.43 9.42 7.50 20.09
fe/IMH 4.65 5.13 2.04 4.51
S8 7.87 7.44 3.77 9.57
FrifE2E 1.22 0.79 0.93 3.12

KL RLTE BEJEE | TORE R A A2 S AR OO 5O 15.50% ,10.61%
24.68% ,32.60% .

201 -
~ 15F
X
= 1
¥ oj0b
X
5%
Bt
05 6 7 8 9 10
HBLTE (cm)
207
~ 15F
X
§ 101
X 5
0 ~ !
5 10 15 20 25

FRLEU (g)

2 100 BHEKBZEZFF 4 MERPIAERS

Fig.2 Frequency distribution of four grain traits of 100 sweet maize inbred lines
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Table 2  Correlation analysis on phenotypic data of four grain

traits in 100 parts of sweet maize inbred lines

, LEP A
PR A iR [ER A5
Rk 1.000
B TE -0.019 1.000
FES -0.282 " 0.180 1.000
[ER AN 0.398 ** 0.260 ™ 0.276 ** 1.000

= FIRTE 0.01 K WL F AL,
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A SNP 7 i, FERG I 2] 75 A SR K kLG kLR R
R A SR AR R R A 17 A4
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24.1 kK K3 PR, FE-1gP>3 KT, FIH
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R 1Y 17 4> SNP A s 5 R Mtk b 25 G 1 I
e —1gP>5 KT, F 1 5Kk LE
19 611 619/1HBFE | Y Affc-11533 S 500 KA AR A
I 2 OCHR Y SNP A5, TRk I K, o 25. 49%
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FUCSRLEMRAROCHER , 2 5 T55 1.2.3.4.5.8.9,
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Table 3 Single nucleotide polymorphism ( SNP) loci significantly correlated with the grain length trait of sweet maize using the general linear

model (GLM)-Q method

e QTL 5% SNP /A GRE hiE -lgP DUHRZE (%)
1 qGL-1-1 Affe-11533 1 19 611 619 5.174 25.49
2 qGL-10-1 Affe-90226 10 32 150 546 4.460 19.08
3 qGL-4-1 Affx-90284 4 161 380 264 4.418 18.92
4 qGL-4-2 Aff-90227 4 165 921 960 4.379 19.49
5 qGL-10-2 Affe-11533 10 47 649 332 4.368 19.08
6 qGL-4-3 Affx-91133 4 161 132 406 4.318 19.44
7 qGL-4-4 Affc-91322 4 160 814 857 4.145 18.21
8 qGL-1-2 Affe-90126 1 41 664 324 4.010 17.33
9 qGL-10-3 Affx-90785 10 129 158 518 4.009 18.00
10 qGL-4-5 Affc-90481 4 161 785 530 3.852 18.24

11 qGL-4-6 Affe-91105 4 174 462 717 3.885 16.84

12 qGL-8-1 Affc-90283 8 139 373 462 3.840 16.82
13 qGL-10-4 Affc-90823 10 47 161 413 3.818 16.90
14 qGL-4-7 Aff-90196 4 161 039 864 3.810 16.55
15 qGL-4-8 Affc-90687 4 146 139 325 3.800 16.70
16 qGL-1-3 Affx-90085 1 264 064 291 3.722 16.35
17 qGL-3-1 Affe-90119 3 199 501 315 3.705 16.13

QTL o PoIR AT SNP - U R 2 454k
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2.4.3 BB WMFES PR, fE-lgP>5 KFEH
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88 384 601,140 285 367 .57 762 013/ Hfi 5 Ay Af-
fx-90839 Affx-90505 Affx-90178 Affx-90075 A FIEE 4
SR EE200 963 6850 K I 1) Affx-90110, BT #k
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Table 4 Single nucleotide polymorphism ( SNP) loci significantly correlated with the grain width trait of sweet maize using the general linear

model (GLM)-Q method

s QIL F% SNP PRI (DA -lgP DUHREE (%)
1 qGW-1-1 Affs-91280 1 244 631 581 4.299 18.46
2 qGW-1-2 Affx-11533 1 289 538 157 4.023 17.39
3 qGW-1-3 Affx-90582 1 248 410 524 3.592 15.68
4 qGW-1-4 Affc-91169 1 243 080 532 3.533 15.44
5 qGW-5-1 Affx-90527 5 1902 130 3.530 15.43
6 qGW-3-1 Affc-90543 3 173 937 314 3.509 15.34
7 qGW-8-1 Affc-90890 8 134 138 921 3.398 14.90
8 qGW-10-1 Affs-90285 10 147 581 951 3.399 15.01
9 qGW-10-2 Affc-11533 10 123 053 758 3.324 17.03

10 qGW-3-2 Affx-90098 3 185 706 957 3.288 14.45
11 qGW-2-1 Affs-90815 2 11 850 510 3.276 14.41
12 qGW-1-5 Affx-90703 1 244 311 782 3.275 14.40
13 qGW-4-1 Affx-90956 4 243 841 084 3.247 14.27

14 qGW-9-1 Affc-90232 9 94 432 509 3.165 13.95

15 qGW-10-3 Affx-11532 10 22 178 877 3.147 13.88

16 qGW-5-2 Aff-90197 5 50 666 597 3.128 13.80

17 qGW-3-3 Aff-90371 3 107 931 716 3.122 14.18

18 qGW-2-2 Affe-11533 2 234 452 639 3.117 13.76

19 qGW-3-4 Affc-90242 3 185 669 701 3.116 13.75

20 qGW-3-5 Affx-11533 3 1762 678 3.100 11.34

21 qGW-10-4 Aff-11533 10 84 133 491 3.068 13.82

22 qGW-8-2 Aff-90229 8 170 277 942 3.036 13.68

23 qGW-1-6 Affx-90516 1 243 047 080 3.027 13.51

24 qGW-9-2 Affc-11533 9 100 693 581 3.011 13.45

QTL : B PR FE A7 ; SNP B TR 2 5,

244 BERE WEO6 RN, E-1gP>4 KFET,
FIH GLM-Q J5 &40 Hr 5 i 23 4> SNP i 5 5 A kL
Jo i PHERAE SCEK , 43 0 TRl BRI 2.3 .4 .67,
8.9 T ik b, Hohfy T 7 S Q@K L5

129 236 674 123 110 014, 149 940 4204~ & | 1)
Affx-90265 Affc-91170 Affc-90113 3 /> SNP i j5i 5
R PR AR B AR O, TTHERR 4351 25. 27% |
24.77% 22.13%
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£S5 GLM-Q FETHHMERMFHEEREZKEA SNP il <
Table 5 Single nucleotide polymorphism ( SNP) loci significantly correlated with the grain thickness trait of sweet maize using the general lin-
ear model ( GLM) -Q method

e QTL F% SNP P (AL -lgP TR (%)
1 qGH-3-1 Affc-90839 3 140 868 078 6.769 27.97
2 qGH-3-2 Affe-90505 3 88 384 601 6.712 27.53
3 qGH-3-3 Affc-90178 3 140 285 367 6.219 25.79
4 qGH-4-1 Affx-90110 4 200 963 685 6.100 25.37
5 qGH-3-4 Aff-90075 3 57 762 013 6.098 25.36
6 qGH-10-1 Affe-11532 10 63 570 420 5.627 24.32
7 qGH-3-5 Affx-11533 3 105 725 788 5.196 22.06
8 qGH-2-1 Aff-11532 2 28 856 109 5.164 22.35
9 qGH-4-2 Affx-90781 4 205 441 895 5.100 21.70

10 qGH-3-6 Affx-90379 3 88 961 021 5.049 21.92
11 qGH-3-7 Affc-91402 3 87 765 424 5.029 21.44

QTL: B PR ; SNP : B R 2 254

*6 SENREBMIREZXEE SNP #Rid
Table 6 Single nucleotide polymorphism ( SNP) loci significantly correlated with the hundred-grain weight trait of sweet maize using the gen-
eral linear model ( GLM ) -Q method

s QTL 7% SNP Pt ik (DA -lgP TR (%)
1 q100KW-7-1 Affx-90265 7 129 236 674 6.001 25.27
2 q100KW-7-2 Affx-91170 7 123 110 014 5.810 24.77
3 q100KW-7-3 Affx-90113 7 149 940 420 5.662 22.13
4 qlO0KW-7-4 Affc-91094 7 130 807 631 5.784 20.75
5 q100KW-7-5 Affx-11533 7 1 600 994 493 4.691 20.33
6 q100KW-6-1 Affx-90380 6 793 903 4.455 19.55
7 qlO0KW-7-6 Affc-911553 7 130 373 268 4.441 19.38
8 q100KW-9-1 Affx-90804 9 18 793 847 4.439 19.36

q100KW-7-7 Aff-91158 7 131 526 970 4.436 19.35
10 qlO0KW-8-1 Affx-91346 8 26 088 064 4.431 19.33
11 q100KW-2-1 Aff-91366 2 14 808 944 4.404 19.41
12 qlO0KW-7-8 Affx-11533 7 128 268 659 4.395 19.37
13 q100KW-7-9 Affx-90902 7 11 220 373 4.384 19.15
14 q100KW-6-2 Aff-90331 6 663 079 4.363 19.06
15 ql00KW-7-10 Affx-91277 7 128 345 671 4.361 19.06
16 q100KW-4-1 Affx-91177 4 220 155 246 4311 18.86
17 q100KW-3-1 Aff-90635 3 147 808 776 4.305 18.84
18 qlO0KW-2-2 Affx-90539 2 12 926 587 4.300 19.00
19 q100KW-7-11 Aff-91264 7 11 220 025 4.289 18.68

20 qlO0KW-7-12 Aff-90591 7 22 665 715 4.230 19.25

21 q100KW-7-13 Affx-90878 7 131 650 139 4.192 18.39

22 q100KW-7-14 Aff-91148 7 5 441 289 4.186 18.54

23 qlO0KW-4-2 Affc-90283 4 220 143 561 4.168 18.29

QTL: B MR A7 s SNP . BB FF AR Z 54k
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