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Abstract To explore the advantageous genes related to maize test weight, a total of 348 maize inbred lines

containing common maize, sweet maize, waxy maize, and popcorn as linkage populations were taken for
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genome-wide association analyses (GWAS). Test weight measurements and whole genome association
analyses were conducted on self-crossing line breeding seeds of Dongyang, Zhejiang in 2022 and Ledong,
Hainan in 2022 and 2023 to explore the differences in test weight among different varieties of maize, and to
identify test weight-related loci and candidate genes that control test weight. The results showed that: The
identification of harvested seed test weight in different regions revealed that the frequency distribution plots
of seed test weight trait indicators in the two regions showed a single peaked curve, which was consistent
the SNP loci

significantly associated with maize test weight tolerance traits were screened in the range of threshold P >

with a normal distribution. Using genome-wide association analysis of SNP markers,
8.7. 146 SNP loci were screened in the Dongyang region in 2022, 261 loci were screened in the Ledong
region in 2022, 705 loci were screened in the Ledong region in 2023, and a total of 67 overlapping SNP loci
were screened in the Ledong region. Finally, a total of 14 candidate genes were idendified. Meanwhile, the
SNP S3_219692500 detected in Dongyang and Ledong was located in the Zm00001d044129 (Shrunken 2)

gene region, which is a corn sweetness control gene. The mutation of the gene produces super sweet corn,

grain shrinkage and maize test weight decrease.

Keywords maize; kernel test weight; genome-wide association analysis; candidate gene
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Table 1 Analysis of variance model

Ti 7%

. df . F
Source of variation Variance

45 P 16,2

H-]f .Ij\] Al . : r-1 SS,/(r-1) MS,/MS.
District group within the location

B CE)
s E-1 SS./(E-1) MS,/MS,
Environment

WAV
i V-1 SSy/(V-1) MS,/MS.
Variety

T
ff V””ﬂu (E-1)X (V-1) SSu/(E-1) X (V-1)  MSu/MS,

W E IRV, WA

Notes: E, number of environments; V', number of varieties.
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R AT FORAF R 22 5e /)y, Ry 42,11 g/ L
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Table 2 Classification of varieties based on test weight measurements in different environments

L) i 5 SRR N [ES S i £ oK A E K
Year Site Normal corn  Sweet corn ~ Waxy corn Popcorn
% B Dongyan 151 12 28 2
2022 - grang
K% Ledong 170 13 30 2
2023 SRR Ledong 197 10 24 2
£3 FREMRAEEKREBEEFEHREEMR
Table 3 Description of test weight for different maize types in various environments
g Km R/ (/L) f/ME/(g/L) #2E/(g/L) FIME/(g/L) 2% BRER
Environment Type Max Min Range Average value SD CV
S Y
B E K 904. 00 488. 24 415.76 633. 56 61.65 0.097 3
Normal corn
%A 780. 00 496. 00 284.00 603. 21 62. 56 0.103 7
2022 4E & [H Waxy corn
Dongyang in 2022 F >
=R 458. 33 310.53 147.81 355. 30 43.31 0.1219
Sweet corn
PR Z TS
RBEK 652.63 610.53 42.11 631.58 29.77 0.047 1
Popcorn
Sty N
HOE E K 819. 44 547.06 272.39 703.07 46. 28 0.065 8
Normal corn
%R 784.85 500. 00 284.85 686. 42 63.15 0.092 0
2022 4F I 4 Waxy corn
Ledong in 2022 B
A=A 534.78 366. 67 168.12 440. 89 50. 88 0.115 4
Sweet corn
PR S
BaEX 800. 00 730.00 70. 00 675.00 49.50 0.064 7
Popcorn
L
HOE E K 817.50 304. 60 512.90 667.95 100. 05 0.149 6
Normal corn
E K 806. 95 461. 50 344.50 720. 25 96. 67 0.146 6
2023 4F s 42 Waxy corn
Ledong in 2023 B
AR 806. 00 679.00 127.00 728.57 134.51 0.272 8
Sweet corn
JRE
BAEX 771.75 709. 20 62.55 740. 48 44.23 0.059 7

Pop corn
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Table 4 Combined analysis of test weight traits of maize germplasm in different environments

EoRER BRI/ (g/L) FB/ME/(g/L) M2/ (g/L) FHMHE/(g/L)  hiR ZEFRE/%
Type of maize Max Min Range Average SD CV
Ol K 904. 00 378. 38 525.62 670. 54 78.11 0.116 5
Normal corn
=K 806. 95 461. 50 344.50 648. 57 82.45 0.127 1
Waxy corn

B
R X 647.24 310.53 336.72 401. 31 79.87 0.199 0
Sweet corn
JRE TS
REER 800. 00 610. 53 189. 47 713.01 79.80 0.1119
Popcorn
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Table 5 Combined analysis of kernel test weight traits of maize germplasm in different region

AR5 AR IIT 28 J5 Al df Y5 % W
Source of variation Class III sum of squares Mean square deviation Significance
85 (E) Environment 564 290. 651 2 282 145.325 47.825  <C0.001"
i A (V) Variety 660 485.499 3 220 161.833 37.318  <<0.001™
HE XM E XV 832 536. 272 6 138 756. 045 23.52 <20.001™
1% 2% Error 5799 258. 293 983 5899. 551
B A 5 Total variation 4.59x10° 995
x6 TREFEEZEXREMALE
Table 6 Proportion of maize varieties with different grade of test weight %
Ggp REC/ (/L 2022 4F 4 B 2022 £E IR AR 2023 £E BR AR -
Grade  Test weight Dongyang in 2022 Ledong in 2022 Ledong in 2023 Average
1 =720 4.20 37.67 50. 39 30.07
2 =685 7.56 30. 23 30.07 22.48
3 =650 11.34 16. 74 10.93 13.95
4 =620 20.17 5.58 2.34 10. 07
5 =590 16. 81 3.26 2.73 8.21
6 <590 21.01 6.51 3.51 15.19
1 QKT GB1353—2009C R4 S T Kb Seiti s ) 042 45 G b vl
Notes: @ Derived from GB1353-2009 Guidelines for the implementation of standards for rice and corn''®’ test weight

grade standard.
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Fig. 4 Point analysis of test weight in Dongyang, Zhejiang in 2022



%1 JEITEAE : HET GWAS X 348 053 6 K A 57 8 5 f4 A7 s 2 5 MR A4 23 17 21

(a) (C) (d)
20 H 251 ° 14
9
12
20|
10
EAE 15 @"% 8
5 6 7 8 9 10 2SL s J
® Refafh o e
Chromosome 5 2 D=2 g
. SA 10 o 2P
[ &9
| 3
L To4r
5
4 2
2 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 ]
Oy e 78 970 07123456 78 07123456 78
e ik ~Log, (BMP1) —~Log, (FMPIi)
Chromosome ~Log,(P, pre(hcted) _LogIO(Ppre dicted)

() (D352 GLM MLM KRR B2 00 5 (o) (D F35105 GLM OMLM BEAR i1 Q-Q 14l
(a) and (b) are Manhattan plot under GLM and MLLM model, respectively; (¢) and (d) are Q-Q plot under GLM and MLLM model, respectively
5 2022FEEARRFEER KL

Fig. 5 Point analysis of test weight in LLedong, Hainan in 2022
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15 % 2 A Jeffie  EIRLLE (bp) Z5HALE (bp) ThRE v R
Gene 1D Chromosome Start End Gene annotation
Zm00001d028795 1 46 571 275 46 573 368 W NI Mk 54 4 A 3
Phosphatidate cytidylyltransferase 3
Zm00001d044116 3 219 691 690 219 699 173 Rae-1 Ml A
Rael-like protein
Zm00001d044129 3 219979 958 219 989 574 4 45 M - 1- B W IR Y 19 B Tl K SIE i I £ A/ U oy R
A K
Shrunken 2, Glucose-1-phosphate adenylyl transferase
large subunit chloroplastic/amyloplastic
Zm00001d044130 3 220 029 482 220 030 389 508 % W A& 2K 1 1.31
508 ribosomal protein L31
Zm00001d044135 3 220 066 585 220 067 204 TN 2 2 % 2 Tl 2 42 b 1k
Alanine aminotransferase 2 mitochondrial
Zm00001d044136 3 220 098 352 220 104 557 T 9l -3- B W Ik 3 4% A il 1
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Zm00001d053048 4 210 544 821 210 547 768 & 7 5L A BR Y T I 32 AR T 1 A
Probably inactive leucine-rich repeat receptor-like protein
kinase
Zm00001d053168 4 217 742 350 217 753 101  ATP &5 & & B (M & ACT 45 0 38 09 25 51 0l ¢ %
HED
ATP binding protein Putative ACT-domain containing
protein kinase family protein
Zm00001d053170 4 217 792 677 217 793 392 5 5 PRI T A & /SRP AH 6
Signal recognition particle-related / SRP-related
Zm00001d008092 8 132 642 848 132 646 268
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Fig. 8 Expression profile of Zm00001d044116, Zm00001d044129, Zm00001d044130 and Zm00001d044136
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