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Genome-wide association study of growth traits in 322 maize germplasms
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Abstract: [Objective] Maize (Zea mays) growth period refers to the complete growth cycle from sowing to
maturity, with key representative traits including tasseling stage, anthesis stage, and silking stage. Identifying
key genes regulating maize growth period is of great significance for optimizing maize production and
promoting industrial quality and efficiency improvement. [Method] In 2022 and 2023, phenotypic
investigations of traits such as tasseling stage, anthesis stage, and silking stage were conducted on 322 maize

germplasm resources at 2 locations (Dongyang and Haining, Zhejiang Province). Genome-wide association
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study (GWAS) was performed on the above traits combined with genotypic resequencing data. [Result] The
frequency distribution of tasseling stage, anthesis stage, and silking stage traits showed a unimodal curve,
consistent with a normal distribution. GWAS results revealed: for the tasseling stage, 61, 27, 281, and 57 SNP-
associated loci were identified in the 4 experimental sites (Dongyang and Haining in 2022, Dongyang and
Haining in 2023) across 322 maize germplasms, explaining phenotypic variation ranging from 7.26% to 10.68%
and distributed on all 10 chromosomes. For the anthesis stage, 51, 26, 424, and 58 related loci were identified,
explaining phenotypic variation from 7.25% to 11.80% and mainly distributed on chromosomes 1, 2, 3, 7, 8, 9,
and 10. For the silking stage, 47, 277, 212, and 1 169 related loci were identified, explaining phenotypic
variation from 7.25% to 41.26% and mainly distributed on chromosomes 1, 2, 3, 4, 7, 8, and 10. A total of 49,
53, and 24 overlapping SNP loci were detected for tasseling stage, anthesis stage, and silking stage among the 4
experimental sites, respectively. Through comprehensive analysis of SNP locus information, gene annotation,
and gene tissue expression profiles, 6 key candidate genes for maize growth period were finally screened out.
[Conclusion] Tasseling stage, anthesis stage, and silking stage traits showed a normal distribution, and a large
number of environment-specific and overlapping SNP loci were identified. Ultimately, 6 key candidate genes
for growth period were screened out, providing important genetic resources for the genetic improvement of
maize growth period and the high-quality development of the industry. [ Ch, 8 fig. 3 tab. 44 ref.]

Key words: maize (Zea mays); growth period; genome-wide association study (GWAS); candidate genes
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Table 1 Descriptive statistical data of phenotypes for core traits of maize growth period across different experimental sites and years
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Figure 1  Frequency distribution of tasseling stage phenotypic data and BLUP values across different experimental sites
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Figure 3 Frequency distribution of silking stage phenotypic data and BLUP values across different experimental sites
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Figure 4 Manhattan plots of significantly associated SNPs for tasseling stage trait across multiple experimental sites
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Figure 5 Manhattan plots of significantly associated SNPs for anthesis stage trait across multiple experimental sites



wOTL A MROR R e 4R

2026 4F 4 A 20 H

326
AL 2022425 B. 20224E T X C. 20234E 4 H
5
2D~ o IS 3
B4 S 510 f ERE
T2 s T
0 ) ’ m —r—— ———1— 0 i o . r 0 - -
1 2 3 4 5678910 1 2 3 4 5678910 1 2 3 45678910
PSRN PASERIN PASERIN
D. 202347 E. BLUP{H.
30 T
% 20
T 10 |

O T N T (T Y TN ST e T A u N COr e ] e i v i egann w fm ie "
1 2 3 4 5 67 8910 1 2 3 4 567 8910
P fiff Betofk
B 6 vhzZHrRAE £9X.509 8% X5 SNP 204 B

Figure 6 Manhattan plots of significantly associated SNPs for silking stage trait across multiple experimental sites

A. kR

53 [}
S S
Y N
R 2
= B
2 8
= N

B7 AEFHZSERSIXEETERFE XK SNP 2 5 F 450t
Figure 7  Statistics of the number of overlapping significantly associated SNP loci for core growth period traits across multiple experimental sites

RS SE S SR, Hrh §3 118445252, S7 81942899 W3l i Zm00001d004568 .

Zm00001d004571 . Zm00001d019983 T4 8 CHFFE4REI,
3 3k > TR T A 9l e D i 3 R PRI ) 2H 2R GRS R B . Zm00001d042314 . Zm00001d043335 .
Zm00001d050577 . Zm00001d050293 . Zm00001d045268. Zm00001d004568 Z5FE N AEE B WIAH G H 4Uh R

AR, FR HATRES S KA F PRI IE (1K 8).

3 it
2 B AEPY DIESE £ oK A 38 R F 232 AR K A 38R NO4 R AR RZBEAR, 76 1 S fafk
umc1403~phi001 XIS I B4 S HEIA B QTL, 78 1 5 Yt dk bnigl429~umc 1403 DX I 0 3] 4tk $93 F0
w2230 QTL, 76 5 5 YL ik bhig565~umcl389 DX I3 [] B A 0 342 i i A S ABIORY B9 QTL. ASHIFSR 38
i AR R BRI HT, TE 1 5 Y AN umc1403~phi001 X [8] ] 5E (i 5 S1_ 34410222 % 14 > SNP i 5.,
1E bnlgl429~umc1403 XIS ENF) S1 17532310 % 22 4> SNP v 5., 1E 5 S YLk bhig565~umc1389 X1,
FENLE] S5_143819515 45 66 1~ SNP i £ . ¥l 457 LA [ 28 & N6 Fl BT-1 Jy B A @ d 4 A 28 R Af
e, RS R AR umcl 676~umcl590 X IR A 2 45 YL AR umel1422~umcl776 DX I8 AF 7 6 [a] 4 ol il 2
W 22RO RS QTL ANWFFEAE 13d 2 AN X0 i 0 3 5 28 B WIAH GG ST1_151244 200 %
47 4~ SNP i fi M1 82 1015268 55 15 /1> SNP i i, X 5T AW L5 5 5 B — 5020, RIESE T A5
SEHK SNP v i B P HEYE . LA, AR ST I8 38 22 (7 A1 5& SNP 7 Sl 49 A4 . BB 53 4> 2240
244, HERAEFIERIRABAL R R Bt 7 E R A
FFAEWERm EORAERKR AT, SRS RE LB Zm00001d034036. Zm0000
1d020364 . Zm00001d047269 %5 4L 56 11 3L 52 8] ARF, MYB Fll NAC #453 K 745, i Rk
KT ERIFAEW . ARBFFEF, SNP A7 S1 280457376 Ki T Zm00001d034036 Mtz , S7 109168 545 .



43 EHE 2 Mr o 5545 322 M) B KRB AR & IR 0 S R 21 Se I A B 327

A. Zm00001d004568 B. Zm00001d042314 C. Zm00001d043335
80 400 - 50
40 +
g 60 1z 300 | i
X x| K30 -
40 ® 200 | ¥
= o =220 -
ZEo H =100 | ol
A B CDE F G H A B CDEF GH A B CDEF GH
Fak AL FRILHAL AL HAL
D. Zm00001d045268 E. Zm00001d050293 F. Zm00001d050577
800 - 50 40 -
40 -
g 600 - itz g 30
£ 2930 | £
400 + S 20
& =20 &
Z200 | =0l 210 +
0 — — 0 — 1 I_l |_| 1 0 |_|
A B CDE F GH A B CDEF GH A B CDE F GH
ESEN DA Feustiing FILHRAL

A 825 BRI TKKE: C1622; D. RSN B RBEVERE Ol 20 BUOAERS; G, ik 22 S /N

A8  EKAFMELIL R ETR R L0 L3R5 649 A8 AT A T AT
Figure 8 Analysis of relative expression profiles of candidate genes for maize growth period in different tissue parts
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