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Genome-wide Association Analysis and Candidate Gene

Prediction of Tassel Related Traits in Maize
LIU He—xuan, LI Chun—xiang, ZHOU Yu-yang, WANG Jia—hao, ZHANG Hui-lan,
ZHOU Yu, ZHANG Lin, WANG Zhen—hua, DI Hong
(Northeast Agricultural University/Key Laboratory of Crop Germplasm Innovation and Physiology—Ecology in
Cold Region, Minisiry of Education/Engineering Technology Research Center of Maize Germplasm
Resources Innovation on Cold Land of Heilongjiang Province, Harbin 150030, China)

Abstract: In this study, a natural population of 214 maize inbred lines was used as experimental material. Phe-
notypic traits including tassel branch number, primary lateral branch number, main axis length, the length of the
main axis above the highest lateral branch, the length of the main axis above the lowest lateral branch, and the angle
between branches and the main axis were investigated. Combined with genotypic data from 41 101 SNPs, a genome—
wide association study(GWAS) was conducted. The results showed significant differences among the tested materials
for the six traits, which exhibited characteristics of quantitative traits, with significant correlations between traits(P<
0.05). Fifteen SNPs significantly associated with tassel branch number, main axis length, the length of the main axis
above the highest lateral branch, and the length of the main axis above the lowest lateral branch were identified.
Thirteen candidate genes were predicted, among which 10 had functional annotations. Three key candidate genes
(Zm00001d019875, Zm00001d023945, and Zm00001d023950) were prioritized. These genes may regulate maize
tassel architecture through pathways such as signal transduction, protein folding and degradation, amino acid metab-
olism, glycan biosynthesis and metabolism, and lipid metabolism.
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Table 1 Survey of the correlation between the tassel related traits
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Table 2 Census analysis of traits associated with maize tassels

P R Hyfeprifiie e bRz AR5 A H(%) T 1 I i

Trait Mean+S.D. Range Standard deviation CV Skewness Kurtosis
TBN(M) 10.52+0.33 0.00 ~ 23.56 4.73 44.96 0.71 0.27
TPCN(") 1.17+0.06 0.00 ~3.72 0.83 70.74 0.91 0.60
TTL(cm) 33.76+0.31 22.67 ~ 50.39 4.80 13.17 0.53 0.79
LMAAHLB(cm) 8.87+0.18 0.00 ~ 16.78 2.57 28.93 -0.23 -0.00
LMAALLB(cm) 16.96+0.27 0.00 ~ -22.78 3.99 23.51 -0.45 -0.03
ABAS(°) 16.10+£0.29 6.67 ~ 30.50 591 26.51 0.72 0.68

T AR A — MR A ECE s U A PR LA A3 4

Note: The horizontal axis represents the number of each trait, and the vertical axis represents the frequency of occurrence of each trait

B FEREREXEROMERSHESE

Frequency distribution diagram of maize tassel-related traits

Fig.1
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Fig.2  Association analysis of tassel traits in maize population
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Fig.3  Manhattan plot for genome-wide association study of tassel-related traits in maize

27 QTLs, XIZEERAFES G AN AL, 2] T TBN
FITTL 0 QTLA 5, A48 4 D3 i35 5% 7%
95 YL tafk ¥ TBN AHC QTLs, 4 3 A #E 2 45
35 9510 S LAk I TTLAISE QTLs , R 5Tk
AT 3.38% ~17.01%" . Chen %5 F Ff] BC.S, 1
RIL B4, 76 79 Fh BR85% v 67 2] T 21 4> TBN AH G
QTLAV &, Ferp R BTRRAE AT 10% 9 F3L QTLs A1
TAM, ARG FRIH s B E AL 2] T 5> TBN A
QTLAV M5, A AE 1.3 9 Al 10 5 e fafh B, fEAR
WFFE T, L 214 0 F AR BEA R 61T 19 GWAS 43
BT, S 5 38 73 SNP A7 o5 55 LA A 5% 25 Fi A8 79 QTLs

X B A A8, AN 15 G AR T AR 32 il (TTL) Gk
¥ 15, PZE-101100633 5 5K 5541 45 1 47 2] 1% fill 32
B AR QTL AL EARUT ™ 7 S YL ek b A IRl 4)
RO 5 SYN28234  SYN28243 , HAHify B 5
Wang 2519 QTL A & AR,

B T AR B B (TBIN) AR 2 4k 1 8 (TTL) LA
A ABIFFE R S 5 B 1A 25 Y (A 55 I A e e o2 )
ke L b 5K (LMAAHLB) 2 2540 X A SNP A7 45,
LA T 105 Y (R 5 R A S IR A DA | 3
i BE (LMAALLB) i 3 AH DG Y SNP A i, Bl K5
T ERMEREAR AL SR 5



22 ESD NI 34
Expected -Log10(P-Value) vs. -Log10(P-Value) Expected -Log10(P-Value) vs. -Log10(P-Value)
] ’
TB TT
Expected -Log10(P-Value) vs. -Log10(P-Value) Expected -Log10(P-Value) vs. Log10(P-Value)
Bz o em om 1w 1= 1% m B e e L e %m 0w om om 1@ @ m R R
LMAAHLB
Expected -Log10(P-Value) vs. Log10(P-Value) Expected -Log10(P-Value) vs. LLog10(P-Value)
s
TPCN ABA
T AR R i 57 1 O R A R 3T 22 P AR5 N R i 67 1 RSO R s UL 380 ) P A
Note: The horizontal axis shows —lg transformed expected P values, and the vertical axis shows —Ig transformed observed P values
B4 FREBAIEANSERAXKQ-QE
Fig.4  Quantile-quantile plot for genome—wide association study of tassel-related traits in maize
®3 FREFEEXERIZEER
Table 3 Candidate genes for tassel related traits in maize
g SNPHRIC TR REE PRAE PfH TREEHEA TEREIhRE
No. SNP marker Trait Chr Position P value Candidate gene Annotated function
1 PZE-101100633 TTL 1 95702287  5.84E-05 Zm00001d029938 Protein ARABIDILLO 1
2 PZE-102080371 LMAAHLB 2 63832145 8.39E-05 Zm00001d003864 SNF4
Zm00001d003865 protein  PYRICULARIA ORYZAE RESIS-
TANCE 21
Zm00001d003866 uncharacterized
3 SYN28234 TBN 72122606  9.65E-05 Zm00001d019875 R3H domain—containing protein 1
4 SYN28243 72122712
5 SYN26184 LMAALLB 10 30973045 7.88E-05 Zm00001d023943 coatomer subunit delta
6 PZE-110022180 LMAALLB 10 30976295  7.88E-05 Zm00001d023944 Pentatricopeptide repeal— containing protein

chloroplastic
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%3 Continued 3
Frg SNP#HRIC TR @k PEAE P{H T LA THREIIRE
No. SNP marker Trait Chr Position P value Candidate gene Annotated function
7 PZE-110022181 30976574
8 PZE-110022187 LMAALLB 10 30979057  7.88E-05 Zm00001d023945 probable serine/threonine— protein kinase
At1g09600
9 PZE-110022191 LMAALLB 10 30986211  8.84E-05 Zm00001d023946 uncharacterized
10 PZE-110022194 LMAALLB 30986939  9.76E-05
11 SYN32808 LMAALLB 10 31271735  7.88E-05 Zm00001d023949 hypothetical protein
12 SYN32809 31271882
13 SYN32805 LMAALLB 10 31271978  7.88E-05 Zm00001d023950 glucuronoxylan 4—O-methyltransferase 1
14 SYN32807 LMAALLB 10 31273852 7.88E-05 Zm00001d023952 Glycosyltransferase-like KOBITO 1
15 SYN32810 LMAALLB 10 31276312 7.88E-05 Zm00001d023953 uncharacterized
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