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Genome Wide Association Analysis of Plant Height and Ear Height in Maize
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(1. College of Agriculture, Shihezi University/Key Laboratory of Oasis Eco—Agriculture, Shihezi 832000;
2. Xinjiang Academy of Agricultural and Reclamation Sciences, Shihezi 832000, China)

Abstract: Five hundred and eighty maize inbred lines with rich genetic diversity were used as the association

population, and 31 826 SNPs distributed in the whole genome were used to analyze the phenotypic values and BLUE

(Best Linear Unbiased Estimate) values of plant height and ear height traits at 3 years separately. The results

showed that 58 significant SNPs were detected in four environments, with 6 colocalized SNPs, of which 3 were signif-

icantly associated with plant height and distributed on chromosomes 3, 5 and 7; and 4 were significantly correlated

with ear height. Within 440 kb range of the colocalized significant SNPs, a total of 76 associated genes were detect-

ed, of which 66 were described, and 53 genes were classified in GO enrichment analysis, which could be categorized

into 20 biological processes, 10 molecular functions and 8 cellular components. Based on the comprehensive gene

functional annotation and go enrichment analysis results, 7 candidate genes that may be related to plant height and

ear height traits were predicted.
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SRR (https://www.maizegdb.org/) N 5 [5] [E] 57 4= 4
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AN TFAEAR Bk e IR iR PR A A GE 110 3
W (3 1), 2019 4F bk 5 AR A3 55 38 61 118.33 ~

288.00 cm F130.22 ~ 140.33 c¢m; 2020 4k 5 A7
I B A 118.50 ~ 289.38 ¢m £130.13 ~ 127.13 cm;

2021 AF A% f A 55 78 LR 122.00 ~ 291.50 em #
28.63 ~ 134.88 cm. A4 i AN i 76 3 4F Hp L AR AR
S A T 25 5 (R AR AR S BLE S 1 o)
A1, i JEE R 38 P e P 350 /N1 1, 10 B R s AN,
1o TEAS [RVAE 93 259 AN IE 25407 (L 1) A e PR AR
SERBUN 14.13% ~ 15.09% , B S IR AR S5 R 500
23.34% ~ 26.60% , FEAV. f AR 25 e B O = | A AR
5o AHOCHE AT 2RI, Bk s AR ey S k2 TE A
X, MR FR%00.78 ~ 0.82,

F1 REEHERGERB BRI LRGN 4

Table 1 Basic statistical analysis of plant and ear height of maize in different years

P Ik iy i Hl ¥ H Frifi2E i B2 ;3 BRFRE(%) 8L T1(%)
Trait Year Range Mean SD Skewness Kurtosis (% H
RS (em) 2019 118.33 ~ 288.00 197.04 28.73 0.21 0.23 14.58 89.90
2020 118.50 ~ 289.38 200.33 30.22 0.09 -0.04 15.09
2021 122.00 ~ 291.50 207.78 31.12 0.16 -0.22 14.98
BLUE 121.06 ~ 291.31 202.44 28.60 0.24 0.27 14.13
FEAL G (cm) 2019 30.22 ~ 140.33 80.70 19.37 0.23 0.07 24.01 90.11
2020 30.13 ~ 127.13 74.38 18.15 0.26 -0.25 24.40
2021 28.63 ~ 134.88 78.59 20.91 0.28 -0.22 26.60
BLUE 29.89 ~ 136.71 78.21 18.25 0.29 0.00 23.34
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Note: *** indicates significant at the 0.001 level. The same below.

B HEMELSEREEXES T

Fig.1  Correlation analys

is of plant and ear height



68 ESD NI

2%

22 HESH

XA R ERE (AF003) T Pk v RS e PR A T O
FEGIHT (R 2) , Mk e RIS g AERE NI BRI R P Y
SRR H AR BRI 25 5, BEHIX P

MR AZ B L R R BB LR AU 55 3R 88 5 AERL N 5
W o AR e ANAE o) s AE 71°M 89.909%1190.11% ,
T BBk 2 RS f3 (1) A 2 a2 L DR sl

x2 KBS AESN

Table 2 Analysis of variance for plant and ear height

7k AR AR H ¥
Trait Source Df Mean Sq
M K 579 4 886
AR 2 42 0467
FEPRIXAE(Ry 1135 5025
W 2088 269
A 15 FEDH 578 2 059
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Note: A, Phylogenetic tree of the association analysis population, B, Picture of whole—genome LD in the panel of 580 lines.
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Fig.2 Population genetic diversity and LD decay analysis
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Fig.3 Manhattan plot and quantile—quantile plot of plant and ear height
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Table 3 Significant colocalization of SNP for plant and ear height traits
P
(E3RN (2 @ik WHIEG)  FOEN P value
Trait SNP Chr Position Alleles
2019 2020 2021 BLUE
PH 3_173520569 3 173520569 T/A 1.10E-06 2.64E-07
PH 5207570929 5 207570929 T/G 2.09E-07 2.18E-09
PH 7_157639029 7 157639029 C/T 3.76E-11 2.65E-07
EH 7_25178512 7 25178512 C/T 6.41E-08 1.81E-09
EH 9149776998 9 149776998 T/C 2.11E-08 4.51E-07 4.48E-10
PH.EH 283739608 2 83739608 G/T 8.84E-08
8.85E-08
PH.EH 5207570929 5 207570929 T/G 2.09E-07 2.18E-09
4.94E-08
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SNPs 4

TEE RN AL AT, K B 6t
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B R
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Fig.4 Analysis of allelic effects of colocalized SNP between plant and ear height traits
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Fig.5 GO-second analysis of candidate genes
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Table 4 Possible candidate genes and functional annotations for plant and ear height traits

P AR B i % B DgEER
Trait SNP Gene Annotation

PH 3_173520569 Zm00001d042611 T 2 20~ LR 3

PH 7_157639029 Zm00001d021592 PSSR EH 14

PH.EH 5_207570929 Zm00001d017811 TRE R PR

EH 7_25178512 Zm00001d019270 SR TP AT R 55 20
Zm00001d019271 SRR R A 55 27
Zm00001d019274 SRR R A R 55 9

EH 9_149776998 Zm00001d048084 H R Bl 18 8 1 GONST3

TE, BT A Y1 T K 3R AR 1 as A% FE AL B e
2%,

AT FIH 580 st (51 R FE WM E KR AL R
FA B AR BERIEA T4 3 DR 41 S A A, ) )
Z I 2 AN DA )L E 7 SNPs i 61> 'ﬁﬁu
NRE AV 285 B A L, AR BIF 234G T 380 14 K 155 AH AR
3_173520569 5 H1 " 22 i 4p AR v *T@“”
A B AR TR 2 QTL [ T bin3.06 X BE N 5 b

it 5.207570929 5 4= YL 4 5 57 19 £k =5 SNP bR i
(PZE- 105165920) [A] fi F bin5.07 X Bt N ; 5 ic
7_157639029 5 A J7 Jak P4 A6 B i PR 5 AL QTL
[ T bin7.04 IXBLN o B mAHCHRIC 725178512
AR5 6 B RRAV 25 SNPARIC(SYN31586) L) K 2
TP Pan™ 85 5 A B 14 B A &5 8L QTL R4 F
bin7.02 X Bt N s FRiC 9_149776998 5258 Weng 2%
T R A5 2 o7 31 (0 B 155 32 4% QTL B SNP Fic [ iz
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T bin9.07 X BN, 3 i H e £ SNPs S5 B R 2%
REAIHT , AR FE RGN 3] (1) 6 4~ F 5 137 SNPs A [a] &4
FEPR S S 23 MR A B 25 25 S R SRR R
A — 2 BMERPE , 62 (3 SNPs 78 P45 0k i A7
R 5 FARIE I & D7 THEAT — 2 AT
AMFFE I BE H 7 A T RE-S5 0k e A = R A
K WBEIEIL A, Zm00001d04261 1 J bt 77 5 25 20~%8
L1 3(gibberellin 20~oxidase3), 77 5% % 20~ 1L/ 3
(GA200x3)J& T 725 F WU AU B L DR 53 e , 708 15 A
YEkBEPREEZEEM, CAWIESL, GA200x3
L85 B KIBFT TR . Paciorek Z52V % I, YE PR
WA ZmGA200x3 Fl ZmGA200x5 FE H 2 3% K Al
PR ERFAK . Zhang %5 F ] CRISPR/Cas9 K 2
FEARXT ZmGA200x3 47 5 R i, Az BTG SE 1R
BRFT FKRABARY, Zm00001d021592 Y i 8 155 3 1
852 H 14(potassium high—affinity transporter14), /&
SERN 145512 55 1 (HAK)JE PR AR B T FE 4 vh
A8 TR N B R G005 WA P R4 T A A i Bl 1) 45
20 it 0 AR T LT BROR AU M 6 T 8 3R O
R AR P E A AN T, 4 0 S 2 B i 41 i
Pk HAK f%iz 8 P i H s i i A K %
B, TEKREF, OsHAKS FERSEMAAE AL, OsHAKS
5 DR R 2 8 ol R B i Y KRR 5 A A B R e
K™ Zm00001d017811 4t H K T &2 J3 51 8 5% ik
L, PPRZE—Fh — AR AR 25495, PPR 22 [
FIEEmy E KRR EEEEZEN, 25
MR T % 2R T2 C RN I A K
KBRS, PPR GG it i) 8 BT ] i ok 2
5 RNA I TAEM T R E A KR T, 4l
I¥ PPREE[H OTP43 5375 T SO AR I 0 19 % B HELE |
FEHIAE IR FE AR R /N5 RIPT B DR 98 715 S B0 bk 18
£, KRG OGRI %ifi% 14~ DYW 3 5K J% 1) PPR &
F, fE Al A o AR o A K2 BR R E RN
H M. Zm00001d019270. Zm00001d019271 Fi
Zm00001d019274 43 3] Z 1% S 52 H Mg ity 417 i -+ 20
(pectin methylesterase inhibitor20) ., 5 fii¢ H s i 417
“F 27(pectin methylesterase inhibitor27) 15 i H i it
i F 9(pectin methylesterase inhibitor9), 7 F KH
PMEI9. PMEI20 FI PMEI27 [7] J& T PMEI(pectin
methylesterases inhibitor) & K 55 , 2 55 4 i BEAE 1
FISRE o A QAT FE ™, ARDAR A oo A e Ao 20 i
F14) e R ok s i) 20 M %) A= B DI 8 14, 40 L
B A DI PR 58 A4 th 2 v AR R AL, SRR A
YA M RE Y Sy, R R i (PMEE) AT PMET 9
VAP RURE B A A SR R R, A ) 4 i e

JoT A EE S, LE AE ) 25 AR i 2 AR
FHR, Zm00001d048084 4t GDP—H S A iz H 1
GONST3(GDP-mannose transporter GONST3), GDP-
H &2 T HE 2 5% GDP—H &0 M 41 it iz
S FREAM N B R, AR BRI Y
[7i] Y5 K| GONST3(At1g76340) ] BE 2 Ay /25 IR KL 44 5
{3 19 GDP-L-F: FUHE % 12 & 111 L(GGLTI), GGLTI 3=
TR AR AAR ) AT LR A BB AR R /N, 74> AT g
55 K Bk R R AT g bR R O ) i e B TR
Zm00001d042611 it GA200x3 B A IESE7E T oK
bk A e, Hay 643 B L7 UL RS JT 5K R 114 [H]
T35 DR v i 5 R R v kR A DG, H G R AE
FORPARRIESS . R AT AR SLt 5%, 0T
S FEPRFE TR P D REAE S G AL
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