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Genome-wide association and genomic selection analysis of the number of
leaves above the ear in maize

Yang Xin-Yu, Cui Wen-Tao, Dilinigeer Alimu, Wang Kai-Xiang, Wu Peng-Hao, and Ren Jiao-J jao’

College of Agriculture, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China

Abstract: The number of leaves on the ear is an important trait influencing maize plant architecture. Genetic mapping approaches
can identify single nucleotide polymorphisms (SNPs) significantly associated with this trait and facilitate the discovery of candi-
date genes, thereby laying a foundation for targeted breeding of ideal maize plant architecture and efficient enhancement of grain
yield. In this study, a natural population of 291 maize inbred lines was evaluated across multiple environments. Genotyping was
performed using sequencing technologies, and both genome-wide association studies (GWAS) and genomic selection (GS) were
conducted for the leaf number above the ear (LNAE). LNAE was significantly affected by genotype (G), environment (E), and the
genotype-by-environment interaction (G x E) (P < 0.001), with a broad-sense heritability of 81.23%. Using the MLMM model, 15
SNPs significantly associated with LNAE were identified, each explaining 1.12% to 22.43% of the phenotypic variation. The
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FarmCPU model identified 37 significant SNPs, with individual contributions ranging from 0.02% to 18.23%. A total of 11
co-located loci were detected on chromosomes 2, 4, 5, 6, 7, and 9 were detected by two different models. Among them, SNP
5 93495559 on chromosome 5 was identified as both an environmentally stable and model co-located locus. Compared with pre-
vious reports, this SNP represents a novel genetic locus. By integrating association mapping, co-location analysis, and candidate
gene expression profiling, three genes—Zm00001eb315650, Zm00001eb315660, and Zm00001eb089980—were found to exhibit
high expression during key leaf development stages and were identified as likely candidates underlying LNAE. Genomic selection
analysis indicated that using 70% of the population as a training set and 3000 SNPs could achieve high prediction accuracy. This
parameter can be utilized for molecular breeding selection of the number of leaves above the ear.

Keywords: maize; number of leaves on the ear; genome-wide association study; candidate gene; genomic selection
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Table 1 Phenotypic analysis and heritability of LNAE in maize

SRR 1, 78 PX23 A5, LNAE RAVEE R
5.54~8.01, ¥{H N 6.61, LR AZB N 8.00%; TF
PD23 Mg, LNAE RAVETEFI N 4.86~7.38, YIMH
9 6.10, 285 R KN 6.94%; 7E PN24 FRE5 1, LNAE
FAUEIEE N 5.16~7.42, HH K 6.04, ZEFRZECHN
7.68%; TEHEA B, LNAE % A {45 Bl K
5.26~7.38, HIMEHN 6.25, B 5 REN 6.47%. S Al
W FE REONTE-1 B 1 Z W], LNAE f55 IEA 0.

XPRE bt e BT 2253 0T (R 2) KB, LNAE
TEFEAY(G) . FRBE(E) M3 A 5 385 AR (GXE) Jr
TR TR 0 2 22 57K F- (P < 0.001), 3R] LNAE
ZENFENR | PRBE | R RR A BT AR AR
FET AR SR ERA B 4 ASMEREREE, A0 3 Y 3t
& 01k 81.23%, itk 8w, RW B LN R
LNAE PR it E2/EH .
22 HEXMESH

B E 7 BCE PR A A AR 2 (P < 0.001)1EAH
KKZRE 1-A), FIRAHHERBHEFEN 0.55~0.68,
AR ARG FRAIAH OC R B0E T AR5 ] R AU OC &
B(r{H M 0.85~0.88), FMRE It 7] ge sz 2| 3L H
R 55 B AE(GXE) ) i 52 . 1 54505 s
FIE(P < 0.001)FIFRLE (P < 0.05)04 JZ /R #bHHE Z
Bk 0.25 A1 0.12 (& 1-B), FEME Lt S
T K AR GO Z AR B 35 IEAH GG &R, Bl B
W 5 i 1 22 RN/ AT B SE A S OK 7 0 = AR

785 ¥E e/ ME KRAE ()3 353 5 ZA Uil
Environment Mean Min. Max. Skewness Kurtosis CV (%) H (%)
PX23 6.61 5.54 8.01 0.337 -0.271 8.00 81.23
PD23 6.10 4.86 7.38 —-0.079 0.133 6.94
PN24 6.04 5.16 7.42 0.179 —0.165 7.68
Combined 6.25 5.26 7.38 0.216 -0.202 6.47

PX23 JHiimar GG, PD23 AT & PHHIIAEE; PN24 24 i B AR AR5 Combined A B H 35 o

PX23 represents the Qitai environment in Xinjiang; PD23 represents the Qitai West area environment; PN24 represents the Ledong environment in

Hainan; Combined represents the joint environment.

#2 ERBEMHREEHESH

Table 2 Analysis of variance of LNAE in maize

SRR A I s F {l F value P i P-value
Source DF Sum Sq. Mean Sq.
FHHH Genotype (G) 290 420.65 1.45 10.36 *ak
4% Environment (E) 2 104.53 52.27 373.33 HxE
FEE A GG HAE GXE 541 152.52 0.28 2.01 ok
%2 Error 797 111.58 0.14 — —

#ELIRLE 0.001 AP E 255 2 . *** indicates a significant difference at the 0.001 level.
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Fig.1 Correlation analysis of LNAE across different environments (A) and with yield-related traits in maize (B)

PX23 s G 35T, PD23 A 5 VIR B PN24 b1 Ak AR MR8 Combined NEKG3F5E . LNAE fE Bt 480 GW O SRR R ;
HKW R ERLE , F17 43 SR ERTE 0.05 A1 0.001 7K P I 2 AHE

PX23 represents the Qitai environment in Xinjiang; PD23 represents the Qitai West area environment; PN24 represents the Ledong environ-
ment in Hainan; Combined represents the joint environment. LNAE: number of leaves above the ear; GW: grain weight per ear; HKW: hun-
dred-kernel weight. ~ and " denote significance at the 0.05 and 0.001 levels, respectively.

23 =EEAXBESHT A, PN24 145 5E 7 8] SNP i 15 194>, BEE RIS E AL
FF MLMM F1 FarmCPU 2 F#RI 43 50%F 3 4~ F] SNP fii 1 11 4>,
FAPREE R RS A EE NRE R SR AT A L I 4 T MLMM #8I([ 2), PX23 Ei 3] 3 &

KB, WETERIE N 2.968x10 CIF, 2 MRS SNP, 43l T 5. 6 Ml 7 S Yk [, A~ SNP i
Ko g] 52 4~ 35 SNP (3¢ 3), Hi, PX23 RIEENT SR 1.35%~9.86% 1 £ AR 5, PD23 (i 2] 6 4~
F| SNP v 55 10 >, PD23 FFIEEF] SNP fii 5 12 2 SNP, 336 F 2 24). 4. 5. 9 F1 10 S faik

A Manhattan plot of the PX23 environment Q-Q plot
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Observed —log,, P

(B 2)
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C Manhattan plot of the PN24 environment Q-Q plot
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Fig. 2 Manhattan and Q-Q plots of LNAE based on MLMM model
PX23 Jy i AF 6 3R5T; PD23 J9 A 65 VY M FR BT PN24 Dy il AR AR PR Combined 43 3R 55

PX23 represents the Qitai environment in Xinjiang; PD23 represents the Qitai West area environment; PN24 represents the Ledong environ-

ment in Hainan; Combined represents the joint environment.

I, B4 SNP i AR B 2.50%~8.62% 1Y F AR 5
PN24 5E(iF) 3 3 SNP, 7350 F 3. 6 f1 7 5
Pefk I, A SNP AL EUBRE 1.12%~22.43% 1) 2 A
S WA M EM I 3 N EE SNP, i T 4 M5
Q@A) SYefafk b, B SNP {7 5B 1.80%~9.83%
FRMAS S . 7F MLMM £ H SNP 6 151035576
) Pt 8.23x107", JFMRRE T fei 22.43%H1)
FMA S SNP 5 93495559 7E PD23 FIE& ¥ 4% rh
Bypl ki 2, JE IR B R A a5

X} T FarmCPU # %1 (14 3), PX23 sE i 3 74 i

A Manhattan plot of the PX23 environment

FSNP, AT 4GB ). 521, 6 Ml75%E
Rk b, BA SNP 7 s R A GTER R R 0.03%~
18.23%; PD23 E {1 & 6 4~ .3 SNP, 23 F 1.2,
4, S92 FHER L, FA SNP 7 5 AR A
TR N 4.22%~10.75%; PN24 SEfiF] 16 DB
SNP, i TFk 5195 A H A YL 4k -, 4> SNP
BRI TTRRE N 0.99%~10.62%; BEGIRESE
PLEIH) 8 A~ SNP, 5 F 1.3.424).5(2
A7 F8 S AR b, BRAS SNP 67 5 1 2 7 BTk
EH 0.02%~15.46%. {£ FarmCPU #ifih SNP

Q-Q plot

Observed —log,, P

(& 3)
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Manhattan plot of the PD23 environment

Manhattan plot of the PN24 environment
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Observed —log,, P

Q-Q plot
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3 FarmCPU #HE T EH FHHE MW Q-Q

Fig. 3 Manhattan and Q-Q plots of LNAE based on FarmCPU model

PX23 Jy i ar 6 5, PD23 S35 5 T HLFR BT, PN24 it i AR AR FRETE; Combined S I #1355

PX23: the Qitai environment in Xinjiang; PD23: the Qitai West area; PN24: the Ledong environment in Hainan; Combined: the joint
environment.

%3 MLMM {£2/50 FarmCPU 22 £ F 2|9 578 Lt 5 1 2 &5 %#9 SNP

Table 3 Significant SNPs associated with LNAE identified using MLMM and FarmCPU

78 Model ¥15% Environment SNP [X.[] Bin MAF P {f P-value PVE (%)
MLMM PD23 2 120634825 2.05 0.06 1.43x10° 2.50
PD23 2 168025488 2.06 0.49 2.55x10° 3.98
PN24 3225158062 3.09 0.08 5.19x107 4.81
Combined 4 157618103 4.06 0.07 1.64x10° 9.53
PD23 4 205497294 4.08 0.07 7.58x1077 8.62
PX23 5 161426166 5.04 0.28 1.33x10° 3.38
Combined 528589012 5.03 0.08 4.80x10” 1.87
PD23 593495559 5.04 0.09 1.58x10°° 4.34
Combined 593495559 5.04 0.09 5.22x107 1.80
PN24 6151035576 6.05 0.10 8.23x10°1° 22.43
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&k 3)
57 Model ¥15% Environment SNP [X [a] Bin MAF P {§ P-value PVE (%)
MLMM PX23 6 92586565 6.01 0.05 1.16x10°° 9.86
PX23 7 134339386 7.03 0.12 1.64x107° 135
PN24 7 26144877 7.02 0.22 7.56x107 1.12
PD23 9 47509326 9.03 0.08 5.11x107 5.43
PD23 10135626210 10.05 0.13 1.75x10°° 3.37
FarmCPU PN24 1111517760 1.05 0.06 1.06x10°° 1.95
PN24 1 258669737 1.09 0.35 1.81x107" 1.57
PN24 1 30205600 1.03 0.09 2.53x107° 3.20
Combined 1 35793348 1.03 0.08 1.02x10°° 229
PN24 1 41061523 1.03 0.45 4.23x10°* 1.31
PD23 196687462 1.05 0.05 2.07x10°° 7.45
PD23 2 120634825 2.05 0.06 2.83x10°° 5.61
PN24 2 41387828 2.04 0.07 1.40x10°° 6.16
PN24 3107497527 3.04 0.06 2.31x10™" 7.62
PN24 3 131795894 3.05 0.49 2.71x10°° 1.36
Combined 3186294797 3.06 0.05 8.47x107 0.02
PN24 3199745851 3.07 0.05 5.19x107"7 10.62
PX23 4 134561575 4.05 0.06 1.75x10°° 1.92
Combined 4 157618103 4.06 0.07 8.10x107 15.46
PN24 4 175173380 4.06 0.05 2.89x107° 432
PD23 4205497294 4.08 0.07 9.99x10” 5.70
PX23 4 210561941 4.08 0.07 1.23x10°¢ 6.23
PX23 4 230408762 4.09 0.07 2.44x10°° 0.03
Combined 4 230408762 4.09 0.07 2.50x107 4.50
PX23 5 161426166 5.04 0.28 1.68x107° 2.88
Combined 5 28589012 5.03 0.08 2.44x107 2.89
PX23 5 71843763 5.03 0.26 5.14x107 427
PD23 5 93495559 5.04 0.09 2.59%10°° 5.75
Combined 5 93495559 5.04 0.09 1.44x107 3.88
PN24 6 115959165 6.04 0.07 1.39x107 3.14
PN24 6 143596272 6.05 0.05 2.55x107"° 9.22
PN24 6 151035576 6.05 0.10 2.25%107 9.68
PX23 6 92586565 6.01 0.05 1.96x1077 18.23
PN24 7 132786846 7.02 0.08 4.82x107"° 8.85
PX23 7 134339386 7.03 0.12 8.23x107 2.24
Combined 7 134339386 7.03 0.12 9.90x10” 4.67
PN24 7 173598659 7.04 0.09 2.53x107° 4.65
PN24 8 176458605 8.08 0.15 1.51x10°° 0.99
Combined 8 22982115 8.03 0.10 1.75%10°° 4.19
PD23 9 148731042 9.06 0.07 2.05%10°° 10.75
PD23 9 47509326 9.03 0.08 2.89x10°° 422
PN24 1067379697 10.03 0.08 6.98x107 2.77

PX23 Jy i AF & BRBE; PD23 45 & DTHLFR B PN24 e i 55 4RFR 5 Combined WA 3R 85, SNP b HFIE & A5 MAF 4 f /N5 fir K]
BiiA; PVE R TIRRR .

PX23: the Qitai environment in Xinjiang; PD23: the Qitai West area; PN24: the Ledong environment in Hainan; Combined: the joint environment.
SNP: single nucleotide polymorphism; MAF: minor allele frequency; PVE: phenotypic variance explained.
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3199745851 [ P {E IR 5.19x107"7, FAIGTHk
UK 10.62%, SNP 4 230408762 7E PX23 FIEEA
B WA 5], SNP 593495559 71 PD23 FlIlk & PR
Byw e 2], 4R PR AR AL A
2.4 7R SNP L= #f

A SRR SR A A LA DU 2] 11 ASFRE AR
(3 4), Hh, SNP 4 230408762 & PX23 FIlE4 PR
T WA IF], SNP 593495559 75 PD23 Fllk 4 345
PRI E] A5 K B, MLMM fl FarmCPU # %!
e 78 10 4~ SNP, i T bin 2.05 [ SNP
2120634825, bin 4.08 ) SNP 4205497294 Filfi; T
bin 9.03 1) SNP 9 47509326 #f 2 M R [A] i} 7 PD23
HEEFRIME]; 7T bin 5.04 1) SNP 5 161426166

Fz4 11 NETESNP EKER
Table 4 Detailed information on eleven stable SNPs

FIE T bin 6.01 B SNP 692586565 i 2 /M5 744 [m] fisf
16 PX23 FAEET A E]; 2T bin 4.06 [ SNP
4 157618103 FIfii F bin 5.03 ) SNP 5 28589012 #}
2 AR [E] AR I A AR T AN E]; % F bin 6.05 1Y
SNP 6_151035576 # 2 A [A] 15} 72 PN24 FR5E T £
MF]; £7F bin 7.03 ) SNP 7 134339386 #f MLMM
16 PX23 MEERIH], Jf[FE# FarmCPU HEAITE
PX23 FIELA B FARIE]; (7T bin 5.04 AY SNP
5 93495559 #f 2 MEELAFE PD23 FIEKA 45 T I
il 2] 5 LNAE #H0C . 456 2 NEREERRE (5 SNP
4 230408762 1 SNP 5 93495559, AW 57 A&l 2|
11 MEaEN S, Hidr, SNP 593495559 B2 FRksfa
FED A, R 2 AR VA A5

TE LA SNP frEk LA X Ji]

Positioning condition Candidate gene Bin

PD23-MLMM, PD23-FarmCPU 2 120634825 Zm00001eb089980 2.05
Combined-MLMM, Combined-FarmCPU 4157618103 — 4.06
PD23-MLMM, PD23-FarmCPU 4205497294 Zm00001eb199890 4.08
PX23-FarmCPU, Combined-FarmCPU 4230408762 Zm00001eb203860 4.09
Combined-MLMM, Combined-FarmCPU 5 28589012 Zm00001eb221520 5.03
Zm00001eb221530 5.03

PD23-FarmCPU, Combined-FarmCPU, PD23-MLMM, Combined-MLMM 593495559 Zm00001eb233990 5.04
PX23-MLMM, PX23-FarmCPU 5161426166 Zm00001eb240510 5.04
Zm00001eb240520 5.04

Zm00001eb240530 5.04

Zm00001eb240540 5.04

PX23-MLMM, PX23-FarmCPU 6_92586565 Zm00001eb272100 6.01
PN24-MLMM, PN24-FarmCPU 6_151035576 Zm00001eb286080 6.05
PX23-FarmCPU, Combined-FarmCPU, PX23-MLMM 7_134339386 Zm00001eb315650 7.03
Zm00001eb315660 7.03

PD23-MLMM, PD23-FarmCPU 9 47509326 Zm00001eb381590 9.03

PX23 N HiEAT G M, PD23 AT 6 IS, PN24 4 FT AR A H 8, Combined NS, EALSAEH PD23-MLMM X% MLMM H7
T~ PD23 M. SNP W HZITIRZ AN, LI KRS B3 RefGen_vS.,

PX23: the Qitai environment in Xinjiang; PD23: the Qitai West area; PN24:

the Ledong environment in Hainan; Combined: the joint environment.

For positioning conditions, PD23-MLMM refers to the PD23 environment under the MLMM model. SNP: single nucleotide polymorphism. Candi-

date gene searches were conducted using the B73 RefGen_v5 reference genome.

25 HNERSW

Xf PX23. PD23. PN24 FICGHIEEH 11 M4
JE SNP i s & 07 78 S 5 R BVBUR 34T ¢+ K e
(K 4), 453 B7~, SNP4 157618103, 4 205497294 .
5 28589012, 6 92586565, 6 151035576 119 47509326
1) 45 57 72 S % I 3R PR [R] 4) AE 7R AR B 3 25 S/ (P <
0.01), & W45 (v Jk A %) 5 AR fiff R AU & Az el A, FL

H1, SNP 4_157618103 & BN AA #7528 TT 5
LNAE . #8/0; SNP 4 205497294 Z: (i FE [ N AA
75 % GG J& LNAE I #/b; SNP 5 28589012 %5
MM GG AR CC Ji LNAE &8 ; SNP
692586565 2 KL M GG #5745 N CC J5 LNAE
N, SNP 6 151035576 i R GG #7285 Ny
AAJ5 LNAE {2 /0 ; SNP 9 47509326 %543 FE K AL
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CC %7 % TT J5 LNAE BEW /. %4k, SNP
2120634825 TEIKA MR S0 A8 7 J5 R AVE 2 55
3 (P <0.05), HAY 3 ANFREE R AE 2 5 K 3%,
SNP 5 93495559 [R7E PX23 R i 450 75 S J e 4l
B2 5 B EP < 0.05)50, HAp 3 NI RAE 2
SR EP < 0.01), FAHEFM GG 542K AA J&
LNAE 314011, SNP 5 161426166 [4 PN24 ¥4

HNARR S R E R B, K 3 A FREE
(AR5 5 RAVEAF N B E 2 (P < 0.01), 5507
N AA B645%5 TT J§ LNAE 38 J0; SNP
7 134339386 [ 7% PD23 BRHE P46 iy 75 5 5 e M {1 2
WP < 0.05)Fb, HAxy 3 ADIEE AR 7T
RAUETE P < 0.01 KV E22 R B3, SFA0HH
M CC 5745 GG J& LNAE L33

A B C
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2 s P =0.09 P=0.03 P=0.066 P =0.04496 § P=0.00082| |P % 0.0038 P=42¢-07| |P =8.8e-05 § P=0.00081| [P=0.00220| [P =0.00221| |P=0.00017
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Fig. 4 Effects of stable SNP allelic variation on phenotype
A-K Gl 11 A FGE

SNP 7 3 AN PR8I BRBE v 45 067 A8 S % B A s - i B R AU 25 5 o PX23 i ar & M35, PD23 Iar 5100

HLFREE; PN24 Dy i SR AR FREE; Combined SHIKAIEE . PO R EME2R S, *A5k P<0.05, **f{3£ P<0.01, ***{{3k P<0.001,

A-K show LNAE phenotypic differences associated with allelic variation of 11 stable SNPs in PX23, PD23, PN24, and Combined environ-
ments, respectively. PX23: the Qitai environment in Xinjiang; PD23: the Qitai West area; PN24: the Ledong environment in Hainan; Combined:
the joint environment. P indicates significance: *: P <0.05; **: P <0.01; ***: P <0.001.
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HT B73 RefGen v5 SN, A5
LNAE PER 5 AH A SNP 37 5 F el R i 33 kb
XI5 ST A B, JEAy 38 A E
RET B EL(FE 5). PX23-MLMM, PD23-MLMM ,
PN24-MLMM . Combined-MLMM , PX23-FarmCPU .

PD23-FarmCPU . PN24-FarmCPU #lI Combined-
FarmCPU X 7 i s R A 430 7. 7. 2. 3.
13, 5. 24 f194~,

EEXF 11 M SNP, HL%Eae th 15 Mk 3L A,
Hrp 14 MEERERNEGCHIIGE. Zm00001eb
240510, Zm00001eb240520. Zm00001eb240530 F
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Zm00001eb240540 415 T SNP 5_161426166 1% 4
AP X R, BT 2 A FEE DI RR R UDP-FE 3
R M 73D1 Ml UDP-MEILEL L/ 73C5. 2 ALY
AR EMA S LNAE & F M LA SNP
528589012 i T FH Zm00001eb221520
Zm00001eb22130 B4t X I, 43 5] 4 A% 17 s 25 (A
FERE M 2 AR R HE A . FarmCPU #EI7E PX23 Ail
Combined 355, MLMM #HI7E PX23 5% F A
F| 5 LNAE L 41 CH) SNP 7134339386 i T 1k
FH Zm00001eb315650 F1 Zm00001eb315660 )%
T X I8, 3 ) 4 il 3 0 8 1 R A SRR B 1) AP
KAt SNP 593495559 #f FarmCPU B Fl MLMM
BEALZE PD23 FIEK & PR8I m AW 2], 7 F

Zm00001eb233990 {35 TAIX [RI N, DhfgiEREN
KRFAEMIEH LOC111589340,

MG IE NI A 15 Mg L R AR,
TEIF T T B73 E K 28 B[R 44U
IR, wE S Frs (5 AU AN R S %
Stelpflug %% Walley %5P°Vfl Sekhon %1401 Hrp
2 NEEHTE 28 P 4Uh R IR IR B IRk, FE
Zm00001eb315650 TEEFERT B VO (5 9 A 584
JEITYR AR R A VO 55 13 F7 R ops Fs Y,
Zm00001eb315660 TEEFENEE VO AN F s
kB8 Zm00001eb089980 155 8 J (30 d #%)H 3
A XIRGHFRIX AL X RN K X)) S A5 8 /it
(43 d i) TR H AR X 48 v A e TR KB

Zm00001eb199890
Zm00001eb089980 7.00
Zm00001eb203860 6.00
Zm00001eb221520 :
Zm00001eb221530 5.00
Zm00001b233990 4.00
Zm00001eb240510 300
Zm00001eb240520 :
Zm00001eb240530 2.00
Zm00001eb272100 1.00
Zm00001eb286080

[ | Zm00001eb315650 0

Zm00001eb381590
Zm00001eb240540

5 SEEMREHEXE 15 MEEEETE 28 Mt FEXARPHRIEERE

Fig. 5 Heatmap of expression levels for 15 candidate genes associated with the number of leaves above the ear across 28 leaf-related

tissues

Pl 5] v 0 Ay i R R PRI A R 3R MH, B logz (FPKM+1),

Numeric values in the legend represent gene expression levels, calculated as log, (FPKM+1).

R5 ERBLEMRBUEEREER

Table 5 Putative candidate genes for LNAE traits in maize

b [T DR
Candidate gene Function annotation
4 134561575 Zm00001eb183540 T A BRI TS FEE [ 33 Protein trichome birefringence-like 33
Zm00001eb183550 RN LOC103653699 Uncharacterized LOC103653699

4 210561941

Zm00001eb200840 iR 456 45 M1 (C2H2 FE4EFE R 1) Nucleic acid binding protein (C2H2-like zinc finger protein)

Zm00001eb200860 H M 4L R Glyoxal oxidase

5 71843763 Zm00001eb230020 —

1 96687462  — —

9 148731042 Zm00001eb398600 IRK HI T /EAIZE ] IRK-interacting protein
130205600  Zm00001eb009640

SRR & B PO 52 R 22 R IR A R A B BAM2

Leucine-rich repeat receptor-like serine/threonine-protein kinase BAM2




1584 £ ¥ 2= %52 %
(&3]
SNP fpe it IR
Candidate gene Function annotation
1 41061523 Zm00001eb012470 PR e [EJRZE 11 70 kD #H [4 2 Heat shock cognate 70 kD protein 2
Zm00001eb012480 PHM2177
Zm00001eb012490 LRI AR RR £h 30K 11 3 Mitochondrial phosphate carrier protein 3, mitochondrial
1_ 111517760 Zm00001eb025660 —
1_258669737 — —
2 41387828 Zm00001eb080140 ABC #1528 M G FJEM 5 51 ABC transporter G family member 51
3107497527  — —
3_131795894 Zm00001eb137220 BRI R R o /KfREEREE Z % # H Adenine nucleotide alpha hydrolase-like superfamily protein
3199745851 Zm00001eb152260 Wi 4 & M Blue copper protein
Zm00001eb152270 DUF155 %% H DUF155 family protein
Zm00001eb152280 RFIERZE 5 Uncharacterized protein
4 175173380  Zm00001eb190970 U-box 254938, 7% % 1 33 U-box domain-containing protein 33
6 115959165 Zm00001eb277790 5 Shaggy tH& Y {4 iota Shaggy-related protein kinase iota
Zm00001eb277800 F UmuC Z5#30 495 F i UmuC domain-containing protein
Zm00001eb277810 SR SRR 2 K 1 Pectin lyase-like superfamily protein
6 143596272  Zm00001eb284230 AL B SF21 Pollen-specific protein SF21
Zm00001eb284240 22 R U 1 431K Threonine synthase 1 chloroplastic
Zm00001eb284250 ErEEs CCCH 45 #4311 35 Zinc finger CCCH domain-containing protein 35
7 132786846 — —
7 173598659 Zm00001eb327060 EAL2
Zm00001eb327080 & A E -1 Protein EGG APPARATUS-1
Zm00001eb327090 RFAEHIFE H T Uncharacterized protein
8 176458605  Zm00001eb368560 AT & E 045G T 3 AT-rich element binding factor 3
10_67379697 Zm00001eb414020 22 F R/ 70 R R 13 STY 13 Serine/threonine-protein kinase STY13
Zm00001eb414030 YTH £5#41 7% % 1 ECT2 YTH domain-containing protein ECT2
135793348 Zm00001eb011120 PGG 541 1 it PGG domain-containing protein
3 186294797 Zm00001eb148440 RFAEA)FE T Uncharacterized protein
4 230408762 Zm00001eb203860 F-box/Kelch K% 3E 1 F-box/Kelch-repeat protein
8 22982115 Zm00001eb337930 Ji% 85 FH 4 1 BB HD16 Casein kinase 1-like protein HD16
5 161426166  Zm00001eb240510 UDP-#li L5 # i 73D1 UDP-glycosyltransferase 73D1
Zm00001eb240520 UDP-#HJE4E R B 73C5 UDP-glycosyltransferase 73C5
Zm00001eb240530 —
Zm00001eb240540 —
692586565 Zm00001eb272100 ATP 44 JB & A i FTSH 5 44k
ATP-dependent zinc metalloprotease FTSH 5 chloroplastic
7 134339386  Zm00001eb315650 44 & 11 Blue copper protein
Zm00001eb315660 SR8 H AlgP Transcriptional regulatory protein AlgP
2 120634825 Zm00001eb089980 60 kD FAERER S 1 60 kD jasmonate-induced protein
2 168025488 Zm00001eb095640 F G M2 2 Protein LONGIFOLIA 2
Zm00001eb095650 K ZRAEAYFE 11 Uncharacterized protein
4 205497294 Zm00001eb199890 R FAEAIFE T Uncharacterized protein
9 47509326 Zm00001eb381590 FRELu N T2 F# Carboxyl-terminal-processing protease
10 135626210  Zm00001eb427460 B-RA [ 1 FE 8 H Beta-fructofuranosidase 1-like
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Candidate gene Function annotation

3225158062 Zm00001eb160130 AR FAEAE H i Uncharacterized protein
6_151035576 Zm00001eb286080 FAM91A1 # & FAM91Al-like protein
726144877 — —
4 157618103 — —
5 28589012 Zm00001eb221520 R FREFE 1 2 Flotillin-like protein 2

Zm00001eb221530 RFAEA)FE FH T Uncharacterized protein
5_93495559 Zm00001eb233990 FFNAEA LOC111589340 Uncharacterized LOC111589340

SNP by Wik IR 2 Atk RIESEIN AR S % B73 RefGen_v5; Bt Rl NCBI M i &k,

SNP: single nucleotide polymorphism; gene annotations were based on the B73 RefGen_v5 reference genome and NCBI functional databases.
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Fig. 6 Effects of different training population sizes on prediction accuracy
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Fig. 7 Effects of different marker numbers on prediction accuracy for LNAE
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% [ 52 S N FBE LR, 456 T Zondk vk Il )3
RUFUJr 225y Wi RU R 05 . ABESEFIH MLMM Al
FarmCPU 7£ 2.968x 10 B B {E R 43 A 2] 15 4~
37 AN SRR o R B 35 Gk SNP {4, Hirp
2 /> SNP FEZAN-IEE T RIBF A IR, 10 M FasE
SNP # 2 AR [E] A £, 537 F bin 2.05.4.06
4.08, 4.09, 5.03. 5.04, 6.01, 6.05, 7.03. 9.03 [X.
] o AN RS AL (7 o5 PT SR M o vy, T Bt — 2
HATHRE . g SNP S AR S R ABUE Y ¢ ki 4h
o, BRENEE RS E 7 4 230408762 2 F A B EFAN,

HAy 10 A (i s RABUEFEA R IR B T Y7 7E
—ERER S, /08T SNP 4 230408762 A i 5
N, AIRERAENAIAR S TT e AL sRR AN B /D, fifi 2
R — IR

ARTIFFE 352 07 3 52 4 i 3 OCHE) SNP v,
HPX23 BB 7 31 10 4~ SNP A7 5, PD23 85 2 v
F 124> SNP {3 1, PN24 F 555 1 51 19 4~ SNP i/ 4,
AW EME 11 4 SNP fifi. Hi SNP
593495559 AL SRR E L E A F] 4 IR, BAR
B HEAY SNP i, SHTHIBFFEAH L, % SNP 2
B AE AL . —28 SNP 7ESERTUFSE o B A B ik
g 10143152 FarmCPU FEBITE PN24 R85 R 2 3
£7T bin 2.04 i SNP 2 41387828 5 Li 25UV 3|
S M R8O X8 QTL gLA2-1 i T [al—Ze fafk
X Bt; FarmCPU HEAITEER A FREE T & A7 247 T bin
8.03 /) SNP 8 22982115 5 Shi%:°'¥E HnLA 1 HfLA
WEERGI E 0 LNAE B gHnLAS-1 Fl qHfLAS-1
P F R — G AR X B {7 F bin 6.01 Ay v 40 4%
692586565 5 Cui %! 1747 M Fifg g 5% T 6 00 1)
5 LNAE BEMXR gLA6-1 i T —Y R IXBE; fir
T bin 2.05 FLE R 5 2 120634825 X X 26
F ¥ LNAE 89 gEN2 {57 T [ — YL O AR X B

HZ AR E ) 3 SNP A7 e 5L i, A Bh
TH75 LNAE MR A8 5Lt . A0k T KPR AT
JE R, LT B73 RefGen v5 JEH 4, Awsyit
YE N 51 AMBEERE, Hrh 38 N EATIREER
FEH Zm00001eb203860 4wt F-box/kelch HER H [,
ZE AR T R UL F-box FKIEEHAWRKIGZ
— B S Y R SO Z R, AR T
WHRDLESES . k. MEFTHRST. EEM
AT SR, B £ W, F-box &AM
FBX92, TaFBKS8/29)7E M  A[Al & & Wi Bt & 45 45 5
TAEA: piE AR A RS 5w e RN S
E R R i BURbAE YA S SIS STSIN L s el
BATHILHEN Zm00001eb203860 T HEH 12t 5 i Z£ 5
Uit 43 A AU % T AL 485 M KRR b Y 3
Zm00001eb080140 4t ABC #5514 G K%, 1E
8 I~ ABC iz AW K+ E TRAIHEz—), B
PRI U is Z MR, WHERER . BER
(abscisic acid, ABA) . 4l 14324 2% A F iR (jasmonic
acid, JA) 1, BiIERRTERRF & ZEFRIR . LA
T R R A KA B 1 A R R AR
FEFIR H ERRE S PR A E AR R R AR
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Yir=re, IR ALY A A s AR R b, EoK
ABCG H:HYHE) S 5% AT, LA R
SRALT PEREES, Fn, ZxaBCG11 FHTE
ghignt Fh ik Y BRI AtABCG32 Ik
Z HvABCG31 /&2 Stk Fr 1 2 TE L G sl
BHEAY, bRt — 2 ER T ABCHi2EH G
FIGEM R AT SWESE T EZEDRE, SH
Zm00001eb284250 4ifi% & 5EHE CCCH &5 My & 1 35;
PR -MEEREND, S25EMEK. £F
DL K 3 I Jf 38 R T, 5 OK RS i o A G SR
OsDOS SHIHLI R S+ 4 A AR X IE P 4rC3H14 1)
O e Y

K Zm00001eb315650 W% 5E J 28 ME A 5
SNP 7 134339386 HYMeihtk A, 4wt 1y i 4
B, EREATTEMY L2 Ny PR,
W R TR, I ERE IR E KB B
VO KN FRISE 13 Rt A R AR,
WFoT 2B, W88 H B2 m kA 5 T AR ) 27
RER R S 5IRENAERTY . SR F RN . AR
TATE B DA B 3 A A A A R U2 et B
WD, O R R AL T 20 P B Y
MG SAG14 BB S MR ARG PCY K/E
HAE, FERREAMT, GG R PIF3/4/5 I
SEAFTEFFAH] miR408 KK, f2ff PCY-SAG14 &
HARTE R i P BUR, Ikt A g R Ma
SRV ok H B & B ORI T O B A Y R
ZmEREB14 (W58, W8 & A8 E VC 41
FAMFRICE I, RIS Ok SAM & & F™ Y
S, Zm00001eb315650 T REE LM SAM &
RS AR S AN

FEH Zm00001eb315660 VR L8 MEA7 25 SNP
7_134339386 ML RN, g% iR 5 85 1 AlgP.
FORETRY, ZIEFTEEKREFRMBE VO R
I rps 263k 08 . Cross ZEUOFSY R B, e 4R
I AlgP Al RETE 2 bS5 SR SE R Rk T
718 K R T T AR A P (Y RS v & B R
Zm00001eb315660 (B73 v3 KK : GRMZM2G355316_
PODYE 450BACT HRI T, ZRBEEKES, A
BT ERIATERKT . A VER B 2516 (Y
W, VAR AR L R RO PR ALE U

FH Zm00001eb089980 1E R R4 /5 SNP
2120634825 By RN, Zmtd 60 kD K AT R EL 5
FEHJIP), RiFEOPrERM, ZIEHEEFKE 8 I

A 3 AN X IR(30 d %) SR 8 it (43 d iR
I PR R A K, LA SR AT R A B AE I ok
HRRUS SRR R A I B A S & R s i
BG5S 0T, ANCREAE Sy i 07 Jolr363 1% 98 55 M g B
T M40 2R G0 T 9 A LA X 2 Rt B 1000 iR 2 55
BEREWERERK ., thEE, TES54HEEN
R A P AR AR — IR A R s
BEKM R R B L BT T R B, A E KR & Ab
JEPE PSK AbBH S I Fr (R A5 B RELL R, AbH S
M2 7 JA FoRM R P O R 2 1 B, IR
3| A Zm00001eb089980 (B73 v4 %t :
Zm00001d004591) W] it S5 T KM B K E B,

KGN Z 3 H Zm00001eb315650 |
Zm00001eb315660 FI Zm00001eb089980 ¥ Fy J5 £ 3
REIRIE M 1 2L H bR, N E K L0 R 8 FE M
TR T B SR, JE2LiE i CRISPR-
Cas9 3 [K 45 5 & qRT-PCR 25 H RIEASZ AR L
B o F i AL L

H A4 5L R 2 3 8 O BN 43 5 Fh S i A% O
ik o AR A B AR AR, T I R Ak T
A AE 2 PR A B 35 4% VAL R R B RE, AR
WAL T PR T LA . 7 S AR AR T
HERfR M RS2 M B, I R 5 IR A 2 [ 7 L 5]
JEEEESR, D KR GBLUP #ERINT 2 K
KBERFFEAE TR IEAT GS B, & B RIL FEAARTF 467
ARFARINGRER LU 60%~70%, DH FEAATF L1
AR BN GRBEAR LL 1) 70%~80% . Dang 25 71%} 190
ANTHEK HAZ R 287 AR T oK 428 R HRIE S
PRIRFEAT GS A LB, HUIZRBEARFIBIN 10%3
2 30%HT, GS T AL B SR Y L
40%3H 2 80%H, AHEESR TR W LE SR )T R
47 AR B, IR G R Y 80% M Tl
T VB 1 3K B B K (0.45) o BRI GRBEIR BB A1, FRid
5 P8 A Bl IE SR I 2 R ) O A R R,
H bR AR 000 o B Pk 23 B AR 10 B BE Y 3 DR
800 Cao SEP VRS FORPUAIMBERT AT T GS
AR, MARICECE N 3000 BTG B .
Zeng PRI, YIGRBEAR KN b R EERBLEY 60%
HLFRIE R BN 3000 B, T K 5 AH G R T50 0 o 1
JER B e o 7F—T00 R OK FULFS R e 70 A A AT s pi vk
GS A Hr I R B, AT 4000 NAric B AT 3RS 55
R T K (0.36), LT IXSERFREE R, AT
WARSEBR B RN T, SR 70% 9 Y1125 3 AR AR
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