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Exploration of Elite Genetic Loci for Grain Nitrogen Content
and Prediction of Candidate Genes in Maize
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Abstract: Nitrogen content in maize grains is closely related to maize quality, and the analysis of its genetic
mechanism is great significance for maize quality breeding. In this study, we used 252 maize inbred lines as an
association population, and used bayesian-information and linkage-disequilibrium iteratively nested keyway
(BLINK) , fixed and random model circulating probability unification (FarmCPU) , general linear model
(GLM) , mixed linear model (MLM ) , multiple loci mixed model (MLMM) , and settlement of MLMs under
progressively exclusive relationship (SUPER) to conduct genome-wide association analysis for grain nitrogen
content. A total of thirteen SNPS (P<3.64E-07) were identified. Six, three, seven, four, two and four SNPs
were detected by BLINK, FarmCPU, GLM, MLM, MLMM and SUPER methods, respectively. S3 8879213
can be detected in five methods, S9 146173702 can be detected in four methods, S5 114774030 and S7_
182217338 can be detected in three methods, S1 10906326, and S1 177528813 can be detected in two
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methods. A total of twenty-five candidate genes were identified, among which Zm00001eb275080 and

Zm00001eb330700 may be the important candidate genes affecting maize grain nitrogen content.

Key words: maize; grain; nitrogen content ; genome-wide association analysis ; candidate gene
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Fig. 1 Frequency distribution of grain nitrogen content in different environments
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R1 FHERSERZE XN SNP AL SARIEER

Table 1 Significant SNPs and candidate genes of grain nitrogen content

SNP £, 5 gefafk {7 E (bp) Tk E785 PE T LA
SNP name Chr. Position Methord  Environment P value Candidate gene
S1_10906326 1 10906326 BLINK s 4.74E-09 Zm00001eb003910,Zm00001eb003920, Zm00001eb003930
FarmCPU 2.61E-15
S1_177528813 1 177528813 GLM Lil§ 1.50E-07 Zm00001eb031710,Zm00001eb031700,Zm00001eb031720
SUPER 1.88E-08
S2 26621756 2 26621756 BLINK JEFH 1.62E-10 Zm00001eb076310
S3_8879213 3 8879213 BLINK JBH 4.39E-14 Zm00001eb121990,Zm00001eb122000,Zm00001eb121920
GLM 4.50E-09
MLM 4.13E-09
MLMM 7.52E-09
SUPER 7.76E-08
S3 224090740 3 224090740 GLM IR 3.11E-08 Zm00001eb159780
S4 221605237 4 221605237 GLM HIS 9.00E-08 Zm00001eb202470
S5 61436895 5 61436895 BLINK JsLBH 2.13E-12 Zm00001eb227670,Zm00001eb227680,Zm00001eb227690
S5 114774030 5 114774030 GLM JLBH 5.93E-08 Zm00001eb235460
MLM 7.08E-08
SUPER 1.79E-08
S6_106080325 6 106080325  SUPER JFH 4.82E-09 Zm00001eb275080
S7_ 182217338 7 182217338  BLINK JEFA 3.69E-11 Zm00001eb330680,Zm00001eb330700,Zm00001eb330710,
GLM 3.91E-08 Zm00001eb330690,Zm00001eb330720
MLM 4.16E-08
S8 158491327 8 158491327  FarmCPU Lilg 8.29E-08 Zm00001eb361270
S9_70909760 9 70909760 BLINK JLBH 5.87E-08 Zm00001eb383670
S9 146173702 9 146173702 FarmCPU g 1.86E-07 Zm00001eb397820
GLM 7.65E-08
MLM 1.89E-07
MLMM 7.63E-09
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(Flavonoid biosynthesis) . il JIg ft UL B 15 = 8 B
(Phosphatidylinositol signaling system) .72 &4 5 A%
1 )51 B f# (Ubiquitin mediated proteolysis) | #8 #)
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Fig.2 Manhattan plots and quantile-quantile plots for significant SNP for grain nitrogen content in Yuanyang
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330710 (wrky17) 4t WRKY % 5% P+ 173 Zm00001 TGRSR A B R A A0 L TR T,
eb330690(abi32) Hit PRI IE 758 11 ; Zm00001eb330 B Zm00001eb275080 F Zm00001eb330700 3% 2 /M5
720 GBS B3 2 R M EER . oS R alk BEREEXT AL IR B AR IA A2 5
Bin9.06 X 45 ¢ % 3 Kl Zm00001eb397820 (kao2) % PRIGIA I 2 AN PRS2 M) TR FRL AL & 1) EE 2
it S D FeAZ IR AL 2. e SE R (£ 2, E 6) .

®2 EEEEEREZEElog2(TPM+1) ]
Table 2 Transcriptional abundance of candidate genes [log2(TPM+1) ]

[18]

in RNA-Seq analysis

= = 5 i i i 2 (R
ﬁﬁ% Nﬁizeln N?t}if;jn Nigfrf;jn T\I)fri:n T\I}ﬁiezn T\;fri:n 1mli%)l);“z Pl
Candidate genes deficiency 1 deficiency 2 deficiency 3 applicationl application2 application3 change P_value
Zm00001eb003910 4.39 4.45 4.62 2.61 2.64 2.53 0.58 0.00
Zm00001eb003920 2.36 1.87 2.06 1.57 1.02 1.75 0.69 0.03
Zm00001eb031710 2.49 1.22 2.63 2.28 2.18 0.99 0.86 0.37
Zm00001eb031700 0.97 1.19 0.00 0.00 0.47 1.45 0.89 0.46
Zm00001eb031720 0.97 0.55 1.08 1.58 1.65 1.71 1.90 0.02
Zm00001eb121990 4.02 3.55 4.18 5.42 5.51 5.46 1.39 0.01
Zm00001eb122000 4.35 3.89 4.54 4.30 4.20 4.25 1.00 0.48
Zm00001eb121920 433 3.69 441 421 3.83 3.96 0.97 0.25
Zm00001eb159780 2.18 1.61 2.37 2.38 2.19 2.14 1.09 0.26
Zm00001eb202470 1.91 1.08 1.71 1.95 2.07 1.96 1.27 0.14
Zm00001eb227670 0.88 0.26 0.89 0.09 0.61 0.64 0.66 0.28
Zm00001eb227680 1.53 1.16 1.71 1.97 1.58 1.56 1.16 0.17
Zm00001eb227690 431 4.83 4.72 4.46 4.09 432 0.93 0.17
Zm00001eb235460 4.55 4.50 4.66 4.01 423 4.02 0.89 0.03
Zm00001eb275080 1.17 0.73 0.87 5.02 5.25 5.09 553" 0.00
Zm00001eb330680 2.99 2.17 0.00 3.21 3.41 3.15 1.89 0.11
Zm00001eb330700 0.57 0.26 0.41 2.90 2.62 2.74 6.66"" 0.00
Zm00001eb330710 3.48 3.00 3.57 391 4.02 3.95 1.18 0.05
Zm00001eb330690 3.61 2.04 3.47 4.09 4.12 4.09 1.35 0.09
Zm00001eb330720 1.64 0.64 2.53 3.00 3.20 3.05 1.93 0.06
Zm00001eb383670 5.70 6.33 5.96 5.26 5.21 5.16 0.87 0.03
Zm00001eb397820 4.42 3.74 4.46 5.66 5.66 5.67 1.35 0.01

PP LR R IR FRIA] ) 22 SR8, ™ 308 P<0.001 BE/KP

Fold change refers to the multiple of differences between different treatments, " indicates significant at the P<0.001 level
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Fig. 6 Gene expression profiles of candidate genes under nitrogen deficiency and nitrogen application treatments
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