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Identification of resistant germplasm and analysis on resistant genes of
gray leaf spot caused by Cercospora zeina in maize

TAN Jing, LUO Ji, WANG Wen-rui, WANG Kun, GAO Jia-qi
(School of Agriculture, Yunnan University, Kunming 650500, China)

Abstract:  Gray leaf spot (GLS) is an important disease of maize in the globe, which brings about severe impact on
maize production especially in Southwestern China. Cercospora zeina is the main pathogen of GLS in Southwestern China. In
this study, 241 maize inbred lines with wide sources were used to construct association population, and the resistance phe-
notype to GLS under natural condition in the severe disease area of Yunnan was evaluated. Genotypes of the association pop-
ulation constructed by 241 maize inbred lines were analyzed by single nucleotide polymorphism (SNP) markers covering the
whole genome. Then the loci of GLS-resistant genes and the candidate genes were predicted to provide technical support for
the GLS-resistant breeding of maize by genome-wide association analysis. The two-year (2017 to 2018) identification results
of GLS-resistance indicated that there were significant differences among 109 tropical/subtropical maize inbred lines, 109
temperate maize inbred lines and the interaction between materials and years. There were 44 inbred lines with disease resist-

ance and five inbred lines with high resistance in two years of resistant evaluation. The results of genome-wide association a-

nalysis by using 20 586 high-quality SNP markers and two-
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year phenotypic data of GLS indicated that, under the
condition of P<0.001 (-lgP=3), a total of 44 SNP loci
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distributed on chromosomes except for chromosome 10. Compared with existing research results on linkage location, it could

be seen that except for four genes, the remaining 27 genes of the 31 genes were located in the quantitative trait locus

(QTL). Eight candidate genes related to diseaseresistance were obtained by comparing the 27 genes in bioinformatics data-

base. The results will lay a foundation for the resistance breeding, the cloning of resistant genes and the resistance mecha-

nism research on maize GLS ( Cercospora zeina) .
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Table 1 Variance analysis on gray leaf spot( GLS) rate of maize

inbred lines in association population

T PSP IO S K P

(SS) (MS)
i/ A 1 1.689 1.689 0.652
DIEZYiis
iy 1 11.284 11.284  18.589*
A 108 1480.011 13.704 5.286**
EG xR 108 279.994 2.593 4.271*
WE 217 131.726 0.607
At AEM 1 6.565 6.565 1.826
il 1 0.917 0.917 1.444
R 108 948.453 8.782 2.442*
AEAy <AL R 108 388.373 3.596 5.662*
w7 217 137.833 0.635

* RANFE 0. 01 KPR 3 (P<0.01)
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Fig.1 Frequency distribution histogram of GLS rate in maize
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Fig.2 Population structure in the 241 maize inbred lines
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Table 2  Significant single nucleotide polymorphism ( SNP) loci associated with GLS resistance in maize

Ay $%§?§§f§ﬁ I*E,?g N %@gﬂ% bin e Pl -lgP R?

2017 AX116873072 GRMZM5G889999 7.04 156 182 273 9.59x107° 4.018 335 0.070 787
AX95678619 GRMZM2G080044 9.01 7 620 704 9.68x107° 4.014 079 0.065 982
AX86263934 GRMZM2G057129 5.02 8 134 415 9.99x107° 4.000 516 0.065 717
AX86286595 GRMZM2G477314 1.10 281 321 400 1.12x107* 3.949 725 0.064 708
AX86280968 GRMZM2G161932 2.04 48 590 009 1.66x107 3.780 012 0.061 437
AX86291016 intergenic 126 878 832 2.41x107* 3.617 143 0.058 636
AX86243556 intergenic 218 638 586 2.84x107* 3.546 267 0.056 923
AX116871676 intergenic 150 275 895 2.99x107 3.524 871 0.059 795
AX86320824 Intergenic 31 281 627 3.15x107* 3.501 298 0.056 089
AX86280339 GRMZM2G130278 2.07 195 912 702 3.44x107* 3.463 295 0.055 553
AX86242039 GRMZM2G389789 2.04 35 358 494 3.53x107* 3.452 403 0.055 223
AX86261917 GRMZM5G887716 9.01 8 039 868 3.56x107* 3.449 003 0.056 530
AX86282273 GRMZM2G156543 1.11 295 490 136 5.08x107 3.294 202 0.052 673
AX86282358 GRMZM2G110141 6.05 150 592 637 5.33x107* 3.272 916 0.051 797
AX86259524 GRMZM2G130278 2.07 195 912 740 5.62x107 3.250 467 0.051 526
AX86280726 GRMZM2G080174 7.04 154 277 825 6.06x107 3.217 527 0.051 246
AX86300931 GRMZM2G106427 6.03 102 399 426 7.91x10™* 3.101 886 0.048 492
AX86290220 intergenic 10 795 858 8.12x107* 3.090 328 0.050 122
AX86281826 GRMZM2G163912 1.11 288 742 212 8.82x107* 3.054 763 0.047 938
AX116875774 GRMZM2G100146 8.05 136 129 975 9.23x107* 3.034 715 0.047 189
AX86263146 GRMZM2G374309 7.03 154 747 848 9.75x107* 3.011 086 0.047 627
AX86278800 GRMZM2G160887 9.01 8 414 792 9.82x107* 3.008 041 0.048 508

2018 AX86275790 GRMZM2G150217 8.04 110 372 621 1.48x1073 4.828 950 0.084 621
AX86309888 GRMZM2G163426 2.06 177 440 328 1.17x107* 3.932 340 0.065 220
AX86244929 GRMZM2G068665 3.05 150 268 973 2.51x107* 3.600 070 0.058 699
AX86305255 GRMZM2G022820 6.01 44 009 333 2.66x107* 3.575 385 0.058 780
AX86327709 GRMZM2G069177 3.04 13 312 272 3.79x107* 3.421 914 0.055 237
AX86316600 GRMZM2G043995 6.01 43 975 532 4.13x107 3.384 486 0.055 635
AX86259524 GRMZM2G130278 2.07 195 912 740 4.39x10™* 3.357 901 0.053 998
AX86245857 GRMZM2G030463 4.03 12 606 643 4.70x10™* 3.327 902 0.054 094
AX86267581 intergenic 164 271 629 4.99x10™ 3.301 620 0.055 022
AX86293781 GRMZM2G025214 6.01 43 624 775 5.16x107 3.287 237 0.053 089
AX86272545 Intergenic 177 233 169 5.22x107 3.282 381 0.052 553
AX86290238 GRMZM2G030463 4.03 12 584 481 5.59x107* 3.252 564 0.052 564
AX86308994 intergenic 67 935 376 5.70x107* 3.244 257 0.052 422
AX86259536 GRMZM2G419111 3.04 40 064 069 5.72x107* 3.242 952 0.053 002
AX86258187 GRMZM2G007372 5.04 84 843 099 6.52x107* 3.185 943 0.051 440
AX86248649 GRMZM2G074634 5.04 84 103 739 7.45x107 3.128 056 0.050 946
AX86279436 GRMZM2G131024 3.04 43 869 157 7.78x107* 3.109 261 0.050 001
AX86299851 GRMZM2G026117 5.04 84 248 322 7.87x107* 3.103 914 0.049 957
AX86264035 GRMZM2G022820 6.01 44 008 563 8.49x107* 3.070 896 0.049 483
AX86273118 intergenic 43 468 429 8.59x107* 3.066 092 0.049 383
AX86249990 intergenic 43 973 360 8.81x107* 3.054 926 0.049 165
AX86316602 GRMZM2G022726 6.01 44 006 176 8.81x107* 3.054 926 0.049 165
AX86281684 GRMZM2G401664 7.03 143 821 472 9.34x10™* 3.029 628 0.049 795

bin FR PRI, 2 bin=7.04 I, RIBZFRCHL TER 7 5 R 0. 04 DX, HAWK LI ; intergenic Fm Ak [A] X 35k,
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Table 3 Comparison between associated genes with QTL identified in previous studies

o K B73 V3 LR QL P 5
MR JebRi/ G Fikri/
1.10 GRMZM2G477314 lim99a iasl3a
bnlg1720 umel500
2.04 GRMZM2G389789 ume34 umcl541
2.06 GRMZM2G163426 umc2253 umcl551
agrr267b mel
umc2194 umc2019
umcl39 umecl37
2.07 GRMZM2G130278 umcl39 umcl37
3.04 GRMZM2G069177 PZA00508.2 PZA02474.1
GRMZM2G419111 PZA00508.2 PZA02474.1
GRMZM2G131024 PZA00508.2 PZA02474.1
3.05 GRMZM2G068665 umcl02a bnl5.14
umel02a bnl5.14
143 898 953 bp 180 504 690 bp
umcl773 umc2127
4.03 GRMZM2G030463 umc2082 umel 117
ume3la php20597a
5.04 GRMZM2G074634 bnlg1046 umcll71
GRMZM2G026117 bnlg557 bnlg150
GRMZM2G007372 umc43 umc40
ume43 php10014
umcl784 umcl171
6.01 GRMZM2G022726 php20599 ume85a
GRMZM2G022820 php20599 ume85a
GRMZM2G025214 php20599 ume85a
GRMZM2G043995 php20599 ume85a
6.03 GRMZM2G106427 php20599 ume85a
86 257 528 bp 113 885 960 bp
npi373 umc46
6.05 GRMZM2G110141 php20599 ume85a
7.03 GRMZM2G401664 umcl 11 129 865 901
GRMZM2G080174 asg32 156 132 738
GRMZM2G374309 asg3?2 156 132 738
7.04 GRMZMS5G889999 umel 1l asg32
8.04 GRMZM2G150217 bnl13.05a bnl12.30a
8.05 GRMZM2G100146 ufg80 bnlg666
umc89 csu3l
135 091 499 bp 156 907 035 bp
bnl12.36b gpm511
bnl13.05a bnl12.30a
9.01 GRMZM2G080044 POI100005 umel13
GRMZM2G160887 POI1100005 umcl13
GRMZM5G887716 POL1100005 umel 13

bin FR ORI, QTL FrR Bt MR AL
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