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Genome Wide Association Study of Rust Resistance in Cowpea

WU Jian* 2, WANG Baogen?, CHEN Xiaoyang®, WU Xiaohua?, LI Xiao®?, HAN Lei" 2, WANG Ying?,

WANG Jian?, LU Zhongfu?, YANG Yi*, ZHANG Yan*, LI Guojing?, WU Xinyi®

(*College of Horticulture Science, Zhejiang A&F University, Hangzhou 311300; 2Institute of Vegetable,Zhejiang Academy of Agricultural Sciences/Key
Laboratory of Vegetable Legumes Germplasm Enhancement and Molecular Breeding in Southern China (Co-construction by Ministry and Province), Ministry
of Agriculture and Rural Affairs, Hangzhou 310021; 3General Station for Seed Administration of Zhejiang Province, Hangzhou 310020; “Institute of Vegetable,
Guangdong Academy of Agricultural Sciences, Guangzhou 510640; °State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety
of Agro-products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021)

Abstract: Cowpea is one of the most important legume crops worldwide, it is not only an important coarse cereal but also a
traditional vegetable legume in China. Rust is one of the three major diseases in cowpea. Developing rust resistance cultivars is the
most cost-effective strategy to scab this disease, and digging the resistant germplasm and elucidating the genetic basis of rust
resistance is the key and prerequisite for cowpea rust resistance breeding. In the current study, 215 cowpea landraces were precisely
evaluated for rust resistance and 40 accessions with nearly immune phenotype to rust were identified. Through resequencing the 215
accessions, 3880169 high quality SNPs and 469398 high quality InDels were identified. These accessions were divided into four
subgroups through population structural analysis, and the subgroup division was highly related to pod length and pod type. Total of
10 genomic regions significantly associated with rust resistance were detected by GWAS, which were distributed on seven
chromosomes. Haplotype analysis based on the peak SNP of each signal showed that their alleles variation were highly correlated to
rust phenotypes, the resistance accession ratio increased significantly along with the pyramiding more and more favored alleles in a
single accession. Ten predicated genes were identified as the candidate genes for the ten GWAS signals, including BTB/POZ
domain-containing protein, LRR receptor-like serine/threonine-protein kinase, ethylene-responsive transcription factor and alternative

oxidase genes. These results will provide the theoretical guidance and gene resources for molecular breeding of rust resistance in
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Table 1 General information of 215 cowpea landraces
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Code Germplasm names Collection locations Type Pod type Pod length(cm) Rust
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A, BIyMARUEGZRAL C, D M HT R
A, B: the typic susceptible type; C, D: the typic resistant
B 1 FRstLEERRERRA
Fig. 1 The representative photos of detached leaf assay for rust resistance

A TR R R AN B B AR [ e v i B O 2> A 3 H
A: The statistics of rust resistance and susceptible accessions; B:The number of the rust resistance accessions among different pod type cowpea
E 2 iBREELRG T
Fig. 2 Statistics on the identification results of rust resistance
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98.5%~99.9% 2 [A] . I 215 47 F st kAT BRI AL 4 5, HL%E5E t 15507986 /1 SNPs A1 4280901 /> InDels,
PR LGSR K /N A 620 Mb #EATH5, FE[RI4H E SNPs 434 %% 5 A 25.0 4N kb, InDels 437 % %/ 6.90
A kb HHE MAF {KT 0.05. SREZE/NT 0.2 briEIT IR S, 23145 3880169 i i & SNPs il 469398
AN & InDels.
2.3 BHALEM DL

F ST RN 215 By FREURE S 2 ANKREE, SREE L 26 R i, b 21 G ARESERT, 5 4
NIRIER R, ZREER R K, SPYEKN 17.97 om; EHE 11 L 189 MrRhT, L 134 43R
IR, JEK N 15.5~80.2 cm, 55 i NEESEF BT, ~FI3 KA 19.04 cm (B 3A) o BEARGE K 734 Al
RGBTt — X B R R 20N 4 D IERE(GL~GA), Hrh R I(GL) &4 79 43R5, KH#54>(94.9%)
NIRIERAL, SFIFEKT 47.2em; EE 1 (G2) & AL (AR, b 38 (3 NIESER T, P83k A 19.32
cm: JEEE 11 (G3) &7H 26 MFhi, Al G2 fREF—E, LAMEIENE (2140 , K, FHEKN 17.97
cm; EHE IV (G4) & 69 i Afii, 81.1%NHKIern T, 538K Ny 24.03cm (B 3B, 3D) . [k, %
FAMKILT PR, FREKRI N GL, FERKBHMKI N G4, MMM HIBILE, KI5
N G2 Bl G3, BHALEM G YK JER 5. ERA PRI B /T R, GL F| G4 B TE ke 25 4 7l

N 1155 kb, 112.5kb. 185.5kb. 122.5kb, FfA/KF L PrysEpki el 108.5kb (& 3C) .



Al BT, GERBRRER, EERRBARER GL~-G4 NI 4 MR B: R T, C: EBUR P54, D: #EARLH5
#r
A: The principal component analysis, The green circle represents Cluster I, and the blue circle represents Cluster 11, G1~G4 are the corresponding 4

subpopulations; B: Phylogenetic tree analysis; C: LD decay analysis; D: Population structure analysis
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Fig. 3 Population structure and genomic diversity of 215 accessions
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Table 2 The information for the genomic regions significantly associated with rust resistance

GWAS 5% Petufk XE (bp) U fE SNP £ E (bp)  Wefi SNP-log10 (p) M A S A AL 7
GWAS signals ~ Chromosomes Interval Peak SNP position Peak SNP LOD Favored allele Non-favorable alleles
CR1.1 Chrl 2074002~2175114 2128528 31.21 A G

CR1.2 Chrl 33216937~33258523 33220385 19.44 G A

CR2.1 Chr2 29269121~29368973 29319104 34.70 C T

CR3.1 Chr3 5760989~5761591 5760989 28.99 R G

CR3.2 Chr3 24605693~24646820 24605830 19.33 T C

CR3.3 Chr3 40126199~40204886 40166606 28.99 T C

CR4.1 Chr4 9651930~9655112 9651959 28.99 C T

CR9.1 Chr9 29733528~29759624 29752656 30.15 A G
CR10.1 Chr10 43061070~43155660 43106420 26.57 G T
CR11.1 Chril 28064818~28074977 28065211 27.48 R G
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.The red line in the map indicated the significant threshold
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Fig. 4 Manhattan plot for the GWAS results of rust resistance
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Fig. 5 Haplotype effect analysis on the different significant loci
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Fig. 6 The correlation between the number of the favored alleles pyramided and the corresponding proportion of the resistant

accessions
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Table 3 The candidate genes for the GWAS signals

GWAS &5 {5 e FE A 216 (op) 455 (bp) HRER

GWAS signal Candidate gene Start End Annotation information

CR1.1 VuG9801G002000 2126041 2126381 R4 PHAVU_005G017300g
CR1.2 VuG9801G009930 33241170 33244258 BTB/POZ 1 MATH Z5 i R E A

CR2.1 VuG9802G011980 29318334 29320764 LA



CR3.1 VuG9803G006780 5769598 5770643 LI BLA S R - ABR1

CR3.2 VuG9803G019070 24683002 24686137 LRR 32 A 22 5 iR/ 75 Z FR £ 1 G Atlg51810
CR3.3 VuG9803G022870 40119055 40125300 Lo IR R R A BERREG PP2A-2 (LI 5
CR4.1 VuG9804G007820 9621410 9623804 MPI-1,3 (4) - B -5 bER ARB_01444
CR9.1 VuG9809G014060 29849443 29855335 B FBRL R ST 2

CR10.1 VuG9810G011300 43092541 43098589 PO At3g14460

CR11.1 VuG9811G009710 28058558 28059304 F A1 5 DEO72_LG3g1050
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