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Mapping of Seed Coat Color Related Genes by BSA-seq in
Mung Bean (Vigna radiata L.)

HUANG Wan-ting, WANG Qian,ZHANG Ze-yan,ZHU Hui-jun, YAN Hu-bin,ZHANG Yao-wen
(College of Agronomy, Shanxi Agricultural University, Taiyuan 030031)

Abstract: Seed coat color is an important agronomic trait that associates with crop domestication and serves
as morphological marker. In mung bean, the seed coat color was related to the content of flavonoids. Cloning and
application of seed coat color-related genes becomes of interest in development of new mung bean varieties with
improved nutritional properties. In this study, the varieties 'Jilv 9' (black seed coat) and 'Ziyuan 330' (yellow
seed coat) were used as parents to generate an F, segregating population. The BSA-seq approach was applied for
mapping of the genes underlying the seed coat color. The association analysis using integrated SNPs and InDels
suggested an interval of 3.26 Mb harboring 324 predicted genes, of which 49 genes were found with non-synonymous
mutation and 15 genes were detected with frameshift mutation. By further use of 11 high-quality KASP markers
in fine mapping, the candidate interval was finally delimited between KA330 and KA421 in the physical interval
of 16,302, 330-18, 013, 421 bp (1.71 Mb) on chromosome 4. The transcriptome data analysis and qRT-PCR
expression analysis suggested six differently-expressed candidate genes, of which the LOCI106758748 was
annotated as a transcription factor MYB90 that was reported with a function in the flavonoid biosynthesis and
served as key candidate gene regulating the seed coat color in mung bean. The results of this study can provide a
theoretical basis for the cloning and utilization of the genes related to seed coat color in mung bean seed breeding.
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Tablel Primers used for quantitative fluorescence PCR
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Reverse sequence(5'-3")

LOCI106759353 AGGATTTCGCAGGGTCTTGA CCACGCTGTTGATCCAGAAG
LOCI106759554 AAGCTGCTCTTCTCCCATGT TTCGCATGCAGCTTATCCAC
LOCI106758122 CTCGCCTCATCAACAACTCC CGTCGTCTGGGAAATTGAGG
LOC106758748 CAGCAGGGTGTGAGAATTGG GTCGCTCCATGTTTCAGCTT
LOC106759605 AGCGAGTACTAGGGTCAAGC TCAAAGCCTTTCCGGTAGGT
LOC106759331 ACCATGGGACAGACTTTCGT CCAATGCCTCTAACCACACG
Actin3 CAGTGTCTGGATTGGAGGCT GTCCTCGACCACTTGATG
) EEENE RO A R R E A TRl Bl x5

21 MEBGREES T

RAVIIHT R, PSSR AT B B (A = 22
5, FLER 9 S B FR A, BT 330 Bl Bz BT
e TR B R R R Y TR
SEARAT F, bR R B D B AR B B F, T
PR N R, RAAE T B I, A T
Fift e, RTS8 4 AR PR o F Rl
@RI E, HBBR AR Z A1 i v (] L 2R (5 D K

BB B BISEE 12:3:1(582), B L HEI 243
TG Rz €8 T B e R X 3 DR [ S X
8] AT B A 7E vk BT R .

22 ETBSAseq EAMEZEM KL & E EH

E L

221 MEREIEME  XHELEI P E RS 2
1551 67.67 Gb 25 Jfi 2 1 Clean Reads 54t . Horh g4
LR 9 S HIFEIR 330 1Y Clean Reads 214 104,954,882,
GC & 8435 K 34.31% F1 34.74% ; B0 Fh iz 1% (6,



3 WEHIIEEE . JET BSA-seq £ A E V4% B R B (6 3[R 793

Tl FC YR M 4 Clean Reads 347 122,830,167, GC
i AN 33.75% 1 33.76% , I ) K4 A AR

R2 REMRHEEIN

Table 2 Genetic analysis of mung bean seed coat

(Q20=97.94%,Q30=93.76% ) (£ 3) .

AR HBRE FORIAREL LRORIREL HORIAREL 5315 LA ) PiE
Generation Total plants Black Green Yellow Expected ratio ¢ P-value
F, 25 20 0 0

F, 98 98 0 0

F 504 372 97 35 12:3:1 0.55 0.05

3

MR IR A o2, 05, ,=5.99

According to the critical value table chi-square test x°; 5 ,=5.99
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Table 3 Statistical analysis of the comparison between raw sequencing data and reference genome

BAS IR R Q20 Q30 GCERE(%)  FEIMFREE DEIEE(%) SEEE(%)  10EER(%)
Sample  Clean reads Clean bases (%) (%) Clean GC rate  Ave depth Cov_ratiolX  Cov_ratio5X  Cov_ratiol0X
J9 51,754,834  15,363,374,502 97.94 93.76 3431 26 97.23 96.03 93.05
330 53,200,048  15,773,244,276 98.04 94.00 34.74 23 96.48 94.83 90.44
Bpool 60,865,703  18,099,744,344 98.01 97.64 33.75 31 98.19 97.26 95.47
Ypool 61,964,464  18,434,322,572  97.99 93.86 33.76 32 98.20 97.22 95.49

J9: 348955 330 T 330; Bpool : FR (0 B TSR 5 Ypool: 2 (0 B T UMK SR
J9: Jilv 9; 330: Ziyuan 330; Bpool: The black offspring mixing pool; Ypool: The yellow offspring mixing pool
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A: SNP-ED; B: InDel-ED; C: SNP-index; D: InDel-index. A B AL br ol e A4 B, 7 (i i AU A5 SNP/InDel {724 19 ED L,

BEMILNE S ED A, £0 (A0 BE AR B OCHR B EL, A TRTI{E ) 0.53 , B I BUEH 0.56 , ED (8 , AR S OCHRBUI T o
C D bR A bl e UK B, 7 114 5 A6 22551 SNP/InDel 43715 1) ASNP-index/AInDel-index {8 , B8 28 F4M 4 )5 14
ASNP-index/AlInDel-index {H , £ {4 1) E AR 12 HOCHE B E , BI{E 9 0.6
A: SNP-ED; B: InDel-ED; C: SNP-index; D: InDel-index. The abscissa in the A, B plot is the chromosome name. Each coloured dot represents

an ED-based link age value of an SNP/InDel site. Black line represents ED value after fitting. Red dashed line represents linkage threshold.
Figure A has a threshold of 0.53 and Figure B has a threshold of 0.56. A larger ED value indicates a stronger linkage of the SNP site to target

trait. Figures C and D, the abscissa is the name of the chromosome, and the colored points represent the calculated ASNP-index/AInDel-index

value of each SNP/InDel site. The black line is the fitted ASNP-index/AInDel-index value, the black line is the fitted ASNP-index/

AlnDel-index value. The red dashed line represents the significance association threshold, which is 0.6
2 XEMEEREE EHNST

Fig.2 Distribution of based linkage value on chromosomes
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AQP JE K4 BU R AR, i v H i i A B B e ks % 16,302, 330~18,013,421 bp, KA 1.71 Mb
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Table 4 KASP polymorphic molecular markers for fine mapping

SI&FE L (bp) E54(5-3") Sl 5149 (5'-3")
Primer name  Position Forward sequence(5'-3") Reverse sequence(5'-3")
KAS575 15625575 1: GAAGGTGACCAAGTTCATGCTCCAATAGTGTGCACTGGCTCC TGAACTCAAAATATGTATG-
2: GAAGGTCGGAGTCAACGGATTCCAATAGTGTGCACTGGCTCT AAAGCAT
KA969 15884969 1: GAAGGTGACCAAGTTCATGCTGGTGGGTTGGACTAGGTTCG CACTAAGTGACCAACCCG-
2: GAAGGTCGGAGTCAACGGATTTGGTGGGTTGGACTAGGTTCA ACTCATTT
KA622 15981622 1: GAAGGTGACCAAGTTCATGCTTTGTTTCAAGCTCAAGAAACTCTAGAAAT TGCATGTGTTATTTGGGTT-
2: GAAGGTCGGAGTCAACGGATTTTGTTTCAAGCTCAAGAAACTCTAGAAAC ACCTTT
KA330 16302330 1: GAAGGTGACCAAGTTCATGCTCGTATAGACTGGCGATGGAAACG CGATTCCGCGAACTGATG-
2: GAAGGTCGGAGTCAACGGATTCGTATAGACTGGCGATGGAAACT AAGAAATA
KA908 16381908 1: GAAGGTGACCAAGTTCATGCTGCCCACCCACTACTTCGAGT TGAATCATCGGCTTCTGAAA
2: GAAGGTCGGAGTCAACGGATTGCCCACCCACTACTTCGAGA
KA995 16882995 1: GAAGGTGACCAAGTTCATGCTTGGTAGTCCTCCGAACGGTTTA CCAACCTTCGACCATTATT-
2: GAAGGTCGGAGTCAACGGATTGGTAGTCCTCCGAACGGTTTG AGTGC
KA679 17867679 1: GAAGGTGACCAAGTTCATGCTCCTAAAGAGAGAAATGAGCGTCAA GTATGTCGAACGTCCTCC-
2: GAAGGTCGGAGTCAACGGATTCCTAAAGAGAGAAATGAGCGTCAG TTGTTC
KA421 18013421 1: GAAGGTGACCAAGTTCATGCTGCTCAAACACCCACGAGACTTAAT GTTATTAATCCATTTACAAATGTT-
2: GAAGGTCGGAGTCAACGGATTGCTCAAACACCCACGAGACTTAAG TAATTTTGC
KA030 18016030 1: GAAGGTGACCAAGTTCATGCTGACGGAAGCAGTTATAAAAGGGC CCATGTAATCTCATCCCAC-
2: GAAGGTCGGAGTCAACGGATTGACGGAAGCAGTTATAAAAGGGG AGTGA
KA759 18266759 1: GAAGGTGACCAAGTTCATGCTCTTAGCCCATCGGGAACCG GACAATAGAGAATCAAGCCATG-
2: GAAGGTCGGAGTCAACGGATTCTTAGCCCATCGGGAACCC CGTAA
KA346 18552346 1: GAAGGTGACCAAGTTCATGCTCATCCCTTTCAACTTAACCCTGATC TCCCTCTTGTCAATGCCTTCTTTA

2: GAAGGTCGGAGTCAACGGATTCATCCCTTTCAACTTAACCCTGATG
b LR 23 SR AR R R RS TE 51490, 1 RERS 5354 FAMARICIO O CIREHEUN , 2 REAS 4354 HEX FRic 9 LHRER S

In table 1 and 2, respectively, represent forward primers with different joint sequences. 1 can be recognized by FAM labeled fluorescent probes and

2 can be recognized by HEX labeled fluorescent probes respectively

20.81 Mb
SEAT LA~
17 19 13 50 1] 0117 18 14  Exchange the number
M 3.26 Mb
,__)’\"3 qbqg':" .._:‘:QQQ% qq" SO & ,‘j&’»‘ 514 Primer
& O %?{_:?“ < %‘:&F’ 4 *y\‘F‘F'J:EI‘%Uiﬁ Seed coat color

19 _ B
330! ; : ly
DB03L —:I B
DRI15! — B
DB23( - ' B
DR29T S [
DB3S—: B
DY () 1 — : ; Iy
DY (o — r —
LFDY 4 I — : 1y
LFDYO I —— i I
LFDY 3 — Y
I,FDY(‘)_, : 1y
LFDY 7 S — c —

9: B4t 9455330 ¥ 330; DB KPR (O B @ DY KRB @2 (5 ; LEDY FPREI (O3 (0 B0 | (R A% 73 B /R #4955 BE 15 330,

ZREVRIERRL; B AP RS R B, Y A 0

J9: Jilyu 95 330: Ziyuan 330; DB: Grain color black; DY : Grain color yellow; LFDY : Grain color yellow; The genotypes of the swapped

individual plants used for fine mapping are shown in black, white and grey grids for Jilv 9, Ziyuan 330 and heterozygote genotypes.

B: The seed coat color is black, Y: The seed coat color is yellow

3 RATFREEMNZHREKRINREMERR

Fig.3 Phenotypes and genotypes of exchanged individual plants used for fine mapping
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Fig.5 Differential gene expression analysis
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