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Mapping of A Seed Coat Color Related Gene 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 F2 segregating population. The
BSA-seq approach was applied for preliminary 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 mutations 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 KASP330 and KASP421 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 LOC106758748 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.

This study laid a solid foundation for further cloning of mung bean seed coat color related gene(s) and the utilization in breeding.
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Table 1 Genetic analysis of mung bean seed coat

oy AR SRS HRIRR AL SRR S HORIAR S sy B kel z P-value
Generation Total plants Black Green Yellow Expected ratio

F1 25 20 0 0

F2 98 98 0 0

F3 504 372 97 35 12:3:1 2.007 0.05

2.2 FF BSA-seq HARKIL T PR B & B E VI E L
221 MEFBREVEE 0 RGN Fr £l AL )5 5 2445 3 67.67 Gbp = i & 1) Clean Reads #ifs . H 1ok A
4% 9 S A1 330 [ Clean Reads 3£y 104,954,882, GC &%l 34.31%7H01 34.74%; Mt ff Fz 1 8 {0 fil
BRI Clean Reads 3574 122,830,167, GC & &%) il 33.75%7F1 33.76%, I /5404 i 4% =
(Q20>97.94%, Q30>93.76%) (£ 2) .
iz F AR i BWA B, ELXd g i Clean Reads 7E4¢ 55 % JE R4 L (AL &, 715 EL X R0l 98.17%
(% 2) o Gt SHIER LA F G ORI IR o AT R L A At 00, 78 i IR 23>-32% 1], 1x
B HRE BT 96.48%, 58 o 4 ELELL 94.83%, 108 o % 1 4 ELA L 90.44%, Y1447 o5
IRIZZ) 0y 28.00%, F:RIAE i LN 97.53% (/DA —MFZERE ) « Biids, R e, W5k
BUEELE, HRIT T — 25 A AN i o

*2 RIENFHESSEERALENERG T 2

Table2 Statistical analysis of the comparison between raw sequencing data and reference genome

FEA MIEERA BRI Q0 FE Q30 ¥R GCEHE®%) PR 1< s 5> i % 10 5 %

Simple g Clean bases (%) (%) Clean_GC_rate Jic (%) (%) (%)
Clean reads Q20 Q30 Ave_depth Cov_ratiolX  Cov_ratio5X  Cov_ratio10X

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 98.2 97.22 95.49

J9: 2%k 95, 330: HEYH 330; Bpool: MR TAMKIERIRIE, Ypool: 3t K A o
J9: Jilv 9, 330: Ziyuan 330; Bpool: the black offspring mixing pool, Ypool: the yellow offspring mixing pool.

2.2.2 SNP # InDel #5MAERE  SNP 45 R B, SEAZ A H:3545 854,835 4~ SNP 7 4, HAdER X



ZRAR ) SNP 18,506 4, VR 2 (M FR15 ) SNP 3058y 251,864 4; InDel K lsE A 2 ] 35575 181,477 4~ Small
InDels C(ffi NEk#R2k 1-5bp) 5 IRt (8] 3L3545 55,563 4> Small InDels. A 5iRMh 2 [A3L[F4G SNP &N
564,545 4~; JL[AAE InDel £ A 117,598 A~ (B 1) o KB4 SNP Al InDel 23 Aii {53 A [a] . JE PR 13z X 3.
PR U X A

Ypool Ypool

478696
9682
178982 D
J9: 3%k 95, 330: By 330; Bpool: AR TAUMIEIEIE, Ypool: T ARk E T A ik o
J9: Jilv 9, 330: Ziyuan 330; Bpool: the black offspring mixing pool, Ypool: the yellow offspring mixing pool.

1 #&I8 SNP(A)FN InDel(B)AY%: it B E
Fig. 1 Statistical Venn plots of SNP(A) and InDel(B) between samples
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A (B 2) 5 SNP-index Sy CHCRIME (0.6) FEAFE 2 ANMX, {6 T 4 ShaAKE, BKEN 3.35 Mb,
AL 335 ANER, LR ARR] CRART S RIFER L 53 AN H 2 Rl AT kS RS, T 4 Sk b
23] 2 N EMXIE, rHlh 15,380,000~18,640,000 bp A1 19,000,000~19,090,000 bp, =K N 3.35 Mb, 3t
H 335 MEF

X i g5 A5 B S & InDel 7 41 116,462 4. ED HEHET ORI/, RERIME N 056, FLA5F] 3 MX
B, ARIFE LS. 45, 11 54k, BKENT7.53Mb, LA 740 AN, Hh B RIS I AR (T 5 3
BRI 42 A (& 2) 5 SNP-index VA RECHIE (0.6) L1358 1 ANXIE, AT 454k, BKEHN 3.33 Mb,
A E 328 MER . ¥ FIR XA HEAS ] — X HK:  15,320,000~18,650,000 bp, &N 3.33 Mb, L4
328 MNMER, HAH GBI RAEN TS HIL 16 4>, Xt SNPs fl InDels S T4t A HE, 1534 5
etk 15,380,000~18,640,000 bp (X1, SN 3.26 Mb, L4 324 ANEEIA, 05 AER] L FRAFFEA 49 4,
Ford 8 A BL R 15 4,
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Fig. 2 Distribution of SNP-ED(A) and InDel-ED(B) based linkage value on chromosomes

2.3 ETF KASP #RiC ISR R & s O 4 E i
R4 BSA-seq [P 45 R, FEX]E ML FI¥) 3.26 Mb {5t X 8] A 5T 47 % KASP 514, BiH AQP %
DRI, e Hh o A B A A ) KASP 514 11 % (R 3) o FIHFAREE R R AN Sl
bR 372 Bk, BRI b AR 35 BRIEATIER /0L, HorhhRic KASP575 il KASP330 LAl ] 17 #Rae
e LR 5 ARSI bR, BRic KASP346 Fll KASP421 JLAS N E] 14 HRAZ e SR A 1 ARAS He bk, MOK I X
E B4/ B hRic KASP330 il KASPA21 2 ], W#EE B A 16,302,330-18,013,421 bp, K/&Z M 1.71 Mb (&
3, FEEHER AR 22 4, BALRAREER 2 4.



®3 FHHEZENAA KASP 5 FHRiC

Table3 KASP Polymorphic molecular markers for fine mapping

frE 514 519 Bk
Position b Forward sequence (5°-3") Reverse sequence (5°-3’)
Primer
name
1562557 KASP57 GAAGGTGACCAAGTTCATGCTCCAATAGTGTGCACTGGCTCC TGAACTCAAAATATGTATGAAAGCAT
5 5 GAAGGTCGGAGTCAACGGATTCCAATAGTGTGCACTGGCTCT
1588496 KASP96 GAAGGTGACCAAGTTCATGCTGGTGGGTTGGACTAGGTTCG CACTAAGTGACCAACCCGACTCATTT
9 9 GAAGGTCGGAGTCAACGGATTTGGTGGGTTGGACTAGGTTCA
1598162 KASP62  GAAGGTGACCAAGTTCATGCTTTGTTTCAAGCTCAAGAAACTCTAGAA TGCATGTGTTATTTGGGTTACCTTT
2 2 AT
GAAGGTCGGAGTCAACGGATTTTGTTTCAAGCTCAAGAAACTCTAGAA
AC
1630233 KASP33 GAAGGTGACCAAGTTCATGCTCGTATAGACTGGCGATGGAAACG CGATTCCGCGAACTGATGAAGAAATA
0 0 GAAGGTCGGAGTCAACGGATTCGTATAGACTGGCGATGGAAACT
1638190 KASP90 GAAGGTGACCAAGTTCATGCTGCCCACCCACTACTTCGAGT TGAATCATCGGCTTCTGAAA
8 8 GAAGGTCGGAGTCAACGGATTGCCCACCCACTACTTCGAGA
1688299 KASP99 GAAGGTGACCAAGTTCATGCTTGGTAGTCCTCCGAACGGTTTA CCAACCTTCGACCATTATTAGTGC
5 5 GAAGGTCGGAGTCAACGGATTGGTAGTCCTCCGAACGGTTTG
1786767 KASP67 GAAGGTGACCAAGTTCATGCTCCTAAAGAGAGAAATGAGCGTCAA GTATGTCGAACGTCCTCCTTGTTC
9 9 GAAGGTCGGAGTCAACGGATTCCTAAAGAGAGAAATGAGCGTCAG
1801342 KASP42 GAAGGTGACCAAGTTCATGCTGCTCAAACACCCACGAGACTTAAT GTTATTAATCCATTTACAAATGTTTAATTTT
1 1 GAAGGTCGGAGTCAACGGATTGCTCAAACACCCACGAGACTTAAG GC
1801603 KASP03 GAAGGTGACCAAGTTCATGCTGACGGAAGCAGTTATAAAAGGGC CCATGTAATCTCATCCCACAGTGA
0 0 GAAGGTCGGAGTCAACGGATTGACGGAAGCAGTTATAAAAGGGG
1826675 KASP75 GAAGGTGACCAAGTTCATGCTCTTAGCCCATCGGGAACCG GACAATAGAGAATCAAGCCATGCGTAA
9 9 GAAGGTCGGAGTCAACGGATTCTTAGCCCATCGGGAACCC
1855234 KASP34 GAAGGTGACCAAGTTCATGCTCATCCCTTTCAACTTAACCCTGATC TCCCTCTTGTCAATGCCTTCTTTA

6

6

GAAGGTCGGAGTCAACGGATTCATCCCTTTCAACTTAACCCTGATG

330
DB03
DBI13
DB23
DB29
DB38

DYO05

DY09
LFDY3
LFDY4
LFDY6
LEDY7
LFDY?9

20.81 Mb

% 3.26 Mb

¢ S NN ) I N 9 S

2 @ NN o SICICRNE >

& T F & G &

i 1 Seed coat color

7o | . &
| : i R
| B —-
L T e B
[ e —
| N 1 B
S 1 B
Y : 5 1 v
O T N ¢
L : 5 1 v
I i - I Y
Y : 1 v
L i 1 v
L : I

B, ANRER D BIFRRTER 9 5. B 330, ¢ iRERTY. B OB OM BRIk, Y RN B IS bk



The phenotypes and 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 is the exchange single plant with black seed coat, Y is the exchange single plant with yellow seed coat.
B3 ATHHEEMRZRARIREFIEAER

Fig.3 Phenotypes and genotypes of exchanged individual plants used for fine mapping

2.4 FEMEENMAIEIEXIETEEMINGEERE

o R A0 28 21X ] P R SIS R AL SR 1Y) 24 ANER BT D ReiRE (R 4) o L LOC106759622,
LOC106758992. LOC106759100. LOC106758437. LOC106759555. LOC106758197 I LOC106758809 7£ fit
A R R RSO B ThRE AR AN, HEWIIX 7 ANRE R AT R 3 D5 BB R R o 82 BLAST SR A% i i [X [1] P
P A3 17 NIERIBEAT Z A EHEE (NR. Swiss-Prot, GO. KEGG. COG) [HiREEER:. Hrb GO EREH,
MR, S B NANE AL 5 FIhRE ARl 3 N7 kAT /0 80, RIS 174 (B4

x4 AREEETNREER

Table4 Functional annotation of candidate genes

55 ID SL B ThEe R

Gene ID Gene function annotation

LOC106758464 LT kN F ERF118  Ethylene-responsive transcription factor ERF118
LOC106758122 ZENEE S ASIL2 - Trihelix transcription factor ASIL2
LOC106759554 IR S 2% 1 R MTEFL  transcription termination factor MTEFL, chloroplastic
LOC106758456 ALP1 [ Protein ALP1

LOC106759353 & H ELMO S5Hiski R A5 A I X3 ELMO domain-containing protein A isoform X3
LOC106758052 HhHFF A 2R 8 Glymal18g48580  Subtilisin-like protease Glymal18g48580
LOC106758196 PRAL KR A F4 J5[FFE X1 PRAL family protein F4-like isoform X1
LOC106758571 2T A -3l AU RGBS 4y 2-dehydro-3-deoxyphosphooctonate aldolase
LOC106759622 AKFITHAEE A uncharacterized protein

LOC106758992 FENThEEFE A uncharacterized protein

LOC106759100 FENThEEE A uncharacterized protein

LOC106759605 PR B (Al ATG4 P2 X1 Cysteine protease ATG4 isoform X1
LOC106758960 MDISL A ELAEFH (52 /K340 2 MDIS1-interacting receptor like kinase 2
LOC106758788 FHEAT I 2R A Glymal8g48580  Subtilisin-like protease Glymal8g48580
LOC106758437 FENThEEE A uncharacterized protein

LOC106759555 FEThEEFE A uncharacterized protein

LOC106758748 HEIRF MYBOO  transcription factor MYB90

LOC106758197 FEThEEZE A  uncharacterized protein

LOC106758726 WA E AR Glymal8g48580 Subtilisin-like protease Glymal8g48580
LOC106758701 A LKEEPYIE A Atlg71460 Pentatricopeptide repeat-containing protein Atlg71460
LOC106758809 FENThEEE A uncharacterized protein

LOC106759331 #%#  Nucleolin

LOC106758447 B R A S ARSI ER 1 I Atlg35710  Leucine-rich repeat receptor-like protein kinase At1g35710
LOC106758452 KA 30 Receptor like protein 30
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enrichment of genes in candidate regions to Level 2 GO terms.
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Fig. 4 GO enrichment of genes in candidate regions
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flowering. (C) Differential gene expression analysis of Jilv 9 and Ziyuan 330 seed coat on the 15th day after flowering. (D) Differential gene expression analysis

of Jilv 9 and Ziyuan 330 seed coat on the 20th day after flowering. Student t test was used for significance analysis, *P<<0.05, **P<<0.01.
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Fig.5 Differential gene expression analysis
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