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Abstract: As a traditional pulses crop in China, mungbean ( Vigna radiata ) plays important roles in diversifying
human diets, fertilizing soils and disaster relief. However, compared with those major crops, the genetic and
genomic study on mungbean has been far lagged, leading to a low efficient use of beneficial genes in breeding
and a slow advance in genetic improvement of cultivars. By taking advantage of a RIL population with high-
density SNP genetic map, eleven agronomic traits ( plant height, the number of branches per stem, pod length,
pod width, the number of seeds per pod, seed color, seed luster, grain density, initial flowering time, content of
chlorophyll and 100-seed weight ) were investigated and mapped in this study. The results showed that the seed
color was controlled by a single nucleus-encoded gene, whereas the segregation of seed luster became much
complicated. For quantitative traits, a normal distribution on the frequency of 100-seed weight was observed. For
11 traits, 20 QTLs were revealed from 14 genomic regions on 8 linkage groups. QTLs at LG3, LG5 and LG10
were both detected with multiple traits, and the target regions were overlapped. Four QTLs were detected with
pod length, explaining 5.5%-12.3% of phenotypic variations. For the traits number of seeds per pod, seed luster,
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seed color and number of branches per stem, one QTL per trait was detected. The major QTLs for seed color and

seed luster contributed 69.7% and 61.0% on phenotypic variation, respectively. Gained from annotation using KEGG

and SNP variations, 18 genes were proposed to be candidates associating with these 11 traits. Collectively, these results

provided a basis for future characterizing these candidate genes and marker-assisted selection in mungbean breeding.
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Table 1 The distribution of variations on nine quantitative traits within a RIL population of mungbean

(4RON e/ ME S UNE] FEE ()Es BRERE( %)
Traits Min. Max. Mean Skewness crv
¥R (em ) Plant height 49.0 148.0 80.1 1.25 24.0
257K Number of branches per stem 2.3 11.3 6.0 0.53 27.7
J&+ (cm ) Pod length 6.5 12.0 9.8 -0.27 9.0
J£9¢ (mm ) Pod width 0.5 0.6 0.6 -0.11 5.4
FASERIE Number of seed per pod 4.6 14.6 11.4 -1.37 17.0
EAIE (g ) 100-seed weight 4.1 8.2 6.2 -0.07 12.9
FPRLA3 A1 % E Grain density 0.6 1.6 1.2 -0.92 15.2
4% 2% & ( SPAD i ) Content of chlorophyll 27.0 64.3 48.2 -0.48 15.7
WIAEW] (d) Initial flowering time 34.0 79.0 46.1 1.25 17.8
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Fig.1 The distribution of phenotypes within the RIL population of mungbean
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Table 2 Distribution of QTLs related with agronomic traits in mungbean

PRk QTL &k AT B X [ YK E (bp ) FIITTHE (% )
Traits QTL name LG Genetic location Physical location PVE
TR 100-seed weight OSw-1 7 Block34972~Block34975 3503808~3661741 19.7
OSw-2 11 Block9468~Block9603 10764272~10908149 142
WIAEH] Initial flowering time QOlfi-1 3 Block20332~Block20344° 8413885~8631410 29.4
Olfi-2 10 Block7484~Block7498 17650544~18284837 11.9
BASERIEL Number of seeds per pod OSnpp-1 10 Block7460~Block7463" 16431849~16788088 33.7
JE58 Pod width OPw-1 1 Blockl1664~Block1668 12345800~12500184 5.5
OPw-2 5 Block29466~Block29473" 34366674~34896322 7.3
OPw-3 7 Block35017~Block34622 4248334~1134191 123
OPw-4 11 Block9623~Block9624 12704218~12757966 11.0
3K Pod length QPI-1 5 Block29466~Block29473" 34366674~34896322 13.4
OPI-2 7 Block39237~Block38561 26392762~25483716 7.6
442 & it Content of chlorophyll QCc-1 3 Block20332~Block20344” 8413885~8631410 153
0Ce-2 10 Block7460~Block7463™" 16431849~16788088 30.2
7 % Seed luster OSI-1 5 Block27749~Block27758 16333691~17327043 61.0
iz £ Seed color 0Sc-1 4 Block23996~Block24118 17486086~18014973 69.7
Pk Plant height OPh-1 2 Block10927~Block10929 4920867~5170181 15.5
OPh-2 3 Block20332~Block20344° 8413885~8631410 28.6
F2£343 Number of branches per stem ONb-1 10 Block7460~Block7463™" 16431849~16788088 16.5
KR A3 AT FE Grain density 0Gd-1 7 Block39242~Block39243 27056250~27336688 6.0
0Gd-2 10 Block7460~Block7463"" 16431849~16788088 39.4

TV LG3 LGS LGLO A f A XK B
©.7. " are over lapped QTLs on LG3, LG5 and LG 10, respectively. LG: Linkage group, PVE: Phenotypic variation explained
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The QTL names in the figure are the same as in table 2

B2 %= 11 PMREMEIRE QTL EfiL

Fig.2 Location of QTLs related with 11 traits in mungbean
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Table 3 Candidate genes related with agronomic traits in mungbean based on SNP variation and KEGG analysis

Yetafh LiEPSIEZIN T AL P IR A
Chromosome Related traits Candidate genes Description of metabolic pathways
Chr2 W LOC106778701 A5
Chr.3 WRiS 0B e LOC106757404 BT UEYE R F S5 T
Chr.4 Fh e (e LOCI106758875 12 R HABRE S - WA R
LOC106759267 TER FITRERE QAT
Chr.5 Tl g S LOC106759749 PN B e At
LOC106762554  BIERA W4 10 RNA Al BB / S B S Rishia iz
Yok e LOCI067608966 PRSI0 ) 2 11 BT L
Chr.7 JiTE LOC106765924 AR R
LOC106768728 TSRS ERA Y5
RS LOC106766238 A
LOCI106766868 ROREAAR
LOC106768474 SR R T TR QI
LOC106768945 MAPK {5 53 #%
R LOCI106767038 ittt & i
Chr.10 ISR R R i BRI AFRL LOCI106774574 RN FNE LK
AT LOC106776160 A A
LOC106776217 [F] i A 2 i
WA LOC106775972 i A A AR
3 Wb T —F BRI AR A S, HEI R AT RS20
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D 4 A5 2 25 54 X0 QTL, {H 43 53 W6
B9 0 A E A TR R, X5 AR T R 0 #)
4 S8 & QTL B H — 8. 1k, F#t
FEAEO ARG E) 1 A BRE A XE QTL, AR5 h
RN F 2 A, T Liu 2602 75 1 S0 4608 T k)
3 7 AN Sk A L QTL, i STl R K T 5% 1
H 64, et N 20.0% (LGS ), T 76 3 8 T K6 5]



448 7/

O

23 %

9 /4~ QTL, AT & T 5.0% WA 74, I kKH
13.9% (LG5 ), 5 TR N i F 8 QTL AT A, /)
PR A 5 QTL (1) 36 Y BTk 2 Bl A 5 AR 9 45
M 24 (LG3 1 28.6% M1 LG2 B 15.5% ). 34 4K,
TR SSR B E 5 Y (AT A XTI, PRI,
RAMEXT A QTL 45 R b AT HAR Ay . A
AIF 5 v RGN 25 78 3 ik 2 K PR A B2 (LR G QTL
(69.7% ), 1% 5 Fh iz (5,76 RIL FER Y 70 28 G 1%
T BT PR P A R AR — 25 AR R R A
O3B AT & B R 3, 280 QTL YR AL Tk
FWIKE] 61.0%, AL, SERIERE SRR T H .
KPR 5370 9 I B — F2 40 QTL YR AL 5Tk Al 4y
SR 30.0% , 3 5 R PR IE S50 A — 2L,
b, X 26 F2 4% QTL 34 J2 e A o B e B 1 A8 H
Bro ATHFEIAR KIS ACHHA T A B E RS
EASR & T IR i 2 FE Rl Rtk 4R
£ QTL 43 P AU & LW A~ 2 QTL, H & A 5k
BT 20% , UL FHIA A TR 22 A AG I H 1) 3o a5
fETE S

Wi 14 A AEE & QTL X BN A I B 2L K 43
Br, SeIa 40 200 2R LA A 5 5T
A~ SNP A5 i, SR KEGG 20 B )i, 76 kAR
] X RASER T AR 4R 18 NSRS 5 T EE
RGBT, X LIR35S 5 T IR b
AR S B AE  W BIABRh T A 11 A
PEIR, B T R X e PR ik e . —4
PR X T AR () i 32 PR F Je— BE T RE B IE AR iC T
K IEA AR Y R ERAR ks & 4 S HAb PR
DG A A 18 35 PR, Ay i st o o5t 9 I m £ 5 32 PR A I
JEE A A E A e R R B S

Sk

(1] M, BRR, Sgme . PR T2 . Juat: i ER
HAL, 1997 141-163

Zheng Z J, Wang S M, Zong X X. Chinese food legumes.
Beijing: China Agricutural Press, 1997: 141-163

iR, SRS RS 2 . PR A B A . A
A JEEE, 2021, 17 (5 ): 78-85

QuJJ, Zhang H J, Ma J L. Prospect of production and trade of
China’s miscellaneous grains. Agricultural Outlook, 2021, 17
(5):78-85

JARE  SREA . S EBRR SO PEEY S E
7%,2011,17(10 ): 45-47

Zhou J L, Zhang H J. The international trade situation of edible
beans. Food and Nutrition in China, 2011, 17( 10 ): 45-47
FRITAG  RFTH] . FRESR T /NG A PRIE KL A e e
Ol BHE 24, 2019, 21 (8): 1-10

[2]

(4]

[10]

[11]

[12]

[13]

[14]

Han X R, Song L L. Study on production and consumption
characteristics and industrial development trends of mung bean
and adzuki bean in China. Journal of Agricultural Science and
Technology, 2019, 21(8): 1-10

Euipk, A, £RAE . SRR I F AL or ik
& Eg R, 2009, 42(5): 1519-1527

Wang L X, Cheng X Z, Wang S H. Advances in research on
genetic resources, breeding and genetics of mungbean ( Vigna
radiata L. ) . Scientia Agricultura Sinica, 2009, 42(5) : 1519-
1527

it AL, £RE, e, B85 . hEGENHIEZ
OFEARAC Z IR S 0T . A AL BRI, 2009, 10(4)
589-593

Wang L X, Cheng X Z, Wang S H, Li J B, Li J X. Genetic
variability of agronomic traits in mungbean applied core
collection of China. Journal of Plant Genetic Resources, 2009,
10(4): 589-593

e, AL, £RE, A0, X . PRGSO BT
URAEAIRIPREE T 1 3R TR S M A= TS VR VE A . VR 240
2014, 40(4): 739-744

Wang L X, Cheng X Z, Wang S H, Zhu X, Liu Z X.
Adaptability and phenotypic variation of agronomic traits in
mungbean core collection under different environments in
China. Acta Agronomica Sinica, 2014, 40 (4 ): 739-744

Wang L, Bai P, Yuan X, Chen H, Wang S, Chen X, Cheng X.
Genetic diversity assessment of a set of introduced mung bean
accessions ( Vigna radiata L. ). The Crop Journal, 2018, 6:
207-213

TR, G A, ik, £RAE . RIE SRR IR
IO IRAEE PP S 0 L . A st A B4, 2012, 13(5) ¢
879-883

Yuan X M, Zhang T, Cheng X Z, Wang L X, Wang S H.
Evaluation and characterization of mungbean germplasm for
sprout production. Journal of Plant Genetic resources, 2012, 13
(5):879-883

FHAE, TRESC, Emidk, A | o T R A
AT ARSI QTL E AL 4T . MEY 4, 2017,43(7)
1096-1102

Wang J H, Zhang Y W, Wang L X, Cheng X Z. Construction
of genetic map and identification of QTLs related to agronomic
traits in mung bean. Acta Agronomica Sinica, 2017,43(7) :
1096-1102

Isemura T, Kaga A, Tabata S, Somta P, Srinives P, Shimizu
T, Jo U, Vaughan D A, Tomooka N. Construction of a genetic
linkage map and genetic analysis of domestication related traits
in mungbean ( Vigna radiata ). PLoS ONE, 2012,7(8):
e41304

LiuCY,WulJ,Wang LF,FanBJ,Cao ZM, SuQ Z, Zhang Z
X, Wang Y, Tian J, Wang S M. Quantitative trait locus mapping
under irrigated and drought treatments based on a novel genetic
linkage map in mungbean ( Vigna radiata L. ). Theoretical and
Applied Genetics, 2017, 130: 2375-2393

Ye W, Yang Y, Wang P, Zhang Y, Zhang L, Tian D, Zhang
L, Zhang L, Zhou B. InDel marker development and QTL
analysis of agronomic traits in mung bean [ Vigna radiata(L.)
Wilczek ]. Molecular Breeding, 2021, 41: 66

Kang Y J, Kim S K, Kim M Y, Lestari P, Kim K H. Genome



2 1)

i

JeB5 R 5 1 DR EVEIRAEE N ) QTL 4L

449

[16]

sequence of mungbean and insights into evolution within Vigna
species. Nature Communications, 2014, 5: 5443

Ha J M, Satyawan D, Jeong H, Lee E,Cho K H,KImM Y,
Lee S H. A near-complete genome sequence of mungbean ( Vigna
radiata L. ) provides key insights into the modern breeding
program. Plant Genome, 2021, 14( 3 ): e20121
Mathivathana M K, Murukarthick J, Karthikeyan A,
Dhasarathan M, Jagadeeshselvam N, Sudha M, Vanniarajan C,
Karthikeyan G, Yang T J, Raveendran M, Pandiyan M, Senthil
N. Detection of QTLs associated with mungbean yellow mosaic
virus (MYMV ) resistance using the interspecific cross of Vigna
radiata x Vigna umbellate. Journal of Applied Genetics, 2019,
60:255-268

Wang J,LiJ L,Liu Z X, Yuan X X, Wang S H, Chen H L,
Chen X, Cheng X Z, Wang L X. Construction of a high-density
genetic map and its application for QTL mapping of leaflet
shapes in mung bean ( Vigna radiata L. ) . Frontiers in Genetics,
2020, 11: 1032

REE D BUR AL, SRAB R XUSE R B . 2 i 2r 3 it
S EALAHAERTTE . IARMOERHE , 2002(6): 10-12

Song X Z, Zhao Y J, Zhang J F, Liu P, Chen J H. Relationship
between chlorophyll meter readings ( SPAD readings ) and
chlorphyll content of tea leaves. Shandong Forestry Science and
Technology, 2002 ( 6 ): 10-12

A, ERAE, E itk . o G BT 5T I R AL AL B b
i et sPEARO R, 2006 3-38

Cheng X Z, Wang S H, Wang L X. Descriptors and data
standard for mungbean. Beijing: China Agriculture Press,
2006: 3-38

Meng L, Li H, Zhang L, Wang J. QTL IciMapping: Integrated
software for genetic linkage map construction and quantitative

[21]

[22]

[23]

[24]

[25]

[26]

trait locus mapping in biparental populations. The Crop Journal,
2015, 3:269-283

Chotechung S, Somta P, Chen J, Yimram T, Chen X, Srinives P.
A gene encoding a polygalacturonase-inhibiting protein ( PGIP )
is a candidate gene for bruchid ( Coleoptera: bruchidae )
resistance in mung bean ( Vigna radiata ) . Theoretical and
Applied Genetics, 2016, 129: 1673-1683

Kaewwongwal A, Chen J, Somta P, Kongjaimun A, Yimram
T, Chen X. Novel alleles of two tightly linked genes encoding
polygalacturonase inhibiting proteins ( V7PGIPI and VrPGIP2)
associated with the Br locus that confer bruchid ( Callosobruchus
spp. ) resistance to mung bean ( Vigna radiata ) accession
V2709. Frontier in Plant Science, 2017, 8: 1692

Wang L, Wu C, Zhong M, Zhao D, Mei L, Chen H, Wang S,
Liu C, Cheng X. Construction of an integrated map and location
of a bruchid resistance gene in mung bean. The Crop Journal,
2016, 4:360-366

YR 5. PIFOK G Z5 A R AR QTL /24 . 1)1
AR, 2020, 38 (4): 416-422

Chen J B. Mapping of QTL for root length of mung bean
seedlings under two water status. Journal of Sichuan
Agricultural University, 2020, 38 (4 ): 416-422

Chaitieng B, Kaga A , Han O K, Wang X W, Wongkaew S,
Laosuwan P, Tomooka N, Vaughan D A. Mapping a new source
of resistance to powdery mildew in mungbean. Plant Breeding,
2002, 121: 521-525

PR e e MR i QTL s A7 . Hh AR L B4 T 412
2020,22( 10 ): 38-48

Chen J B. QTL mapping of yield-associated trait in mung bean.
Journal of Agricultural Science and Technology,2020,22 ( 10 ):
38-48



