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Abstract: By taking use of 481 mungbean germplasms that were collected from 21 countries ( or regions ),
the phenotypic variations at nine qualitative traits and 12 quantitative traits were evaluated at four locations in
a frame of three years. The abundant phenotypic variations were observed in these mungbean germplasms. The
coefficient of variations of 12 quantitative traits ranged from 5.32% to 76.18% under different environmental
conditions, of which, the grain yield per plot and the number of pods per plant had higher coefficient of variation;
the genetic diversity index ranged from 1.573 to 2.078, and the plant height and 100-seed weight had the higher
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genetic diversity index. The growth period was observed to be significant or extremely significant positive
correlated with other traits such as plant height, number of stem node and number of branches on main stem,
thus implying an important role in mungbean morphogenesis. The cluster analysis suggested four major groups
of which the first group included the germplasms showing dwarf, erect, large seeds and early-maturation. These
germplasm resources might show a potential as excellent parent materials for breeding. For example, the 100-
seed weight of a few accessions ( €.g.C06287, Taolv 3, VC4059A and Sulv 1 ) were higher than 6.50 g, which
could be used as materials for improving the seed size of mungbean. The growth period of accessions C01075,
C01234, and C01249 were shorter, which might carry functional genes causing early-maturation; Liaolv 28,
VC1562A and Wei 9002-341 could be used as parent materials for lodging resistance breeding; C05199, C05202
and C05528 could be used as parent materials for mungbean bruchid-resistance breeding. Finally, the principal
component analysis ( PCA ) of quantitative traits suggested that six principal component factors might contribute
83.41% of phenotypic variation. In summary, this article aims to provide a theoretical basis for genetic breeding

and germplasm innovation of mung bean by comprehensively evaluating the genetic diversity of 481 mung bean

germplasm resources.

Key words: mungbean; agronomic traits; bruchid resistance; genetic diversity; cluster analysis; principal

components analysis
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Table 1 The qualitative traits investigated in this study
PER ESi] R L (% ) PER Al R el (9% )
Traits Type No. Percentage Traits Type No. Percentage
(5 LC IREE 34 7.07 FhHOGEE LSS 1% 368 76.51
24k 338 70.27 2%E 113 23.49
3 TR 109 22.66 I LTS 18R 8 1.66
HESURE 14 110 22.87 242 241 50.10
2% 371 77.13 3 ffige 232 48.23
hif SC 1% 20 4.16 Jefn, PC 1 460 95.63
2% 435 90.44 2 HE 21 437
31 6 1.25 JIE PS 1 RfEIE 166 34.51
4 EE 8 1.66 2 e B 219 45.53
5 12 2.49 3FEMIE 70 14.55
g LS 1 =% 6 1.25 4 5JE 26 5.41
2 BRIRIE 456 94.8 AR 2J P GH 1 Hor 339 70.48
3 B 12 2.49 2 125 25.99
4 ZHE 7 1.46 3L 17 3.53

LC: Leaf color, YSC: Young stem color, SC: Seed color, LS: Leaf shape, LSS: Lustre on seed surface, LTS: Leaf tip shape, PC: Pod color, PS:

Pod shape, GH: Growth habit
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Table 2 The mean values of quantitative traits of mungbean in different environments

SEHIME + bRfEZE Mean + SD

€N - — —
Traits & dbs kRO 1k
Hefei Beijing Zhangjiakou Baicheng
AEHW(d)GP 67.68 = 12.30 90.66 = 38.76 82.89 = 4.41 94.61 +8.57
¥k (em ) PH 99.02 +31.51 109.17 £20.17 59.23 +19.65 105.74 +24.18
AL (em® ) LA 103.76 +29.14 102.67 + 29.40 99.27 +29.56 105.15 +28.89
FZETHNSN 12.05 +2.43 13.34 +2.50 1127 +2.15 15.09 +2.23
F:2504 NBR 5.58 +3.65 4.84 +1.40 336+ 1.67 477+ 1.34
BRI NPP 2433 + 14.88 20.40 = 15.54 27.45 +20.42 43.47 +21.44
JéK (em ) PDL 9.29 +1.46 9.19+ 1.48 9.19 + 1.88 10.28 £2.07
JE9E (cm ) PDW 0.53 £0.06 0.53£0.05 0.50 £ 0.07 0.51 £0.07
PAISRIEL NSP 11.58 +1.25 1221 +1.47 11.64 +2.07 12.77 +1.63
TRLE (g) HSW 5.18+1.25 4.70  1.02 473 +1.18 515+ 1.16
/MXF=HE (g ) GYP 86.89 + 48.99 65.48 + 47.87 78.34 +52.37 93.74 + 65.59
PG4 % (% )RBR 2.83+0.11 3.89+0.13 3.35+0.12 335+0.12

GP: Growth period, PH: Plant height, LA : Leaf area, NSN: Number of stem node, NBR: Number of branches on main stem, NPP: Number of pods
per plant, PDL: pod Length, PDW: Pod width, NSP: Number of seeds per pod, HSW: 100-seeds weight, GYP: grain yield per plot, RBR: Rate of

bruchid resistance. The same as below

®3 TERNETREHEMERREE

Table 3 The phenotypic variation of quantitative traits under different environmental conditions

i A JE Hefei 1t 5T Beijing 5K I Zhangjiakou 3 Baicheng
E::S ZHM BRRH (%) ZRM BRRE(9 ZRE BRAK (% ZRME TRAR (%)
fad 1 v fa¥s cv it cv ¥ 1 v
A HH GP 1.619 18.17 1.965 42.75 1.852 5.32 1.743 9.06
¥ PH 1.915 31.82 1.992 18.48 1.853 33.18 2.030 22.87
AN LA 1.898 28.08 2.003 28.64 1.987 29.78 1.935 27.48
FZEATENSN 1.901 20.17 2.014 18.74 1.881 19.08 1.958 14.78
F 250 NBR 2.070 65.41 1.980 28.93 1.787 49.70 2.052 28.09
RS NPP 1.872 61.16 1.813 76.18 1.806 74.39 1.827 49.32
3K PDL 1.951 15.72 1.984 16.10 1.841 20.46 1.781 20.14
JE % PDW 1.945 11.32 1.877 9.43 1.879 14.00 1.759 13.73
IR ZL NSP 2.018 10.79 1.833 12.04 1.770 17.78 1.778 12.76
ki HSW 2.078 24.13 2.008 21.70 1.834 24.95 1.794 22.52
/NX 7B GYP 1.922 56.38 1.871 73.11 1.573 66.85 1.694 69.97

PE %% RBR 1.749 11.65 1.765 13.36 1.756 12.40 1.760 12.40
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Fig. 1 Graphical representations of phenotypic variations at four locations
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Table 4 Correlation analysis of the quantitative traits

PR AEE bke EETEC B MR K SR ISk mkiE DhXTE
Traits GP PH NSN NBR NPP PDL PDW NSP HSW GYP LA
Pk PH 0.58"

5

FZETHNSN 0.36° 0.35"
FZE50kE NBR 0.26" 023" 0.11

HRRSEEL NPP 0.02  -0.06 0.05 0.33"

J& K PDL -0.25" 025" 0.15 0.17 -0.09

JE5E PDW -0.24" 032" -0.20" -0.21" -0.05 0.63"

HFERBNSP -0.17  -0.04 -0.10 -0.10 -0.03 045" 0.14

ERIE HSW -0.24" 027 -0.15 0.16 0.11 0.66" 066"  0.16

NXFER GYP 013 -0.10  -0.13 0.07 0.53" 0.13 0.20" 0.10 0.12

i LA -0.16  -020" -0.10 -0.19 0.03 033" 038" 0.10 0417 0.13
PHLERBR  -0.11  -0.15 0.04 0.16 0.01 0.11 0.07 0.12 0.12 0.11 0.18

* s SR SFRTE 0.05 F110.01 Y ik K

* and ** indicate significance at 0.05 and 0.01 levels, respectively
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Fig. 2 Cluster analysis based on phenotypic characteristics
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Table S The average expression of quantitative traits in groups
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KRR TP Lo b wboes e o JOU FRE GRTIRRICRRD TR S Sk
(ecm) (em) (g) (d) (g) (em®) (%)
Group No. NBR NSN NPP NSP
PDL PDW HSW GP GYP LA RBR
I 266 87 3.6 10.1 31.1 11.5 9.6 0.55 4.53 69.1 69.1 101.87 4.12
| 38 89 4.6 10.1 56.9 11.5 8.7 0.51 3.66 69.3 97.6 103.48 223
I 174 118 39 11.5 33.7 11.8 9.2 0.52 4.12 70.7 62.1 106.28 3.25
v 3 149 5.0 12.6 78.6 11.3 8.2 0.50 3.32 75.0 88.6 110.36 0
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Fig. 3 Cluster analysis of mungbean in different
environments

28.15%, 55 1 WA A RLEE | JERK R IETE 1) vk
K 5 2 FRABITTRR R 18.76% , Hot#k s i 3225
TR AR 5 3 U SRR N 12.38%,
Xof B SERICRT/IN DR P ) BT RER R 5 55 4 R o
RN 8.64% , HoH ks FIAE B IRy sk K 45 5 &2
W ST 8.15% , Hoxt BASER K sk R ; 4
6 EMATITTER R Hy 7.34% , Hovt 2200k sk ok
ZE FRRR, AR BIES 1.3, 5 ERr- S A etk
YIRS, 5 2. 4.6 M- SRR AR DIAEE
3 itig

T SRR RAE Y B R TAER LR, 55012
P O IR R AL AR SRR AL T S, T LN GRS R
P TAESRAEES LA . AEZA0 481 {4k G FP T 7%
Jar AR SIS o B R DIsk Dk E, HoAE
SRR AR A W NEE; HAh MR E S E
5B A E W PRSI SR AT R T4
AR AL O™ HE 42 8, 3 AT B 7R R Y
SRIEPEA N T 88 TR TR AR 5

Xof B PR A 28 5 43 BT R 3, BB SR IX
P AR P A DG TR LA A AR S R A T



3 PRELFRSE : 481 Oy [l N AN G R AR AR B & R U5 e PPN Jeast % 2Rk 3 i 557
6 B 6 NERSMEHEERFERERHIA
Table 6 The eigenvalues and eigenvectors of the first six principal components

BEAE ) FE SR F Principal components factor

Eigenvectors PC1 PC2 PC3 PC4 PC5 PC6

A H WGP 0.217 -0.369 0.244 -0.387 0.168 0.023
M5 PH 0.126 -0.502 -0.165 0.412 -0.372 0.037
A LA -0.212 -0.221 -0.053 -0.128 0.033 0.212
F:25506 NBR 0.319 -0.127 -0.121 -0.378 0.326 0.604
FZETTHNSN 0.128 -0.568 -0.105 0.101 -0.251 0.259
FARRIER NPP 0.191 0.016 -0.588 -0.324 -0.203 -0.152
Jef PDL -0.485 -0.174 -0.101 -0.040 0.186 0.112
5% PDW -0.480 0.027 -0.062 -0.145 -0.143 0.277
YRR NSP -0.143 -0.274 -0.348 0.300 0.725 -0.198

H R HSW -0.497 -0.107 0.018 -0.14 -0.154 0.235
/MK GYP -0.151 0.165 -0.631 -0.144 -0.129 0.026

P 4% RBR -0.184 -0.201 -0.157 -0.049 0.288 0.176
Bk (% ) Variance 28.15 18.76 12.38 8.64 8.15 7.34
3T 5T (% ) Cumulative contribution rate~ 28.15 46.91 59.28 67.93 76.07 83.41

A [EIPFRIR Chinese accessions B PR 5 5% B 1 22 (0 7R [ £ g ok
6 4 © E4MFT Non-Chinese accessions Eé&%ﬁ){ﬁ%ﬁ%ﬁj{ ,M%HB){—?&?U Eli}ﬁ)f—i ,%’f@{j‘(
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Fig. 4 Principal component analysis of 481 mungbean
accessions
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