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Investigation, Collection, and Bruchid Resistance
Identification of Wild Adzuki Bean and
Its Wild Relatives in Liaoning Province
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Abstract: In response to the increasing endangerment of wild adzuki bean and its wild relatives in Liaoning
province, a rescue-oriented collection effort was conducted across 36 districts (counties) in 14 cities within the
province. The collected resources were evaluated for bruchid resistance. The results revealed that Vigna angularis
var. nipponensis are primarily distributed in the central and eastern regions of Liaoning, especially along the
eastern coastal areas, while Vigna radiata var. sublobata and Vigna minima are mainly found in the western
regions. A total of 262 germplasm accessions of wild adzuki bean and its wild relatives were collected. The study

highlights the severe endangerment of these species in Liaoning province, with urbanization and human activities
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identified as the primary drivers of this threat. Significant differences were observed between wild and cultivated

adzuki bean in growth habits, stem characteristics, pod color, and seed color. Additionally, the evaluation of

bruchid resistance identified two highly resistant and one resistant germplasm accessions. This is the first time

that bruchid-resistant adzuki bean resources have been identified both domestically and internationally. These

findings provide a critical foundation for the conservation and utilization of rare and endangered wild adzuki bean

resources and its wild relatives in China and offer valuable germplasm for breeding bruchid-resistant adzuki bean

cultivars.

Key words: wild adzuki bean; wild relatives; germplasm resources; investigation and collection;

identification of bruchid resistance
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Table 1 The bruchid resistance grading standards for adzuki
bean

25 5252 (%) Btk

Level Percentage of seed damage ~ Assessment of resistance

1 0~10.0 Pt HR

3 10.1~35.0 LR

5 35.1~65.0 Pt MR

7 65.1~90.0 &S

9 >90.0 = HS

HR: Highly resistant; R: Resistant; MR: Moderately resistant;
S: Susceptible; HS: Highly susceptible; The same as below
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Table 2 The distribution of wild adzuki bean and its wild relatives in Liaoning province

e SRR RAEL A B A LR (m)

Type Collection area Number of samples Habitat type Average altitude

Vigna angularis var. nipponensis T 12 HEAM A H 49
AT 22 AN A H 100
K 27 HEARIN AR H 113 29
P 50 TR EAA 113 5
Peirs 13 TEARM IE B0 17
BT 12 HEAIA R H BRI 23
i 23 HEAIA A H B B30 146
R 13 HEAIN A H T B30 5
el 23 AR AR H 51
O 13 HEARDA A GBI 5
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X = A R

A JEBM (Vigna angularis var. nipponensis ) s B : 13 3255 (Vigna angularis var. nipponensis ) ; C : 18 5% (Vigna angularis var. nipponensis ) ;

D:J BT (Vigna angularis var. nipponensis ) s E : it/ ( Vigna radiata var. sublobata) ; F - N/ (Vigna minina)
A Edge of the farmland (Vigna angularis var. nipponensis) ; B: Beside ditch (Vigna angularis var. nipponensis) ; C: Along the roadsides ( Vigna

angularis var. nipponensis) ; D: Near the factory building (Vigna angularis var. nipponensis) ; E: In the wasteland (Vigna radiata var. sublobata) ;

F: Among the shrubs (Vigna minina)
B1 FENSRHESZFEMES
Fig. 1 The habitats of wild adzuki bean and its wild relatives
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V. angularis var. V. angularis var. V. radiata var.
angularis nipponensis sublobata

|

V. minima

V. angularis var. angularis V. angularis var. nipponensis V. radiata var. sublobata V. minima

D V. angularis var. angularis ) V. angularis var. nipponensis V. radiata var. sublobata V. minima
BB DBHE; DS0EE OIYOCE essee oosss 9N 93933
0 1 2 3 4 0 1 2 0 1 2 0 1 0 1 2 0 1 0 1 2

V. angularis var. angularis V. angularis var. nipponensis V. radiata var. sublobata V. minima

A: = HHEM ;B AL ClUEATE ;D Fl T
A': Trifoliate leaves; B: Flowers; C: Mature pods; D: Seeds
B2 NS BFENSRETZEEMBPIT L ERAFRRSHHE
Fig. 2 The morphological characteristics of leaves, flowers, pods and seeds of cultivated adzuki bean, wild adzuki bean

and its wild relatives
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Table 3 Evaluation of bruchid resistance of wild adzuki bean and its wild relatives

R4y e MAEHAEL Number of samples
Year Type #iPt HR B R fFHi MR &S FE HS
2022 Vigna angularis var. nipponensis 2 1 8 83 114
Vigna radiata var. sublobata 0 0 0 12 20
Vigna minima 0 0 0 9 13
SFEF T2 A (%) 7.1 18.3 43.7 80.5 95.4
2023 Vigna angularis var. nipponensis 2 1 5 73 127
Vigna radiata var. sublobata 0 0 0 14 18
Vigna minima 0 0 0 8 14
FEIF T2 A (%) 6.4 20.5 48.6 85.3 97.7
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Fig. 3 The resistance and susceptibility performance of the tested materials to bruchid

FOROEK . 0 L AR S R

3 -i:‘j-i/b\ N > . .. o, 3
AN, 3T 2% B A= Fh N Vigna minima WAEIL T R
31 BENERHIAZFEMARIDK b AR T SR A A, AR N AR /N G R

INEFP BB IRAE SR Tz A MR TR 2 BUhNEMEA R NS T B MRS
FEo BPA/NGHON I RRSE NIRRT e BURAE R R A bk el R R D L, BRI, AR



34 WSEsE S L TR B A/ NG O G AR MR AR AR S R T 437

WI4E R, SLIERIFPRLR 3G K, I 5 REFEAS R
e,

KTF/IN G R TE b [P] T, 2 AT . 24K
WA R/ N GRIE TR E Y, I H i i3I ik
P AT 16 W 28 29 12000 4R FT ., F il E kR R,
INAERT A A B AR A SR A AR AR TR
B Z AR HARWA £ & /N2 R 5
U5, P A Al Bk oR 2/ g B e S R
/NIGAE H AR A 5 AT B ) 28 24 4000 AT
SR , AT BT 3R /N 2 AT RE VR T 224 M B X S 1Y
AAFESERIEE, FL T R H AR X R R]
P s T /NGRS B4k T sk i 52 2 | iR
E— 25 A58 LI I X — [m)

FIF RAPD™ | AFLP"““F1 SSR“/JrFFric ¥
CHAS R JETA IR BN PR E SR W A
ING AT 2R S AT, R IR AR /NG RT o H
A R E AP IAR 440 FEERE, s 5 Fh
JOT ) b R 5 52 N AR OCHED 2R R
el ING B AN RSB B AR A S K 3 A
LR PG L E 5 E R H AR AR N s
2Rt FE , B ) i J R A A e B
P25 N T 45 Sy FLAK AR /NG AR R s
32 HENERHEGHEMEESRPNE

=i

HF A AR E YL o R SRR R S A
F & MBS, JUHAEYO PO PR A 55
Jr A Rk . SR, N T 5 ik i 72
B Z A MEMSUE I T RE R g R
I AR i N G 2 B A R TEAE B B R b 4
HARTECEVERT, AP A AL T2 B 5L I
PEIR . AR B/ N G A NE A EE
PUgps ORI 30 L (R

10T 48 1 R 3R T B A /N G R L 3 2 M A o
SO AR X THI G 2 TR 1 A A b o AR AUE
Hh IR BOT 22 43 s B AR N T R O 2 Y
AEFP RS B Y . ABESR SR IR ARk A
it 15 AR HH e A e I 5 N R i sl RS
B FR BE L e KT B AR &R XA 2 B4
FIHEAL T KA % . A RS X B 5t (17 35
FRGEUR , O R 4 1HI 0 B AP R A R 1 2 7 B A=
T HE 3 5 B A Tl %) A DI, ST it A s 1 4 4
FEOLAC ORI B P 5 37 50 35 A R o 9 6 e iR 1 7
SEHBORAT , IEAE i o B R AR W R 1) B F AR
YE TAE, il BB B R A i it

3.3 REMMARESZHFENEREITZE LR
HwEE
SREEENEEE MG EECMHE

e EEBA TN R TE . SR AP

7 AN R R R b S S B 1, A

LAz 2550 i, T B s BR A RIS e

ity 24 A A AL, LA 2 B T AR sk e TR,

i BA BRGUER Bl BN e 2 5% AT ROMBA R

HOpE A E IR T =Y R/ AT SRl

SERGFIOCHE. HET, FNANE AR ARG ST

WREN SR R B I E R

i, Jerp g 5L C S R B ORI T AR

PR BRI/ G R R R BT SR A . AT

HUESE PR RN IR,/ NEE R Y

Brafept rE e s v
Y Az /NS b7 R R 5 R AR R R A

S, T A A A XA AR IRt A 7 25 22

SO0 AR/ R YR R R kR T R

[ (B AT RE 222k 1 R BTMESE N, JX AT RE AR

BT AT AT/ NS 7 Rl AT BACE B Rl R R

KT RPUIENEAR o TP A /N B 2 b 15

M T Im g A a2, il it 2 AR A e AP SEIN

JECA /NP TR A Rl R A SR A

ABIFFE 1 8 Hh B PTG R O/ NG R B R R

LT RSN T . AT AN ESLE

GYFLE RN SRR AT IR S 25 , B P 58

MG AN, SRTTRR AL £ 2% 52, i 52 5 /) BLAY

AT GRS L n] B H BT GOB ATk

WF ST IR S /N BT LG R IR R TR A4 S8 R

Jitke

34 BENERHEZTFEMOARRERFHA
il
FURT, [ 0 T 87 A /N S I G B AR T )

WFFEAXS A o O T S A I SR 5, i 0

SR T A /N S T G B A R S BT R Y R T A

UEE VM PR TAE ST S8R RN TR,

PRast e ZHREE AR R Al FRSE M T . TR AGE

TS A /NG R A 2 B LR R DT (TR0 1 2

PR, A RZ L R LI BT Ak, 285w i

Y A R A ST S BRI AT T HLat A

Z RV AR 7L, S orFhmic i B &

MR AL T o P03 T 3 [ i 1 A Doy B A

AN R G HT A M R R S AR Rl . X

SEHE T T 00 K A5 B A /N LR LA 25 B LR Rl 11 7



438 oW B L

e

&

8

S

26 4

I3, AR AR P A S IR G AR ) SR
AWFFEAA G 7R T 1L T 48 B A= /NS R LT 2%
WP LR T ) 5% Z2REPE AN BT HURRIE , o0 J5 S e
FRNBEE 7AERN . SR, AT HE— 2D ISR BT Gl
Jot B S S FIPTPERE D RO T . B2 IRABIESE
FE BRI P EF A= /0N 52 R G G B A b 4 38 22

PR, XS/ NGB FAE R P DL

r RS K R A L

SE ik

(1] A, FRE, Fgh. pEEM G Ja: P ERL
HAL, 1997

Zheng Z J, Wang S M, Zong X X. Food legumes in China.
Beijing: China Agriculture Press, 1997

[2]  Tomooka N, Vaughan D A, Moss H, Maxted N. The Asian
Vigna: Genus Vigna subgenus Ceratotropis genetic resources.
Boston: Kluwa Academic Press, 2003

[3]  Emutk, BAEZ, ERE . /NERBIT RN SRR . A
YL e IEAAAR, 2013, 14(3) : 440-447
Wang L X, Cheng X Z, Wang S H. Review on genetic study
and application of adzuki bean (Vigna angularis) germplasm.
Journal of Plant Genetic Resources, 2013, 14(3): 440-447

[4]  Nikolai Ivanovich Vavilov. # EE&, 7. EE R BAEY A9 H A
EW LG A ll H ik, 1982
Vavilov N I. Dong Y C, translation. The center of world origin
of major cultivated plants. Beijing: China Agriculture Press,
1982

[5] AR, Wit BFR T4 74 Bt R o3 A M HL 5 0 1)
M . FEPI4, 1994, 20(5): 607-613
Yang R J, Han Y G. The geographical distribution of wild
adzuki bean in Liaoning province and their hybridization
experiments with adzuki bean. Acta Agronomica Sinica, 1994,
20(5): 607-613

[6] sKaEH . Eaoim, WA, XA, EkM, T2, 587,
FH . 518 U 25 A i Vigna minima GEIRIREE 5 TR
WIS . AR A T IREAAR, 2016, 17(1): 13-19
Zhang Z X, Wang B Q, Fan BJ, Liu CY, Cao Z M, Wang
Y, SuQ Z, Tian J. Collection and phenotypic traits analysis of
Vigna minima. Journal of Plant Genetic Resources, 2016, 17
(1):13-19

[7]  Ogiso-Tanaka E, Chankaew S, Isemura T, Marubodee R,
Kongjaimun A, Baba-Kasai A, Okuno K, Ehara H, Tomooka
N. Diversity of salt tolerance in Vigna nakashimae, wild
related species of the azuki bean (Vigna angularis). Breeding
Science, 2024, 74(2): 166-172

[8] Mohan K M, Kodandaram M H. Diversity, abundance and
infestation of bruchids on stored pulses in Karnataka. Mysore
Journal of Agricultural Sciences, 2022, 56(2): 295-307

[9] W], B, KRIRAR, XIEHE, Bp . B i SRR

QIS AL M RIS R . AR, 2023, 49(5) : 1153-

[10]

[12]

[13]

[14]

[15]

[16]

1169

Yang X M, Cheng X Z, Zhu Z D, Liu C Y, Chen X.
Advances in germplasm innovation and genetic improvement
of food legumes resistant to bruchid. Acta Agronomica Sinica,
2023, 49(5): 1153-1169

MREZLAR . M#, ARIRA, TOBSC, BRITH, AR, Emdk,
XIERE, IR, FREE, BIRAL, B b E S
Al A R BAR S ACR IR . P RO 2021, 54(3)
493-503

Chen HL, TianJ, Zhu Z D, Zhang Y W, Chen Q M, Zhou S
M, Wang L X, LiuY J, He Y H, Yin F X, Wei S H, Cheng X
Z. Current status and future prospective of food legumes
production and seed industry in China. Scientia Agricultura
Sinica, 2021, 54(3): 493-503

MReLR, Wistse, 303, MeE, B, £R%E, Emk,
T . 481 1 [E N SN LR BT AR MR B LR e 4 e 3
W BB AL Z R T . R IR AL BT IS 4, 2022, 23(4)
964-971

ChenHL, HuLL, YangY, Hao XY, Li ST, Wang S H,
Wang L X, Cheng X Z. Evaluation and genetic diversity
analysis of agronomic traits and bruchid resistance using 481
worldwide mungbean germplasms. Journal of Plant Genetic
Resources, 2022, 23(4): 964-971

B, TR, hEEMHEI . Jea:
HARMRAE, 2009: 23

Cheng X Z, Wang S M. Food legumes variety in China.

LR

Beijing: China Agricultural Science and Technology Press,
2009: 23

RE, BEE, I‘@J}‘Eiﬁf, i, RIS U TR
BEREL TSR . IPERL R, 2012, 40(6) : 606-612
ZhuHJ, Zhao XY, Yan H B, Gao W, Zhang Y W. Breeding
of bruchid resistant mung bean variety Jinlyudou 7. Journal of
Shanxi Agricultural Sciences, 2012, 40(6): 606-612
JOORAN, XA, B H, SR, JRRkAT, £, M. 3t
g%ﬁﬂ%ﬁuuﬁﬁﬁ 15 SR & . EFE, 2018(9)
76-78

FanBJ, LiuCY, Cao ZM, ZhangZ X, SuQ Z, Wang Y,
Tian J. Breeding of bruchid resistant mung bean variety Jilv 15.
China Seed Industry, 2018(9): 76-78

MRAelh, R R, SRELH, XIBEIR, 1RIRH, B, BRI .
VUL RS TR MRSk 5 5 T ML EAR A /Yt
7%, 2015, 29(4): 428-430

Chen HT, Yuan X X, Zhang HM, Liu X Q, Cui XY, Chen
X, Gu H P. Breeding and cultiation techniques of the new
mungbean variety Sulv No. 5 with bruchid resistance. Crop
Research, 2015, 29(4): 428-430

T, W, W, FHEI7, ARRME, S2406, M, i
F, P, A BRI RE S 16 RYILT . I
Finllz, 2022(6) : 83-85

XuN, Wang M H, Bao SY, Wang GF, Deng K P, DoulJ G,
Tan H, Xie L, Han D, Guo Z X. Breeding of a new mung

bean variety Jilv 16 resistant to bean weevil. China Seed



3

WSEsE S L TR B A/ NG O G AR MR AR AR S R T

439

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Industry, 2022(6) : 83-85

Somta C, Somta P, Tomooka N, Ooi P A C, Vaughan D A,
Srinives P. Characterization of new sources of mungbean
(Vigna radiata (L.) Wilczek) resistance to bruchids,
Callosobruchus spp. (Coleoptera: Bruchidae). Journal of
Stored Products Research, 2008, 44(4): 316-321

BOWR:, RIRAS, FhEREN, RN v [E Gy F R
FEHEIE . TP ERERY, 2013, 46(22): 4633-4645

Duan C X, Zhu Z D, Sun S L, Wang X M. Advances in study
on food legumes resistance breeding in China. Scientia
Agricultura Sinica, 2013, 46(22): 4633-4645

T, B, AT, FAEDY, SRR ANERR R T
T KGR ALBETEIERE . HE)~A4, 2013, 48(6): 676-683

Xu N, Wang M H, Bao SY, Wang G F, Guo Z X. Advances
in research into genetic resources, breeding and genetics of
adzuki bean (Vigna angularis). Chinese Bulletin of Botany,
2013, 48(6): 676-683

Tomooka N, Kashiwaba K, Vaughan D A, Ishimoto M,
Egawa Y. The effectiveness of evaluating wild species:
Searching for sources of resistance to bruchid beetles in the
genus Vigna subgenus Ceratotropis. Euphytica, 2000, 115
(1):27-41

Kashiwaba K, Tomooka N, Kaga A, Han O K, Vaughan D A.
Characterization of resistance to three bruchid species
(Callosobruchus spp., Coleoptera, Bruchidae) in cultivated
rice bean (Vigna umbellata). Journal of Economic Entomology,
2003, 96(1): 207-213

TR, BB, AREHE, BRACTE, BRI, SREIAE . DisE S
ANELf S RIS LR ARLRE, 2013, 41(6) 2 79-80
Yuan X X, Chen X, Cui XY, Chen HT, GuH P, Zhang H
M. Screening and application on resistant to Callosobruchus
clanensis L. of adzuki beans. Journal of Jiangsu Agricultural
Sciences, 2013, 41(6): 79-80

Kang J K, Pittendrigh B R, Onstad D W. Insect resistance
management for stored product pests: A case study of cowpea
weevil (Coleoptera: Bruchidae). Journal of Economic Entomology,
2013, 106(6) : 2473-2490

B, R, Fufk. /NG R0BTEE AR R bR
e Jbat: HERL R, 2006: 74-75

Cheng X Z, Wang S H, Wang L X. Descriptions and data
standard for adzuki bean (Vigna angularis). Beijing: China
Agriculture Press, 2006: 74-75

XA, FEORTE , B EE, AT, £, KEH, B,
FH . T SSRARIC BT I A /NS K HC I 0 B A A W it A
ZREE . AEYIFR, 2014, 40(1): 174-180

LiuCY, FanBJ, Cao ZM, SuQ Z, Wang Y, Zhang Z X,
Cheng X Z, Tian J. Genetic diversity analysis of wild adzuki
bean germplasm and its relatives by using SSR markers. Acta
Agronomica Sinica, 2014, 40(1): 174-180

B, AR, Bk, AR, XK BT A
PR o [l A 25 2R G0 MR 5540 (B it Bl ) R Ml — AL TR R
AT R L ARERER, 2023, 43(5): 330-342

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

LiY, LiF X, Liang J S, Li T H, Liu C F. Effects of land use
change on terrestrial ecosystem service value and carbon
storage-a case study in Dalian city, Liaoning province. Bulletin
of Soil and Water Conservation, 2023, 43(5): 330-342
Yamaguchi H. Wild and weed azuki beans in Japan. Economic
Botany, 1992, 46: 384-394

Py N . B i A FR Y ) A . AR 2, 2001, 27
(6): 905-907

Yang R J. The geographical distribution of Vigna angularis var.
nipponensis in China. Acta Agronomica Sinica, 2001, 27(6) :
905-907

SE45 B | Duancan Vaughan, Norihiko Tomooka, Akito Kaga,
T, KA, FIRE . AFLP W17 /IN Bk 15 AT A A8 i
(Vigna angularis var. angularis and var. nipponensis ) [A]7# k5
IR R . HERLBLE, 2003, 36(4): 367-374

Zong X X, Vaughan D, Tomooka N, Kaga A, Wang X W,
Guan J P, Wang S M. Preliminary study on geographical
distribution and evolutionary relationships between cultivated
and wild adzuki bean (Vigna angularis var. angularis and var.
nipponensis) by AFLP analysis. Scientia Agricultura Sinica,
2003, 36(4): 367-374

EWISL, B, AR, A, AR, FORRE - IAKIRR, 1
B, 2R, TV B A/ NGRS NGRS e
AFEBEFAR, 2017, 32(4); 14-20

Wang M L, Zhao B, Li Y, Dong S, Bai J N, Paerhati Y,
Yang K, Li Y S, Wan P. Analysis on agronomic traits of wild
adzuki bean and cultivated adzuki bean. Journal of Beijing
University of Agriculture, 2017, 32(4): 14-20

HuLL, Luo G L, Zhu X, Wang S H, Wang L X, Cheng X
Z, Chen H L. Genetic diversity and environmental influence
on yield and yield-related traits of adzuki bean (Vigna
angularis L.). Plants, 2022, 11: 1132

Liu L, Bestel S, Shi J, Song Y, Chen X. Paleolithic human
exploitation of plant foods during the last glacial maximum in
North China. Proceedings of the National Academy of Sciences
of the United States of America, 2013, 110: 5380-5385

Chu L W, Yang K, Chen C H, Zhao B, Hou Y N, Wang W
Q, Zhao P, Wang K L, Wang BH, XiaoY, LiYQ, LiY S,
Song Q J, Liu B, Fan R X, Bohra A, YuJ P, Sonnenschein E
C, Varshney R K, Tian Z X, Jian J B, Wan P. Chromosome-
level reference genome and resequencing of 322 accessions
reveal evolution, genomic imprint and key agronomic traits in
adzuki bean. Plant Biotechnology Journal, 2024, DOI:
10.1111/pbi.14337

B K 0. A T bk /NS (Vigna angularis) 3847
MR EE . TR, 2017(3) 2 274-281

Tao D W. The preliminary analysis of adzuki (Vigna
angularis) remains from archacological sites in China. Xibu
Kaogu, 2017(3): 274-281

Yang X, Jiang L. Starch grain analysis reveals ancient diet at
Kuahugqiao site, Zhejiang province. Chinese Science Bulletin,
2010, 55: 1150-1156



440 LN 7/ S AR S S 26 %

[36] Kato S, Yamaguchi H, Shimamoto Y, Mikami T. The Callosobruchus chinensis (L.) (Coleoptera: Bruchidae) and
chloroplast genomes of azuki bean and its close relatives: A its effects on the germination rate of adzuki beans. Acta
deletion mutation found in weed azuki bean. Hereditas, 2000, Entomologica Sinica, 2007, 50(9): 967-974
132(1): 43-48 [46] Yadav D, Bhattacharyya R, Banerjee D. Acute aluminum

[37] Yano A, Yasuda K, Yamaguchi K. A test for molecular phosphide poisoning: The menace of phosphine exposure.
identification of Japanese archaeological beans and phylogenetic Clinica Chimica Acta, 2021, 520: 34-42
relationship of wild and cultivated species of subgenus [47] Seram D, Senthil N, Pandiyan M, Kennedy J S. Resistance
Ceratotropis (genus Vigna, Papilionaceae) using sequence determination of a South Indian bruchid strain against rice bean
variation in two non-coding regions of the #7nL and trnF" genes. landraces of Manipur (India). Journal of Stored Products
Economic Botany, 2004, 58(1): S135-S146 Research, 2016, 69: 199-206

[38] Lee G A. Archaeological perspectives on the origins of azuki (48] Zaugg 1, Magni C, Panzeri D, Daminati M, Bollini R,
(Vigna angularis). The Holocene, 2013, 23: 453-459 Benrey B, Bacher S, Sparvoli F. QUES, a new Pisum fulvum

[39] 43Chk, S04%, SCAM, 2R, gL, ik, BA/NG R Phaseolus vulgaris genotype resistant to common bean
Ve 5 ZFEVE RAPD 2081 . fedb AR 2431, 2004, 19(2) . weevils, contains the Arcelin-8 allele coding for new lectin-
28-31 related variants. Theoretical and Applied Genetics, 2013, 126
Jin WL, Guo P, Wen Z X, Li N, PuSJ, Zhao B. Study on (3): 647-661
germplasm resources of wild adzuki bean (V. angularis var. [49] Clement S L, Hardie D C, Elberson L R. Variation among
nipponensis) based on RAPD analysis. Acta Agriculturae accessions of Pisum fulvum for resistance to pea weevil. Crop
Boreali-Sinica, 2004, 19(2): 28-31 Science, 2002, 42(6): 2167-2173

[40] Zong X X, Kaga A, Tomooka N, Wang X W, Han O K, [50] M, B2, A, Tk, EE, KAk, TRE,
Vaughan D. The genetic diversity of the Vigna angularis WER, BaFk, T, TR RESG S FEUR L R
complex in Asia. Genome, 2003, 46 (4): 647-658 PSR, 2021(6): 15-21

[41] XuH X, Jing T, Tomooka N, Kaga A, Isemura T, Vaughan Tian J, Cheng X Z, Fan BJ, Wang L X, LiuJJ, LiuCY,
D A. Genetic diversity of the azuki bean (Vigna angularis Wang S H, Cao Z M, Chen H L, Wang Y, Wang S. Current
(Willd.) Ohwi & Ohashi) gene pool as assessed by SSR situation and development trend of mung bean varieties in
markers. Genome, 2008, 51(9): 728-738 China. Crops, 2021(6): 15-21

[42] ZhouZK, JiangY, WangZ, GouZH, LyuJ, LIWY, YuY [51] 2507, #A9, ERAT, 25250y, 54, FLIH, wil, 77
J, ShuLP, ZhaoYJ, MaY M, Fang C, Shen YT, LiuTF, L B A NG AR BN SRR BMHIR b . JERUR B
LiCC,LiQ, WuM, WangM, WuY S, DongY, Wan W T, %, 2017, 32(4): 8-13
Wang X, Ding Z L, Gao Y D, Xiang H, Zhu B G, Lee S H, LiY, Zhao B, Wang TQ, LiY S, Wang X J, Cuomu T S,
Wang W, Tian Z X. Resequencing 302 wild and cultivated Yang K, Wan P. Analysis of phenotypic traits of wild adzuki
accessions identifies genes related to domestication and bean and cultivated adzuki bean. Journal of Beijing University
improvement in soybean. Nature Biotechnology, 2016, 34 of Agriculture, 2017, 32(4): 8-13
(4): 408-441 [52] Emitk, Pekr, LRE, AR, PRIKR, BAL . LG g%

[43] Kaga A, Isemura T, Tomooka N, Vaughan D A. The genetics A R SRR IR BT T R . R AR YR IR AR, 2020, 21(6) -
of domestication of the azuki bean (Vigna angularis). 1407-1414
Genetics, 2008, 178 (2): 1013-1036 Wang L X, Chen X, Wang S H, Yuan X X, Chen H L, Cheng

[44] Gbaye O A, Millard J C, Holloway G J. Legume type and X Z. Research progress on wild relatives in Vigna. Journal of
temperature effects on the toxicity of insecticide to the genus Plant Genetic Resources, 2020, 21(6): 1407-1414
Callosobruchus (Coleoptera: Bruchidae). Journal of Stored [53] Somta P, Kaga A, Tomooka N, Kashiwaba K, Isemura T,
Products Research, 2011, 47(1): 8-12 Chaitieng B, Srinives P, Vaughan D A. Development of an

[45] SRBHE, S0bk, FHEE, VIS, Hheds, sKaE5 . kit interspecific linkage map between Vigna umbellata (Thunb.)

FHT 2 G 1) A% HORUR B X1 /NG R 2R 05 ) . B
fiZ, 2007, 50(9): 967-974

Zhang M Z, Jin WL, WangJZ, Sun S L, Qin X C, Zhang Z
treatment

Y. Insecticidal efficacy of microwave against

Ohwi & Ohashi and V. nakashimae (Ohwi) Ohwi & Ohashi
and its use in analysis of bruchid resistance and comparative
genomics. Plant Breeding, 2006, 125(1): 77-84



