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Abstract

The scientific information about the genus Vigna, which contains nine
important food legumes, has been accumulated in the past decade. In this
chapter, progress of the genetics of domestication, important agronomic
traits, ecological adaptations, and genomic information are summarized.
Domestication genetics revealed by a detailed Quantitative trait locus
(QTL) analysis for mung bean, black gram, azuki bean, rice bean, and
yard-long bean have been described and compared. Amazing abilities of
some wild Vigna species to adapt harsh environments were described.
Some outstanding examples are adaptation to sandy and saline soils by V.
marina and V. trilobata, alkaline limestone rock soils by V. exilis, exposed
windy cliff top environments by V. riukiuensis, waterlogged riverside by
V. luteola, and shady forests by V. minima. Vigna genome project which is
under way and aims to sequence 16 Vigna species will provide a founda-
tion of clarifying genes which are responsible for the abilities to survive
under extreme environments.

9.1 Introduction

hills of Southeast Asia, rice bean is a source of
protein for poor people. Mung bean is used in a

Vigna species play a particularly important role
in diets of people in Asia. In East Asia, azuki
bean has a cultural significance as it is mixed
with glutinous rice (red rice) on days of cele-
bration (Lumpkin and McClary 1994). In the
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variety of forms including noodles, sprouts,
flour, and whole seeds and is an ingredient of
many Asian dishes. In South Asia, several dif-
ferent Vigna species form an essential compo-
nent of a vegetarian’s diet. Several of the wild
Vigna species are harvested as an occasional
food. In addition, cowpea introduced to Asia
long ago from Africa is used for both its seeds
and, in the form of yard-long bean, its pods as a
vegetable.

The Asian Vigna generally refers to the Vigna
species in the subgenus Ceratotropis (Tomooka
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et al. 2002a). However, there are Vigna species in
other subgenera that occur in Asia; some of them
are domesticated such as V. unguiculata and
V. vexillata. In this chapter, we will discuss all
the Vigna crops of Asia (Table 9.1). Despite the

N. Tomooka et al.

obvious importance of Vigna in Asia, where most
of the world’s poor and undernourished live, it
is only recently that there has been increased
attention to their understudied genetic resources
and application of biotechnology tools to them.

Table 9.1 Vigna species in Asia

Subgenus Section
Ceratotropis
Angulares
Ceratotropis

Aconitifolia

Vigna Catiang

Vigna
Vigna
Vigna

Plectotropis Plectotropis

Species

V. angularis (Willd.) Ohwi & Ohashi var.
angularis

Vigna angularis (Willd.) Ohwi & Ohashi
var. nipponensis

V. dalzelliana (O. Kuntze) Verdcourt

V. exilis Tateishi & Maxted

V. hirtella Ridley

V. minima (Roxb.) Ohwi & Ohashi

V. nakashimae (Ohwi) Ohwi & Ohashi
V. nepalensis Tateishi & Maxted

V. reflexo-pilosa Hayata var. glabra

V. reflexo-pilosa Hayata var. reflexo-pilosa
V. riukiuensis (Ohwi) Ohwi & Ohashi

V. tenuicaulis N. Tomooka & Maxted

V. trinervia (Heyne ex Wall.) Tateishi &
Maxted

V. umbellata (Thunb.) Ohwi & Ohashi
V. grandiflora (Prain) Tateishi & Maxted
V. mungo (L.) Hepper

V. silvestris (Lukoki, Maréchal et Otoul,
Aitawada, Bhat et Yadav)

V. sahyadriana Aitawade, Bhat et Yadav
V. radiata (L.) Wilczek var. radiata
V. radiata (L.) Wilczek var. sublobata

V. subramaniana (Babu ex Raizada)
M. Sharma

V. aconitifolia (Jacq.) Maréchal
V. aridicola N. Tomooka & Maxted

V. khandalensis (Santapau) Raghavan &
Wadhwa

V. stipulacea Kuntze
V. trilobata (L.) Verdc.
V. indica Dixit, Bhat & Yadav

V. unguiculata (L.) Walpers cv.-gr.
Unguiculata

V. unguiculata (L.) Walpers cv.-gr.
Sesquipedalis

V. marina (Burm.) Merrill

V. hosei (Craib) Backer ex K. Heyne
V. luteola (Jacq.) Benth.

V. vexillata (L.) A. Rich.

Crop name

Azuki bean

Creole bean

Rice bean

Black gram

Mung bean

Moth bean

Cowpea

Yard-long bean

Tuber cowpea



9 Vigna Species

Surprisingly, a recent paper on “orphan grain
legumes” does not mention the Asian Vigna
(Varshney et al. 2009), so perhaps the Asian Vigna
should be called the “forgotten grain legumes.”
The international agricultural research commu-
nity of the Consultative Group on International
Agriculture Research (CGIAR) system has not
conducted research on the Vigna crops of Asia,
although an affiliate organization, the World
Vegetable Center (AVRDC), does conduct
research on mung bean. Despite this, there have
been two recent genetic resource monographs,
one on the Asian and the other on the African
Vigna (Maxted et al. 2004; Tomooka et al.
2002a). Laboratories in different countries have
conducted various genomic and genetic studies
on the Vigna crops of Asia, but this research
community has, unfortunately, not benefitted
from a globally coordinated effort. A summary
of the current status of Vigna genome maps
(updated from Kaga et al. 2005) and molecular
mapping of agronomically important traits is
presented (Tables 9.2 and 9.3). In this chapter,
we will discuss first the recent progress that
has been made in understanding the Vigna crops
of Asia and their wild progenitor species. Then
the other wild Vigna species of Asia that may
have a role to play in future crop improvement
are discussed.

9.2 The Vigna Crops of Asia
and Their Wild Progenitor
Species

9.2.1 Mung Bean [Vigna radiata (L.)

Wilczek]

Wild mung bean is very widely distributed from
West Africa to Northern Australia. Within its
range, germplasm from Australia and the island
of New Guinea represents a distinct gene pool
(Sangiri et al. 2007). Based on the diversity of
domesticated mung bean and archaeobotanical
records, mung bean seems to have been domesti-
cated in India (Sangiri et al. 2007; Fuller and
Harvey 2006). Recently, a comprehensive
genome map of mung bean was published

177

(Isemura et al. 2012). In common with many
crops, domestication traits in mung bean are con-
trolled by a few major genes including some
minor genes. However, compared to other crops,
including domesticated Vigna, domestication-
related traits in mung bean were more dispersed
across the genome. Several genes, such as hilum
and seed color, are found at a similar location in
mung bean and other Asian Vigna species.
Several QTLs for 100-seed weight in mung bean
were located in a similar genomic position to
other Vigna species, such as QTLs on linkage
groups 1 and 2 that were at a similar location to
those on the azuki bean and rice bean genome
maps (Fig. 9.1). However, the QTL with the
largest effect for 100-seed weight in mung bean
was found on linkage group 8 and is specific to
mung bean. Further studies of the differences
among QTLs and their effect in relation to seed
size in mung bean and other domesticated Vigna
species will help to explain the marked differ-
ences for seed size among domesticated Vigna.
Both the mitochondrial and chloroplast genomes
of mung bean have been sequenced (Alverson
et al. 2011; Tangphatsornruang et al. 2010). The
mung bean mitochondrial genome sequence was
the first for a legume and is of unexceptional size.
The genome is unusually depauperate in repeti-
tive DNA compared with the mitochondrial
genomes of other species (Alverson et al. 2011).
The chloroplast genome includes a pair of
inverted repeats (IRs). In addition, compared to
other plant chloroplast genome sequences,
V. radiata has two distinct rearrangements of 50
and 78 kb (Tangphatsornruang et al. 2010).
Among domesticated pulses, mung bean has
one of the smallest seed sizes, and seeds are usu-
ally green. It has a short growth duration and can
readily be intercropped with cereals. Powdery
mildew is a major disease of mung bean and
breeding for resistance to this disease is a priority.
However, breeding progress has been slow because
there appear to be many races of the disease, and
these races have not yet been described. Several
sources of resistance or partial resistance to the
disease have been identified. Results of different
studies have identified sources of a major resis-
tance QTL on both linkage groups 9 and 6



(€000
‘Te 30 Arydwny

N. Tomooka et al.

(2002
Te 10 Argdwuny

(2002)
ed)neH pue uyIoys

(00020
‘[& 39 sopLIquie ]

(€661 “T661) Te 10
BOINE-OIOBUSIA

(8007) 'Te 12 1dnn

(9000)
‘[e 32 Suanrey)

(8007) "Te 10 esey]
(L00T) ‘e 32 eInwasy
(S007) ‘Te 30 uey

QouaIejoy

178

42!

8°0¢

08¢

£YC

Syl

0cI

9y

00

6'¢

¥'8¢

6'¢

(%)
UOTJIOISIP JO [AY]

(U343

6'LEL

§'¢C9

L'169

£8SL

0LS‘T

1'698

€8L

6'1LL

L'6v9

1ces

(N2
Qoue)sip dejy

01

el

4!

4!

14!

I

I

01

I

I

paAjosax
sdnoi3
ageyury

Sd1dd €8

Sd'1dd $S¢

Sd'IdV €01

sjren [eorsofoydiow
cpuesqdvd €l
syren

reor3ojoydiow ¢ pue
Sddvy 9§ ‘SdTd4d T§
Snoo|

12d [ pue sq I VNP
¢ pue orwouas [G|

SASSI ¥ Pue sAdvy
98 ‘SdTdV ST ‘SUSS LY
jren [eorsooydiow

I PUB ‘sq’TdV

LT SdTAY 6S SUSS 19

Sd'1dV
9€ PUB ‘SYVDIS T ‘SAVD
[ ‘SSLS T ‘S¥SS 161

SUSS YL
Sd'1dY v6 pue
SATAV L8T ‘SYSS S0T

Pasn SISNIBA

(Ly1) 119 A

(08) ¥ *4

(92) 119 4

(£9) 1Y 4

L9

(89)

(¥O1) T 4

(081 '4'D4

(881) d

Iy

(L81 '4'0d

pozAeue
(soury/syuerd)
uonendog

(019¢ ALV)

pypqojqns “dss vipipvas A x
( uaI_g, ‘Ad) DIDIPDA A
(1¥20V)

pipqojqns “dss vipippa A X
(,udIg, "AD) PIDIPDL A
(., eseleq, "Ad)

vIppL A X (9961D1L)
SEQQNQSM “TeA UNENSQ .\w

(1¥DDV) pivqojqns “Tea
pIvIpPL A X (U1, "Ad)
DIDIPD.L “TeA DIDIPDL A
(9961D1) rivqojqns

"TeA DIvIpDL A X (068EDA)
DIDIPD. “TeA DIDIPDL A
S1S24]18

“TeA odunui A x (Z-$60.L)
osunut "Tea oSunut ‘A
(€L8L01dI)

S11IS24]1S "TeA 0Sunut A X
(zer61TdD) 08unut A
(85901 1d[) Sisuauoddiu "rea
supmsun A x (,uoeureq
010K, "Ad 68960 1dT)
SLDINSUD “TeA SLUDINSUD A
(I18%18df) sLvnSun A X
(188L01d[) Stsuappdou A
(18v18d[) suvmsuv A x
(188L01d[) Stsuappdou A

uoneurquod ssor)

ueaq unjy

weld yoerg

ueaq DNZY
PUSIA UBISY

saroads pusip 1oy sdew a3exur] owoudr) g'6 d|qeL



W (ponunuoo)

(9007) "¢ 10 BIWOS
(€00T) Te 10 eSEY
(0007) "Te 10 esey]
(9661) "Te 10 eSey|

(0T02) ‘T& 10 BINWISST

(€100) Te 10 uay)

(z100)
‘e 30 joyduoley]

(T102) e 32 YoyeId

(2102) ‘Te 10 eINWS]
(I102)

‘T8 19 maryURYD)
(0102) "Te 30 orYZ

(000
‘Te 30 Argdwny

9 Vigna Species

0vc

8'6C

L6l

L8l

88

ad!

L0t

(443

s9

9

6'T0LT

0scI

1'96L

L069

TYLT'T

86'166

9°'LTL

9666

8'1¢8

L'v89

14!

4!

I

4!

4!

I

I

4!

el

Sd1dd YL Pue sYSS 101

Sd'IdV v¢€¢
pue ‘sqT4Y L “SYSS 001

jrex) reor3oroydiow | pue
SAdVA L ‘Sd1dd 11
syren

[eo13ojoydiow g pue
SAdVY 801 SdTdY 61

SdTAV €01 PUE SYSS €T

SdvD
[ pue “YvIS I ‘SYSS 0T
SAdVY €11 SdTIV 9S€

SYSS 061

Sd1dV L PU® SYSS Ly
SYSS-LSH

€61 pue sYSS LT
SYSS 9¢

SSLS T PUB ‘SAdvy
¥ ‘SdTdY 9L ‘SASS L6

yren [eor3ojoydiow
T pue sd14Y 8L

L)

(L) 'a'od

98)

(08)

(861) '4'0d

(000) 119 “'4

(981) 4

(zen) Trd B4

(0s0) '4'0d

(s

(202) 119 4

(LT T A

(6L8L01dr)

aouysovU A X (FOE00TdL
{pAreAnNND) DIVjjIqUIN A
SISUGNIYNLL A

x (,uo3eure( equeJ, ‘Ad)
SUDINSUD "TeA SLUDINSUD A
(punmyso3ey], "Ad) vivjjaquUIn A
X (,NZnoysowLIy, "Ad)
SLUDINSUD A

avuysvYPU A

X (,nZnoysowLyg, "Ad)
supmsun A

(6£901Tdf :PIIM)
vpaquin A X (6€vL1Tdl
POIBATI[ND) DID]jaqUIN A
(9961D1) vivqojqns

dss p1ppe A x (TEAN
QUI[ PAJBATI[ND) DIDIPDL A
(120M) PIvqojqns “Tea
oIpd A X (€-T-6TTINND
DIDIPDA “TeA DIDIPDL A
(1-TT-OTIAIN :ouI[ JUeISTSaI)
vIvIpoL A X (7 UdeS
Suoeydwey], :1eAnMO
91qndoosns) vipvs A
(.reqoying, A2 960627dl
{PAIBADND) DIVIPDL A X
(PL811Td[ ‘PIIM) DIDIPDL A
(81L¥A) vivIp. “TeA vIIpDL
A X (] uses Suseydwreyy,)
DIDIPDA “TeA DIDIPDA A
(1¥00V)

pipqojqns dss viipv.a

A X ([ UdIag, ‘AD) DIVIPDL A
(1¥20V)

pipqojqns ~dss vipippa

A X (\uaIag, "AD) DIDIPDL A

SS0I0
oyroadsiauy

ueaq 901y



N. Tomooka et al.

(26002)
“[2 30 01oyPNN

(8002)
‘Te 39 yepoIdy[-owQ

(e2002)
‘[& 32 030eIpINQ

(0002) Te 30 [N

(L661)
"8 19 ZOPURUIIN
(L661) 'Te 10 unyjoreq

(g661) Te 3
BIINBH-OIORUSA

ERlIENEIEN|

180

(suonendod

Q10U 1O AUO Ul
UOTI0)SIP uUoNe3aI3as
PANQIYXA sIoyIew
01# 'uonerndod

QuoO Jse9] Je

ur orydiowjod arom
986 JO [2101®) 9’1y

6'6¢

L6l

L'1¢

08I

0ce

(%)
UOTHOISIP JO [9A]

089

LS9

009

S99

109

1S9
S99

1'029°T

0L9°C

8699

L6

789

(o)
doueysip dejy

1T

I

I

I

I

I

I

I

4!

4!

0l

paA[osaI
sdnois
oequr]

SANS 826

SANS S1v

SANS 6v¢

SANS 88¢

SANS 88¢

SANS 66¢
SANS 9¢v

Sd'TdV vl PUe sYSS ¢
IIEW [BOTWAYD0I] |
pue ‘syren [esr3ojoydiow
€ SdTAV L9T

SdT4d 9€ SAdVY €€1

sjren [esr3ojoydiow

€ puesddvd LL

Io)IeUI [BOIUIAYO0I] |
pue ‘syren [eosrsojoydiow
€ Sd'1dV ST

SdTAY 61 SAdVY €€1
sjren [eor3ojoydiow
TPUR ‘SAdVY S ‘Sd1d4d
VNJO S pue orwouas /§

pasn SIIB]A

(z€9) T

(1) 1

(LD T4

(601) T

(€01) T

(06) TId
(6L) I

(Sy1) 119 '

(¥6) 114 °4

(¥6) ¥ *4

(Y6)1rd *4

(89)

pozATeue
(soury/syuerd)
uonendog

dew snsuasuo))

(LL-8S) vivpnomSun A

x (,ouoex,) pmomsun A
(7-9%CT-SY81LD
DIPINIIMSUN A X
(9L9Y1-NA L) Divnomsun A
(8LLL-NAL) ppnom3un A
x (B[] uB(,) DIDINOIMSUN A
(T-€0S-3€6.1LD) vivnomnsun
A X (,9%°ON 24aor[g
BILIOJI[ED),) DID[NOIMSUN A
(1-9ST1-v¢) vippnomsun A
X (,LT'ON 2Aayoelg
BIWIOJI[RD),) DIDINomnsun A
(6¥0C-SH8.LD) pivpnomsun A
X (dyTS) vivnomsun A

(L VLIA) pivpnom8un A
x (1zues,) pymomsun A

(g¥zS) vomomdun A x
(6¥0T-StS.LD vivpmomsun A
(VE-OIT-NNAL)

suaasaqnd “TeA puUvPUIYIP
“dss mippnomsun A

x (aur paroxdur 4-947¢
-SY8.LD) viwmomsun A

(dTs) pmwmomsun A x
(6¥0T-SY8.LD) piwmomsun A

(€96 INAL) vupupuyap
“dss mippnomSun A

X (p-9¥¢TLI) pimomun A

UOTJRUIqUIOD SSOI))

eadmo)
DPUSIA UROLIFY

(ponunuod) z'6 d|qeL



_|
0

9 Vigna Species

(ponunuod)

(1102) T8 10 seon]

(1100
‘[e 19 d13IRpUY

(60027)
T8 32 oIoyONN

L0l

00

SL9CS

68999

£€°66S

9¥"20¢

CTESL

86'0S9

9¢°6vS

60°01L

65769

01681

SI'TOL

96°60¢

LL9

£v9

€

4!

Sl

4!

6l

(44

(44

(44

Ll

C

€

€C

Il

I

SANS 6¢¢

SANS Sv¢

SANS Lv€

SANS SS1

SANS €1¥

SANS Sev

SANS 88¢

SANS 8¢v

SANS vLE

SANS 09¢

SANS 0¢v

SANS 8¢v

SYSS 0T

Sd'TdV 90¢

«L8) T

«9€1) 1

(L) "4

(88) "4
«T8D) 11
«L6) 1Y
q(6L) T

«(68) Y

1D Y

«99) Ty

«(091) T

o(26) Y

(6ST) Trd A

(LT1) Trd *d

(1-94ST1-¥7) vivmomdun A
X (L7 ON oAaorlg
RILIOJI[RD),) DIDINIMIUn A
(-9¥CT-S8LD

DIpIMsun A

X (9L9Y[NAL) PIvpnomsun A
(,9pUNOIA],) DINOMSUN A X
(9¥TT-SY8.LI) pivpnomsun A
(€0S-€6LD

DIDINOMSUN A X
(9¥TT-SHS8.LD) pivpnomsun A
(L BUA,) DIDomsun A x
(.1zues,) vpMoM3un A
(LL-8S) pipmom8un A x
(,QuIOEx ,) PIDINOIMSUN A
(8LLL-NAL) DIDIMOMSUN A X
(Je11 weq,) piwpnomSun A
(6¥0T-SY8.LD) piwmomsun A
x (gbzS) vivmom8un A
(1-€0S-MECLD) Pivmomsun A
X (,9%'ON 24axoe[g
BIWIOJI[RD),) DIDINomnsun A
(6LL gDN) vivpnomsun A

X (,LT'ON 2Kayoelg
RIWIOJI[ED),) DIDNIINSUN A
(81-ATSLD) pwmomsun A

X (,LTON 24ayoe[g
BIWIOJI[RD),) DIDINOINSun A
(9-996-3L6.LI) pivjnomnsun
A X (.LTON 24aorlg
BIWIOJI[RD),) DIDnomsun A
(T0-61C :PTIM)

pypomdun A x (g+¢S
pareAn[Nd) LIVNIMSUN A
(990N 2Aayoelg
RIWIOJI[RD),) DIDNIMSun A X
(T-€0SSIE6LY) Pvnomsun A



(5002)
‘Te 30 urmipun3Q

N. Tomooka et al.

(Z107) pewyy

(qz107)
‘Te 30 unwre(3uoy

(®21020)
‘Te 32 unwre(3uoy]

(e11027) Te 10 nx

QOURIRJIY

182

gee

9°LT

8'1¢

L8y

L6

€

(%)
UOTIOISIP JO [0AY]

1'v9°1

106

9809

I'LL6

¥'Ce8

SvL
089

7660V

(A0)
Qoue)sip dejy

4!

0c

IC

Il

I

I
I

0¢
paA[osaI
sdnoi3
ageyury

sjren [eor3ojoydiow
T Pue 4SS
[ STV Ly SAdVH 0L

Sd'1dV 9L
Pue ‘SLIVd 901 ‘S¥SS TI

SLIVA 60C PUB SYSS 6C

SYSS €11

SYSS 9¢C

SYSS ¥81 PUB SANS 161
SANS LOT‘T

SANS 081
Pasn SISYIBA

6)

(86) 4

(€L) A

(881) d

(061) '4'0d

(P11) 1Y ¥4
(¢621) 1A

1(06) 1Y
pozATeue
(soury/syuerd)
uonendod

SuoneIouas3 0 03 84,
uondrIosap ou ST 1Y,

(§LNUA T) DID]]1X24 “TeA

DIIx24 A X (CpyINUAL)
D1]OJIISNSUD “TeA DID]JIX2A A

(1TdSSA) vouvjuods
‘TeA BNEE&&NNQS% > X

(.0d1q,) vaun.iaigns

“TeA DIUDLIIIGNS A
(,nreoou v31],,) vouv.Liaiqns
“TeA DIUDLIIIGNS A X
(.0d1q,) vauv.iaigns

“TBA DIUDLLIIIGNS A
(LSYMUAL=€8068d[)
pauvjuods “Tea PIPINIMIUN
“dss mippnom3un A x
(01918dr) stepadmbsas
“13-"A0 DIpINOIMNSUN

“dss pypmomsun A
(LSYNUAL=€8068d[)
paupIUOdS “TeA DIDINIINSUN
“dss mippnom3un A x
(01918d[) stepadimbsas
“13-"AD DIDMOIMSUN

“dss mippnom3un

(8¢ Suelltyz) sypipadinbsas
“dss pypmom8un A x
(910NZ) sypipadinbsas

“dss pipmoms3un A

dew snsuasuo))

(L#291197) pivpnomsun A
X (I#0€T) vIvoImsun A
UONRUIqUIOD SSOID)

pIDJJIXIA A
SO

jnupunoi3d
elequieyg

(ueaq
snSeredse)
ueoq
3uo[-pIex

(ponunuod) z'6 djqey



183

9 Vigna Species

(panunuoo)

(8007) 'T¢ 10 d wIwOS
:800T T 19 eSey

(L00T) Te 12 eInwas|

SQOUQIOJOY

(69T Pue ‘8O TOT ‘19D STLO
(€071 1LO

(O1DTPUE ‘v ‘TOT 1D STLO
(69T Pue ‘8O TOT ‘19D STLO

(€O 11O
(O1DTPUE ‘vDOT ‘TOT ‘1D STLO
(6DT1PUE ‘LOT

YO 7O ‘1D U0 A[urew pajoslap
are sTLO 91 9ren yoed 10§) sSTLO

(FOD duen

((298VELE)

(197 duen

(60T PuE ‘LOT
“$DT TOT 1T U0 AJurew pajodiep
a1e STLO 9-1 ‘e yoes 10§) STLO

(¥OD duen

(197 auen

(DT ‘dnos a3exuly) TLO/PUD

JySTom pass

QOUR)SISAI (SMIVINODVUL
SnYoNIqoson)) pryonig
Q0UB)SISAI (S1SUIUIYD
snyon.iqosoyv)) pryonig
JYS1om pasg

Q0OUR)SISAI (SmpnovuL
snyoniqosoyv)) pryonig
Q0UR)SISA (S1SUIUIYD
snyoniqosoyv)) pryonig
(siren aanenuenb ¢

pue aanelenb sa1y)) syren
PojB[RI-uonEINSAWOo
(10100 [K1001d2

J1eq) aAne)ienb) siren
Paje[aI-uoneINSAWOoq
(3800 Pa3s uo J[nowW yor[q
:J1en aanelienb) siren
PoIR[RI-UONBONSAWO]
(10102 180D Pads

J1eq) aAne)ienb) siren
Paje[aI-uonedNsAaWoq
(siren aanenuenb g7

pue 2aneyenb sa1y) siren
PoIR[RI-UONBONSAWO(]
(3802 Pads uo J[now yor[q
J1eq) aAne)Ienb) siren
Paje[aI-uonednsAWoq
(10]02 180D PIIS

:J1en aanelienb) syren
PoIR[aI-UONEONSAWO]

1SQIUI JO JIeI],

4SS

414V
d1d9 4SS

4SS

414V
d149 ™SS

pasn s1ayIeW

(av1) 4
(18¥18dr)
SLUDINSUD A X
(188L01dl)  (stvpnsuv A)
(L81) 'A'0d sisuappdau A ueaq Bynzy
(yD
(181840
supmsun A x (188L01d[) sisuappdau A
(Ls1 '4'0d (s1pnSup A) ueaq MNZY
DUSIA URISY
pazATeue (sourf UuonBUIqUIOD SSOID)

Ienoo[ojN /siuerd) uorreindoq

pusdiA ur syren juenodur Ajeorwouoi3e jo Surddew Je[NOS[OIN €°6 d]qeL



(2002)
BOINRH pue UIYIoys

N. Tomooka et al.

(0007) Te 12 sopLquIe]

(8661)
ojowIys| pue e3ey|

(€661) "Te 10 Sunox

(T661) ‘Te 10 Sunox

(T661) T8 19 unyoreg

(€107) ‘Te 10 wdng

(0102

‘[e 19 USIUBWELNOS

(9007) "Te 10 Suantey)
SOURISJOY

184

(Tpue ‘g ‘d‘d v:O7Ds1LO

(TDT1) dueD
(zo 2wen

(27O 2WweD
(QzOD 2ueD

(697 dueD

(80T PUE ‘LOT ‘€DD STLO

(IIA :OD) suen

(IA PUe “II1 ‘T1 ‘T *OD STLO

(0815add

IOYIRW YSS 01 PayUI] A[9SO[D) QUAD)

01971
Pue $OT€DT TOT1OD STLO

(8D7) 2ueDH
(D71 “dnois aSexurp) TLO/PULD

90URISISAI JYINOI(

I9Ke]

2IM)X3) 9y} Jo uoneuawSig
JI0[0J B1S3) PILg

J9Ke]

2IM)X3) 9Y) Jo uoneuawSig
I0[0J B)S3) PILg

Q0UB)SISAT pIyONIg

Q0UB)SISAT MAP[IU AIOPMOJ

Q0UR)SISAI pryonIg

JySTom pass

SIIIA BIPUJ OTESOW MO[[oA
ueoq Junu 0] AOULISISAY

Q0uB)SISal pryonig

Jea A[INO pue paisIm,

JSQI93UI JO JIe1],

d1av (9L) 1Y 4
advy
pue 4119 (L9) I A
advy
pue 4119 (L9
advy
pue 4 T1Y 1) %04
d14d (89)
4134 (89)
d1ad (89) A
gss (891
4SSI
pue ‘aqdvy
d1dV 4SS (#01) 1Y 4
d14v pue
d149 9SS (081) '4'04

pasn s1oyIeWw pazATeue (soury
Ienoofojn /siuefd) uorreindog

(. eseleq, "AD)
DIDIPDL A

% (996121 vivqojqns
“TeA DIDIPDL A

(I¥DDV) vivqojqns
“TeA DIDIPDL A

X (UIag, "Ad)
DIDIPDL “TeA DIDIPDL A
(9961DL) vingojqns
“TBA DIDIPDA A

x (oInyjok1-exyesQ)
DIDIPD.L "TeA DIDIPDL A
(99612.1) PIvqojqns
“TeA DIDIPDL A

X (068€DA)

DIDIPDL “TeA DIDIPDL A
(996101)

DJPqOIGNS "TeA

viIpnd A X (068€DA)
DIDIPDL “TeA DIDIPDL A
(99611 PIgojgns “Tea
vt A X (068£DA)
DIDIPDL “TeA DIDIPDL A
(#066 N3IV)

odunut "TeA ogunut

A x(1¢-88 NdA)
o3unut "TeA osunu A

S11]S24]1S "TeA
odunut A x (¢-46N.L)
o3unu "TeA o3umu A
(€L8L01d[) SHs2471s
“TeA OSunut A x
(zereldr) osunu A
uoneuIqUIod SSOID)

(ippa A)
ueaq Sunpy

(ippa A)
ueaq Sunpy

(pm1pvi A)
ueoq Suny

(pio1poa )
ueaq Sunpy

(iwipva A)
ueaq Junjy

(pio1poa A)
uedq Junpy

(oSunut :A)
weis yoerq

(oSunut A)
weid yoerg

(o3unut )
weis yoerq

(ponupuod) €6 qeL



185

9 Vigna Species

(panunuoo)

(DLO-W/D0V-4
PuB VLO-IN/LOV-H SleoxIeul

(0107) 'Te 10 soAIULIS d'TIV 0} payuI] A[950[0) AUdD

(VILV/DOV Iarew

(0107) 'Te 10 louguny d1AV 01 payu1] £[2s0[0) dudD

(I pue:D7) sTLO

(I pue ‘f g :07) STLO

(IO 1LO

OIpue ‘[ 7T4d‘d‘d VDT sTLO
(157 11O

(1 pue
TI'D9ddV:ODSsILO
(I:O7D 1LO

Ipue ‘1D Y9°‘d 9 V:DDSILO
(I:O7 1LO

(I pue D ‘g VDD SILO

(31 pue

TIDA9'dd VDD SILO
(g D7) 2uen

(0107) 'Te 10 UBUEINOSEY]

(6000) T8 12 N

(S00?) e 30 A;ydwiny

107D 1LO

(s903ug

I Iew J 1Y 01 paYuI[ SI Jayjouy
‘P1198IA PU® ‘PILOBIN ‘BTLOBN
SIIEUW JTAY 03 payUI] APYSnH st
AU "pA3oAdp 21k STLO oml) STLO

(€002) e 10 Arydwngy

(2007) "¢ 30 Susnrey)

Q0UB)SISAL MP[IW AIOpMOJ

SISOIO[Y Kouaroyap

UOII 0] QOUBISISNY dT1dV
juejnw Jed[ eanbedQ d1dV
QOURISISAI MAP[IW KIOpMOd MSS
SSBW Paag
QouR)SISAI pryonig Jd14d
SSeW paag
Q0URISISAI pIyonIg d T3
SSBW paog
QoURISISAI pIyonIg d T3
SSBW pa9g
90URISISAI pIyonIg dT13d

SSQUPIPAIS pIey

JySrom pass
Suiqoy Jea 4Ty
Q0UR)SISAT MAP[IW AIOPMOJ d T3

414V
pue 471449

(091) 4

(c®)

(061) 11d 4

(161 1rd °'4

(012 114 4

(L12) 119

(08) 1Y *4

(Lzo) a9

(LyD) 11 9

(96) 4

(TT-0TIAND

DIDIPDL A X

(T uoeg Suoeydwey)
vIDIPOL A

(udIeg,) vivipo.
“TeA DIDIPDA A X
(quenuw Jeo[ anbedQ)
DIDIPDL “TeA DIDIPDL A
(VI-T1-89%9DA)
1P

“TeA DIDIPDA A X

(.1 uoeg Suceydweyy,)
DIDIPDL “TeA DIDIPDL A

(1¥20V)

piqojgns “dss
pIDIPDL A X (U1,
‘AD) DIDIPDL A

(1¥00V)

piqojgns “dss
pIDIpDL A X (U1,
"AD) DIDIPDL A

(0¥9€

d1V) pivqojqns “dss
DIDIPDL A X (U1,
"AJ) DIDIPDL A

(99612.1) PIvqoiqns
“TeA DIDIPDL A

x (VOIZIOA)
DIDIPDL “TeA DIDIPDL A

(viwipp.1 )
ueaq Sunjy

(101pDL A)
ueaq Junjy

(vmwipp.1 )
ueaq Sunjy

(viwipp.1 )
ueaq Sunjy

(viwipp.1 )
ueaq Sunjy

(1o1pDL A)
ueoq Junjy

(viwipp.1 )
ueaq Suny



N. Tomooka et al.

(£107) "Te 10 moeyuey)

(T100) 'Te 10 1omeld

(6971 pue 907 STLO

(6971 PUE ‘9DT ¥OD STLO

(6971 Pue ¥OT) STLO

(6971 pue O STLO

(€DTpuR 7O STLO

Q0UB)SISAT MAP[IU AIOpMOJ

Q0UB)SISAT MAP[IW AIOPMOJ

Q0UB)SISAL MOP[IW AIOPpMOJ

Q0UB)SISAT MAP[IW AIOpMOJ

SISOIO[YO ASUIOYIP
UOIT 0} QOUBISISAY

(¥DT pue 7 DT Uo A[urew pajoajop
a1e STLO 9-¢ “Iren yowa 10§) STLO
(01DT PUe ‘60T ‘$DT ‘LDT

‘¥ TOT TOT U0 A[urew pajoaiop
are STLO L1 “Ien yoes 10§) STLO

(2102) "Te 1 [oyduoley

(697 2ueD

siren aAneInuenb auIN
(syen

aAneinuenb §¢) syren
Poje[aI-uUonBINSAWO(]
(Aorururajep wels

:syren) aAne)Ifenb) syren

PIR[AI-UONEBINISIWO(]

(SO auen

(70100 W[y :syren daneyenb)
SITeI) PAIR[I-UONEBINSAWO

(3805 Pads UO JpIOW Yor[q

(FOD duen

(2102) "T& 30 eInuwas| (§O7) susn
(€O 11O

(€DD 110
(D1 *dnous aSeyul]) TLO/PUD

(1107) ‘T8 10 maeyuey)
SQOURIVJY

186

:s)TRI) 9ATIR)ITEND) Sjren)

Ppaje[aI-uonednsawoq
(10]02 180D PIIS

:sjreq) aATe)ITenb) Sjren

PAIB[AI-UONBINSIWO(]
20uR)SISal
jods jeor e1odsoora)

Q0UB)SISaI
jods jeo[ e1odsoora)

1SQIAUI JO JIBI],

4SS (L) ©'4'Dd
ass (061) ¥4
JSsS (F€D) "
4SS FeD)
d1AV pue Jss (zeD) a3
gss (981
ASS-LsH
pue Jss (052) '4'D0d
(09L) 404
4SS (Ss1)

pasn sIoyIew pazA[eue (saur|
TemoooN /siuefd) uonrendog

(SINNY,) Diwipps A X
(.09 reureyD, ) vivipos A
(SINOYY,) PIvIpDL A X
(.09 reureyD, ) vivipps A
(81LYA) pIvIpDL A X
(.1 uoes Suoeyduey],)
vIvIPOL A

(8TLYA) pivippL A X
(.1 uoes Suoeyduwey,)
IIPDL A
(I-TI-01AN)

pIppL A X ([ UoRS
Suseydweyy,) wipps A
(1z0M) vivqojqns

“TeA DIDIPDA A X

(€-1-6TTNND
QNG.N%BK “JeA US&%G& A

(.reqotpyng, a0
96067Td[ :PareAn[no)
DIDIPDL A X
(PL8TTTdl

PIIM) DIIPDL A
(81LYA) pivipvs

“TBA DIDIPDL A X

(.1 uoeg Suoceyduweyy,)
DIDIPDA "TeA DIDIPDL A

UONEUIqUIOd SSOID)

(pio1poa )
ueaq Junjy

(ippa A)
ueaq Sunpy

(o11pvi A)
ueoq Suny

(ippa A)
ueaq Sunpy

(iwippa A)
ueaq Junjy

(ponunuoo) €76 djqeL



187

9 Vigna Species

(panunuoo)

(9661) 'T& 12 SIAN (80T pue [DT) SaULD

(T661) T 10 unxjoreq (IA Pue 11 :0D STLO

019D 11O
#OT1pue 197 STLO

(9000) 'T& 19 BIWOS (LoTPUE DT STLO

(21008 AO1

Mol & s paddew <goy) auan
(T1D7) suen

(LD dusD

(poyur[un) suan

(zO1D 2uen

(FOT) 2ueD

(7O 2ueD

((Zogiklicly)

(0002) "Te 30 €Sy

(9661) 'Te 10 €3y

(LOTpue
‘$DT ‘TOT 1T U0 Aurewr pajodep
are STIO LT I1en yoes 10§) STLO

($D7) suen

(D71 pue ‘€T 17T STLO
(6971 pue LOT) STLO

(691 pue LOT) STLO

(0102) ‘Te 10 BINWSS]

(€100) 'Te 1@ UYD (69T PUE '8DT LD STLO

doueysisal prydy

JyS1om paas

Jy31om paas

QOURISISAI (SMIp[NOvU
SnYoniqosoqpy) pryonig
QOURISISAI (S1SUIUIYD
sNYoniqosoqvyy) pryonig

10]09 [A1001d2 JO AJIsuajuy
J0]09 [K10o1dg
uorysno Wy
Suraneys pod

I0[05 POq
©]S9) Paas UO S[1OW Joe[g

10709 [K1001d9 Jo AjIsuajuy
J0]09 [Kj0o1dg

(suen

aaneuenb (¢) siren
PaIR[I-UONBONSAWO(]
(10105 winyIy

:s)1eq) aAneyIenb) syren
PaIR[aI-UONEBINSAWO
1yS1om pass-(0[

9Jel UONBUIULIdS PIOS
QOUR)SISAI PIyonIg
Q0UR)SISAI SNIIA BIPUL
oresour Mo[[eA ueaq Suny

dT11d (89)

dT11d (89)

d'T0Y pue Jss (L)
advy

pue 4144 (98)
advy

pue 4144 (08) 1

d1dV pue JSS (861) '4'04
SdvD pue
“gVOS USS

‘Advd d1dv (002) 119 “'4

(€96 IN) puvypupiap
“dss pippnomun pusip

X (7-9%CT-SH8ID
DIpIMOM3IUN DUSIA

(€96 INAL) puvypurip
“dss mpppnom3un A

X (4-9¥CC LD
pIDIMOMSUN A

(6L8L01dD)
aDUIYSDYPU A X
(#0€001d( :pareAn[nd)
vipjaquIn A
(;ewirysogey, ‘Ad)
vjaqUIN A X

( ,nznoysowLry, ‘Ad)
SUDINSUD A\

aDUYSDYPU A
X (NZNOYSOWLI "Ad)
SUDINSUD A

(6£901TdT PIIM)
vjaqUIN A X
(6EL1Td( ‘PareAn[D)
vipjjaquIn A

(9961DL) vivqojqns
“dss vipippa A x

(ZT6IAN 2ul
Pa1eAnND) DIVIPDL A

(vippmomsun )
rvadmo)

(vivpnomsun )
vadmo)
Ui\ UBDLIIY

IDUYSDYPU A X
vjjaquIn A

vivjjaquIn A
X SUDIN3UD A

ADUYSDYPU A X
SLUDINSUD A

§s040 21f102ds123uf

(vwjpaquin )
ueaq 20Ty

(vwippa A)
ueaq Sunpy



N. Tomooka et al.

188

(8DT) aueD
(€DT) audn
(€D duen

(197 auen

(BZ00T) Te 32 050eIpInQg (9D771 pue [DT) soUaD)

((L661) Te ¥
ZOPUQUIIN Aq dew Jo [DT) suan

((L661) T8 10

(1002) 'Te 30 o3oeIipenQ ZOpUQUIIN Aq dews jJo [DT) auan

(A pue

‘AT ‘TI ‘T DT U0 A[urews pajodiop aI1e
STLO S1-C VBN yora 10) STLO
(IIX :07) ueD

(107 2ueD

(A D7) 2u3D

(¢OD 110

(0002) Te 119N

(oD 11O
(PayuIuN) SUSD
(LD 2ueD

€

(pa3yurun) oudH
(1D7) euen
(1D7) 2ueD

(D71 *dnois a3exur)) TLO/OUSD

(L661) "Te 32 ZoOpUQUaN
SQOURIJY

SnIA
oresowr Badmod akayoe[g

SIITA JTBSOW 219A2s Badmo))
SnIIA oresowr Badmo))

€ QORI §2P10112USIS

D34S 0] DURBISISAY

1 Q0®I S2P101I2USIS

p3143§ 0] QOUBISISY

€ QORI §2P10112USIS
D314IS 0] DUBISISAY

1 90®I S2P10142USIS
D3141S 0) QOUBISISAY

sjren aAneinuenb 1
90USIYAP pod

JB9[ UO JIeW A PajIoAu]
10[00 pod aImjeA
JYS1oMm Pas

Iomop

181 Jo uonisod [epoN
oseuniyn

urojoxd uLIpAyaq
y)Sue[ epourajuy
uonisod pod
uonejuowdid o[oneg
I0[02 pod

I0[00 TOMO[]

JSQI93UI JO JIel],

(d¥zS) vivnomsun A
X (6¥0C-S¥8LID
pIDMOMSUn A
(9L9¥1

NAJL) vipmomdun A

X (7—9¥TT-SH8LD
pIDMOMSUn ‘A
(6¥8-AT81D
pIDpOINSUN A X (9€T¢
XAL) DIpmom8un A
(VE-0TT-OINAL)
suaosaqnd

“TeA DUDPULYIP

“dss pippnomsun A

x (sur] paaoiduur

7-9%CT-SY8LD
DIDMOMSUn A

d1dV pue

d1d¥ ‘ddvd (v6) 119 °4

414V (0s1) a4

d1dv Lo

advd (v6) 19 *4

(avcs) vivmomsun A

x (6¥0C-S¥8LD)
DIDMOMSUn A

d1dV pue
‘Advy d14d (r6) 11y *4
pasn s1oyIew pazATeue (soury
Iemnoofojn /siuefd) uorreindog

uoneuIqUIOd SSOID)

(vivpnom3un p)
radmo)

(mippom3un A)
eradmo)

(vippnom3un p)
radmo)

(vippnomdun p)
eadmo)

(ponupuod) €6 djqeL



189

9 Vigna Species

(panunuoo)

(1102) T8 19 S131epUYy

(90102) "Te 1 019YIn N

(BOT0T) T8 12 01NN

(0107) ‘Te 12 0podIq3 Y

(96007) ‘T& 10 oIy

(8002)
‘[e 32 YepOIa[-0wW ()

(4Z00?) "Te 30 03orIpINQ

(01971 PUE ‘90T ‘TOD STLO

(01971 PUE ‘€T TOT ‘1D STLO

(SOTPUE ‘€DT TOT 1DD STLO

(LT PUR ¢OT) STLO

(69T PUE ‘$OT ‘€O STLO

(8071 pue LOT) STLO

(01T PUe ‘60T °LDT
‘907 °6DT €DT TOT 19D ST1LO

(LOT1 pue
‘90T¢0TCOT ‘197D STLO

((ez000) e 10
o3oeipanQ Aq dew jJo 90y) auan

((e2007) TE 10

o3oeipanQ Aq dew jo 90y) auan
(TO7) 2uen

(1D7) 2uen

(€07) euen

(997D duen

ssawyoIy) JoAe[ 19qy pod

Jy31om paas

Q0URIQ[0} JY3nOIp JUIPIIS

Q0UB)SISAI AFeWEP IR0

Qoue)sisal JySIq [erroRyg

Ayumyejn
QOUISIUDS
paonpur-ssaxns 1Y3noi

sduy) pnq 1omo[

1 90®I Sap10142USIS
DS1IIS 0) QOUBISISIY

[ 90®I SaPI01I2USIT
D314]S 0) OUBISISAY
urajold unpAyeg
9pojeWAU JOU-100Y
J[IM WnLesnjy

SIIIA

Jresow ueaq Ew%:o.m

4SS

414V

414V

dNS

414V

dSS pue 414V

414V

dT1dV

(6ST) 1Y A

(€1 g ¥4

(L) 1 ¥4

(€11 1y

(LT1) 1rd *

(S¥1) 19 9

(0s1)

(0s1) 9

(10-61C ‘PIIM)
DIDMOMSUn A

X (4TS :pareanno)

DIpomsun A
(1-€0$-3E6.LD
DIDMOMSUn ‘A

x (97'ON

ofayoe[q erurofife),)

pIDMOMSUn ‘A
(.9%7'ON

akaxoelg eruiofe),)

DIDIMIMSUN A
X (1-€0S3E€6.LD
DIDMOMSUn ‘A
(8LLL-DAL)
DIDMOMSUn A
x (Briued,)
DIDINIIMSUN A

(.9%'ON

akayoeg eruiofe),)

pIDMIMSUN A
X (1-€0SME6.LD
DIDMOMSUn A

(L VLIA)
DIDNOINSUN A X

(1zues,) vipmomSun A

(¥66-AT8.LD
DIpIMSuUn A

X (9€TEXAL)
DIDMIMSUN A

(,WwoI10n),) PIPNIMNSUN

A X (9€TEXAL)
DIpImMsun A

(vippom3un A)
eadmo)

(vivpnomsun p)
radmo)

(vippnom3un p)
radmo)

(vivpnomsun p)
radmo)

(vivpnom3un p)
radmo)

(mipom3un A)
eadmo)

(vippnomsun A)
eadmo)



(e€107) T8 19 seony

N. Tomooka et al.

(€107) T 10 Q13IRpUY

(2102) "2 10 senSupoy

(€107) "T® 10 J3I0nog

(2100) T8 1 J330n04

(T107) T 10 seon]

(1T0T) 'Te 10 o1ydONN
S00URIRJOY

190

(01D71 pue
‘LOT99T¢DTTOD STLO

(Lo1PUE TOT 19D STLO
(01OTPUE ‘TOT 1D STLO

(LI W/ODV'H
pue SDDD'W/OVY ' stoxrew
d'TAV 01 payul] Apy3n) suon

(19D 110

(S1OD 11O

(D1 pue 7O STLO

(01DTPUe ZOTD STLO

(€OD 110

(11D71pue
‘90T°¢DT°€DT TOD STLO

(D71 “dnois aSexury) TLO/PULD

Q0UBIS[O] JBOY
Iomopg 01 skeq

Suruado 1omop jo sy,

SIIIA
oresowr uapjo3 eadmo)

¢ vl winjiydiayov.y

“ds 3 wn.tods{xo wniavsn,g

A3ojoydiow odeys jeo|

sduy) 1erjoq

sduiy rerjoq

Ayumyen
doue)sIsal
eurjoaseyd eutwoydoIoey

JSQI93UI JO J1el],

dNS

gSsS

414V

dNS

dNS

dNS

dNS

d'1dV pue NS
pasn s1ayIeWw

pazATeue (saurg
Ienoofojn /siuefd) uorreindog

(81-4C8.LD

pipmomsun A X (,L7ON
Qkayoelq eruIojie),) (vipnomsdun A)

DIpImMsuUn A eadmo)

(10-617) rouviuods

“TeA DIDINOINSUN A X

(gyzs) pivmomsdun  (pipnomsun A)
“TeA DIDINOIMSUN A eadmo)

(.91 ndeue),)

DIDINOMIUN A X
(SE-66-JLOLD  (mppnomsun A)

DIDMOMSUN A radmo)
(1-4s21-+v0)

DIDINOMIUN A X
(.LTON ohayoe[g

BIWIOJIRD),) (PIDINomsun A)
pIMIINSUN A eadmo)

(L BNA,) DIDnOMSUN A

X (Jzues,) (vwmomsun A)
pIpImMsun A eadmo)

(I-€08-3€6.LD

DIPIIMSUN A x
(.97'ON 2kayoerg

RILIOJI[ED),)
DIDINIINSUN A

(81-AT8LD

DIDINOMSUN A X

(.LTON

QKyoe[g BIUIOJRD,) (DIPNOMSuUn A)

DIDINIMSUN A eadmo)
(.97'0N

akaxoerq erutoffe), )
DIDINOMSUN A X

(1-€0SME6LD  (mmpnomsun A)
ppppomMSUNn A eadmo)

uoneuIqUIOd SSOID)

(ponupuod) €6 |qeL



191

9 Vigna Species

(panunuoo)

(01DTPUE ‘9T ‘ZOTD STLO

(LoT1pUe ‘6T ‘TOD SILO

(zoD 110

019D 11O

(80T PUE ‘LOT ‘TOD STLO

(9971 pue ¢OT) STLO

(¢OD 11O

(Q€107) T8 19 seon] (LOTPUE ‘9DT ‘HD STLO

Jy3rom paas

JYI1om pasg

WS1om paag

JYI1om pasg

Jy3rom paas

Jy3rom paas

JySTom pass

JyS1om pasg

dNS

dNS

dNS

dNS

dNS

dNS

dNS

dNS

(L8) ™

«(9¢1) 1Y

«(68) T

o(6L) TIY

«(PID 1A

o(L8) TId

«99) Ty

«(091) 1Y

(.opmo,)
DIDMOMSUn A

% (9¥TT-SY8.LD
DIDINIINSUN A
(9vTT-Sr8LD
DIDMOMSUn A

X (9L9PINAL)
DIpIMsuUn A
(6¥0T-St8.LD
DIpIIMSUN A x
(gbzS) vivpmom8un A
(8LLL-DAL)
pipmomdun A x (B[]
ue(q,) vypnomsun A
(€0S-M€6.1D
DIPIIMSUN A x
(.9%"ON oAkoxoerg
BIWIOJI[ED),)
DIpomMsun A
(1-9521-v0)
DIPIMSUN A x
(.LT'ON dhaxorlg
BIUIOJI[ED),)
DIDMOMSUN ‘A
(6LL900N)
DIDINOMSUN A X
(.LT'ON dhaxorlg
BIUIOJIED),)
DIDMOMSUN A
(81-AT8LD
DIDINOMIUN A X
(.LT'ON 2kaxderg
BILIOJI[ED),)
DIDMOMSUn A

(vippnomsun
A) Badmo)



N. Tomooka et al.

(£102) “I¢ 10 unuwre(Suoy]

(qz102)
‘Te 30 unwre(3uoy|

(ez102)
‘Te 30 unwire(3uoy|

(Qr102) Te1e nx
SQOURIRJY

192

(€DTPUE 1D STLO

(8071 pue LOT) STLO
(p10939p 10U) TLO
(I1OTPUe ‘8T LT STLO

(117 pue
‘80T ‘LD ‘€T U0 Aureur paoalap
are sTLO 6-1 Wedn yoes 1oj) sTLO

(L:6="90UQ0SIYopUI:d0UISIYIP
‘paddewr jou) ouon

(LD sueD

(11D7 pue

‘80T ‘LD ‘€T U0 AJurewt pajodlep
are STLO T1-1 Iren yowa 10§) STLO

(I1OTPUe ‘8D7T
‘LOTSOTPOTE€DT TOD STLO

(T1O7Tpue ‘87T
‘LOTSOTYOT €T IO SILO

(8D7) duon
(8DT) duan
(D71 ‘dnois aSexury) TLO/PUSD

PI[OS 9[qN[OSs [€10) pod
SSQUIOPUS) POq

PI[OS 2[qn[OSs [€310) pod
SSOUIOPUQ) POq

(syen

aanenuenb Q1) syren
PAE[QI-UONBINSOWO(]
(eouaostyap pod

:sjrex) aAne)Ienb) sjren

pajefal-uonednsawo

(10]02 180D PIIS

:s)req) aAnje)Ifenb) sjren

Ppalejar-uonednsawio

(10709 1800 Paas

:s)1RI) 9ATIR)ITEND) Sjren)

PRIE[I-UOTBONSAWO

M3ue] pod

yI3ua] pod

10702 120D PAAS
I0[0D JOMO[]
JSQIQIUI JO JTeI],

(881) 1

gss (061) '4'0d

ASs (881) 1

gss (061) '4'04

(881) 1

ASS (061) '4'D4

dNS pue ¥ss (600) 1Y ¥4

pasn s1oyIew pazA[eue (saul|
TemnoooN /siuefd) uoryeindog

(€8068d() poupjuods
“TeA DIDINIMSUN

‘dss nippnom3un

A X (01918d0)
sirepadmbsos

“13-'Ad DIpMOIMSUN
“dss pippnomsun A

(€8068d[) Paupuods
“TeA DIDINIINSUN

‘dss ppomSun

A %X (01918d[)
sirepadmbsos
13-'A0 DapOMSUn
“dss pippnomsun A
(£8068dT) paupiuods
“TeA DIDJNIINSUN
‘dss pyppnomSun

A x(01918d0D)
sirepadmbsas
“13-"A0 DIpIIMSUn
‘dss pippnomsun A

‘A% (9T0NZ)
syvipadinbsas
“dss vippnomun A

uoneurquod ssor)

(sypipadinbsas

“dss pypmomnsun

2) (weaq
sn3eredse)
ueoq 3uo[-pIex

(syvipadinbsas

“dss pypmomnsun

A) (ueaq
sn3eredse)
ueaq 3uo[-pIex

(syppadinbsas

“dss pypmomnsun

A) (ueaq
snJeredse)
ueaq Juol-prex
(syvipadinbsas

“dss pypmomnsun

A) (ueaq
sn3eredse)
ueaq 3uo[-pIex

(penunuoo) g'6 ajqelL



193

9 Vigna Species

(LO7Tpue

‘7O ‘1D U0 A[urew pajosyep a1
STLO 8—€ ‘1o yoes 103) STLO
(197D duen

(S00T) Te 30 urmIpunsQ (YD) 2usn

(81D Pue TIDT

‘T1DT01DT 80T LOT '$OT
‘¢ ‘€T ‘1T UO PAjoRjap e
STLO €-1 ‘I1en yoes 103) STLO

(STOTPUE ‘FIDT ‘CIOT0IDT
‘6071 ‘LOT ‘1D U0 Pajda)ap o1e

(2107) peuyy STLO €1 “Mexn yoes I0J) STLO
(¢o1pUe 2O STLO

(119D 11O

(1197 pue 1) STLO

(€107) e 1R X (T1O7T1PUE 01O STLO

siren aAneInuEnb auIN
adeys jeo]

QOUB)SISAI

SIITAOULIRD J[now eadmo))

s)en aanemuenb g

syren) aAneuenb 9g

jueld 1od 1oqunu poq
Q0UQ0SAUS Jea]
IOMOJ ISI 0} SOPON
Surromop 151y 03 ske

4SS pue
dTdV ‘ddvd

d1dV pue
‘1vd 4SS

d'1dv pue
‘1vd “¥SS

dNS Pue yss

suoneIrauag 84 jses] Je axe suonendod asay],
uondLIosap ou ST 1Y,

(ELNUAT) p]j1xa4
“TeA DID]JIXAA A

X (EpPINUAL)
pijofiisnsun

(¥6) 4 “IBA DID]JIX2A A ppopIxaa A
NEliTe)
(.11dSSA,) paupjuods
“TeA DOUDLLIIQNS A X
(.0d1q,) vauv.ii23gns
(86) A “TeA DIUDLLIDIGNS A
( ,nredou
B3L],) DIUDLLIIIGNS (-op1op (1)
“TeA DOUDLLIIQNS ‘A X DIUDLIDIGNS
(.0d1q,) pauv.ii23gns ‘A) INuUpuNoII
(€L) 8 “TeA DIUDLLIIIGNS A elequEeqg
(syvipadinbsas
(Z82[Z) syvipadinbsas  -dss pyppnomsun
‘dss ppppom8un ‘A x A) (ueaq
(910NZ) sipipadinbsas sngeredse)
(602) TIY %4 “dss GMENSQNSMQS A uedq MEOT@H&%



194

Seed size (100 seed weight)

N. Tomooka et al.
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. Contribution: 5 - 20% .Contribution: 21 -40% ’ Contribution: > 41%

. Common QTL

Specific QTL

QTL showing negative effect

Fig.9.1 Comparison of QTLs for three domestication-related traits among four Vigna crop species

(Chankaew et al. 2013; Kasettranan et al. 2010).
Other resistance genes have been found on linkage
group 4 (Chaitieng et al. 2002; Chankaew et al.
2013). Chaitieng et al. (2002) analyzed a mapping
population using mung bean accession VC1210A
as the resistant parent and found a QTL for field
resistance to Thai races of powdery mildew that
explained 65 % of the variation to powdery mil-
dew resistance. Mung bean yellow mosaic viruses
belong to the geminivirus group (Sunitha et al.
2013) and are highly destructive diseases of mung
bean. Breeders have focused on finding resistance
to MYMYV (mung bean yellow mosaic virus) that
is mainly found in south and west South Asia and
MYMIV (mung bean yellow mosaic Indian virus)
that is prevalent in central and northern South

Asia. They are also a threat to a wide range of
other legumes such as black gram and soybean.
There are a number of reports analyzing
resistance to MYMYV in different germplasm and
both recessive and dominant genes. The resistant
variety SML-668 has two recessive genes for
resistance. Sudha et al. (2013) reported that the
resistance of mung bean variety ‘KMG189’ is
controlled by a single recessive gene. Two stud-
ies using different sources of MYMIV resis-
tance, one using the wild mung bean (V. radiata
var. sublobata) and the other a breeding line
from Pakistan, have found a common major
resistance QTL (variously named MYMIV’9_25,
gqMYMIV1, qMYMIV4) (Chen et al. 2013;
Kitsanachandee et al. 2013). This locus was
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detected in different locations, years, sources of
resistance, and scoring systems. The locus has
been associated with specific markers; hence,
these can be used in marker-assisted selection.
Other QTLs have also been detected for MYMIV
resistance, but these have not been consistently
found in different tests.

Overcoming yellow mosaic virus may require
various approaches, both genetic and agronomic,
because this virus undergoes genetic recombina-
tion in its host whitefly (Bemisia tabaci) which is
an efficient vector. Two iron deficiency chlorosis
QTL (qIDC) for resistance to iron deficiency
have been identified in a cross between suscepti-
ble ‘Kamphaeng Saen 2’ and a resistant line from
Pakistan (NM10-12) (Prathet et al. 2012). The
major QTL on linkage group 3 was the same as the
dominant gene (IR) reported by Srinives et al. (2010)
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in a cross between ‘Kamphaeng Saen 1’ and the
same resistant Pakistan line. Resistance to bruchid
has been reported in mung bean cultivars
(Somta P et al. 2006, 2008; Somta C et al. 2008);
however, mung bean breeders are interested in new
sources of resistance to this important pest from
other Asian Vigna species such as V. umbellata and
V. nepalensis (Pandiyan et al. 2010; Somta P
et al. 2008; Somta C et al. 2008).

9.2.2 AzukiBean [Vigna angularis
(Willd.) Ohwi and Ohashi]

Wild azuki bean (Vigna angularis var. nippon-
ensis) is widely distributed in the ecological and
cultural zone associated with broad-leaved ever-
green forests (Isemura et al. 2011) (Fig. 9.2).

& \ “ C/ o~Dayndong
S 7=y / 3000BP
\\ TE - r‘ D.\-"-_" . s .;". q .. -
r?’\\ e == NAm River \Lf atsurg Sannai Maruyama
- ) 5000BP 40p0 ~/500BP 4000 ~ 5500BP
3 .~
{ HM"\‘ Liangctiengzhen { o 2
e i e —-A000BP | z Sakuramachi
=¥, A Jr ~The Broadleaved Evergreen & 4000BP
S ‘f: Forest Culture A , Torihama
__.‘”__,J% 1 <
<1 6000BP

Kuwagaishimo
3000 ~ 4000BP

Awazu

N 6000BP

Nabatake — ~~ - Cent?r of wild
3000 ~ 4000BP v ~azuki bean

v diversity

- o a

o =3 \
SN 'ccf'%.,%
7 T

Fig.9.2 Distribution of the “Broad-leaved Evergreen Forest Culture (Laurel Forest Culture),” center of wild azuki bean
diversity and sites of the archaeological remains where putative azuki bean seeds were found (after Isemura et al. (2011))
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Analysis of the present-day diversity of azuki
beans and abundance of wild azuki beans sug-
gests that Japan is the center of diversity of
azuki beans (Yamaguchi 1992; Xu et al. 2000a,
b, 2008). The earliest archacobotanical remains
of domesticated azuki bean have been found in
the central regions of Japan, Shiga, and Fukui
prefectures, dated at 5-6000 BP (Tomooka
2007). These dates are earlier than for archaeo-
botanical remains in China and Korea (Crawford
2005), suggesting azuki bean was domesticated
in Japan. Two paper analyses domestication-
related traits by the same method and with similar
markers, but involving different parents (Isemura
et al. 2007; Kaga et al. 2008). One paper results
from a cross between V. angularis and its closely
related species, V. nepalensis (female). The
other mapping population was derived from
wild and cultivated (female) azuki bean parents
from Japan. While some results were similar,
such as single QTL for pod dehiscence, about
60 % of the QTLs were considered to be differ-
ent. This highlights the extent of genetic diver-
sity that is available for Vigna breeders among
the close relatives of Vigna crops. The useful
diversity in species closely related to azuki bean
was also shown when resistance to azuki brown
stem rot was analyzed (Kondo and Tomooka
2012). Eight disease responses were observed,
of which four were newly detected and 28 acces-
sions (of 4 species) among 252 accessions from
26 Asian Vigna species were considered as
potential sources of multiple resistance to azuki
brown stem rot.

The chloroplast and mitochondrial genomes
of azuki bean have been sequenced (Naito et al.
2013). The results were very similar to those
for the chloroplast and mitochondrial genomes
of mung bean (Alverson et al. 2011;
Tangphatsornruang et al. 2010). The results have
confirmed the relative stability of the chloroplast
genome compared to the mitochondrial genome
as has been shown in other species including
mung bean. Since Vigna species in Asia are rela-
tively recently evolved, the mitochondrial
genome may be more suitable for understanding
their evolutionary dynamics than the chloroplast
genome (Naito et al. 2013).

N. Tomooka et al.

9.2.3 Rice Bean [Vigna umbellata
(Thunb.) Ohwi and Ohashi]

Wild rice bean (V. umbellata) is not taxonomi-
cally distinguished from its domesticated form.
This reflects the lack of prominent differentiation
between the two forms and possibly the recent
domestication of rice bean (Tomooka et al.
2002a). The wild form is distributed in tropical
monsoon climate areas from Nepal to East Timor
but with most diversity centered on Southeast
Asia (Isemura et al. 2011; Tian et al. 2013;
Tomooka 2009). Rice bean is cultivated on small
scale across a wide area of South, Southeast, and
East Asia. It is most common in highlands, some-
times cultivated in the slash-and-burn agriculture
of northeast India (Arora et al. 1980), Myanmar,
Laos, Thailand, Vietnam, and southern China.
It is occasionally grown in Japan, Korea,
Indonesia, and East Timor. Rice bean is of par-
ticular interest, because it has the highest level of
bruchid resistance among the species of Vigna
subgenus Ceratotropis (Kashiwaba et al. 2002;
Tomooka et al. 2000). Three chemicals, based on
the structure of the flavonoid naringenin, were
found to be associated with bruchid resistance in
rice bean (Tomooka et al. 2006). There have been
many efforts to introduce bruchid resistance from
rice bean to other domesticated Vigna species.
Somta et al. (2006) used a wild species V.
nakashimae to develop rice bean linkage map
and identify a source of resistance to bruchids. In
India, direct crossing between mung bean and
rice bean resulted in viable hybrids, and this may
enable introduction of bruchid resistance to mung
bean varieties (Pandiyan et al. 2010). In addition,
resistance to mung bean yellow mosaic virus in
rice bean has been analyzed in a cross with mung
bean, and it was found to be conferred by a single
recessive gene (Sudha et al. 2012, 2013). In
Thailand, scientists have attempted to transfer
useful traits from rice bean to mung bean by
developing tetraploid interspecific hybrids from
sterile F; hybrids (Chaisan et al. 2013). The fer-
tile tetraploid produced artificially may have a
potential for improving V. reflexo-pilosa var. gla-
bra (V. glabrescens); the only domesticated Asian
Vigna that is tetraploid. Rice bean is a highly
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prolific seed producer which may reflect its simi-
larity to the wild form. In legumes, domestication
has not always resulted in higher seed yield on
plant basis (Kaga et al. 2008). A genome map
developed for V. umbellata revealed many differ-
ences in the location of QTLs for domestication-
related traits compared with V. angularis. Major
QTLs for domestication-related traits in rice bean
were reported to be on linkage group 4, whereas
for azuki bean, they were mainly on linkage
group 9 (Isemura et al. 2010). Among the QTLs
detected in rice bean (69) and azuki bean (76) for
domestication-related traits, only 15 were con-
sidered to be common. Of these, 15 QTLs were
for seed size-related traits such as 100-seed
weight, seed length, width, and thickness
(Isemura et al. 2011). The numerous species-
specific QTLs between these closely related
species suggest that they can provide novel genes
for breeding.

9.2.4 Black Gram (Vigna mungo (L.)
Hepper)

Black gram is thought to have been domesticated
in Gujarat and northern Peninsular India (Fuller
2007). Recently, the close relatives of black
gram that still grow in northern Peninsular India
have been studied and a new nomenclature has
been published; Vigna silvestris is the presumed
progenitor of black gram, and V. sahyadriana is
a species closely related to black gram and other
species in India of the section Cerartotropis,
V. hainiana, V. radiata, and V. subramaniana
(Aitawade et al. 2012). The largest production
area for black gram is India. Black gram shows
complete resistance to azuki bean weevil
(Callosobruchus chinensis) but is susceptible to
cowpea weevil (C. maculatus). In contrast, the
wild progenitor of black gram shows complete
resistance to both azuki bean weevil and cowpea
weevil (Tomooka et al. 2000; Souframanien
et al. 2010). Genome maps for black gram have
been developed and compared to V. angularis
(Chaitieng et al. 2006; Gupta et al. 2008). There
have been a number of studies of a gigantism
mutant of black gram that produces seeds, pods,
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and vegetative parts much larger than the parent
from which it was derived, e.g., parent has
100-seed weight of 4.8 g compared to the
mutant’s 7.9 g (Tomooka et al. 2010). The mutant
gene is located on linkage group 8 at a site dif-
ferent from seed size (100-seed weight) QTLs in
other Vigna species. The potential of transferring
this gene to other species is being explored to
produce super-domesticated legumes (Vaughan
et al. 2007).

Resistance to mung bean yellow mosaic India
virus (MYMIV) has been found in an accession
of black gram, and this resistance gene has been
mapped using SSR markers (Gupta et al. 2013).
An SSR marker closely linked to the resistant
locus was found that can be used for marker-
assisted selection.

9.2.5 Moth Bean (Vigna aconitifolia
(Jacq.) Maréchal)

Moth bean is thought to have been domesticated
in South Asia where its wild conspecific progeni-
tor is reported to be widely distributed (Arora and
Nayar 1984). The outstanding characteristic of
this species is its drought and heat tolerance.
Consequently, it is grown in arid and semiarid
zones of northwest South Asia (Jain and Mehra
1980). Among 15 Vigna species, moth bean
showed the highest heat tolerance, surviving con-
ditions of 36 °C for 12 days followed by 40 °C
for 11 days; all other Vigna species tested died at
40 °C (Tomooka et al. 2001).

9.2.6 Creole Bean (Vigna reflexo-
pilosa Hayata var. glabra
(Vigna glabrescens))

Vigna reflexo-pilosa var. glabra is a rare domesti-
cated species, and very few accessions are to be
found in the world’s germplasm collections
(Tomooka et al. 2002a). It seems, based on
herbarium specimens and direct collection, to be
mainly grown in Vietnam although there are
reports of it being cultivated in Angola,
Mauritius, West Bengal, and the Philippines.
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Little is known about the agronomic aspects of
this crop. On the other hand, the wild progenitor,
var. reflexo-pilosa, is widely distributed across
Southeast Asia into the Pacific (Tomooka et al.
2002a). There have been a number of studies to
determine the origins of the two genomes that
constitute this allotetraploid (Egawa and
Tomooka 1994). The most recent and compre-
hensive survey confirms some earlier reports that
the likely donor species are V. trinervia and
V. hirtella (Chankaew et al. 2014b).

9.2,7 Cowpea Complex

Evidence suggests that cowpea (V. unguiculata)
was domesticated in West Africa (Ng and
Maréchal 1985). Early archaeological remains of
domesticated cowpea in Ghana, West Africa, have
been dated at between 3360 and 3840 BP
(D’ Andrea et al. 2007). It is presumed that some-
time not long after domestication, the crop came
to Asia by trading networks that developed from
about 4,000 years ago (Fuller 2003; Fuller et al.
2011). In Africa, cowpea was selected for its
seeds (V. unguiculata subsp. unguiculata cv.-gr.
Unguiculata), but sometime after it arrived in
Asia, divergent selection resulted in a new form of
cowpea with long tender pods that could be eaten
raw or cooked—yard-long bean (V. unguiculata
subsp. unguiculata cv.-gr. Sesquipedalis). In some
parts of Asia, such as Sri Lanka, cowpea is being
planted instead of other Vigna species because of
its higher yield and suitability to double cropping
due to its short life cycle. Yard-long bean has the
longest pod of any domesticated legume, and the
pod can reach up to 90 cm long (35.4 in.) which is
quite close to being a yard (36 in.) (http://www.
gene.affrc.go.jp/databases-plant_images_detail_
en.php?plno=5420610049). However, this is well
short of the pod length of some wild legumes with
Cassia fistula reported as having pods up to
238 cm (Jayasuriya 2012).

Three recent studies have analyzed the impor-
tant agronomic traits related to the domestication
of yard-long bean (Kongjaimun et al. 2012a, b,
2013). QTLs for domestication-related traits
show co-localization on many linkage groups,
but linkage groups 3, 7, 8, and 11 appear to be

N. Tomooka et al.

most important. Genomic dissection of pod
length revealed 6 and 7 QTLs for this trait on dif-
ferent linkage groups in two populations, F, and
BC,F,, respectively. The QTL with the main
effect was on linkage group 7, explaining 30.5 %
of the variation. A QTL with a large effect for
pod length was also found on linkage group 7 in
azuki bean. Linkage group 7 in yard-long bean
appears to be important for a range of other
domestication-related traits such as size of seed,
stem, and leaf. This suggests that further study of
genes for trait gigantism in yard-long bean should
focus on linkage group 7.

9.3  Wild Vigna in Asia

9.3.1 Vigna aridicola N.Tomooka
and Maxted

This species is recently found in the dry zone of
Sri Lanka (Tomooka et al. 2002c¢). It is closely
related to the wild form of V. aconitifolia. V.
aridicola has been little studied, and there is an
urgent need to understand the adaptive mecha-
nism of this species and V. aconitifolia to harsh
dry habitats.

9.3.2 Vignadalzelliana (Kuntze)
Verdc.

This species is poorly understood and previously
was confused with V. minima (Tomooka et al.
2006). Recent germplasm collecting has found
this species in Sri Lanka and India. There have
also been collections of Vigna from southern
Myanmar that appear to be V. dalzelliana
(Tomooka et al. 2006).

9.3.3 Vigna exilis Tateishi & Maxted

Vigna exilis is only found growing in limestone
outcrops (Tomooka et al. 2011b). It has been
little studied but its distinctive habitat suggests
that it may have useful genes for adaptation to
specific high pH and dry soil conditions.
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9.3.4 Vigna grandiflora (Prain)
Tateishi & Maxted

This species should join V. khandalensis on the
TUCN Red List of Threatened Species, since it is
known currently from only a few rather vulnera-
ble populations in Thailand.

9.3.5 Vigna hirtella Ridley and
V. tenuicaulis N.Tomooka
and Maxted

Based on AFLP analysis, V. hirtella appears to be
a variable species with two eco-types, one of low
altitude and another of high altitude (Seehalak
et al. 2006; Tomooka et al. 2002b). V. hirtella
grows sympatrically with a number of other spe-
cies in section Angulares of the subgenus
Ceratotropis in highland Southeast Asia. A natu-
ral hybrid between V. hirtella and V. minima has
been found at one site (author’s unpublished
data). It is probable that this variable species may
naturally hybridize with other species where it
grows. Vigna tenuicaulis is relatively recently
described using an accession collected in north-
ern Thailand and is closely related to V. hirtella to
which it is sometimes confused (Tomooka et al.
2002c). It has a low level of trypsin inhibitor
activity that might be a useful characteristic to
transfer to Vigna crops (Konarev et al. 2002).

9.3.6 Vigna khandalensis
(Santapau) Raghavan
& Wadhwa

V. khandalensis is poorly known; not even its
chromosome number has been reported. It is con-
sidered “near threatened” in the IUCN Red List
of Threatened Species (http://www.iucnredlist.
org/details/19892969/0). Among the wild Asian
Vigna, this species is an erect herb rather than a
climbing vine. It is only found in India, mainly in
the Western Ghats. It is reported that the seeds
are sometimes used as a famine food (Babu
et al. 1985).
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9.3.7 Vigna minima (Roxb.) Ohwi
& Ohashi, V. nakashimae
(Ohwi) Ohwi and Ohashi,
V. riukiuensis (Ohwi) Ohwi
& Ohashi

Vigna minima is widely distributed in variable
habitats across East Asia (China), Southeast Asia,
and as far east as Papua New Guinea (Tomooka
et al. 2002a). The closely related species V.
nakashimae and V. riukiuensis have more
restricted distributions. These three species are
genetically closely related and are called Vigna
minima complex (Yoon et al. 2000). V. nakashi-
mae is widely distributed on the Korean penin-
sula and the Goto islands, Nagasaki, Japan (Yoon
et al. 2007; Tomooka et al. 2013). Some popula-
tions of V. nakashimae from the Goto islands,
living on a hill exposed to strong sea winds, are
revealed to have a high level of salt tolerance.
V. riukiuensis is found in the southern Okinawa
Islands in Japan. It grows on a cliff near the sea
and shows a high level of salt tolerance. V. min-
ima is found in both shaded forest floor and open
habitats such as around paddy field, suggesting a
high level of diversity. Since it has been little
studied, it may well consist of several varieties or
subspecies. Recently, studies have shown that
some accessions of V. minima and V. nakashimae
have a high level of resistance to all races of
soybean cyst nematode found in Japan (Kushida
et al. 2013). These resistant sources are being
used in azuki breeding since soybean cyst
nematode is becoming an increasingly pro-
blematic pest on legumes in Hokkaido, Japan.
V. nakashimae has been used to develop an inter-
specific linkage map with V. umbellata (Somta
et al. 20006).

9.3.8 Vigna nepalensis Tateishi
& Maxted

V. nepalensis is closely related to V. angularis
with which it makes fertile hybrids. V. nepalensis
was used as the female parent in a mapping popu-
lation to analyze domestication-related traits in
azuki bean (Isemura et al. 2007). It has a restricted
distribution in Nepal and its adjacent localities in


http://www.iucnredlist.org/details/19892969/0
http://www.iucnredlist.org/details/19892969/0

200

India and Bhutan, and it was found growing
between the altitude of 350 and 1,650 m
(Tomooka et al. 2002a). QTLs for bruchid resis-
tance have been reported from V. nepalensis, and
some of these appear to be new sources of resis-
tance including one QTL that is unrelated to seed
size (Somta P et al. 2008).

9.3.9 Vigna stipulacea Kuntze

This species is characterized by extremely long
peduncles 22-30 cm long that result in the flower
and pod rising conspicuously above canopy. This
characteristic is probably why this species has
been harvested, and some harvested forms have
been semidomesticated having increased vegeta-
tive organs and weak seed dormancy (Tomooka
et al. 2011a). In Tamil Nadu, India, semidomesti-
cated V. stipulacea is grown before or after rice in
paddy fields and is considered good forage for
cattle and green manure. Despite the labor
required to harvest it because of shattering pods,
this species is also sometimes used as a human
food. Based on comments by farmers, V. stipula-
cea is resistant to many insects and diseases such
as stinkbug and powdery mildew, grows faster
(early flowering and maturing) than mung bean
and black gram, and has high palatability
(Tomooka et al. 2006, 2011b). Seeds are sold in a
local seed shop in Tamil Nadu (Tomooka et al.
2011b). Given these positive attributes, the spe-
cies warrants particular study of its agronomic
potential and potential for furnishing new and
useful genes to legume breeding.

9.3.10 Vigna subramaniana (Babu ex
Raizada) M. Sharma and Vigna
hainiana Babu, Gopinathan,
and Sharma

V. subramaniana has the lowest level of tryp-
sin inhibitor activity among the subgenus
Ceratotropis species studied and absence of
chymotrypsin inhibitor activity (Konarev et al.
2002). Taxonomic confusion surrounding this
species and V. hainiana has been discussed by

N. Tomooka et al.

Tomooka et al. (2006). There remains a need to
more thoroughly understand relationships in the
mung bean complex to which these two species
belong. There is now sufficient germplasm in
various gene banks to permit these studies to be
conducted.

9.3.11 Vigna trinervia (Heyne ex
Wall.) Tateishi & Maxted

V. trinervia consists of two varieties. Vigna tri-
nervia var. trinervia is widely distributed in
South and South