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Norihiko Tomooka': Domestication of leguminous plants
—Perspectives from genetics and plant breeding—

B B TS v 7 HS° DNA OLRIEMNT, BlAEoEd: - M7 XX £, B fiRE, 723%
DERART 47 =2 aVISHATRINGET L 72 2 L 2RRLTw5, 7Y 7TRIRDIERRENTHE 7 A%, Y7
R¥, Varz by, 7YVNTAXOHET ) MEFTICE > T (A) BEFYA X, (B) 256, (O Erlokd (kik
) ZCOBISINE RHOHE IS > TER, MY A XO8INE, 2%ED S~ 7 HOBETEROEMICL-
T, FHMEMEERIE 1~ 2 OB TARIC K > T, BETIRIRIEH R IR 3% 1 ~ S HOBIETARIC K> TE
JRENT 7, A ZIFRIEE T OV & 2 DSIAIRICOWT, 7 AF 2 003l 2/ L7,
FEA DY, FART 47— a v BEIEE T ORI A I L > TH 6 E3NTED, FXRAT 47—
> avIC X BB RHRITEA O L OOMIITH B LB Z o, TNLDARDS, BAMY S RiED
BETFOBRBEZEL CTHIMEMEEVET T2 - FXRT 47— AT 7AAZE, A ML At EHIiT->
T3,

F—T—R 7%k, BENER, B FXRT47—rav-vryFu—»L, 24 FAZT4 77—

Abstract Molecular analyses and present distribution of wild and weedy populations as well as recent archaeo-
logical findings suggest that azuki bean has been domesticated first in Japan. Comparative genomic analyses for
azuki bean, rice bean, mungbean, and black gram revealed genetic background for major domestication traits,
i.e., (A) seed size, (B) pod dehiscence, and (C) water absorption by seeds. The increase of seed size is a genetically
complex process and attained by mutations of at least 5 to 7 genes, and the loss of pod dehiscence has simply
attained by mutations of 1 or 2 genes for a given species, while the loss of dormancy and/or water absorption
by seed is brought by mutations on different numbers and sets of genes among beans. Recent identification of
domestication genes and studies on associated changes of phenotypes among beans are discussed. Most changes
of domestication traits revealed are due to loss-of-function mutations, which have been selected by farmers. This
might explain the reason why domestication could occur rapidly compared with evolution. Based on these find-
ings, we try to develop a new crop by inducing artificial loss-of-function mutations on domestication genes of
stress tolerant wild species. This plant breeding strategy is named “Neo-domestication™.

Keywords: azuki bean, domestication syndrome, genetic background, neo-domestication, origin
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1. NABRMBMDOR AR T 14— 3>

HEZE (2018) 1%, "domestication: KX AT 4 75— a v
PZOFGEE LTI HbITw 3 T8HEHML, &) HEE
PDANCE > TREZERIERIND Z L% W L2
WL kT, cngoiitlsnEg®demmiciEkou,
PR ESHYICEALTCE 2L, "TFAXRT 4 r—vav)
i3, 1) ASCEYBEYIC T T2 2L, 2) NROWY
ICSRRAE IO KRB OB T 22 L, 3) 20
KB DOZAZ b DR (RARLERE) 236 FE DO ANPH)
PN L 2 S EEINTHER SN2 2L TR L Wil (b
B3 RIS NBZED 3 EPEETHB E LT,
72, NS 3P TRTELLEZICNART A —> 3
VNI T B3, ZOEBHFDEMETIINAAT 47— 3

VOB DI EEHoTH, DEROTLLFXAT 4
T2 aVIilBRo AR H B EEATBE L, A
T, A (2018) DFEZTHES>T TR ART 47—
Yav, LW HREEHEMT 5,

R ABMEYVIDI R AT 47— a v CER L EERY
HoZ iz, (A) &8 (Rl EdT 2 PRHE) oKX
BifL, (B) &ML, (C) HEFRIRMEOMET, F
AATAr—vay -y Fa—ALEENn% (Doebley
et al., 2006), FAXRFT 4 r—Yav v RFua—Aalliz,
AT DA HEIGHEDOZA, BEDF bz Ld
aGEND, YT, wARMEYONRELE LT, 7X* Vigna
angularis D F X AT 4 /7 —3 a v &k~ A RHiY) & bk
LD 6EET 5,
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2. PRAXDN¥E

TAX IV YT IE (Vignalg) 7 AXH)E (Ceratotropis
HiJg) 7 A%t (Angulares ffi) 125345 (Tomooka
et al., 2002a), VY7L IBOLERMERLIZT 7 ) A KBEICH
h, 7Y7HME (Plectrotropis Mg 7 A X HijE) LN
7 A AKEE (Lasiospron Hilg) ~E0Ai%IAT 036%
e fiZ2 L 72 (Maréchal et al., 1978), 77 CHi%y
fbZZF T 77 Axiij@icld, BIfE 23 it n s
(Takahashi & Tomooka, 2020), 7 X ¥ HiJgofEiz 3
TH WL Z RS, A ¥ F2PLIcafid % Aconitifoliae
fili (fE& L CEAY — Vigna aconitifolia % &%), 4
YREPOHEME T P TICaHT % Ceratotropis i (1E#1 & L
TV a2 V7 Vigna radiata, 7Y V7 A ¥ Vigna mungo
ZEYW), W7 7006 WT Y 7oA % Angulares
fli fEMELTTA¥, Y7 XX Vigna umbellata, 7
LA — )& — Vigna reflexo-pilosa var. glabra = Vigna
glabrescens # &) ICHFIND, Angulares §ilZl 13
EAEH I LT 5,

3. PXFEWVWSEDRREAEDILK

EP XX (Y 7Y N7 XX Vigna angularis var. nip-
ponensis) ¥ Angulares ffi Tl b AL £ oA % AT 7-FE
THY, 7Y 7GR LEE (2 e v~ — AT
CHAL L 7= ATREMEDSE Y (Tomooka et al., 2020a), HFd
TIPS BT, XD SR s E)E - b L 7
FEE AT X% ¢, X D REEHISIOEIE - 53k L 72 fiHs
Vigna tenuicaulis L% 2 6%, Vigna tenuicaulis 135 A
A F = v 7 A ERBTFA I N FifET (Tomooka et al.,
2002b), I v v~ —FMEEVTOREE 10 m DUT Ol 5
SINEINTED (KRIZD, 2003), 7T RFHANIT
AX L bl TR TH S Z 5 (Tomooka et
al., 2002a), iNEME7 XX BEROBEHEZBLEEREEZLS
N5, W7 Y 7o oI HE AR CEIE - 3k L 7284
TAXE, FRIL 75 - iR b D IREEEIRT O E) &
LB, WHIET =V« 28—, BB XL~
EHERE VRS, BHEEEE, HARSIENENMZIAT L%
Zo6id (Isemura et al., 2011 5 (111, 2003),

94 A (Tomooka et al., 2006), S ¥ > <— (Takahashi
et al., 2019b; Tomooka et al., 2020a), 7"—% > (Tomooka
et al., 2008), %,$— L (Takahashi et al., 2017) 28T,
a7 AF13FE LCEE 1000 m 248 2 2 1Lz 2
LT, N6 DOHIRTIESNIITFET AXDRD
R E 04 E L 7' — 4 >~ - Thimphu JERBD K 2455
m O T, RHEEEOEEHIZ S v > < — - Kachin
MD 542 m DR TH %, HRENOEET X ¥ Tikd
TR e D IER Ml R U R U 1 O 741 m DML T

HH, HRIZBOTERIEHLC A LT (IYEE
HIFRBE AT TR EFICLBOMEELH 5 * https://
www.gene.affrc.go.jp/publications.php#plant_report),
HL, BHSCPERM PG RIS BT 2 013 70,
WHAI L, QaRIEEER I LB ET X004 L
TV I EPHLRITR 57 (Wang et al., 2015), Kaga
et al. (2008) (%, 7 AF Gl - HHEGWES & ILALLE R4
7 A% (JP110658) DAHELER % FH\V>T, Han et al. (2005)
DERL727 A% ()€ avR) w4 7a¥ 774 b
e —A— L UThFlEghX 2 /R L 7223, 8T o
FERT7 XX OHAROEHRE (11 4R) LD 1 ADHRW 104K
6 7 BB DIERR S 4172, Kaga et al. (2008) D7
A X EEEHINCIE, Han et al. (2005) 2MEESDORE: 7 X%
EXN= VDA T Xk OSEEN 2RISR L 72 11
AROFBGERED & 70 2 7 R X MM O 5 4 #gHHE (LG4)
5 6 MR (LG6) Dv—h—0 1 KOMEHRE (LG4+6
EFRFLL ) ITPURL %2, Wang et al. (2015) 1, Han et
al. (2005) BMER L7z av RADe AL Z7adF I 4 k
< =A== TERLZY L7 X% (Isemura et al.,
2010), YaZ b+ (Isemura et al., 2012), 7 YIL 7 X ¥
(Chaitieng et al., 2006) DHEFHIXAY, Han et al. (2005)
D7 A X HFH & 7 U HARG A 11 RIPCRL, 7
J LREEDEOCHREEEZ R L2 EDS, TNH6DTYT
Vigna JE/EY) £ SRR AETRDY G D Qe fiiiid 2 @l & &
Z, Kaga et al. (2008) @ 7 R s X Vi V> 7 1
PR TH D2 HHRNE H 2 IZINFLURET L7 XX D
ThHIT LG4 & LG6 DD RAEKIIEI I > T b L
#Z 1, Z LT Hlin situ A 7Y ¥4 ¥ —2 2~ (FISH)
EV) RN 2T o iR, IIBLELE DB 7 R I Refufh
RN E TV 5 2L 2 flbE R ARICEEH L 72, 3561,
EEA DG GE 2 RO E 7 XX IZVEHA D & JhkE
MG (REA, ERE, RRE, fEkd, S, R, SHL ST,
Z&H, B, ¥, 8 g, BMEROR RS R
A7 XX BHRHAD SHUCHA (i, 1154, K4, MR,
BE, =¥, PiE, KH) iIcEnuicgERgirLTni
L6, BHEAEPHEICEICBERL TWEE ) 235K
fRIHT 2EECH 5 £ LoD, TRERIDYtRE RO E
TRAXNE DR RIEISEIG L T A R Z RE L 7z,

4. FHEET7 XX DR

BHET RIS T AX DIt - A7 XX £ R
L TRz #5% 7 X ¥ ol & E£85 5 &, BED
A7 X0 L TR, T4abb R —L, 7—
gy, AVFe=eI¥Yh 5 I v re—Ibi, hEEEEE,
B, SRR, HARIIAD 2 BEEBMGFoh o v
DHIEDIHHG 7 R X FIFHL DRI 72 B £ 2 5 D3 FY


https://www.gene.affrc.go.jp/publications.php#plant_report
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THA5 (K, 20035111, 2003), HL, FX AT 47—
> a VISELT LR RO B A 7 XX 000 A L BITE OB A4 7
XX DOFHIE DD 5 AR ITFERDB N TH 5, ]
R IE, 15 5000 4EHTC S WIZHR F > 72K %R IS
fEoTdb b, S X DiETH - 75 8000 FEHTICIE
BT ECHEREL Twz (1, 2003), Z D% 4000
AEHTC & WICBIED SRR AEIEL o7 v ),

INFT, HETAXoRNEMIZTETH B LT BN
% o7 (Lampkin & McClary, 1994), HHETED R
& (F 2000 4ERT) (TN METIC T X% 0K
FEICBET 25023 b, PHIE 540 FEHICH Nz TER
by 1237 R ¥ DFEFZ 2000 ~ 2500 FEFTICHE TR
0, f5, NE, ADNERH B EERINTWS (K,
2003 5 HH, 2005), 211 (1978) &, 7 XX ZHED
SHIEEEE 2R LT 3 itk Lz EHEE L, FE
A 2 AR & 2 e, A - EEREIRE R T S
Tasaki (1983) &, F& L THIET RA¥X OB MEIc %
EWT 4 >R ERMZEFRL, FEY - EiroH
EALER R HARANI D) 7 XX DIEFE & Z Utk ) R o
FAICB 2R R L 7,

—F, BAEOWA T X¥ OaAniRPlE, PEHARD Y
ThpHIERIFFL TS, HAR (s, SN, Ml
WBRERC) i, BAE7 XX oMucEHhE 7 2% & odfEm
EBREZR R THE T ZX )AL 04 L TED (Tomooka
et al.,, 2001 ; Yamaguchi, 1992), HAEWN Cc#H 4 7 X
FOMET XX O HAEND R D BEICAHS L2 L
PHHAD T, ke, LEEHY7TH % (Tomooka et al.,
2001; A&, 2003;Isemura et al., 2011), LT (1993) i3,
HETORTICB O THE? XX P XY ILT X¥ Vigna
nakashimae (7 A XUCFEAER) ODAIE»7R0D Do,
BAE7 A BHEMNETL2RERTEY, #MEOMEHT Xx
BEEPODI AT =Tt RN D6, W EE%
T AX ORI & T AFUCHREN AL R L 72, HETIEE
E7 XX I/mAHEYTH Y, HFARHEIC KU PEREEEE
(s, Erd, GM4E, IAEF7 ViREGK, NHEA
TLPEAR) 120D R & 41Tv % (Tomooka et al., 2002a ;
1E 2, 1999), F7z, HEOREAKREDHIKINAD 2w
AR (FHEEPE) ISR 7 XX TR EXY LT
AXD0MH L T 5 &7 (1010, 2003), B4
Mg e LT, TPEEERVERLIC X 2108 =i 5 2 84
DFFIC L > THAET XX BNEI N, F-PEOSHRT
BEABICBIT2HET AX OB E SN TS (Zong
et al., 2003 ; (1, 2003), 11H1E2> (1999) 1%, EF
PEEIC B 1T 2 BIHGR A ORI, A7 AXoafidEhn
Thoteb L, 7, HENLFEHG OFETIEEET X
XEHETZIENTET, JIRT CEA/NG LIS

TWiebDEy 7 7 A% (=Y V7 A% Vigna umbellata)
DRI TH -7z Ll _72 (L1, 1993), —fkic, 1EY
OFEH T I AERCHRTINSCHEET 2 EEZ 6N
e, HEQOHAE 7 XX PHE T XX O Mkins 5
&, HESCEE XD D HA, RIS BHARDHEE 7 XX oild
T TH 25627 L Twb EnR 5,

RIS >~ 787 % DNA T ofE R, firo7 e
T—=F v e =L BIUOR M F LI OFRE 7 X ¥ 123
RERBEENMMEB R W2 I N7, [semura et al. (2001)
1, BT XX OIS vV EOY 7T a2y Mid
% SDS-PAGE iECE#fT L, HAREWIZE I 28557 X%
DL R OMIARMFE PR O HARMWHNCAAEL, 7—%
Vo RNV DOREE T AX DI HARLEHE OREE 7 X ¥ L1k
B2 REWNZ Y 0¥ A4 TG - RER R RO 2
EERBHS I LT, HEANIZD> (2002) 1%, RAPD % T
DNA L XV DN 24T\, 7 =82 « 28— L OFEE 7
A DBHARPHE DOREE 7 XF LIFE R 7N — T 108
INDZEERHMEREL, ZORERRELTOT—F v 28—
N7 RAX LRk 7V — T I B T 2 AF RO RERR 7 X
IVERFE L, @7 =5V « 28— )L THAD S EEZES
7z, @7 =%V« Z=L DT AFIFHLICHIFL 72, @
T=5 v« FR=VDBFET XX DL DEBTHEAILLS
THED 7NV — 7 DAL LT &) O R 2R L 7z,
Zong et al. (2003) 1X, AFLP &\»9 DNA &Rk
T YT EHOFR: - AT XX ORI, 7= -
I VDR T AF IR TP 7 (HA-EEH - pE L)
DOREGT7 XX LBEBIICKELS L L R R 7L — 7
BT B 2R, MAZICHIE L 72 Al E v L
2o UL, 7—%v « 28— L oOEET ¥ L FAHgO
A7 A ¥ LOMICIFRE BB EPIZEO N, 7—
Fv e FR=NVTHETAXDPSD N RAAT 47— ay
DHEFT L7 2 L 2R 2 AR LM R 72 e o 72,
Xu et al. (2008) i, #'/ MCEHET 224 27 0% 5754 b
EMEEN S5 DNA KAERCS (simple sequence repeat :
SSR) #=2—h—, L C7 AX DLW 21T\, 7' —
F v FRN=NORIET AX B IO F 26 ORE: 7
RXPET YT (HA - @ - hEILE) ofE: 7 X%
BN RES UL R RNV — T 2B T 52 &
RS, £, HRKOWAET XX F>v A0
FT 74 bVEBTOERIIKREL, HETIEIETAX
TORKET AX D<A 70y T 74 PRGEIETFOERE
ANR=LT0BIEER LT, 7—=F Y « 28— L DRKE
TAXDMADOEBHEZFFOZ LB ELT, D7 —
F v 28—V DOFRE T XX OMNLEIRG, @QE 7Y T
BIR L7 AE 7 A X 03, 7=V « 28— LA\ DEFEDIE
BTZOMIRICAER L TWAEET XX EXM L CTHAD
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BTG 2 A L2 IRE L7, Xuetal. (2000a, b) &,

HAREHNOBRRE 7 X%, WET ¥, M7 X%, Wig-
By A —MEFTR DA E TR A E T 2 AN DWW T RAPD
B IO AFLP £ 29 13T DNA L NV DS RN 2 17
W, HEET XX IR T XX X S REE L, EAER
FEMNTOBBNEREI RO SR SN Tws L
BRI, £, HAENTIE, WERARBNEES R
IAEMTCORMRIR I > T3 Z L2 eICL, Y
HEALICKRE R BER 5.2 - L& 2 7, Xu et al. (2008) 13,
2 A7aY T4 o RS 7 XX 0L OIEE
TYTIZHY, BHA, #E, PEORE T AFICH WS
N8B, 2RENOEICE T 3R WLEEE DR
PRMLL T3 EEZ T,

Ye & Yamaguchi (2008) 1%, ZEfkfR7 LND 4 oD
FEBIERAEIR I D> C DNA DT 21TV, 79 7 OARKS -
MR - WEP XX %2200 NV—=TICHE L, VL —
71Eew oY (7—=% v« F8=)) LHEMEER (&
MNAE, EmE, PWE) OFE7 AxhoBlIni, 7
N—T 2BV TXRToHME, (HA, #@E,
E, XbFh, 7=Fr, 2=)) ORWETRAXBLN
HALBEOBET XX - HET A X h oI ni,
DFERIZ, BIEET7 =58 v « 28— LT ST 0 285
TAXORERMBE T ) LR =0, 7—=% v« F8—)L
PREEET O E 7 XX TR, HAD S »IdEE
ThE7AXTHLIERZRLTED, 7—F2 38—
DFEE 7 XX DIPEFETETS 7 =5 v« 28— L DR T
AX P ORIEL 72 & T 5 % RIFEFIIAE S 7z, Wang et
al. (2015) 1%, WAET7 AFICR W I N Q0RO E %
FEO RO D2 T L 72B8, #E7 A% (EETER,
HKWE, TVET a7 R) BIRTHEO RGOS
EROTWREIEDPS, BIETAXOIIC T E7 R

B O R EAEGE2 R ORI THD, HATE AR
TAT = a v T L LB Z 250, TEHARP IR
IS L Tof LT adilo Rtk z R o4 7 2
IPREE 7 XX ORJFICEG Lz LB 2, BEOBA T
A FIZOWTIE, Yoon et al. (2007) 2358, HMirL, By4d
7 X% D AFLP i 217> T\ 5, ZOFER, mEOEE
TAX (BEE, EE , ISR, BvdE), M
TAX, 7 AXICHBREEN LB RS ko 7
Z&h 5, DNA OERIED S BG4, MEOHAE? X
X DMEEOBE: 7 X ¥ OLFIcEI b o RIS T
W3,

INFTIBONTOLIEH LN LERIE 7XXD
FHR R ART 4 r—3 a VISHARTIRANSEST L 72 1] BE
HEDENNZ EZRE L T3, Crawford & Lee (2003)
&, AALX, YVHL, 77, 4%, aLFIBIL T

HHE OB TO I EY RS, EE OB TO T
BYIDNEE, RBICHADEED S DM LE YN 5 72
O, INHIFHED S HIEEE 2R THAIER L 7FY
THDHEFELT, T, TAXIHEL U MEIERL,
HA, #E, hEOMEcEHEY O hith Bl s, JiH
(2018) DiRFIC LU, HATRS VT XXM D
e, PR UL SRR R O R SRR FAT (9 10,000 41T
TEET7 A LRABEDOY A X ThHD, £/, HEATTX
IHETFOBEREDEIML, KREMET-288IN9 2 DI
HE R (6000 4EHT~ 4000 4ERT) Cr e b & RIS M
JIEERIc R L TR Y, BERREToOM R K D R
W, ZORHAIE, 5 XD EETH o I MSGHEDIR D%
D0, WEKEIME T 2R ORI HYS L, 6000
~ 5000 RO R EH O EIEE DR (NO8Em) &
T AX 05 A XA DO KRBUEDFIRSEA TN HES T LT 5,

&AM, 4000 FERTDABRIC 22 2 &, it oo i SCE R
BXO7 XXM LR L, Eakith g o 1 g Jui
M5zl & L7 HAD S D38BT 3, on
WZBEE LT, 4200 ~ 3800 fERTD A Ewmfbic X 5 A
DB & & I ABFTEE AL TUMNHLTT ~MERE L 72 Al hg
bW In T3 (M, 2016), il (2017) &, 7
XX LF A AT, MR AR EE I AR ISR R
PHEL O HHELSE W E L, BETRO VLT X
X o BN, B E Pyeonggeodong © Num
River (FIVLEEF, #4800 4ERT) TEA T XX
A X TdH% (Crawford & Lee, 2003 ; Lee, 2013), H[H
TiIOEWT7 XXM L 7ERE, IEEEEIL UL
@ Lianchengzhen (MiEps, HE, £ 4000 4£1)) T,
7 XX LRBEDOY A X TH 5 (Lee, 2013), M, B
HEOHE - IIIRAIIETET7 X B30H LTk nI &
5, FOAFEPILRE L 72/ Ch 5 AlRetE b E g ¢
200 H 5, B o LT 3~ ARV T ORE R E
BEELWEZN TS (FIF, 2003 5 Lee, 2013), HED
HEECIEE A 7 X% X DB ERE e XY LT X% Vigna
nakashimae DA%\ &, hEFEICEFEICIZE 4 7
X DFAABALNZ LI ED S (111, 1993 ;5 Yoon et
al., 2007), HgESrREFECE A & O 7 o ff [ E
IZH 1> UIRBROFEREPBETH A9,

DLEXD, TAXDRFXRAT 47— a v ICBLTRD
FICFLEDLILENTE S, HAD 2w I3EEDEEY
AXEFD, BHEREIN TR TXRTOREE 7 XX 0l
&7/ LR F—EtkoTn2, HERE, XML, 77—
5V, XN NDEHBOBIET, 77/ 59D DNA Kk
IHIERF R 2 b OIS L L Too e, o, Bl
HICHET 2L T XX L OSMENRF G L 7L H %,
BE7 XX M7 A% 1%, hEPEELDEAAR (K
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SrEs, JukE LfEH ) IcBLTEEICOmRLTED, f)
AR RARAT 47— a v R 2REiI50% X il L
T3, ZEANT =7 ARICE THAE T XX O H
PRART A7 =2 a VDSRANIRE > 72 & T a2 5Kk
LTw3,

5. £RMRBEANDBEIGIC L BEFAEL

SN FRIRPE DI AR, A SIS 31T 2 B2 AU
YIOBIGEZE L KT I 5720, ANLHBESCPHERFIC
LB BIBNENTH B EFEA TR, —T1, ABHGERS
HERFIC K B, Bt 2 ud B BB~ D@ & LT
OFEFRIULIZARSFME T ORIVBE2 LI THS, 22
TR CBIZE L 72 2 D DB %2 HIF 7\,

1) AYIRI TP D Vigna minima

Wrd 7Y 7 RBERR 2 TN 3G S 5 Vigna minima &>
IEND B, ZofEINFE TR TE % Vigna B4
FHoOHTHNOIZENZREDPRbEVWETH 5, Shk
Bz Ah vy R 7T, 2011 FDOFEICE W T T D X
I IR R %% 7 (Tomooka et al., 2012), AV &R
L7 HEICAIE T 5 Kirirom ENZABILTEMNT (EEH
680 m) & MM DMIKE 4B T 2 Vigna minima
(JP244391) DFEFH 4 X1 100 K7H 1.3 g, % 5.4 cm
T, WED/NEEZL TR (M 1a, o), —J, AVRY
7 - Kratie MICJAA32 2 2 2 )11 RO MR R (15505
30 m) BB T B Vigna minima (JP244397) O
A R1X 100 ¥78 3.5 g, % 8.5 cm T, /NEIZFRFHD A
FRHEYIOZE L JFEZ 2 X ) ICEMES ZoTw (M
1b, d), X 51iz, A ¥R 7HHE - Mondol Kiri M 11
i Bou Sra DFEAHEDMIK (FBEFEFY 500 m) 12EET 3
Vigna minima (JP244405) OfE -4 X%, 100 ki 1.7
g, PR 6.9 cm T, IWED/NEEZRD, FHOBKROED
ZERICOBZEZLAATHEZENSL LI ICR>TWi, 7
VRY T RIS SN A ZDEHEIL, INEDTE
PHEEFROZ N Z M ->TED, A BHBRADEINIC X %
bDEEZ LIz, X av]IEERHARDOHRIKICEETT S
Vigna minima OFET7% P IREUL S & 7 BB LA
WTdh 253, BED L) ICHFRFITEZ 28KICE > T
TIERRENE o Twa 2L, HEOREVE Z A ICH
TENBFET LB, EKbTHE-DEFICHEL
LREREDEE TH D I L EDERDOBERMICR S EEZ
T3,

2) BROEH4A T X+
BUEHARICHA L TORBE? XXM 3 KRB L Tw»
%, DT, 77 &MTINE L 78R E R Z S X

1 AV RS T D Vigna minima \Z 56N -BEEIGIC X 2
ORI EEOEZN. E/D1HEDIE 1 mm, JP
Ty — v\ 7 RZRE ST, FEMEHRIE heeps://www.
gene.affrc.go.jp/databases-plant_search.php 25 AFTZ 5,
Fig. 1 Diversity in seed and leaflet morphology of Vigna
minima plants growing at (a, ¢) Kirirom mountain (alt. 680
m), Kampong Speu Province and (b, d) Mekon river back
marsh forest floor (alt. 30 m), Kratie Province in Cambodia.
One scale of the ruler is 1 mm. JP No. refers to NARO Gene-
bank accession number, whose detailed information can be
obtained at https://www.gene.affrc.go.jp/databases-plant_
search_en.php.

RGOS L TR A ROERTH D, WM T
T e T =F v 2L OWE T XFXIF, s 1000
52000 m OUBIC & 2 S I/ET L TR D, fill
F 100 K EDF¥IE 1.5 g TH o7, T/, HHE - =y
LARE (B 160 m) TSRS B4 T X% @ 100 ki
HPEED 1.5 g TH-o7% (X 2b), —7H, Tl
THHARDOHET XX Offi 13 RKAULL TE D 100 K H
D913 2.8 g THo7, HAENICEWTIE, L ET2
WONTHTFPIRET 28 0) L H%, BEIH- 7
M7 74 igBd oot BHL, U385 EXD
i 2B AT A X O INS (ho>Twk, £,
B 600 m ML Ic i 27 XX O b /NS ko
T, ZOHEEIZAHTH 523, LFHICHZ 2 BEEIRE
DAL TSR L 7272 Tld e Wit F X T
W5,

HAMTER L COH4E7 XX 55 L 7oy
A X THFABEDFER BS54z (Tomooka et al., 2020a ;
Tomooka et al., 2020b), 2019 4EIZ S ¥ > = — - Sagain
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£1 FEARELHE
100 BiEE, #ER IO 1 PR

EEVEE (10 M) BXUE v v— Sagain Ml (20 Hif) OHAHUCE W TEET L TORIHET7 XX 0T

Table 1 Average seed weight, pod length, and no. of seeds/pod of 10 and 20 wild azuki bean populations growing in natural

habitat of Kumamoto, Kagoshima, Japan and Sagain, Myanmar.

Place (No. of habitats) 100 seed weight (g)

Pod length (cm) No. of seeds/pod

2.8 (2.3-3.4)
1.5 (0.9-2.0)

Kumamoto, Kagoshima, Japan (10)
Sagain, Myanmar (20)

6.4 (5.7-6.7)
7.3 (6.1-7.9)

10.1 (9.2-11.4)
14.1 (12.0-17.0)

B2 HAROELE? XXICHALN LMY A ZDKREL, (a)

2y e— - Sagain DFFET XX, (b) HE=Y AMHEDEE

7TA%, (o) HA - BREBROBAT? XX, @HO 1HEDIZ 1 mm, JP HSEY— v v 2 2Hi&S T, FEIE#RIZ heeps:/
www.gene.affrc.go.jp/databases-plant_search.php 2>5 AFTZ 3,

Fig. 2 Seeds of wild azuki bean growing at (a) Lahe, Sagain Region, Myanmar (JP270610, alt. 1186 m), (b) near Three Gorges
Dam, Hubei Province, China (JP258929, alt. 160 m), and (c) Kagoshima, Japan (JP270529, alt. 39 m). One scale of the ruler is
1 mm. JP No. refers to NARO Genebank accession number, whose detailed information can be obtained at https://www.gene.

affrc.go.jp/databases-plant_search_en.php.

M 20 HisR) EHADREAR - IRE (10 iﬂl'lj)
?55?%773%@%‘[&%.3@§Lf: LA, Sxvve—-
Sagain MDA 7 XX DV OFE T 100 FrE % 1.5 g, 5%
Fld 7.3 cm, HINREUZ 14.1 KL CH > 7= DIZH L, BEAIEL
FEVR IR DM 7 X% DM ofET- 100 A EZ 2.8 g, e
Fl3 6.4 cm, FPRENZ 101k CTHo7 (1), —HlE
L CHjHils o O & D DENITINEE L M FOEEZ /R L7
(X2a, o) JEACHEESEOTET XXM IEI vy v—-
Sagain M OB 7 XX AT HRTRAUKL, 3R &
D, FRNRBIZEAD L T, £/, v ~<— - Sagain
DEFE 7 X ¥ DIEHIZIFIZ 40 cm I2H3EL, HADE A4
7A¥ (< T20 cm )
bz ¥ v/ C—DIHIES L THERRIC7E— VLT
W3 k9 Tthot (Tomooka et al., 2020a ; Photols &
), 2okIic, Trre—0BE7 X% EHROEA 7
XA DOIFRENERPRD N 206, HAD
WAz 7 X% fli O RKBUL b SEITBNTe Vigna minima O
LFRRIC, ERMBBEANDHIEDVOEDE LSR5 TDR
Wehs9, BEHRICHAEL TORHET X¥DFLE
HHZ, EEEE O N oK KO THD, v
Ve —EHET Y TN L T % & TIEONNREEDE
(oTwptillbiig, 3512, HEH 160 m BREDH
- S A (HEVHTICIE U 2 e, AR A

WCHRTHEFICEL >TED,

iZ 18.4°C, HFHRRKE X 1041 mm) TUEEI N/
A7 AXFETIE 100 RED 1.5 g L/AhNZ W E2EZ DL,
RART 4r =2 a v 2Hi0 HERRE R WA
il A2 LT/ E RN BRIP4 7 X% Off 1
P A XL, BEOHARICAEL TORHET X L /N
Do ARk D 5, HINTIE ORI 250 ~ 300 m,
PRI 14.7°C, B FERKRIE 1135 mm TH 5,

6. RARF 4=V TEULIEFEDLE Y / LfE
#r

TETTCRRAT 47— a v SEARE 7 X% (Isemura
et al., 2007 ; Kaga et al., 2008), YL 7 X% (Rice bean:
Vigna umbellata) (Isemura et al., 2010), Y 3 7 b7
(Mungbean: Vigna radiata) (Isemura et al., 2012), 7
V7 A% (Black gram: Vigna mungo) (Chaitieng et al.,
2006) IZBWT, FXRT 47— a3 v Ol 4 D
BICZ R D76 LGEET 2O 2ICT 5720, b
WP AEREDMEFRER 2 72 LGHEEIBKI DIERL, 1
ZNOIEICE O 5 BIVZEES 7% (quantitative trait
locus: QTL) D%/ & EOPE FALEDBEMGNTIC X 2F8E
Z2i1ot, INoDRERZ KL T, (A) TV 4 X (HY),
(B) 24z, (C) MoK (RIRME) 1<B353 % QTL
2N FIcRA L7 (X 3 5 Tomooka et al., 2014a),
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X3 7 A% (Azuki), VL7 X% (Rice bean), Y 2 7 + 7 (Mungbean), 7 V)L 7 X% (Black gram) D K X 25 4 r—> 2 > T, (A)

YA X,

(B) Zék, (C) ARk bZ b 726 LIGEEBETE (QTL) ok i (Tomooka et al., 2014a &

D). HMMOKRE SIFBENFGRZR T, RETEEROMORIL SN d08 QTL, #HEMIE0 L >R Tﬂﬁtﬂént@
RRN QTL, LG IHgERE (tfficiiY) 2279, mog ld, Black gram o LG8 IHH S /- a8 B KA IR A BB 5 T,

Fig. 3 Comparison of QTLs for three domestication-related traits among four Vigna crop species (after Tomooka et al., 2014a).

1) BF Y1 X (Seed size)

TAXELEBIBMORNRARAT 4 r—>a i)+
F A4 RO -7 QTL DEI% L, 7RAFT6 1,
INTRAXCTT7M, VaZ b7, Y YLV7A¥TS
oz (K3A), 2o 4O T A XICBIL

T3, E?%@@ﬂ*ﬁfﬁ?b“@?ﬁﬁ”ﬂﬁ ICF 5 L7 QTL
I N7, R, BiEh/: QTL o TRd
FHRPE P77 VT XX 8 Mg (LGS @ g
PRI G RIS Y) oBE T2 His L 7. 0L 7
BEE T INT AXIE, BT ZRRERFETHLS
NEEFPELRELSHEPIRA LR THL, 2D
JEIRA B s - multiple organ gigantism (mog) 13, TG
ffd ‘Phitsanulok 2’ OfFEH%Z 7 HHES L, EHEZ 2
#5129 % (Naito et al., 2017 ; X 4a, b), 774 v <vE
VLS T, TOLEERLEETIE, vuA XS R
F Arabidopsis thaliana THUEE X 11T\ 7 PEAPOD &
f2F (PPD) titEofleE{EIichkL, Eaofkois
LA EREZ b OBET (Fryey) Tha
EEZ oM, VmPPD L4206z, KEIETFICLSEE

DRIUIEHIED 4 ADORBUKIC X 2 b D TIE2 L, A
BOWIMIL2bDTHZ I EHHHL 72, RELE RiE
@ VmPPD BEFIZIZTumiIc 2w 8 DR ENH D,
VmPPD EEFORRERIE (FEEIKT) Ik > THRETF
BizB 1 2fiiasHoEIERZES S ThE EEZ 6
72 22T, RNAF# (RNAI) ICL3P—vH AL vy
YNk TH A X PPD BETOFRBEZIET I L
25, YA XDOMET LR KRFULDBD St 2 &
5, PPD BETHLEEREMICBIG L Tw 5 2 Lo
o5 (K 40),

2) I (Pod dehiscence)

FURMEDWRICBI L Tl S QTL ok, 7 X%
1M, V7 XX 1M, VaZzZ b2 2Mf, 7YV 7Rx*1
il & A7, HIFEMWERIZDEBOBETRRERICED
ST EDHS IR o7 (KI3B), 7TAX L /11/77\“#“6

B 7 R (LG7) OEFICE EL Tw3 QTL I

THPBMEPHERL Ttz VaZ by DAFMHERIC %)'5?!5
7 HgHRE (LG7) ourf#icfE ELTws QTL 25345 L T
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4 7N T AX%IERAGEE T VimPPD 12 X % (a) BT O KRAHL, (b) FEOKAUL, 8L (c) ¥4 X PPD EisFDY—
VYA LT U K o TR LT REUEDSER S N e ¥ A4 Z%H (7-1-2C) (Naito et al., 2017 & D),
Fig. 4 Effect of PPD gene on (a) seed size, (b) leaflet size of black gram (Vigna mungo), and (c) plant size and seed size of soy-

bean (Glycine max) (after Naito et al., 2017).

Wz, e d ) 1 ORI RN QTL (LG1) DBg5-»°
sz, %72, Vaz boof e HiEEE (LG6) 1213,
A FH O REAR TR K< 972 QTL e &
Teo TYNT AXOH 7 HEHERE (LG7) 121d QTL 23k
SN, 9 SHEBRE (LGS) SRR RNAENE QTL A3k
Han,

TA%, YLT A%, Var by IICES L
T EZONBHE 7 BB BT 2 EE T2 T 57
O, PAXEMEE L TRELH L AMAZRREDIRL 2235
BEFOMEZEO T 774 vyey EV T L0 Fik
CTHE%E 4 kb £ T, ZDFEKICH B MYB26 £\
HRERT-~D 1 (T) OFADFE 7 X% DI
ZH7:5 L EHEE L2 (Takahashi et al., 2020), T
DO AGHA, #E, hE, 7%y, 28—, XbF
LDTRTOPIE 7 AFICHEL TALND, TN6D
MR OEFE 7 XX 12 THRIEDF A A S N7, B
ET7 XX D MYB26 BITIC THENFAZINS &, #
ROBHPICA LYy Ta Ry RET 2 - 0BERBRO
MYB26 % > 87 &I E N5, HEEER MYB26 #{n 1%
HOBET XX T, HEOWNBECY =V (RQES
NTERsy) DI, KPR T 2 Limvhalin
D3 U T 5 (10 5a, d), HERERBR D MYB26
BEF2LORE 7 XTI, KOWBE~DY) V= VE
DIEBRBIEEA EHR SN D, FHEL CTHET 52
ETHELDZNRUNTIDPEFIE T LT E 720 L %<
holtZzond (M5 ), BEE7AFIIHET7 XX
DHEEER MYB26 15 1% A7 fid{k (BCF,) 1%, #
B7r Ax L 2o WU GREET, A%, H32) 2T
B, BHNEBEICIZE 7 XD k512 S = v EBIEEE

N, TR NTHELL (¥ 5h, e), HHNBETD) 7=
VGBI 2 2R =D TE L0, A
FME T XX DTV A A3 LRI L 72,

HRETFEE LT 2 u 7997 (Vigna un-
guiculata cultivar group Sesquipedalis) & \>9 E¥23H
% (X 61), 77YATEHAEYYF D SEE 7 HHGLL,
TP A BRI CELRE TS oY ayn sy
FWESLLI-EEZ 5N Tw5, Ko =N 7
CTIBRBL BB, I RARAT 47—
va VBT LT R B L 72l Tch B, Y aun
IHH T OFRIFREOHOTIE 1 mICHEL, #HHIIMD
THEOP Ko T0E7O, HE7Y 7 TIESERELT
FHINTWS, YayulZYydricBnThiE 7 Mgt
(LG7) o7 ZXZ45ME QTL I35 QTL it &
Ni7-® (Kongjaimun et al., 2012), 774 v=y ¥
ZiED 7AER, W7 A ¥ LHUEIE T (MYB26) D%
MR (EHEET A - G) PRIRILIC X 258270 IERLTE
HEBH LTS EEZ 57z (Takahashi et al., 2020),
FERETY MYB26 % DU EY3 77 ClE, KOWEEIZY /' =
VBTSN, DA B LR U T
#32 (1X 6g,7), BERERIERID MYB26 i#fn%2bo 2
TRy Y YT, EONEEADY) J = VDTG R D4
CAHLNESRD, ROFAEBELP(H->TwBELED
WWECHFEL > Tw3 (K6, 1), Pavnryy
FICEF Y Y7 DBERET] MYB26 3815 1% A7k,
D TREVHEZDL DY avu 37 L2 oK ) REiE
ZARTDS, FNBEICIRY) = U EDBIR S 4, AR S
THRELTOMMIcEARmEIZZRS (X 6h, k), A5
T DL I — 7%, 2020 EI2A 4 v = X Phaseolus
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5 WA (Wild) &, 8357 AXICH4E 7 XX 04T MEE IR EZEA L7228 (BCFS), #5577 A% (Domesticated)
DHFNE L BFENBED Y 7' = EREE (Takahashi et al., 2020 & 1), RSP REINIY =0 TH 2.

Fig. 5 Pod dehiscence and lignin accumulation in pod wall of (a, d) wild, (b, ) near isogenic line (BC;F;) of MYB26 genomic
region, and (c, f) domesticated azuki beans (after Takahashi et al., 2020). Accumulated lignin is stained red.

6 WYY (g §) &, BEY 2yl Y7 I EY Y7 OZBERIETHEBEZEA L2256 (h, k), Eravws
7 (G, D) OFFRYE L BHENEED Y 7' = BRI (Takahashi et al.,, 2020 kD). Ko gaIni) /'=r b3,
Fig. 6 Pod tenderness and lignin accumulation in pod wall of (g, j) wild, (h, k) near isogenic line (BC,F;) of MYB26 genomic re-
gion, and (i, I) domesticated yard long beans (after Takahashi et al., 2020). Accumulated lignin is stained red.
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7 B2 XRHERIOWAKE AL b (D) EPoKBEIZA SN 5%k (Takahashi et al., 2020 £k b). (a) 1 X JP28862
IR AR D 5 10 47 DI, (b) 374 JP244182 IFf TR 6 1 IRMRET, (o) 4 ¥ 7 v =2 X JP41232 138 fLH 5 3
KT, (d) A > 77>~ X JP41234 (3R H & 4 ISR CoK ZBIR L 7z, JP &SI — v Ny 7 R, SIS
https://www.gene.affrc.go.jp/databases-plant_search.php 75 AFTE 3,

Fig. 7 Water entry site and speed in soybean, cowpea, and common bean accessions (after Takahashi et al., 2020). The entry
site (indicated by arrowheads) and speed varied across accessions. Water entry stared (a) within 10 min from throughout seed

coat for soybean, (b) 1 hour from back side of seed for cowpea, (c) 3 hours from micropyle for a common bean accession, and
(d) 4 hours from lens for another common bean accession. JP No. refers to NARO Genebank accession number, whose detailed
information can be obtained at https://www.gene.affrc.go.jp/databases-plant_search_en.php.

vulgaris DEHRMEHRITH MYB26 ~DFEREFEHS. L
T3 EWIFLEFRFE L7 (Vittori et al., 2020),

§'A ZADZFMERICBI G- T 2B 713 2 flFE ST
W3, 0 EDIZ, TRTOHIKDEEE Y A A>T\ 3
SHAT1-5 £\ 9)#EfE1-CH % (Dong et al., 2014), i
¥4 XTI DZBHERAL (Fibre Cap Cells : FCC) 1281}
% SHATI1-5S Bn T OFRBENEES A4 XD 15 f5RES
{eoTED, 2070 FCC 2T 2 Mo — il
BEIC) 7= PERL TR R DAL I (%5
TwatEzonl, ~HOHIBDOFERE Y 4 R o0
7259 O L DDIERFEMEEIS FIE Pdh1 T&H % (Funatsuki
el al., 2014), Pdh1 DFERERIARIZEINE B2 R OR8G5 4
AD53AEE, HE, £V F, 77X A% LR 7%
MR SN TR D, HAPHEEDORE A X3 2 D%k
R AR > TR\, Funatsuki et al. (2014) 1, HEIC
B TRHNC SHAT-5 BB FITIRE RIS A - 7 Bds Y
8§ A ZADIEAL L HARSPHEEN B L 22T, hEICE VT
I 51T Pdh1 BB FIT O RINEBRDI A - TGRS 4 A3
WAL L 72 &£ Z 2705, HARS 2\ I3 E© SHATI-S #Ei5
TACRRERDI A S T RIGIL Y A A E AL, HEIC
BHE L 7 CHEICB Wz L g~ o@iE e LTI
512 Pdh1 BB TIZIRERNAD, JERFKEORENE
{0 e BIETAZXDBET T RT RV ANEBIB L &
WIHIEZTTHHNE B, Pdhl DHEEERIAIZ, FAEEDY
v GRICEEG 20D, VIS ER-D Y-
BEZDIEIES>TRAFPRLNE TE2HILTWS
EEZLNTVD, —7], BIFET RIS A X127 A%
A V7 v ADIRFNI G L IGBIE T MYB26 D%

REBKIZA SN TE ST, SHATI-S & Pdhl % e £
OFIG YA RICH AT R LN NPE > TS, 2Dk
&, WD Z A4 ZREE TR X 2T OWINDS T
LREICE > T\05, RIS A XD MYB26 % #EE /R 87
ICWAETIUZ YA AZTMEIZE S It TE B b 3,

3) BEFUAKME (Water absorption by seed)

7R X Lk 3 O R EDHES (RIRMED )
I2IE, WAALBEBETBHMEINTED, 7 X% T 11,
YT AX T2 (S nd SO S 3 I AR
MBS TS ROK Y% F ) 28R 2 R o Toz), U a
7S, rYA7 AFT 20 QTL B Sk
(X3C), BlBkzR - Z Eicffct@o QTL i3 1 %4 <,
WK DRI G L 72 &5t 10 05 1228 Bh R
a3z, 7 2A¥ O POKMEERICEF S L7z QTL 15
18R (LG1) 12dbbh, FUBESIcREEEZ KT QTL
HHEEEL T, MR ZR T 28678k Z2 b
7o LA b E 2 o s (Khidlze, 2008), BfEfK4
V3R R AR LS T O FIEICRIR L T\ 5,

BEEEBTBEETH L7700, < ARHEMR 225 D
WKBHER R A > b PRAGREE 12, b 5 \WIEREHT%
BREEDSA S 4, BRFL (micropyle), g (lens), I (hilum)
HBHIIFER (seed coat) 2 HWKL, WoKBHERE TOIK
MbEHThH2 (K7), 7AVADT V=71, 2021 4
ICFRE D WK T 28854 v 7 v = A DJRKEE T L LT
PAE-8 (pectin acetylesterase 8) ZFI%E L 7z (Soltani et al.,
2021), #E5A v v < XD PAE-8 1213, SHEEDOHA
ZEEPE SN, MOl 2EH (micro-crack)
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BIEY - BEEPS AL ABHEYD AR T 4 r = a v (KAEE) 13

RO LT,

7. RA - RXZRTF =23y EVWSHLWEEEK
FEBOEYIL

VEVDE A 7 A FR O i i V3T AE R IC R B S B K9 I
ot, ZNETOBEMIKIGICET 2T E AR, A
M ML - iR 8 A b L RTMSEAS TR TR O K
Bl fR M2l L CEAT 2700 FHEM LEZS
N,

Z R Vigna JEBEYVRE B AR ORRINEZ LS W
A ETIT > T BT, B AR O E 0 7 BEEE )
PRGBS 2 & &I, HISDERZ 6 QAR % Y
FLTHHALTORHRS N 2>, —Jf, Vigna
JBIEVID B X RT 47— a VICBT B KT/ LRk %
IToTHHT, FXRT4 77—y avoilfithvsn
7OBETICE, Mz TR TWwL 550 LR
IKHHSINTOW R 5D3H5 2L, $1FXRT 47— a
VEBIO LIRARAERIIIIEAEDGATAEMROE
In T ORE RIE (loss of function) TH 2 Z E&#HD, &
WA LR EZ RO R R RIS SR R 2 /T > TR X
AT 47—y avICBRT 25 T2 BT Z LR TENL,
BEAEDEYNCIE R S 17 R THi R b L AT % Rfo
WG ZEL LW TEDLLEZ, 24 - FARAT A7 —
YvaviwIiEazRE L7 (Tomooka et al., 2014b),

413, Vigna stipulacea E\>9 4 v FIicHAELERIC
M EN T AR RERICEN-EY 2Tt - F
ART AT =y avedi T 2B ETo TS5, A VF -
I By MO RRPIES: LT3 Vigna stipulacea
&, EFFICHAEL TW BB AED Vigna stipulacea 12X
THEVAED R L Tw 303, X REEL Tokn
(Tomooka Tet al., 2011), Vigna stipulacea % 335 L Tu>
HERIE, 1 H2 5 2 HITKHICHE 2 8Bk L, I, fH
KHELT, fAfrzarte LTHAHL Tuk, M1
PRI ERERAR L RAEEEIAE 9 13, WO FETHIK
L TWwb I EZER L, TR TOBESMDICLN
1, 2009 4EICiE 1500 kg DfE -2 IK5E L, WGEigiE) a
oM ERL 1 kg H72h 60— (120H) TH-o
7eo HEMD 217572 T RTOERA, Sambal, Chatney,
Dosai, Idli ED{EMEMEELGS, Vas b uery
VT A% &Y Vigna stipulacea DT 2 75 73 kK B2
T, EKRTHD LI EMERf > T, F7, BB
LTh, Va2 boer Y7 XX ICHATHHD TRl
1258 <, Vigna stipulacea % #5553 BRI —VIERIEE K
M 2MEBRNEDI L THoT, RIS, bo &K
D Vigna stipulacea DE L WL TAEEZ 3, BIEEZ
LWiDIETHSTDT, 24« FARAT AT —>av

kAL Z LT,

Vigna stipulacea D37 « FXRAT 45— a v D&
T, EMS &) ZRRZESE TR & 3 AN HES L
7- 65t 18,000 fE{E DY 6, FEFRMEIRILL
7o 18, FPEMEIEAR 1584, B RIRMEE R 3 R
BRI L 72, BUE Vigna stipulacea D477 ) LS %
ez LT, InsaoEZE b 726 L EREE T
EZHEDTHD, TNETOMIT, FERIRMEZIERL
7R RUE (isil) OJREE 1%, o —2ERICEbD
%815 Cellulose synthase A7 L€ L7z (Takahashi et
al., 2019a),

S8, RS TEENTERBMEVDO R AZRT 4 75—
v avIitBG LIGBIETFOMIE X O N ART 47— 3
Y DORBRITE S I o7z A B L AT ICEN - B AR Y A3
A9 %A b L RMPEEREEFORENEE NS,

5l B X ®

Chaitieng, B., Kaga, A., Tomooka, N., Isemura, T., Kuroda, Y.
& Vaughan, D. A. 2006. Development of a black gram
[Vigna mungo (L.) Hepper] linkage map and its compar-
ison with an azuki bean [Vigna angularis (Willd.) Ohwi
and Ohashi] linkage map. Theoretical and Applied Ge-
netics 113: 1261-1269. https://doi.org/10.1007/s00122-
006-0380-5

Crawford, G. W. & Lee, G. 2003. Agricultural origins in
the Korean Peninsula. Antiquity 77: 87-95. https://doi.
org/10.1017/S0003598X00061378

Doebley, J. E, Gaut, B. S. & Smith, B. D. 2006. The molecular
genetics of crop domestication. Cell 127: 1309-1321.
https://doi.org/10.1016/j.cell.2006.12.006

Dong, Y., Yang, X., Wang, B. H., Liu, B. L. & Wang, Y. Z.
2014. Pod shattering resistance associated with domes-
tication is mediated by a NAC gene in soybean. Nature
Communications 5, Article number 3352. https://doi.
org/10.1038/ncomms4352

Funatsuki, H., Suzuki, M., Hirose, A., Inaba, H., Yamada, T.,
Hajika, M., Komatsu, H., Katayama, T., Sayama, T., Ishi-
moto, M. & Fujino, K. 2014. Molecular basis of a shat-
tering resistance boosting global dissemination of soy-
bean. Proceedings of the National Academy of Sciences
of the United States of America 111: 17797-17802.
https://doi.org/10.1073/pnas. 1417282111

Han, O. K., Kaga, A., Isemura, T., Wang, X. W., Tomooka, N.
& Vaughan, D.A. 2005. A genetic linkage map for azuki
bean [Vigna angularis (Willd.) Ohwi & Ohashi]. Theo-
retical and Applied Genetics 111: 1278-1287. https://
link.springer.com/article/10.1007/s00122-005-0046-8

RJIERL. 1978, BIFMPI ORI &ERE. 311 pp. —EHIE
3

Isemura, T., Noda, C., Mori, S., Yamashita, M., Nakanishi, H.,
Inoue, M. & Kamijima, O. 2001. Genetic variation and


https://doi.org/10.1007/s00122-006-0380-5
https://doi.org/10.1007/s00122-006-0380-5
https://doi.org/10.1017/S0003598X00061378
https://doi.org/10.1017/S0003598X00061378
https://doi.org/10.1016/j.cell.2006.12.006
https://doi.org/10.1038/ncomms4352
https://doi.org/10.1038/ncomms4352
https://doi.org/10.1073/pnas.1417282111
https://link.springer.com/article/10.1007/s00122-005-0046-8
https://link.springer.com/article/10.1007/s00122-005-0046-8

14 e SapEgRE

F31% H1-27

geographical distribution of azuki bean (Vigna angularis)
landraces based on the electrophoregram of seed storage
proteins. Breeding Science 51: 225-230. https://www.
jstage.jst.go.jp/article/jsbbs/51/4/51_4_225/_pdf/-char/ja

RN RA - AFHEAE - FEAN - BHTN - = HREER - kL
B, 2002, RAPD Zhric & b §Fflli L 7= 462k 7 X% &
MOBIBHIL RN, BRESATZE 4: 125-135. https://www.
jstage.jst.go.jp/article/jsbbr/4/3/4_3_125/_pdf/-char/ja

Isemura, T., Kaga, A., Konishi, S., Ando, T., Tomooka, N.,
Han, O. & Vaughan, D. A. 2007. Genome dissection
of traits related to domestication in azuki bean (Vigna
angularis) and comparison with other warm season le-
gumes. Annals of Botany 100: 1053-1071. https://doi.
org/10.1093/aob/mem155

Isemura, T., Kaga, A., Tomooka, N., Shimizu, T. & Vaughan,
D. A. 2010. The genetics of domestication of rice bean
(Vigna umbellata). Annals of Botany 106: 927-944.
https://doi.org/10.1093/aob/mcq188

Isemura, T., Tomooka, N., Kaga, A. & Vaughan, D. A. 2011.
Comparison of the pattern of crop domestication be-
tween two Asian beans, azuki bean (Vigna angularis)
and rice bean (V. umbellata). JARQ 45: 23-30. https://
www.jstage.jst.go.jp/article/jarq/45/1/45_1_23/_article

Isemura, T., Kaga, A., Tabata, S., Somta, P., Srinives, P., Shi-
mizu, T., Jo, U., Vaughan, D. A. & Tomooka, N. 2012.
Construction of a genetic linkage map and genetic analy-
sis of domestication related traits in mungbean (Vigna
radiata). PLoS ONE 7: e41304. https://doi.org/10.1371/
journal.pone.0041304

Kaga, A., Isemura, T., Tomooka N. & Vaughan, D. A. 2008.
The genetics of domestication of the azuki bean (Vi-
gna angularis). Genetics 178: 1013-1036. https://doi.
org/10.1534/genetics.107.078451

Kongjaimun, A., Kaga, A., Tomooka, N., Somta, P., Vaughan,
D. A. & Srinives, P. 2012. The genetics of domestica-
tion of yardlong bean, Vigna unguiculata (L.) Walp. ssp.
unguiculata cv.-gr. sesquipedalis. Annals of Botany 109:
1185-1200. https://doi.org/10.1093/aob/mcs048

Lampkin, T. A. & McClary, D. C. 1994. Azuki Bean: Botany,
production and uses. 288 pp. CAB International, Wall-
ingford.

Lee, G. A. 2013. Archaeological perspectives on the origins
of azuki (Vigna angularis). The Holocene 23: 453-459.
htpps://d0i.10.1177/0959683612460788

Maréchal, R., Mascherpa, J. M. & Stainier, F. 1978. Etude
taxonomique d’un groupe complexe d’especes des genres
Phaseolus et Vigna (Papilionaceae) sur la base de don-
nées morphologiques et polliniques, traitées par ’analyse
informatique. Boissiera 28: 1-273.

Naito, K., Takahashi, Y., Chaitieng, B., Hirano, K., Kaga, A.,
Takagi, K., Ogiso-Tanaka, R., Thavarasook, C., Ishimo-
to, M. & Tomooka, N. 2017. Multiple organ gigantism
caused by mutation in VmPPD gene in blackgram (Vigna
mungo). Breeding Science 67: 151-158. https://doi.org/

doi:10.1270/jsbbs. 16184

thiliEk—. 2017. HASIEICE T 2R RO BSEMmY. 17
CTOBEWE I, BHORIR LR (7Y 7 E Y
2im), XX-XX. m&HbE, 50

HRZATERE, 2018, MR OWEMID K XA T 4 r—>av, &
PUFSHIFSE 57: 109-126. https://doi.org/10.4116/jaqua.57.
109

/AMIIBAEL. 2016, % 3% £ CHESCA @ BRHTRIADE T o’
I, 234 pp. i5)EASCER, B,

Soltani, A., Walter, K. A., Wiersma, A. T., Santiago, J. P.,
Quigley, M., Chitwood, D., Porch, T. G., Miklas, P., Mc-
Clean, P. E., Osorno, J. M. & Lowry, D. B. 2021. The
genetics and physiology of seed dormancy, a crucial trait
in common bean domestication. BMC Plant Biology 21,
Article number 58. https://doi.org/10.1186/s12870-021-
02837-6

Takahashi, Y., Nemoto, K., Sharma, S., Dongol, D., Shres-
tha, D., Joshi, G., Ghimire, K., Joshi, B., Paudel, M. &
Tomooka, N. 2017. Collection and conservation of legu-
minous crops and their wild relatives in western Nepal
from October 29 to November 10, 2016. Annual Report
on Exploration and Introduction of Plant Genetic Re-
sources 33: 295-329. https://www.gene.affrc.go.jp/pdf/
publications/plant-exp_2016(33)_p295.pdf

Takahashi, Y., Sakai, H., Yoshitsu, Y., Muto, C., Anai, T., Pan-
diyan, M., Senthil, N., Tomooka N. & Naito, K. 2019a.
Domesticating Vigna stipulacea: A potential legume crop
with broad resistance to biotic stresses. Frontiers in Plant
Science 10, Article number 1607. https://www.frontier-
sin.org/articles/10.3389/fpls.2019.01607/full

Takahashi, Y., Yoshida, S., Ohm Mar Saw, & Tomooka, N.
2019b. The ex situ conservation of legume genetic re-
sources in the southern Shan State of Myanmar in 2018.
Annual Report on Exploration and Introduction of Plant
Genetic Resources 35: 185-204. https://www.gene.affrc.
go.jp/pdf/publications/plant-exp_2018(35)_p185.pdf

Takahashi, Y., Kongjaimun, A., Muto, C., Kobayashi, Y.,
Kumagai, M., Sakai, H., Satou, K., Teruya, K., Shiroma,
A., Shimoji, M., Hirano, T., Isemura, T., Saito, H., Baba-
Kasai, A., Kaga, A., Somta, P., Tomooka, N. & Naito, K.
2020. Same locus for non-shattering seed pod in two in-
dependently domesticated legumes, Vigna angularis and
Vigna unguiculata. Frontiers in Genetics 11, Article num-
ber 748. https://www.frontiersin.org/articles/10.3389/
fgene.2020.00748/full

Takahashi, Y. & Tomooka, N. 2020. Taxonomy of mung-
bean and its relatives. “The Mungbean Genome. Com-
pendium of Plant Genomes”(Nair, R., Schafleitner, R.
& Lee, S. H., eds.), 27-41. Springer, Cham. https://doi.
org/10.1007/978-3-030-20008-4_3

Tasaki, J. 1983. Genecological studies in the Azukibean
(Phaseolus radiatus L. var. aurea Prain), with special
reference to the plant types used for the classification of
ecotypes. B f-FHEaG 13: 168-180,


https://www.jstage.jst.go.jp/article/jsbbs/51/4/51_4_225/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jsbbs/51/4/51_4_225/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jsbbr/4/3/4_3_125/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jsbbr/4/3/4_3_125/_pdf/-char/ja
https://doi.org/10.1093/aob/mcm155
https://doi.org/10.1093/aob/mcm155
https://doi.org/10.1093/aob/mcq188
https://www.jstage.jst.go.jp/article/jarq/45/1/45_1_23/_article
https://www.jstage.jst.go.jp/article/jarq/45/1/45_1_23/_article
https://doi.org/10.1371/journal.pone.0041304
https://doi.org/10.1371/journal.pone.0041304
https://doi.org/10.1534/genetics.107.078451
https://doi.org/10.1534/genetics.107.078451
https://doi.org/10.1093/aob/mcs048
http://doi.org/10.1177/0959683612460788
https://doi.org/doi:10.1270/jsbbs.16184
https://doi.org/doi:10.1270/jsbbs.16184
https://doi.org/10.4116/jaqua.57.109 
https://doi.org/10.4116/jaqua.57.109 
https://doi.org/10.1186/s12870-021-02837-6
https://doi.org/10.1186/s12870-021-02837-6
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2016(33)_p295.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2016(33)_p295.pdf
https://www.frontiersin.org/articles/10.3389/fpls.2019.01607/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.01607/full
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2018(35)_p185.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2018(35)_p185.pdf
https://www.frontiersin.org/articles/10.3389/fgene.2020.00748/full
https://www.frontiersin.org/articles/10.3389/fgene.2020.00748/full
https://doi.org/10.1007/978-3-030-20008-4_3
https://doi.org/10.1007/978-3-030-20008-4_3

BIEY - BEEPS AL ABHEYD AR T 4 r = a v (KAEE) 15

KIEE, 2003, 7 2%, TR~ A OB, (BEEERE -
BEENEA - WIEERR), 14-22, BwEE, HOE,

Tomooka, N., Vaughan, D. A., Xu, R. Q, Kashiwaba, K. &
Kaga, A. 2001. Japanese native Vigna genetic resources.
JARQ 35: 1-9. https://www.jstage.jst.go.jp/article/
jarq/35/1/35_1/_pdf/-char/en

Tomooka, N., Vaughan, D. A., Maxted, N. & Moss, H.
2002a. The Asian Vigna. Genus Vigna subgenus Ceratot-
ropis genetic resources. 270 pp. Kluwer Academic Press,
Dordrecht.

Tomooka, N., Maxted, N., Thavarasook, C. & Jayasuriya,
A. H. M. 2002b. Two new species, new species combina-
tions and sectional designations in Vigna subgenus Cera-
totropis (Piper) Verdcourt (Leguminosae, Phaseoleae).
Kew Bulletin 57: 613-624.

KEAEE - P — - Thein M. S. - Twat W. - Ba Maw J. -
Vaughan D. A. - JIBEFKA. 2003, S v =—ICEF55
BB EROTA &I, TR 19: 67-83. https://www.
gene.affrc.go.jp/pdf/publications/plant-exp_2002(19)_
p67.pdf

Tomooka, N., Thadavong, S., Inthapanya, P., Vaughan, D. A.,
Kaga, A., Isemura, T. & Kuroda, Y. 2006. Conservation
of Legume—Symbiotic rhizobia genetic diversity in Laos,
2005. Annual Report on Exploration and Introduction
of Plant Genetic Resources 22: 149-161. https://www.
gene.affrc.go.jp/pdf/publications/plant-exp_2005(22)_
p149.pdf

RIEQEE - EKA - AN RA - Ay x—, 2008,
7R % O & S, GEEER 51: 29-38, https:/
www.mame.or.jp/Portals/O/resources/pdf_z/051/MJ051-
06-TK.pdf

Tomooka, N., Okuizumi, H., Tamang, A., Phuntsho, U.,
Kaga, A., Nishikawa, T. & Vaughan, D. A. 2008. Collec-
tion and conservation of crops and their wild relatives
in Bhutan, 2007. Annual Report on Exploration and
Introduction of Plant Genetic Resources 24: 87-111.
https://www.gene.affrc.go.jp/pdf/publications/plant-
exp_2007(24)_p87.pdf

Tomooka, N., Pandiyan, M. & Senthil, N. 2011. Conserva-
tion of leguminous crops and their wild relatives in
Tamil Nadu, India, 2011. Annual Report on Explora-
tion and Introduction of Plant Genetic Resources 27:
111-127. https://www.gene.affrc.go.jp/pdf/publications/
plant-exp_2010(27)_p111.pdf

Tomooka, N., Ra, T., Vathany, T., Channa T. & Makara, O.
2012. Collection and conservation of leguminous crops
and their wild relatives in Cambodia, 2011. Annual Re-
port on Exploration and Introduction of Plant Genetic
Resources 28: 125-137. https://www.gene.affrc.go.jp/
pdf/publications/plant-exp_2011(28)_p125.pdf

Tomooka, N., Isemura, T., Naito, K., Kaga, A. & Vaughan, D.
A. 2014a. Vigna species. “Broadening the Genetic Base
of Grain Legumes” (Singh, M., Bisht L. S. & Dutta, M.,
eds.), 175-208. Springer, New Delhi. https:/link.spring-

er.com/content/pdf/10.1007%2F978-81-322-2023-7.pdf

Tomooka, N., Naito, K., Kaga, A., Sakai, H., Isemura, T.,
Ogiso-Tanaka, E., Iseki, K. & Takahashi, Y. 2014b.
Evolution, domestication and neo-domestication of the
genus Vigna. Plant Genetic Resources 12: S165-S171.
https://doi.org/10.1017/S1479262114000483

Tomooka, N., Ohm Mar Saw & Min San Thein. 2020a. Col-
laborative exploration of legume crops and wild Vigna
genetic resources in Sagain Region, Myanmar 2019. An-
nual Report on Exploration and Introduction of Plant
Genetic Resources 36: 170-199. https://www.gene.affrc.
go.jp/pdf/publications/plant-exp_2019(36)_p173.pdf

Tomooka, N., Yokoyama, Y. & Akiba, M. 2020b. Collection
of Glycine and Vigna crops and their wild relatives in
Kumamoto and Kagoshima prefectures, Japan, during
October 14-18, 2019. Annual Report on Exploration
and Introduction of Plant Genetic Resources 36: 1-21.
https://www.gene.affrc.go.jp/pdf/publications/plant-
exp_2019(36)_p1.pdf

Vittori, V. D., Bitocchi, E., Rodriguez, M., Alseekh, S., Bel-
lucci, E., Nanni, L., Gioia, T., Marzario, S., Logozzo, G.,
Rossato, M., Quattro, C., Murgia, M. L., Ferreira, ]. J.,
Campa A., Xu C., Fiorani E,, Sampathkumar A., Frohlich
A., Attene, G., Delledonne, M., Usadel, B., Fernie, A. R.,
Rau, D. & Papa, R. 2020. Pod indehiscence in common
bean is associated with fine regulation of PyMYB26.
Journal of Experimental Botany 72: 1617-1633. https:/
doi.org/10.1093/jxb/eraa553

Wang, L., Kikuchi, S., Muto, C., Naito, K., Isemura, T., Ishi-
moto, M., Cheng, X., Kaga, A. & Tomooka, N. 2015.
Reciprocal translocation identified in Vigna angularis
dominates the wild population in East Japan. Journal of
Plant Research 128: 653-663. https://doi.org/10.1007/
$10265-015-0720-0

Xu, R. Q., Tomooka, N., Vaughan, D. A. & Doi, K. 2000a.
The Vigna angularis complex: genetic variation and re-
lationships revealed by RAPD analysis, and their impli-
cations for in-situ conservation. Genetic Resources and
Crop Evolution 47: 123-134. https://link.springer.com/
content/pdf/10.1023/A:1008769204620.pdf

Xu, R. Q., Tomooka, N. & Vaughan, D. A. 2000b. AFLP
markers for characterizing the azuki bean complex.
Crop Science 40: 808-815. https://doi.org/10.2135/
cropsci2000.403808x

Xu, H. X., Jing, T., Tomooka, N., Kaga, A., Isemura, T. &
Vaughan, D. A. 2008. Genetic diversity of the azuki bean
(Vigna angularis (Willd.) Ohwi & Ohashi) gene pool as
assessed by SSR markers. Genome 51: 728-738. https://
doi.org/10.1139/G08-058

Yamaguchi, H. 1992. Wild and weed azuki beans in Japan.
Economic Botany 46: 384-394.

IO, 1993, PP 7 X% O M 3. HERL 7 XX gl
Mo L 2258, FRHEE 43 (Al 1) : 242.

IO, 2003, FEERIMAFARLMEG “H$ &7 LHRE, T4


https://www.jstage.jst.go.jp/article/jarq/35/1/35_1/_pdf/-char/en
https://www.jstage.jst.go.jp/article/jarq/35/1/35_1/_pdf/-char/en
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2002(19)_p67.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2002(19)_p67.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2002(19)_p67.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2005(22)_p149.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2005(22)_p149.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2005(22)_p149.pdf
https://www.mame.or.jp/Portals/0/resources/pdf_z/051/MJ051-06-TK.pdf
https://www.mame.or.jp/Portals/0/resources/pdf_z/051/MJ051-06-TK.pdf
https://www.mame.or.jp/Portals/0/resources/pdf_z/051/MJ051-06-TK.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2007(24)_p87.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2007(24)_p87.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2010(27)_p111.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2010(27)_p111.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2011(28)_p125.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2011(28)_p125.pdf
https://link.springer.com/content/pdf/10.1007%2F978-81-322-2023-7.pdf
https://link.springer.com/content/pdf/10.1007%2F978-81-322-2023-7.pdf
https://doi.org/10.1017/S1479262114000483
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2019(36)_p173.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2019(36)_p173.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2019(36)_p1.pdf
https://www.gene.affrc.go.jp/pdf/publications/plant-exp_2019(36)_p1.pdf
https://doi.org/10.1093/jxb/eraa553
https://doi.org/10.1093/jxb/eraa553
https://doi.org/10.1007/s10265-015-0720-0
https://doi.org/10.1007/s10265-015-0720-0
https://link.springer.com/content/pdf/10.1023/A:1008769204620.pdf
https://link.springer.com/content/pdf/10.1023/A:1008769204620.pdf
https://doi.org/10.2135/cropsci2000.403808x
https://doi.org/10.2135/cropsci2000.403808x
https://doi.org/10.1139/G08-058
https://doi.org/10.1139/G08-058

16 Tt AR SR F7E

F31% H1-27

BOBRE) (LEOH - MEEZR), 128-142, dufEE
REBENTS, AL,

IR SC - MEAE - BIEE #1999, BpALRIEE RO A4
Hifr e hEFERETICB I 2 ET XX LY L XDEH
b, BREECAFZEL (A1) - 193

Ye, T. T. & Yamaguchi, H. 2008. Sequence variation of four
chloroplast non-coding regions among wild, weedy and
cultivated Vigna angularis accessions. Breeding Sci-
ence 58: 325-330. https://www.jstage.jst.go.jp/article/
jsbbs/58/3/58_3_325/_pdf/-char/en

Yoon, M. S., Lee, J., Kim, C. Y. & Baek, H. ]J. 2007. Genetic
relationships among cultivated and wild Vigna angularis
(Willd.) Ohwi et Ohashi and relatives from Korea based
on AFLP markers. Genetic Resources and Crop Evolu-

tion 54: 875-883. https://link.springer.com/content/
pdf/10.1007/s10722-006-9156-7.pdf

HHZ—, 2005, 7 AXHHEOLC 0. TuiHE 7 2 X935,
(AWfEE 7 X X MFRLRE B 2), 21-22. JLiHE7? X%
VisEiiRE RS, AAUA, FLI.

HiRE—, 2003, JeRHROMR - £ T L7 XX DE LAY,
MR DB RE ) (LEOHES - TEEZR), 52-70. JLfE
EARAREN T2, AL,

Zong, X. X., Kaga, A., Tomooka, N., Wang, X. W., Han, O.
H. & Vaughan, D. A. 2003. The genetic diversity of the
Vigna angularis complex in Asia. Genome 46: 647-658.
https://doi.org/10.1139/g03-041

(2022 % 6 H 6 H3ZHH)


https://www.jstage.jst.go.jp/article/jsbbs/58/3/58_3_325/_pdf/-char/en
https://www.jstage.jst.go.jp/article/jsbbs/58/3/58_3_325/_pdf/-char/en
https://link.springer.com/content/pdf/10.1007/s10722-006-9156-7.pdf
https://link.springer.com/content/pdf/10.1007/s10722-006-9156-7.pdf
https://doi.org/10.1139/g03-041

