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was a trend for the parent with the grcaler.lrail
value to contribute more QTL alleles with positive
effects. Theaverage of DTF for vegetable soybean
cultivar *AGS292" was shorter than that of the
experimental line ‘K3’ in both environments
(Table 1). AQTL for days to floweringon MLG )
was a major QT L at which the parental ‘AGS8292
alleles contributed to shorter flowering date.

The narrow-sense heritability of DTF
was less consistent across the scasons. The
estimale in each season was considered rather high
(94.2% for tate rainy and 91.6% for dry seasons),
while the estimate from combined data was only
29.1% (Table 1). The phenotypic variation of DTF
could be explained by six marker loci from which
‘AGS292’ alleles contributed to shorter DTF at
all loci (Table 2). Thus *AGS292" could potentially
contribute a shorter DTF 10 its progenies. Tests
for digenic epistatic interaction among significant
marker loci for DTF content were all non-
significant.

Major QTL for DTF showed consistent
effects in both environments. Minor QTL on MLG
DI1b+W, ], L and O also showed consistent effects
across environments , However, the effects of the

QTL on MLGs A2, D1a+Q, D2, E. G, H and |
differed between environments. Some QTLs were
easily influenced by environment. The MLG J
location of the major QTL detected in this study
was not detected by Tasma et al. (2001); Zhang et
al. (2004) and Yamanaka et ai. (2001). They found
major QTL on MLG C2 and L. Several other QTL
were also detected in difference populations and
located on different MLGs (Keim et al., 1990,
Shoemaker and Specht, 1995; Mansureral., 1996,
Cregan er al.,1999; Lee er al.,1996).

Two marker loci Sattd58 and Satt486
were placed on MLG D2, while Satt132 and
San431 were placed on MLG 1. Seven marker loci
Sat_135, Satl4d1, Satt189, Satt350, Saudl?2,
Sait506, and Sati604 were placed on MLG D1b+W
and linked 1o each other in this study. Three
markers Sat_105, Satt049 and San354 were placed
on MLG 1. These markers may also linked to the
same QTL for DTF (Table 2).

CONCLUSION

Molecular marker analysis in this study
revealed that at least 21 genelic faclors were

Table 3 Marker loci significantly associated with days to flowering of 92 soybean RILs from the cross
between ‘AGS292" and ‘K3 grown in late rainy and dry season 2004/2005, and combined

over seasons using multiple-locus regression.

Locus MLG L Environment
Rainy 04 Dry 04/05 Combined
P Partial P Partial P Partial
RI(%) R%(%) R2(%)

Sat350 Dib+Ww 3.0170 4.7 NS NS %
Satt412 DIb+W NS NS ) 0.0079 6.2
Sail568 H 0.0022 10.0 NS NS
Sat_105 I 0.0024 11.6 NS NS
Satt132 J 0.0155 54 0.0240 4.6 0.0205 44
San431 J 0.0011 16.2 <0001 26.5 <0001 26.0
Satt229 L 0.0019 17.7 0.0040 8.1 0.0001 15.0
Total variation explained 65.6 39.2 51.6

Y Molecular linkage group
& Non-significant
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involved in the variation in DTF, two were major
QTL in MLG J, while the other nincteen were the
minor ones located in MLG A2, D1a+Q, DI1Ib+W,
D2, E, G, H, I, L and O. Some QTL associated
with DTF have been previously reported in
different populations to locate on different MLGs.,
Simitar results were delected in this study,
suggesting that the putative QTL for days 1o
flowering might be population-specific as
indicated by different genomic regions that
controled the same trail in different mapping
populations.
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Transfer of Drought Resistant Character from Wild Rice
(Oryza meridionalis and Oryza nivara) to Cultivated Rice
(Oryza sativa 1..) by Backcrossing and Immature Embryo Culture.

Pham Thien Thanl', Prapa Sripichitt**, Sontichai Chanprame®
and Surin Peyachoknagul®

ABSTRACT

Drought is an abiotic stress to be continuing threat 1o rnice production. The characteristics
supporling to drought resistance are restncted in cultivars while wild species of Oryza are an important
reservoir of useful genes for rice improvement. The objective of this study was to transfer drought
resistant character from wild species (O. meridionalis an_d 0. nivara) to cultivated rice varieties RD23
and CN1 by backcrossing in combination with immature embryo cullure. Hybridization between
cultivated rice and wild species was made to produce six interspecific hybrid crosses. Crossability
between cultivated rice and wild species of all crosses varied from 21.2 to 50% with an average of
35.3%. The F| hybrid embryos obtained were rescued by culturing on the half-strength MS medium.
Germination ability of the hybrid embryos of atl crosses ranged from 36.2 10 62.1% with an average of
52.0%. The F hybrid plants obtained showed low pollen fertility and relatively poor agronomic characters.
They were then backcrossed (o their cultivated recurrent parents (o restore fertility and good agronomic
performance from cultivated rice. The 299 BC,F, plants were produced from six backcrosses of which
235 plants could set BC,F; seeds. The 452 BC,F; progenies from six backcrosses were screened for
drought resistance at vegetative growth stage by visual scoring of leaf rolling, leaf drving and plant
recovery. Selection was made for 39 BC,F; plants resistant to drought and having high sced yield per
plant and good agronomic performance. They will be grown to be BC, F; lines for further evaluation on
drought resistance, yield and agronomic performance.

Key words: ﬁcc, wild rice, drought resistance, backcross, embryo culture

INTRODUCTION future. It is planted on almost 150 million ha

annually or 11% of the world’s cultivated land.

Rice is the primary food source for more More than 20% of rice is produced and consumed
than a third of the world’s population and the world ~ in Asia. It is also an important staple in Latin
will need more rice than what is produced today ~ America, Africa and the Middle East. Rice is
to feed the extra billions who will rely onitinthe  grown under a wide range of agroclimatic
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The Rélationship between AFLP Markers and Gene Controlling Tolerance
to Iron Deficiency in Mungbean (Vigna radiata (L.) Wilczek)
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Abstract

A germplasm of 241 mungbean accessions can be divided into 2 groups according to iron
deficiency using the average value of total chlorophyll content of the varieties NM10-12 and KPS2,
which are tolerant and susceptible to iron deficiency in alkaline soil. There were 196 and 45 accessions
in the tolerant and susceptible groups, respectively. Two primers, E-ACC/M-CTG and E-ACT/M-CTA
were reported to link with the gene controlling tolerahce to iron deficiency and thus were used to
amplify the DNA of the tolerant germplasm and the bands were found to pi’esent in 143 (73%) and 148
(76%) accessions, respectively. Both primers were able to identify all tolerant accessions from Pakistan,
China, England and Indonesia, but only E-ACT/M-CTA was linked to all tolerant accessions
from Australia, Iraq and Taiwan. However, both primers were also found in the susceptible
accessions from India and Iran. The primer E-ACT/M-CTA expléined variation in tolerance to iron
deficiency better than the primer E-ACC/M-CTG when tested by multiple regression. The other
two primers E-CAG/M-TAC and E-CGT/M-CTG were reportedly linked to gene(s) controliing
susceptibility to iron deficiency. They were found in 19 (42.29%) and 30 (6796} accessions out of 45
susceptible accessions and in 126% and 105% out of 196 tolerance accessions. Thus they were

considerably unsuitable to use for identifying the susceptible genotypes.

Keywords : mungbean, Vigna radiata, AFLP markers, iron deficiency, chlorosis
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Partial Genetic Map and Molecular Markers Linking to Fresh Pericarp
Color and Seed Coat Color of Bambara Groundnut
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Jira Suwanprasert', Peerasak- Srinives’;, Theerayut Toojinda® and Sentichai Chanprame®

Abstract

The success of hand-pollination in bambara groundnut made the inheritance study
possible. Eighty-one F, progenies derived from a cross between TVsu 11 and TVsu 1061 were used to
determine the inheritance of colors of fresh pods and seed coat. Then 193 AFLP primer combinations,
51 SSR prifher pairs and 34 ISSR primers were used to identify molecular markers linking to these
two characters using bulk segregant analysis technique. The significance R? at 0.01 probability in both
single and multiple linear regressions were used to determine the linkage between the markers
and traits. Linkage groups and map construction were done by MAPMAKER/EXP 3.0b program.
Localization of gene positions were predicted by MQTL program. The results revealed two linkage
groups of 18 molecular markers spanning 213.9 ¢M in the genome. The AFLP markers AC/AGG
on linkage group 2 linked 10 reddish-purple pericarp color with the distant of 1.2 ¢cM from the gene,
while red seed coat was flanked with 2 AFLP markers, TAC/CAA2 and AAA/GTCL. It was estimated that
the gene controlling seed coat color located at 6 cM from the marker TAC/CAA2. A cowpea SSR
marker VM27 was also linked to this trait.

Key words : bambara groundnut, Vigna subterranean, molecular marker, genetic map
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et al. (1991) wagounnAToomnwlinana AFLP, SSR
uar ISSR flawisnliuay DNA fifiAnuaneng
sewindoudviaud uasszwinangs bulk DNA #f
amdennadesivlumoiudriows Taolidumounas
anmlunmiufiten PCR usaciBn1isil

MIRATIER AFLP vinnnisnnsvas Vos
et al. (1995) lnodn genomic DNA 120 ng @7
wrluidnd iy EcoRl (12U), uazTru 91 (8U) Tu
UffionfiiusnaTm 10l Undunanlia 37 v,
wm 3 9lne 1 DNA fildenmssassfioniy
adapter Usnw 5 Pl (5 pmol/[l EcoRI adapter
0.5 ul, 50 pmol/il Msel adapter 0.5 [l, 10 mM
ATP 0.5 §il, 10 x buffer 0.5 I, 2.5 U T4 DNA ligase
uamiwiand 3 W) Unduuanfigomgil 37", ww 3
Hlag Favrdmuaniildivifiarsudnduanas 10 wh
dwiulfidusiuuuy Gemplare) Tunmin preselective
amplification #isly '

Preselective amplification (PCR I) \W30N
Aunanfifu3nasaaiie 10 W Usznaudae DNA
AuuUY 2 fl, 1mM dNTP 2 Wi, 25 mM MgClL 0.6
10 x buffer 1 ul, 5 mM EcoRI+1 udr Msel+1primer
yflmaz 0.5 pl, 0.75 U Tag DNA polymerase
(Fermentas) ua::tf’m"ﬁqwﬁ' 34 1l Tagl¥an1zues
%09 PCR (g4 PTC 100 programmable thermal
controller, MJ Research Inc.,USA ua:'['l'fl.ﬂ‘%adiu
weiulunrmeassfiinde)  Gnienisldgamad
94"y, 30 Fundl A sl 941, 15 Uil gounndl
60°%. 30 T uargoumpi 72 4. 1 Wil Wuduu
28 79y uimunihensligamgil 72°. 2 i

Selective amplification (PCR 1I) \#3uN
dnanfishBamsaeine 10 p Taold DNAfun min
PCR | wazuiuarmdindulanas 10 i1 duau
2 pl ImM dNTP 2 (il, 25 mM MgCl, 0.6l
10 x buffer 1 pl, 5 mM EcoRI+2-3 lwswiad uaz
Msel+23 Tnswof wiinaz 0.5 U, 075 U Tag DNA

polymerase (Fermentas) uaz&'lu"?qvt% 34 ul lag
an1zveaaos PCR Bromsligamgfl 94 "o,
w30 Ui swminegamgR 94 v, w10 i
annealing temperature 65 ‘v, 30 3ufi udlan
gnmpfiasiavaz 0.7 “wdwam 13 sau wnsould
extension temperature 724, w1 w1l dosaedn
25 5aufl# annealing temperature 56 1. uasld
final extension 72°v. 2 ufl vwafl ldanifAgeqly
WONUUIAALIHUANFAIUBIUOU DNA lasd8n1s
denaturing polyacrylamide gei eletrophoresis
Taoldiarmndindueoe acrylamide 4.5% Hanuov
DNA #1995n15 silver staining

mMTHATIET SSR nAdsunIlAToamNIg SSR
Aunzanlaoidlnanes ssr vasfamuuardaudon
33 51 glwswes Tablddmmmbnfifowazanie
ypulATos PCR fiaudasnnain Li et al (2001)
Foluufisonnfudanasaaine 25 Pl Uszneudng
1 x reaction buffer, 3mM MgCl, 0.25 mM dNTP,
Twsineiuiia reverse uay forward vflnar 0.3 UM, 50
ng genomic DNA, uar 0.5 U Tag DNA polymerase
(Fermentas) TWsuasnnimi PCR (iulaoldigamgf
94", 2 ui andaeg 34 souvaInsidanmoR 94 v,
1 Wil 40 - 60 "v. (uiwsivflnvaalwse®) 1 wnd
waz 72°1. 2 wfi wisiefne final extension 7l 72°4.
8n 7 wii warunlbwsweslfansfifinisangomof
annealing 1Re3uAus0 94 0. 2 ufi ol
VDA 94", 1 Wi 64 1. 30 A wazamgomgi
annealing a970UaT 0.5, 37U 18 T8 uazgumgh
72 6. 1 wiii warldgomaft annealing Al 55 4.
Aoludn 30 seu Taold final extension @ 72 °w.
80 10 W wonAMHUANANIUDIVUNATYE DNA L6

- 9nUiAse e 6% polyacrylamide gel uazfianuou
1] potyacry g

DNA #19%5n3 silver staining

mMeBATIZR ISSR Anfluniamisnisuss
Zietkiewicz et al. (1994) lagl¥lnswa¥ ISSR Alssv
AMHBWIATIZINN Dr. lan Godwin uwy School
of Land and Food Sciences, The University of
Queensland § w7 34 Twswed dwmanhwfnsen
Usznaudao I x Mg free buffer, 2.5 mM MgCl,

0.1 mM dNTP, 0.2 UM [nWswes 20 ng genomic
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DNA, uaz 0.5 U Tag DNA polymerase (Fermentas)
wdFuuinnasiimhuianiaulivinimsgaine
25 W anrislummiujidonisnfogempll 94 v
2 W mHAI8gUMQ#H 94", 15 Juii 58°. 15 Aundi
uaz 72°v. 1 wfl 9w 34 70U 19 final extension
72 0. MM 5 WA WONAHUANANTBITUATY
DNA #A1638n13 de;aturing polyacrylamide gel
eletrophoresis Tia1wdinivuos acrylamide 6% uaz
fisnunu DNA #i2955017 silver staining .

-r » =3 - M d
nrianguaIsewingluana AirTisianiudoales
fudnwaiznnonTneas uan IRy umiseuy

sihdisyadndmvaanisusingwislivsang
vaounu DNA TUBATedAN Chi-square toniAIw
doandntTewitadnduunvAIR AT TUATEILNG
#lé Tanfourfudndou 3:1 te1du dominant marker
uaz 1:2:1 ey co-dominant marker winiAZaY
wisluanalasinnsnizaroibidoanrdosiudad i
Aranre Aezlildlunisdaseidedangadu
linkage group n19a§19 linkage group vilaeld
Tusunsu MAPMAKER/EXP 3.0b (Lander et al., 1987)
fidn LOD score lidnin 3.0 wazd ‘maximum
distance Hoonin 50 cM dndrduiAlaemioliiana
Tuusiar linkage group uaza¥rounufifimisonfiu
centi-Morgan (cM) lngldl Kosambi (1944) mapping
function

winHFanlosszuiviRsaamneluana
fudnsausdiudentinuazdiafuindavoadmde
TaoniaTisid single regression FEWINIUAAY
wndaaminglaanavu lingkage group AUSNWME
iaula windsamndlnanalaliidy K fifhioddcy
naiin u.ﬂma’hﬁmwt%aﬂmﬁuﬁuqmwﬁ'muqu
Anwouztiu wazviimyiasied multiple regression
HOATINEDY  AIIHANILSTENITINGHIATDONHTY
Tuanatudneaznisuaasesnitanlalrolilusunsy
STATGRAPHICS PLUS 3.0 lumiitrTiziive 2
Anou

srysiumistaeiiualenisitasizd QTL
Taolilusunsn MQTL (Tinker and Mather, 1995)
19 stm (simple interval mapping) uaz sCIM

(simple composite interval mapping) HIATMU
WguRUAT SIM war sCIM AIRMIMRIINTZILNIIUDY
wiaowinsluanausaziedamang  fuualiduan
Taogn 1,000 99U 1% walk speed 3 cM uaziimum

x

type 1 error 5%
HAaN1INAADY

sfiavosiaToomnngluanauazanuginroluns
UENAITHUANFT '

HANIATIVAIHLANAI TSN INaY DNA
vaudrewudriouazusilagld AFLP Inswed dwou
193 § wufl 100 ¢ Fmdu 51.8%) AamsaliiaIn

umnsialel laofi 83 glwswoifliarauandroves

unU DNA fousd 3 siwmisiuly il 83 ¢
TunasouAImuANsITTwiINgn DNA 9ngn F, Al
AHLANA T IEnvasfivdaninaauasdiBon
wia wuil 11 g Wi weansinaTan 15 duwd
(Table 1) man1:uinsied SSR useinnuaz
dadioa3 51 glwawed aminfisen PCR fiu DNA
voedamie wudawnsoinuGisenld 26 d Andu
50.98% lasfiAnalwainns VM27 uaz VM32 wimiuil
{%uou DNA wuu single locus uazfitios 5 ¢
Inswasiliarmuanatesznitaaofudrioud uas
Jswinngs DNA woegn F, #fladsuans iy
Usznauding VMI10 VMI15 VM27 VM73 uag VJ31122A
dunsliflwsmed 1SSR TunsnsrvasuRIMURNENS
wuii 28 Inswedfiawsaiufasonldamdu
82.4% uarluiniififes 17 InnnesAliuou DNA
fifirauanierzwiteaoiugraud uebiawnsali
AYIHUANGNTEIeNdN DNA woegn F, fifidwdan
dnuasdiBoinudasitailel
dioiadaominsluanafidannsougnAIm
uRNAIITENINgN DNA lAlumrs19a9um1A1IN
uanAluUszang F, WUINATPOMNIY TAC/CAAL
AAA/TGAL kar VMI10 #nnTeaestasnsusng
wazlivusanguau DNA lidemadaafudadiu 3:1
a38013 ¥ - test Solbhluldluntstiasizinn

linkage group
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Table 1 Segregation of 15 polymorphic loci from 11 AFLP primer combinations (EcoRI/Msel) in bulked
segregant analysis of F, population from the cross between TVsull and TVsu 1061

Primer combination Pericarp color Seed coat color .

white reddish-purple - red . cream

¢

b

TAC/CAAL
TAC/CAA2
TAC/CTC
TAC/CAG
TCG/CTG1
TCG/CTG2
AC/AGG
AAG/AGG
ACT/GTA

. AAA/GTC1
AAA/GTC2
ACA/GTA
AAA/TGA1
AAA/TGA2
GA/ATT

..

o ol Tl B B e

MN?O‘NNDNX
MNNNNH'—‘HNP‘HMP*HM
M%'Mxxidoxxooxoc

[ B S R o= S ]

Banding 1 = present
0 = absent
X

= no polymorphic band

Table 2 Single linear regression R value of selected molecular markers linked to pericarp and seed

coat color in F, population form the cross between TVsu 11 and TVsu 1061.

Marker R (%)
Pericarp color Seed coat color

TAC/CAA2 7.17 45.55%
AC/AGG 46.64** 17.34*
AAA/GTCI1 5.20 37.26™
AAA/GTC2 22.17** 9.50

ACA/GTA 5.21 14.97*
VM27 14.77* 42.45%*

** significant at 0.01 level of probability.

my
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N33R0 Linkage group uasiAipsnnalauana
fidanlsaiudnvnsduwbaniinuazdifiafundn

diovnAToamie AFLP $100u 13 1RT80WHN0
uazIAFedwNNg SSR U 5 tagaanine ludiaTev
w1 Linkage group waza¥raOuurnitlaslilonutedu
Wyl fladmusrn LOD score 5 maximum distance
45 cM awnsndmlddu 2 linkage group il
unlinked marker uaztflodaFoodduinfomnaluana
waza¥0idu linkage map ¥iIWI& linkage group 1
(LG1) vw@ 119.2 cM uar linkage group 2 (LG2)
YA 947 cM sauiduszornag 213.9 cM (Figure 1)

HANTTIATIEN single regression FEWIN
wioanglnianasineg fiusinguu linkage group
g0 (independent variable) ffudinwauzdwdeniln
waziiiovfundn (dependent variable) tiaw
weamuneiidonlovudnenzflaulsedrefitlod Ay
Wuinizdua i 99% # 3 wSaannefifiarm
fiusivanwaiswdeniindivouae  Taordoanine
AC/AGG Tifin R? gogn Ap 46.64% uazil 5 tATaovnny
fiflarmdniusiudnsasiBednndaduae  lao
tATauminy TAC/CAA2 Tid R goflga 455 5%
(Table 2) uazdlo3ATwv multiple regression (#p
ATIRFoVA A ST A aamnsliaganano
wisewnne  ferdenlosdadnencidnun wuin

LG1

.r}_ ™

134

T VMLS

T, TeTT

24

H- Taccte
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fiszsummadisiu 99% dnvnziuBoninandsizouas
Wonlosiupdoamuneg AC/AGG LguAToIMHIIRE"
dMIRToINHNY TAC/CAA2 fu AAA/GTC1 Wanloe
fudnwodoundnduas oo 2 wlseminedan
fuaziiindn R 10w 56.58% dauA3eavinig VM27 Gy
At R* Tunsfimansdiuuy single regression v
42.45% nduliiiviedfymeabfudadiaTniimiy 2
Wianni

ﬁi'mmiwmﬁuﬁmuﬁ‘uﬁnﬁmﬁtﬂ‘ﬁanﬂnua:ﬁtﬁ'aﬁu
WAA .

* HANTIATIEN QTL andumisuaafud
Awandnvazianiindiaouas TagRatianandr
sCIM main effect wuinFifigy marker AC/AGG v
firwegluusinnming 33.6 - 40.8 cM vpa linkage
group 2 lnofidngoga demadsinumisuasiuezagi
vine 1.2 oM witlasuvido marker AC/AGG uaz
WoTirToinidumlsvasBufinuaundneazidais
WARTUAY WUTdousiTzas 0.0-- 49.2 cM VBN linkage
group 1 WuuSindifiAn sCIM main effect ganin
AwUSouifiou JefiteTeomnisliana VM27, TAC/CAA2
uaT AAA/GTCI 2wsegluuivimdindgtn laosn
gegatamaindusinumisvasiundn ogftsses 41.5 cM
Hodugaiiegialuatniadoomiy  TAC/CAA2 u
TEEEN 6 cM (Figure 1)

T1+=— ACAMCTA

H— VI - R
- wlannintiizauas
H— anwgra

134

<4 GAATT
Y TACICAG

H— AATIAGG
ST oM

Figure I A linkage map of 13 AFLP and 5 SSR markers associated with pericarp and seed coat color.
Markers were mapped with MAPMAKER/EXP 3.0b (Lander et al., 1987) at LOD score 5.0 and

maximum distance 45 cM.
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(fiovandalsifitiagantsRnwnioaiuddy
waluilunyeadmdoiivane  nslitadeaunng
luanafifinnnanmizivdduiwavaedlunidnde
TnomseSodalsiannsoild nsnwafiiTaoivi
mal§ AFLP marker fouffazifhanaomnabianaf
Wwihwiiserlaegn uafiiaduwingrge wazamien
W leE Gones et al, 1997) uazdlmhlusues SR
vavimuuazindonnliinud Inased vM27 uas
vM32 Tuou DNARTURUL single locus 18 1Tunns
fuiufearmawrgoliinanes SSR vasRvsnouting
finrwlnAseiumraiugnisasnidlunsinun§lus
vavfuBnufianilald G0 INCO-DC (2002) Aisnoan
doarmduiolunislilnrued SSR woedvuiy
DNAvasimFeseuiuiy femnnfidoyannifisnass
snimhlugnindfisuidsoiodenloenmdniug
sewinalunvesimaiviiviug 16 Tuguuuuniain
comparative map Asly uslwaned SSR wanosils
dnInvinfizen PCR du DNA -weddmTvlé
Tuwasfivawdfivinuiizoléludnevazyes muliple
locus ﬁamng’lﬂmmm‘lﬁﬂ'nauﬂnﬂ_"m‘s:';ii'i'miau:-i
uazszninngs DNA fiawrsobiluldnhasizing
linkage group Tudnwnizvas dominant marker §f
wuiu Tunsdiveslvrwes 1SSk Fafiulwsimesiiudn
Fueyvdrludnifidwuat gl vuidning
(82.4%) amsavinfjizoniu DNA wsaiy wials
wein 137 Ll lwsweslaarunsansnainuansitg
FENINNEN DNA Fanlalidu vrenduiiaiadunay
wizasadnnnedaligoms Wadwamlwime iy
nsdneAdeiisouliinme waannsliwiaomng
Taiananarouilaluntmaasedl  sildasnsnane
AuvivtasiaTeonntglianauuLHuiiued My
Tastulawldnnndiu 1adoovanoluananiieg 9
awnsormsaiildidu 2 linkage group aghasingm

TumsHiased linkage group vagAToaviie
Tranasineg Tuafefi Bonliidn maximum distance 45
cM ifelitiulaléiin szwitairdeaunnolaana 2
AT aonunofifidiivdaioofulidudaszenniy
NITEMUAIIAY maximum distance AN 45 cM
wivzld LOD score e 3 vxfuavililsismou

linkage group ¥ndu uazunRfeswingluana
natowdiu unlinked marker Tuns@nwdafiueu
fusiutgosirdoomnoluanabinunuinnnmau
N17AMUA maximum distance 45 cM udad
swnsafindr LOD score Wi 5 Taofiniomne
Tianatuusas linkage group Suasiinfiowan Sulu
linkage group fiaw3nsoniulé

Tunramandiudsznitaadsanane
Tuanafudnuori@sniindiouae wiinadaomny
Tiana AC/AGG AAA/GTC2 uaz VM27 T slope
199 ‘single regression #fsd Ay aaiaszay
Aadiadiu 99% ARN wian1THATIT multiple
regression ndulinainfilawinaTosming AC/AGG
winiufl ideiled dnmadi waznTiiRIreing
viiruffiasednwardsniindsiseunavedin
fumisvasiusgmilowIawmne AC/AGG s 1.2
M Feannsalfiadseminoiiiuntszysiumisuatiu
flaoumudaninditounols usn1sfidt R wae
wiosvaneoiifiAnfioy 46.64% esfinaniannnisi
daya phenotype vaudszums F* Aldlun1shiasncd
fdnnwiog

IMMTRATTOUNAN R? AtTsifundnuiio 99%
vaunToamnalanasieg fidlanlooivanvarvaed
Lﬁaﬁjﬂmﬁﬂ TwfunsRTeiusneey linkage
group fifgrdiseiunisfidnunizidotuniaduag
Wi ey AC/AGG uaz ACA/GTA Heaguu
linkage group 2 ¥ SIM waz sCIM main effect by
gandrdsziunasgw deiu wisaminolianal
danlosagivdnsorRiborinudauazawnanlfineto
Tunvsdn@endnuusildRTousznaudoirieming
TAC/CAA2, AAA/GTC1 uay VM27 uu linkage
group 1 lagasifinToovisng TAC/CAA2 uay AAA/
GTCL i mmefenlosiudnunzdond 1o il
YodAny
USinfildAY SIM uaz sCIM main effect goiiam

(] | -~
uﬂ:‘l’l\!ﬂﬂ\‘llﬁulﬂiﬁﬂ“ﬂﬂﬂﬁ’)’]\lﬂ’]ﬂqu

SwianduinaimdusiumisvasBuniniiauas
dnwaiesl Soazannsalfifueiomnslmanaite
Tuniidadon snefilrdaswing VM27 Sefisumio
wseenluuy linkage group i onwezvieglnd
fududuiifsaasiunszuruntsmdnsiivesni
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dneami@onbaiduns GonafingrvenBusmmusan
muqumia:ﬂmﬁnﬁﬁﬁmm\m VBISUAY HT89u
TuRuvaneufla i N9AZaEN anthocyanin viliAe
frnondadunludiusineg vossnin Wunadniu
wodu 3 ngn Lo ngdfwifisireuasnszduns
a$afiad ngrioadasiunisauannaaiiouding
uavimuadumisIazaRvandiiad  uasnguiidude
nrazanuladfiiumiosineg (Reddy, 1996)

MHANTTILATIEARATIHTNW UG TIN T
wisammgbuanaiudnwosiifne uazmaszydumia
youdufinvandnsosiudentindritsunauazideiin
wiaduso viliawnsoagiludesmilsin Tuduand
wiisswinediewud TVsu 11 fu TVsu 1061 Suiidl
narednwboiuEnduatagun linkage group 1
Faduuinwsanioammine VM27, TAC/CAA2 uas
AAA/GTCI lasfiundnagfiviiomizey 415 oM wie
FEMINRTEMINNY TAC/CAA2 flu AAA/GTCI dau
Sufifinasiadnvaridenidnaniiioouag  1wi0gH
AuvaUTEHIM 33.6 <M UY linkage group 2 Wi
fisvoz 1.2 cM wilowr3pavang AC/AGG

AN UAM

mwaaaai‘?lﬁ%’umiﬂﬁumguﬁ'mou
dsznrrnaudimaluladgfininineas lageu
Uszrraadlasansdsoudisfneuazide  arwn
waluladdinmnsas nwldlarenisindadng
wazdde aruinerraniuazmalulad dninenu
AMEZNTIHNITOANANET nTznTedAnyIBn1s waz
TassnrsdaadnnguidouasWmninusAvascgada
dvinsunaamu@iuayun T @m.)

LNaS91eHe

372 grvsnalsnady, Rsednd Aol Sagus §ium
uazauddy Juniwdn. 2548, 8n e
wuguaswugnisntunisdieveadnumuzui
Usensveaime. wil 30 - 38. Tu s1weu
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nsiiAvlauasimuusanaad AGeNA18WUG opaque leaf
Seed Growth and Development of Opaque Leaf Mutant -
(Vigna radiata (L.) Wilczek) =~

27931 fuiing’ AuBds unTuiw'

Fagms Fiua’ uas fissdind AIlamT
On-Uma Rungnoi', Sonthichai Chanprame’,
Theerayut Toojinda® and Peerasak Srinives'

Abstract

Opaque leaf mutant of mungbean, a popular Australian cultivar ‘Berken’ and four F, lines
obtained from a cross between the mutant and Berken were used for studying seed growth and
development and seed cell morphology. The accumulation of fresh and dry weight of pod, pod-wall,
seed, seed coat, and cotyledons in normal leaf, viz. Berken, N531, and N541, were higher than the
opaque leaf, viz. opaque, OP531, and OP541, during 12 and 18 days after flowering (DAF). The pattemn
of seed growth and development from normal leaf genotype can be divided into three phases,
beginning at 3 days and terminated at 18 DAF. However, pods of opaque leaf plants became yellow and
wilted at 13 days and completely dried at 14 to 15 DAF. A histological study of the outer epidermal
cotyledon cells’ revealed that these cells were able to differentiate into transfer cells of both mutant
and normal seed with difference in shape and size. Epidermal transfer cells of normal seeds were more
uniform in size with rectangular shape and its cells were longer and thinner than those of the mutant.
Moreover, the transfer cells of 2 mutant seed varied in shape and size and became vacuolated

and deteriorated at 14 DAF.

Keywords : mungbean, Vigna radiata, opaque leaf, seed growth and development

' Ayl Ausineas Muwuau i imendoineasaiant Srouaiiuroum uRTUSH 73140
Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng Saen,
Nakhon Pathom 73140, Thailand .

* wihawgyfiinvAumabudn gudvugiaansmuasinalula8Banmudend s inondoineeirEad o nvadiunousau
HATUSH 73140 . . :
Rice Gene Discovery Unit, National Center for Genetic Engineering and Biotechnology, Kasetsart University,
Kamphaeng Saen, Nakhon Pathom 73140, Thailand-

-



236 mswiaudulauasan 2. Inenmgasinyss

I7 38 il 3 wgwmey - Fwrwn 2550

: : . UNARED A o .

FE | - - e .- P - !

nnnsRndulieaeudnane ‘'opaque leaf Wug ‘Berken’ fuihwiugugnfifisnveszivmoediande
uazaIwugif 5 ﬁ‘lﬁmnm-mamuwmmawuq opaque’ fiu ‘Berken’ wu1 Slulwlfsiludid@isné (Berken,
N531 uay N541) ﬁnﬂitmﬁcytmuTmuavwmuq wazdnuoidogmingsaradndn nsasahmiinanuas
vhwinusivueeiin wWasnin wila Woumin uacluidos gani§Tulndffluuwy opaque Copaque’, OP531
way OP541) dousszoz 12 8 18 fundemenuin sUuuumanasadulauasisnadaonilulmlifludiger
Unduseenl#ifiu 3. weznen 3 u wazduaeit 18 Humdemanu TuuneftnueedhulmIfglu opaque wgn
mvisun Tnowdouiufmesuandivadiofiong 13 u uazwisluiufl 14 G 15 Sumdorsnuw nsfnw g
WiaBetmowsawaduidnery 9 fuamisansThulninuin epidermis cell faduadfiaguivinduuangaves
Tuideos ThvAsuuuaamiinfiuazgutaludu tansfer cell aghalsfiony vwiAuazzUsI0wRe transfer cell fimy
Tudnanduludiforunafivupainane wadfivwronauazunandt transfer cell MNnEsugnaty wenan
figiowuin transfer cell Amswdouuvasgusuasenin Taowwadf vacuole vwalvg) uazgnuiowiniuaz

TaseaFrovevuad lilowdianugnaeiiony 14

AN .
wAmbuundafuazanemrsildainnng
Fuareiuaslussnioflindamdonmu  dudu
nyruunsfidRylunsastonandn  uazolifus
Famvonsiolulfiluanmuiadansg (Gallardo et al.,
2003) nsWmuvewdsdun I TUBouulacfid
grdutursozenag léun n15asuulasusviiode
(histodifferentiation) TEHEHEANDWMT (storage phase)
uarszoziNdnunY (desiccation phase) (Weber et al,
2005) nMsRFyRviaLaNRNNTBINERT UL
(Pisum sativum) wusesnlfiduanssus Ao Juoz
nasuuawad Ceell division) ifuszorfiwadfinng
WUWNDENTIATY TeoHAALn (maturation phase)
Duszosfwadvasludesfimavensnnaussifuazas
N1 uaz‘sxuzqﬂﬁ'\uﬁmw:mﬁauﬁq {seed desic-
cation phase) (Hedley and Ambrose, 1980) it
wisSudingszozgnud  finswdsuuvamiediug
winBovesluidosusngiuedwseden  Taowad
epidermis fiduusngavastuidodléivdsuuiadiudu
transfer cells (Weber et al., 1997) n1aiia epider-
mal transfer cell fRIMNENWUSDE N INEDNT
wennwands  ilsveniuivadftinisdeuuas
Wermifanzlunisiusasdedavarso 1@ le
nmsFaaseiandivfvazanlduluifeoluszo:
fifingacanamns (Weber et al, 1998) wivhif
SNy transfer cell fisudmnlurzosd

. ‘
fimsfmmia nananeiugiiaiuf epidermis cell
fuatiudemswisuutasvaanwadluifiu wansfer cell
iwadgydonimiwiindisenaaly  donaliiads
AWwundn uasdereufissgnuioteanysel (Borisjuk
et al., 2002)

AR uSTEwITen 1T WRsuLUa D
nTzumMnTiaueddnivlassaivaamdalutag
nweun lasawzottelefisasavamnimdinuie &
AMmdRY e sNNEsNTTUIUNIRANWUS funanEn
(Johnson et al, 1994) mTAwmEREHTOAININTTH
nnifluazasomninanastazasasiwinuavinina
viliifinandngedi (Hanson, 1991) waztndsmumiu
ﬁiaﬁm'wn’m:mmf'laanmnmﬁﬂ {seed desiccation
tolerance) (Borisjuk et al, 1995) Fomsszmei
duiafuilowdadigszernisanun (Sanhewe and
Ellis, 1996) Wi 1ANERILMIUSONTTURGINN
wiotios Ausgiuviauesfiv  SmsnTgaydodn
U sdulusde (Ellis and Hong, 1994) 151"t
asTulowmiiazanmiils ardidiuvadlylananatu

‘wazAmiatoTveaderirad (membrane) szwinf

WA TIEMEE (Sun ef al, 1994)

n1IvAasefiSefiTaguszaAifeAneinig
geamiwiinudie ArstulunEa wazdugniveues
wadwdn ARnason1veindiviauaciemmdsii
Wemudnane opaque leaf
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aegnuanszviteatewud ‘opaque leaf
fiuviug ‘Berken' Saifiuugnnmemsdruecszing
podATIAY Ugnndadafl 1 uazdaseq wn laousns
Winasseos Wuifloamdsusniiodiu abedaiivi
SeAmBanndarsiugifethaindlunsd@neléu
anevug N531 ffu N541 Seifludidioaund Museiug
OP531 waz OP541 Fuffilunuy opaque tiwugn
wioniiudeRugroud Wedudvivonaan ynaonfi
undluusiszuswam 20 Go 50 menseaieWuGig
Frefieinag WeuaasTumanum uifeaiinfieny 3, 6,
9, 12, 15 uar 18 Juwfvmonuiu 91mm 10 iln
Trenfugnsiuazuiloiind o 10 fuemnusasaeiug
Tagauanifuinunfigaingit 4" ellesiunsszimeri
Foiwininan wWasndn wis Feundn uaz
Tudes uinilusufigomgd 80 "s w48 .
Wedahwiinude  wE IR IIMUENIMATHTUYDY
waaziudm )
nsnuduguivervsaniafiindeimmn

FRENATNEARINYINETIITTHI 5 B,
wtluriren formalin-aceto-alcohol (FAA) indiu
50 % geenFesnanuioBelasliiniasqunnia
(vacuum pump) um 3 wH. flgumpiiian Hafial’
wilidu rediodoasuslu tertiary butyl alcohol
(TBA) winiiu 50, 70, 85, 95 uay 100 % sH&E15U
Tastuusazarmdinduutum 12 §2lue amiudely
wilu TBAwparaffin oil Windu 11 fiaamgi 60 ‘v
12 wx. uaziwasutu paraffin uianfigumgi 60° v
12 4. v 3 Afe simbaindudnilunehfeinanaiin
\in paraffin Al fal¥iudesn Falimnuszann
7-10 Iulanumsfiag microtome 2wasuunszandlad
wazpuliuwioiionmnf 45 'y donsao8fion toluidine
blue uar fast green AWiBn17e9 Brooks et al.
(1950) ms23apunelindes transmitted light bright
- field 94 OLYMPUS BX41 uastufinninéendod
dhenmiAdnea fu OLYMPUS DP12

HALAZ 191908

madaiulauasvennvsandanaziin
‘d‘ L' ; '5 o ar
niFazandmtindgauasiwinuiaveiln

waeniln widn Wodmada uacluidoefiliemsdsiy

Wy opaque wazlut@oaund lruansnofudousitin
finilnoufia 9 fumdamanuiu AHRANATGTHUTING
faauiszer 12 Tundorenum lasfiwinanuas
uiavesdminuazindafildornsuiiluwuy
opaque U nIwiuAiluiidiownd (il 1
msfnyUinamwiulusdaeaunaiewugnudn
fEAafiuszNng 75 B 88% euusiszer 3 B9 12 u
vésmenuuautiiineny 12 Fu leoflseiusiituuuy
opaque HUBNMMATMNIUlRERaRAIMED 8 G 10%
Tutufl 15 TuwneAaevgiftuunfsinstulunds
600 A 15 Tu uazemaawmfio 13 fie 18% Tuiufl 18
nisaBnUY (Nl 2)

anuanisaaosafell annsoutoguuuy
maesdulauasm i andauusiuifiluun
pomiu 3 Jrer ANNITEZENTIITNUTILATANEL
Tundn Ao Tuszozusn Ensousifuusnouis 6 Tunde
pONUTM InBafiAEBuTEIMm 75 Do 88% §nnT
geamiinuiivedredng wasfivangszessl wiad
dhmlinudiauszanas 2% vesdmiiudadowdagnun
scorfiges Wusserffimsacaminninuitod i
Trodudous 6 Gs 15 Nundenanum Areilusdn
ARAVIINUSTNI 85% IWABUTENIM 60% # 15 Tu
srozfien  naazaniwinudsesasinaifindy
@ntipowdnfiamtiu 13 de 18% Gezusuudondn
KANANNIUBUUM TS uas R NEATT Lo nsu
fifflunuu opaque ovanmAangansiiszer 12
Taofiwrinusiovesin wWaenin wie @ovunds uay
Tudes aravedemmFluiud 13 ndosenumy idesen
Ander Hnuiinuaatasansulddne wisfiaua
uassimiinasavederimiuaziergunisluian
nilovIoaeaTusionn Le Deunff and Rachidian (1998)
AUt frwdusde 550 ugaingfveanisasan
dmtinueawda  fadudnwamieniziiieafunisgn
winwadTinelumdafivaszgady lunmmesseiing
FudaftlFnsudiluwwy opaque gandorinadiu
ati'mﬂmﬁ';'iu'i::-a::ﬁaawaamsﬁ’mmmﬁq Fodnius
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Figure 1 Accumulation of fresh weight (left column) and dry weight (right column) of pods, pod wall,
seeds, seed coat, and cotyledons of opaque and normai leaf at 3 to 18 days after flowering.
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Figure 2 Seed moisture content per pod of opaque vs. normal leaf at 3 to 18 days after flowering.

Fuusninsasasvaniwineda  n1afinEafiLE
snsufifilunuu opaque Twsneeng 12 fu 15 Su
firrntuasaseduTaianBafion 8 Ha 100 il
wsiinnsazmnihminuiadios 10 89 12% e
vinsinusiasdnildeniuund naaeadadianzyiuiu
vesrmtulundaluiuid 13 wimenuu finaviali
winvessiudifiluuuy opaque wgansWmn Ha
donndouiuioagUuey Fraser et al (1982) woufl
Tekrony et al (1979) aquin mIanaeadeTIAT
yasAaMninlwndadatuilasendadulallas
ssuumainiasewsifensefuddudnsely
wazfinavihlindadelavenfiszoznravmund la
anyiol (Ney er al, 1993) Tunrammansiinuin
wiafioglioondn 15 Jumderonuu Heasdnuus
Aon1tanmAigaifonimivlundasdiesimis
iz iadauiveny 12 e nsufifly opaque
awamnTneenld wafiwefidusniseeniiey 60% uaz
sundfvenuresuifidnuociaund Wy higlvindey
Tifiwon Lifltusduguan flueteduanualaflugonan
Tuusn wisfiluidoafoedudon Gedundunartiess
nvsvdgiuladannuezansluluiigs

Fougnineweandafiindensmn

TInnAnineasnaTugwine1vey
wilafiddoimny nngafifilunuy opaque Muly
ddlonwnBnolfindasanssmd wudi 3 humdeaonum

(nmifi 3 A uaz G) uleTufl 9 wismenuiu (nanfl 3
C uaz D Soiiadinin wilin opaque Sunauazgusng
UANAWAINMHARYDIENUNR  wazfiAHuANE TN
damunntiufosdananrndeiudl 12 (il 3 D
waz 1 TaoluiBesvoamdaandmunafimanmmiou
Wandepuniauazudeoniin TuuneAluifosvesnda
nfufifilunvy opaque mwaufuwiy niafl
yumnassnaufiafidevitanteluugenidn  §o
soxfl uszosfilndnmdes fivauasngadaenn
fulddre Tuiudl 13 wdsfidnenciu (vl 3 B)
Tuidsentinfumiuildnvocagonamiloadu viedm
vosluidoeBaRauiuiuiBoumds  Tuunsfiviodo
fugneananiBodanin nBaflvuinanacedng
saFazivszuanldiieiflomdauis  ileven
mabuBanfadafivevinenn (vl 3 F) Tuvaw
fndnandufiludidounafinisimuniatuegae
anysod (nmfl 3 K uaz L)
nn1IAnelasea$rvveaadindanuin
wdaflarg 9 T (0w 4 A uaz B) SAarmuansiidly
nOAuazgUIuee transfer cell Fulwiuadfila
finawsuuamiifinnen epidermis cell fiogdu
uonvosluides Tao transfer cell voundnd lEandu
Afluddewnfiflvuesinans  fguiraduiindon
fudiinine 100 fe 200 Tulasims 917 1,000 fa 1,300
Tulaswes Tuuniefl ransfer cell voawmdnaindu
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(nmift 4 Tuunuefl transfer cell vosndrandiuiifl

P= o ra
Tuuuy opaque finmwasuuvas lasflurswadd
quinnamiilituuenuenadifouachitou wadd
vacuole wuialngy (0wl 4 B) wadidonan

(nmfl 4 C uaz H) Waudely parenchyma cell
fauefuanstaiuaziisuauies (nmil 5 C, D
uaz E) fenrsifeuuasguiteusy transfer cell
war parenchyma cell 919finaviifivadiu
Lﬂauﬂmwua:gryLﬁunwﬁwﬁﬂﬁ'fnummmm
vpAvAdNNIUTE (cell membrane) (flavandingg
inbhdhguadlvsnmsnn sasiflefinsgyioh
mj'm‘:'anL%ﬁﬂﬁ’fiﬁ’[ﬂwﬂﬁwmmaﬁmmmugn
waeld  uwazdenalfadgoyd@emirflunisoude
navasann g (Caffrey et al, 1988; Black et al,

1999

Figure 3 Photographs from light microscope of pod and seed cross-sections from opaque-leaf
plants at 3 (A), 6 (B), 9 (O, 12 (D), 13 (E), (F), and normal leaf plant at 3 (G), 6 (H), 9 (I), 12
(J), 16 (K), and 17 (L) days after flowering.

[ J

- - :

Figure 4 Photographs from light microscope of seed cross-sections from opaque-leaf plants at 9 (A), 12
(B), and 14 (C, D and E) and normal leaf plant at 9 (F), 12 (G), and 15 (H, I and J) days after

flowering. p: parenchyma cell, sc: seed coat, tc: transfer cell.
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Variation in Phytic Acid Content in Seed and Correlation with
Agronomic Traits of Mungbean (Vigna radiata (L.) Wilczek)
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Abstract

Phytic acid is a major storage organic form of phosphorus in plants and found in high
amount in grain cereals and legumes. It is a strong inhibitor against the absorption of nutrients in
monogastric animals. The objectives of this study were to determine the variation in contents of
phosphorus compounds and phytic acid in seeds of mungbean germplasm and investigate the
correlation between seed phosphorus, phytic acid content and some agronomic traits in selected
accessions. Total P content was assessed in seed of 250 murigbea'n' accessions and found ra'nging
from 2.34 - 5.75 mg/g. Five accessions with high and five accessions with low total P content,
were analyzed for inorganic P, phytate P and phytic acid contents which were ranging form 0.34 - 0.59
mg/g, 1.67 - 5.03 mg/g and 5.94 - 17.87 mg/g, respectively. Total P content was positively correlated
with phytic acid content but negatively correlated with the relative percentage of inorganic P. Moreover,

inorganic P was positively correlated with days to harvesting. No other correlation was significant in

this study.

Keywords : rhungbean, Vigna radiata, phosphorus, phytate, phytic acid, inorganic phosphorus,
agronomic trait, RP-HPLC
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ﬂsaﬂasaauuww Triavvasrada waznsalvan wuiieglutan 0.34 - 059 un/n, 167 - 5.03 wn/n. uay
5.94 - 17.87 NN./N. AHER Usnouoaraarewnn fAnndaiusi ‘l'.uwmmnnunm'lﬂﬁn RAFAIMHANWUS
TmsauiuefiduareaneTaefiunddnims  MiKandiusiznitoudunn  nsalwandulofifusves
woara¥aolunddimdiilulunwauiiie dnBinameeds aflunidiiewdiviudnisuinivengiiufisn

daudnuoiziug linuifirnadiusig
AT
nmasylnowns  dulgmnfiddgdasia

nIREUIUTEINA  n1svRsImmanuazfonz il
nznlnsunmanilefinylalumanouszmaiialan

FUNARUOINITVIASMAINETY Iiun (1) n1sfismmdn

ua:ﬁanzﬁﬂ‘%mmﬁaa‘iumnw ioganAmgInY
yirliliamnsnfuuszniuems  Afisiqulinua
FonzfiRommeld defnhudedaiuazinfoctudns
fifliange uaz (2) miliFusgemmiiaeafiooms
usi izl mswgndruaneniaads
nsalwaniBuasusznouraanefavfiantl
fiipunemsgainsgmdnuasdens&ludnd nszmag
WBe Ly Nuwd (Gutieri et al., 2004; Oltmans et al,
2005) duldannsedin nialwdnuraarsdusig
woanaTafiiuurrlowiotunold Snamsdudng
ninlWfnasnnng anmusadon iz ldatgw
NanEvanin (Raboy, 2002) wanwuTmwmavialanda
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viwmiin 100 wida Swudinsedu uardnnumdnsietin
AT UinameareFanonsalundadudomn
argwud unumiasramiinunsalwinlaonse 9n
Ywhaoigffiuiaiureanafavmungegauas
sdnodear 5 @ewud iiiessiun USkionTa
Infinuazreaveiaeflunidealy
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40 mesh Wiusegnolu desiccator Migaamnii 4 ouAn
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REHUINRINATNTTVI09 Ockenden et al
(1997) TamiriegnowdaunanBonUszan 1 iy
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usiuea niande 5 HafdnT npsuavuiuudaeaiu
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2. Insnmigasumias

Tniu 9 Sumsniatu Fen il 1 Feusmeuduinm
woaraFerinalusdangluiag 2.34 9 575 wn/n.
TnoanoWudifiuiinugegn Ao V1724AG Sawannin
aeNLERIIN0EgR Ap VI137BG v 58% uas

Joyatanalinszoreiwuung (P < 0.0001) §

Ay (-0.18) dayafiadmlay (2.55) Wiuuni
firaio 3.82 ¥n/n. AMUUTUTIM 021 dnUsclng
AMNLUTUTIN 11.96% USHIHaaWaTaianyaly
wimiavugnasndudlisudusiosnszaouuuund
mazARLANA i man s nmaeede
WUSNTIN ANHQANANYI0TUAZAIINEUYEVAY uaz
danmRon A (Raboy and Dickinson, 1993) dnw
windeonfinadoutiumoanadaf  AvaninTogads
ndululd Tuuoftefomefugnimm sxfusdin
szAuAmENTIoveeRvlu nagadireare Tanillusu
Han1THATIEAAENRdRNUS SEndnauTinumanvieta

) L v s o .
wwHalnan  Sudnwmzivldurednuwoe  dun

Jmndadeiin Suuindiesiu dwiin 100 R
o1geanmen  wazogiiufen nuilafidedy
(ilauanodiona)

i1 38 @V 3 wgwmay - Tguirwy 2550

“nmsanamaeRugindor v
oaveFmiovimluningegauazsngn vl awnsn
wiaderugnamndudeeentsfiu 2 ndu Ao neudlsi
U uraare Yanovnaluinings 5 anowud uay
ngniifiuTnomeaveavionnalundan 5 awwug
Eovudhe 10 fivsinoe Woanedaefunds: Triam
weaedd naalWiin Weofidusvaaraidefiuniddinins
wosidus Iismaare¥adinms uazAwnaadifisingg
foudnalumizfl 1 TasuarameaeFasfiunid
ogluia 0.34 - 059 un/n, @eWLERSUSHMEGR
uazgedn Ao V1141BG uar VI724AG RINAIAU
UsnadlriamvaarefauaznIalninagiuae 1.67 - 5.03
HIL/N, UAE 5.94 - 17.87 wn/n. ey Taoaeiug
fifusnoiospegauazgegn 1dur V1658BBR
uaz V1724AG wWodidud voaveaefiuvidiuvinieg
Tuiae 63 - 19.1 % TnoaeWugRfiesifusisndn
pgauasgeda 1 Vi141BG uaz V3251ABLM
ANy wazwefiiudIniannoareadninag
Tutiae 70.3 - 98.0 % Tnwaorudifivafduisiond
Agauasggs [ur V1658BBR uaz V1687ABLM A

Table 1 Phosphorus compound contents in seeds of 10 selected mungbean accessions.

Accession Content' (mg/g) ) %
no. TP Hy InsP PA IP/TP InsP/TP

‘Accessions with low P-compounds ,

© V1158AG 234 037 1.69 6.01 15.7 . 72.3
V1658BBR 2.38 0.40 167 5.94 167 703
V1137BG 2.39 - 038 1.98 8.20 158 96.6
V3251ABLM 243 0.46 1.95 7.25 19.1 84.0
V1687ABLM 244 - 0.35 2.09 8.49 14.4 98.0
Accessions with high P-compounds
V1725BG - 471 059 ° 3.63 1291 125 v77.2

' V3092AG : . 492 0.43 L 412 14.65 - 8.7 83.8
V1722BG 503 0.44 453 - 1611 8.6 90.2
V1141BG 532 034 s T 1766 63 935
VI724AG 575 059 ' .'503 1787 103 875
Mean+SD 3774147 0444009 3174142 11514484  128%4.2¢ 8531983
CV (%) 39.10 20.77 4488 4205 33.10

11.53

’ITP = total P, IP = inorganic P, InsP = phytate P, PA = phytic atid -
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dwy leSsuifisuaueBosswinangusuaaly
a13ft 2 mudn HoasangusidafouTinm veareda
Hovun Iranvieavoss nialvfn waswefidud
HoarofaoliunodurinSuandoiy  usUIHIn
HoaneTaofluniduaziuefiiudlvisnreare fadnms
Tousndnofu uasmeds Ui WeaneFaefiunidlu
winddofiasyiiaiivginalivandei bide:
fluBinomaao¥a vionnagenTasda Schachtman uay.
AT (1998) T1e M WiamBawamusind voaneya
wgnifvazanluguuosnsalviin  uazesgndesdu
WoarpiaeflunSddnats Tunszuaunaseen mazans
UszneureaneFaefiunIdlunin ﬁm‘iﬁnmqums

vieeaeuleilunszuvounts waueddx 1Hens
wiydulakazWenT wisfeTopinifeiuiinu
vompTaaflunid Aoudreasfidreszuuniinanas
Taon o udmiusseniroudesssninndalnad uas
n"nmlﬁaugu'uaammiznauﬂaﬁﬂﬂ";’ﬂ'luwaé uBNAIN
fiimuihduranSanuuTuTeinea: Usinm
WoaraTaviiasioq fA19Enin 1153 - 44.88 % 1w
Arfiroudioge Senamoidioya finranszeresannn
oflamsuuusge einrzuszfiueindnadoay
A MuarAaioan 10 Wddeiuinveareda
wSimsinge sneiudofingnalSHinesiu

Table 2 Comparison phosphorus compound contents between high P- and low P-compound groups.

Content t - test
TP 15.19**
IP 1.66
Ins P 9.31*
PA 8.26*

. %IP/TP 547
%InsP/TP 0.34

"TP = total P, IP = inorganic P, InsP = phytate P, PA = phytic acid

Table 3  Correlation between phosphorus compound contents in seeds and agronomic traits of 10
selected mungbean accessions.

Trait’ ™ P PA T%IP/TP . %InsP/TP
1P 0.50 }
PA 0.98* 0.38
%IP/TP -0.90% 011 -0.93% L.
%InsP/TP 0.18 -0.24 _ 0.37 ) -0.34
Pd/Plt . 0.16 -0.35 0.27 -0.37 062
Sd/Pd + 016 -0.07 0.19 -0.15 0.06
HSWr 0.03 0.i4 -0.10 - 0.03 :0.68
DAF -0.33 0.11 -0.32 0.31 0.23
DAH 0.21 0.87* 0.12 0.15 -0.12

*Significant at 0.01 probability level, df = 8

- . [ 4
1TP = total P, IP = inorganic P, InsP = phytate P, PA = phytic acid, Pd/Plt = number of pods/plant, 5d/Pd = number of
seeds/pod, HSW = 100-seed weight, DAF = days to flowering, DAH = days to harvesting
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100 T

80

Number of accessions
(4]
[

0 = ; ]
252 291

329 367 405 443 481

Mean + SD = 3.82 + 0.46 mg/g
CV=11.9%
Skewness = -0.18

Kurtosis = 2.55

5.19 557

Class values of total P content {mg/g)

Fig. 1

nirieTeiusanulvianvearnefauas
nsalvAnfag RP-HPLC wuit Trswalvnunsnees
fudlaie 10 aowud § 2 fla (0md 2) wileufiy
aanmsgwludosliian  falresfiauguiain
ﬂiﬂlﬂﬁﬂgndaﬂﬂmmﬂu myo-inositol phosphate
(InsP) AfiSwnmaaamatioonin ¢ wy wiewdeu
isoform 1 wwdw cis-, epi-, muco-, chiro-, allo-,
neo- Wae scyllo-inositol phosphate (Loewus and
2000) flevanansilanadel pH M
(Urzano 2-3) uazgumigiigavnissziveui (40 podn
wailiod) uazanufirn detector (98.5 svrsaifleq)
wanent! InsP Tuwdadudvrensfnnnin 1 g

Murphy,

Frequency distribution of total P contents in 250 mungbean accessions.

ATTIENYEY Ockenden et
1&ud InsP, InsP , InsP_ uaz
nanefiflusununsalnindy wensansl Dorsch
et al. (2003} war Raboy et al (2000) &ywy InsP
nnd1 1 guiuiuludiunaduazdnlne uasls
ATIFOUNILATIET10U09 InsP #729 NMR (nuclear

al. (2004) fmu 4 U
InsP, Tudiruniadnug

magnetic resonance spectroscopy) wuda 1iu
Inng, Inqu, InsP_ uas InsPh uas InsP_i. InsP. uay
By i ) ne b3 X 0y
InsP, AW Fotiu TusnAidensail Surwnuilsidn
T e a = =
M 2 WA R1IAIMUNUTHINM InsP 334 uay
UrzsuanihnSinnldianieansda oAby
Usnunialniingslu

standard sodium phytate 200 ppm

V1158AG

Vi658BBR

VI137BG

V3251ABLM

V1687ABLM
VI1725BG

V3I092AG

V1722BG

VI1141BG
VITAG

I | !
0 5 10

Retention time {(min)

Fig. 2

munghean accessions.

15

Chromatographic profile of RP-HPLC analysis for phytate P contents in seeds of 10 selected
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Haln&iAgauil Raboy et al. (2000) uax Raboy et al.
(2001) 510973 Tufylsaey WU Ay avSandinus
sendreliuanTalniin  nasveanaanonanlu
wimiiu 0.95 uar 0.90 mwERY wenNTUSHIN
woaeTmianna TunBauasnsalvBindodiiwusiuna
auffuipfifuivaaaimeiuniddwms (- = -0.90
war -0.93 mNaAy) drudnvaniafislinuda

ot d w L - s L=
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Woavadd ofiuvid (r = 0.87) AT udunaNNg
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vaseulwilunszuviunsmaueddn (Ren1919%y
wulauazwrmnsafind L itinesiu

B
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N3EIYNBANHUEN INUGNTTH Usnuaaalsfad uasUssansam
nslduasuaeidsaly opaque ﬁlﬂmnn'ﬁ‘nnu'm'ﬁnmﬂwuﬁ
Inheritance, Chlorophyll Content and Maxunum Quantum, Yield of
Opaque Leaf Mutant of Mungbean (Vigna' radiata (L.) Wilczek)

g : 27941 Jolioe’ AsvdnA AETVME
audds Jumiwsn' uas Signs Hua’
On-Uma Rungnoi', Peerasak Srinives’,

Sonthichai Chanprame’, and Theerayut Toojinda’

Abstarct

An opaque-leaf mutant mungbean was crossed with ‘Berken’, an Australian cuitivar to
produce F, population for studying inheritance of the trait. The opaque leaf character was found to
be controlled by a single recessive gene op located on different chromosomes from the genes
controlling petiole color and growth habit. Their F, random lines (Fﬁ) derived from individual F, plants
were used for studying chlorophyll content and chlorophyll. fluorescence. The chlorophyll content
in opague leaf was lower than in the normal one, indicated that this trait is a chlorophyll-deficient
mutant. The mutants were also lower in maximum quantum yield efficiency of photochemistry, F /F ,

L4

compared to the normal leaf.
L1
Keywords : mungbean, Vigna radiata, opaque leaf, chlorophyll mutation, chlorophyll fluorescence,

inheritance
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nmaseeilfaonignats . opaque ‘leaf uaniugiuiug Berken' Suluiufnasivesyszme
podTAY tﬁaﬁ%'mlj‘ivmn‘sanuﬂumﬁ 2 d’mm‘h‘l’iunwﬁnmn'ﬁmumaﬂmawuqnﬁu wudr Snenluavy
opaque nnmunuﬁwuuﬁau op aeguueiazlaslulunivuauasidnsncainduasuiiunifaiaiuls
snmsAnwdaiadatt 5 (F,) @laonsiu’F rusiazsiuv wudh Tuuuu opaque fuinunsolsRaduas
aap[sAadrgeasasuAa NI lUBSond udnein nisnaneWudludnencly opaque iRV
anslaiadiuluanay wenvnivugnanodlidussansnmndliuasgegn (F /F ) sninduiidludiderund

F

e & Pad -

-

+ < i_ﬂ"l‘i’] t

madenuuasiendag Tagianizedeba
paalsfad unsnanoviugfinuueefign doduna
wennsdmihlfdanisnateiug (Nelson, 1967)
n1sanasvesUinmaas lsHadfinaviigusely
wasuudadlvanun® (Nair and Tomar, 2001) wuin
Tutadisn manaroudiiosaniswdouudasuss
aasliiadneliiislufififuazdnwmzusingsteg
warwmaeguuy laun albino, viridis, maculate,
chlorina, tigrina, lutercent, striata; virescent,
coppery leaf, light-green leaf, variegated leaf, white
streak leaf uay xantha leaf (Bahl and Gupta, 1982;
Gupta, 1996; Sangsiri et al., 2005) SmsuznaILWuS
wantignAruanftofudieonileiu (Hermsen et al,
1973; Bahl and Gupta, 1982) : v

aaslsRadifusor Tnguanfifwialunisdy
névemuday  uazdoulibundeonuaiiiieldlu
NIRRT USinvssndeiigadulaslufief
ArndniuslaoaTaiuUSHMsIRTag Fatin n13iR
Yinruraslsfadduiuiinasuiiefiannsoussifiv
Urznamnasdupssiuauacuandals (Filella
et al, 1995) wsnainil SearwrTaldiaanimnig
gisingrunefiy  uazdwunviiafislagnsinan
Fnvmeneairinenlutzezninasoaulataesieg

188nd10 (Gitelson et al, 2003) n13iaUsnqol

naal HadHaonLsamud (chlorophyll fluorescence)
winAnSoduavuavRanlafiad [HUIsEiuAINA WSO
1ﬁauﬂmﬁuﬁnﬂmwm‘:
ﬁum‘i'\-’wuﬂwmwﬁ'wn (Vogelmann and Evans,
2002) wLi‘]m%n1wﬁaﬁﬁau'l1j1ﬂﬂ1.,ﬂw%mwms'im
usivupafiy (Maxwell and Johnson, 2000)

ﬂ"l‘b'ﬁﬁ‘liuuﬂ\l‘llil\‘l?.uﬂ'll

a1oWu§ opaque leaf Tudadipalien
naiundatafiaeeiiliatnniTuandnazninedudion
Wudugn “doum 36 (Vz’gna. radiata var. radiatd)
NuWUGU TC1966 (Vigna radiata var. sublobata)
TupwFefunmidindgu 10 e 70 kead Ugnuazydes

Tisinsuansa Lawun‘i:ﬁ"\ﬂﬁa'\aﬁ’uq'uﬂuﬁ':ﬁu.1]él

d1oWug opaque leaf forgninfiuifisatininans
Wugugnmiluvszanaaacduani’ indafvuiadn
uazen Winanbas waziudnesfibineisnseu
sriouludunflon (Srinives et al, 2000) Tun sdinua
aToilfifaquizavAifeAnyinirdnevendnyaizmg
WugnTIn wiamasliad uarusz@nBnmnily
ussvesiudoraewug opaque leaf fi
PR . . e . K
PUNTUURTIZTNT
NIENINDARNPUENISHUENTIH
uandnfgaseug opaque leaf Husioly
aFoninatewus ‘opaque’ ify ‘Berken’ Haiiiw
"utfﬂanmonﬁﬁwami"mﬁaaﬂm‘nﬁa maa":"m
anuandafl "1 Ugnandafl 2 iRetufinnTuandoen
voednwauzly duuuu opaque Muludidsang)
Al @den fuiiag wasdnwamaeyidule
(vomwea fiulivenssn) nagounIINIZILFI9ON
wsiazdnuwourludngdiu 3:1 awnguossaa Tag
WlAawAas (Chi-square . test) uasvRABUMIIEAR

a - . ¥ ar r-] -
fivvavBu (linkage) vovdnvnshidneaniSnnTv09
. .

Mather (1951)

oo

-."_ "
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n1siaAnniRanlHad
iusegreluiisadulmfnfianduriows

(‘opaque’ war ‘Berken’) ua:ﬁugm‘i"lﬁ 5 ffl&ean

NIHANIINIY ‘opaque’ UAz ‘Berken’ d1u 4

oW ldur N531, OPS531, N541 uaz N541 (et

Tuiimazinuinnmaaslsiadlagn1saiasodns
N.M-dimethylformamide sharsazasluindniign
niuudefiRNENIABY 647 uar 664 wlunasiag
wwdosawalnsinlafimed (spectrophotometer)
AuruTnTmAaelsRadie  maslafadll uay
Aaplsiadsn mnIBn15u09 Moran (1982)
miadsivinmnsiduasusciia
FaAndesusvrovnaslsRadeinlufifinas
Wigiuladnfivoofiuraus wazdugndaifl 5 fe
r30ufie pulse amplitude modulation fluorometer

{% Mini-PAM (U3¥% Heinz Walz GmbH Uszivd,

wosniD) IaArszdndnmnisliuaegedn (F /F )
{maximum quantum vyield) Tuanmilaaan 20.00
wiRn1 Tagld leaf clip holder (Model 2030-B)
Treadaaszsunn F {minimum fluorescence yield)
war F_ (maximum fluorescence yield) Wity
nanA F daduifiugairrauansieszwing
F, waz F_(F, = F-F) uanbwfildluléTunis
Fhmmﬁ'j F/F = (F-F )/F_ Fodusfuanetiv
dadmvoolnnouilvlflunszuunmsdarsisiuas
wWisuifisuiiudmanlnneunamanfigngandulae
TuRwiu (anon, 1996)

Hauazdansm

NINONBAANYMIE N ISRUGNTTH
“nsiisinwaznanevuggnidonitly opaque
leaf flosnnlufiBu1andreBuedn (chalky-green
colon) adauuuialy Faswanlvdderfinululuia
Woank §wWu§ ‘opaque’ Rorgnivesnasnit
ponialddne  fGsminsAndne  wdnouuazfl
sadn naldsewud ‘opaque’ 1Dusiurslunts
naRdmiu ‘Berken' iHaafwanuandaf 1 ina
duFonnninldilusuny  Fuiifiluuuy opaque
gn1InduunAINuAnA e NFuAR v deUnALE

" o 4 « =
ptudALausueENdon  (lovenduncluazpeiiou

L T | LY yoar B L3 '
nazasuidonindngazosgnuen Faiu Tunisdun

' g L] = [J a E
n13nszangialuugnisamnsoinlaslsarealinn

sormTesudivla wudn fudai 1 fludiBeuna
fuludioe  wazfinaesgdvlawuubineasen
uamerdnuasmvdiiifudnsamsiu wazannadingn
Fudafl 2 $ruau 85 du wudi i 70 duiifludideauns
uaz 15 éuRFluuuy opaque #ol¥nsnszened
Tudasdan 31 (Howadeudrod afdlaauaa’
waneliiiudy dnvouludidorunfdugnaunndae
SunilesmumisfiSudnvuzisunilodnvauslvwuy
opaque HaaanadpafiunimaanluiuNTY wazdan
#@8 (Jones et al, 1963, Hermsen et al, 1973;
Williams et al, 1985) uaziflesandnvariuuuy
opaque fignaauandiefusooutleiumis  Foli
fydnwolvasBufinuandnunieiii fu op

 navedsudnwazdvesiwmluuazdnwn

nmatquiulainudn Andudisuaznisesasuls
wuulivaagealudnwairisin  wiloiwludi@oouay
munigiulauvunensear g iy usiazdnyozgn
AuANigBundaiumis (A5 1 wazennis
vagounTIn1ERnusaBuiawEumianudn Bu op
afinuly - uaznmasyivln (DuduiOudaszrniv
Ao finsnszarslugasdon 93:3:1 Tuwsiazdinuny
fvnimagay (A1919f 2) uamaedn Buvesnd
guvdsaguupuazlaslaloniu  wiserveguu
TrslalusBorfunafiszoznioinefuninnidn 50
lwHRANaSUNY (M)
M3IaYSHIMARp lsHAR

_ tufindeafstuivy |
‘opaque’, OPs31 uay OPS41) fUSwininaslanadia
g uaunaﬁﬂ‘sﬁaéﬂummqmawuﬁﬁ'u'{uﬁwmﬂnm
(‘Berken N531 waz N541) 16 B9 34 % warwuin
seug ‘opaque’ TiuSimnaslsfindie 1 uax
ﬂﬂﬂTiﬂﬂﬂ‘i'}NN’]ﬂﬂﬂﬂ 0.089, 0.027 uaz 0.118 n¥H
AORT.H. AN Tuﬂmma'\ejwuﬁwa'(uﬁnm'nmm
'[wﬂ*smcuﬂaaiiﬁaaumawumluu,mnmonu "o
0.135-0. 139 0041 0.043 uaz 0.176-0. 183 ﬂ‘ﬂmﬂ[ﬂ‘iﬂ
awEdy (hmfl 1 mnmaniamaaneudaelidiin
manateiuguachuludivuedidunisnatefuguun
chlorophyll deficient mutation a819l3AR N

opaque (mtmuﬁ
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Table 1 .Number of F, plants from the cross ‘Berken’ x ‘opaque’ segregating for opaque leaf, petiole

color, and- growth habit.

it

Traits F, phenotype No. qf F;plants Exp. ratio Prob. of %’
Normal vs. opaque leaf . Normal 70:15 31 0.20-0.05
Purple vs. green petiole Purple 64:21 3:1 0.95-0.80
* Determinate vs. ot 58:27 31 0.20-0.05

Determinate

indeterminate growth

Table 2 Linkage test between two traits in F, plants from the cross ‘Berken' x ‘opaque’.

Traits Number of plants™ Exp. ratio Prob.
_ - NP .NG. . OP 0G .
Leaf vs. petiole color 52 18 12 3 9:3:3:11 0.20-0.05
ND NI oD Ol
Leaf vs. growth habit 47 23 11 4 9:3:3:1 0.95-0.80

- -

+ N, P, G, O, D, and I stand for normal, purple, green, opaque, determinate, and indeterminate,

T

respectively.

v

wd

foudinudavaroiuiifilu opaque vzfuinim
naolsRadAeudnauAnseis usfvetubiuansnsiy
galiinasnennnimaneens épecht et al. (1975)
Berrwewin luuse sweetclover Piimousfidondn
TuoudedidondaunazinBeg fivgnnpanlifad
: ﬁana\imuﬂﬂuﬁudqﬁﬁaoﬁiu Mousl 25 fla 87.5 %
atnlsfionn Uinunselsiadfanadlumenugiiity
Wy opaque hifimavinlisaTidmvanaslsRadiase
paol3Aa&T (chlorophyll a/b ratio) (isuuvadly
sndrridau 31 Fubusasdnnnidnulufioly
(Nobel, 1999) uandliiifiudn nanagvesUTIN

.

aaalsfadifiun1sanavvesrivranlsiadiouazflu
dadiuing My nisanssvasUSinipansRadly
Tududoriugnarseafinaniznuderinainisalu
nrseenuaznasiesuidula asondnflsiann
aeoWug_‘opaque’ HAVINEMWYIRIUNTTIBNaRaINED
W 60 % wiavend THarluniseen 7 fo 10
Tunefiudigluunfaansasenldneluian 3 te 4 Su
wazfisasnaesdulesninduiiluddionna
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Figure 1 Chlorophyll a, b, total (a+b) contents (g/m?), and a/b ratio in opaque leaf parent ‘opaque’,
opaque lines OP531, OP541, and normal leaf parent 'Berken’, normal leaf lines N531,
N541. The number above each bar represents the chlorophyll a/b ratio of each genotype.

Vertical bars denote standard deviations.

ns¥aurzanBnmniduseussiie

nainUsinanaslsfadrgoaismyudiann  0.81510.007 o 0.825+0.005 luwauzflanovug
Tuluanmiia dodnnamawszansammalduae  AluunAfidn 0.83810.005 fo 0.843+0.004 Taefien
goan (F/F ) vavivluneilufivfininiafeudne  gondalu opaque Uazanmi 155 e 2.8 % (nnfi 2)
BifinmTaurimusEUY photosystem 11 @Taanysnl uamslitiudin Aufifluuuy opaque fusz@ndnw
Al reaction center agluanmiBiaudndl (oxidized Tunnilfussrnifviifludifongd fuavinlia
state) Auftunfuazanysniafien F/F_ 3ewin 0.79 wudlu ‘opaque’ Aaflnuazinfation fnfadu uas
fiv 0.84 (Bjérkman and Demmig, 1987) 90  HaRBARINIEIWWUGUNA
nTMAAB YN awWug ‘opaque’ A1 AP

0.86
0.85

0.84
. 0.83 |
082 -
0.81
0.8
0.79
0.78 - -

Berken MN53T N54&1 Opague OP531 QPs4

Figure 2 Chlorophyll fluorescence expressed in F/F_values in opaque leaf parent ‘opaque’, opaque
lines OPS531, OP541, and normal leaf parent ‘Berken’, normal leaf lines N531, N541. Vertical

bars denote standard deviations.
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ABSTRACT

Vigna crops include mungbean (V. radiata), blackgram (V. mungo), azuki bean (V.
angularis) and cowpea (V. unguiculata) are agriculturally and economically important crops
in tropical and subtropical Asia and/or Africa. Bruchid beetles, Callosobruchus chinensis
(L.) and C. maculatus (F.) are the most serious insect pests of Vigna crops during storage.
Use of resistant cultivars is the best way to manage the bruchids. Bruchid resistant cowpea
and mungbean have been developed and comercially used, each with single resistance
source. However, considering that enough time and evolutionary pressure may lead bruchids
to overcome the resistance, new resistance sources are neccessary. Genetics and mechanism
of the resistance should be clarified and understood-to develop multiple resistance cultivars.
Gene technology may be a choice to develop bruchid resistance in Vigna. In this paper we
review sources, mechanism, genetics and breeding of resistance 10 C. chinensis and C.
maculatus in Vigna crops with the emphasis on mungbean, blackgram, azuki bean and

cowpea.

Keywords: Bruchid resistance, Callosobruchus spp., Legumes, Vigna spp.

INTRODUCTION

The genus Vigna falls within the tribe Phaseoleae and family Fabaceae.
Species in this taxon mainly distribute in pan-tropical Asia and Africa. Seven Vigna
species are widely cultivated and known as food legume crops. Of these, five is of
Asian origin (subgenus Ceratotropis) and two is of African origin (subgenus Vigna).
The Asian. Vigna comprises mungbean or green gram (V. radiata (L.} Wilczek),
blackgram or urd bear (V. murgo (L.) Hepper), azuki bean or red bean (V. angularis
{Wilid.) Ohwi & OQhashi), rice bear or red bean (¥. umbellata (Thunb.) Ohwi &
Ohashi) and moth bean (V. aconitifolia (Jacq.) Maréchal). The African Vigna
comprises cowpea (V. unguiculata (L.) Walp.) and bambara groundnut (V.
subterranea (L.) Verdc.). These crops are adapted to agroclimatic condition and fit
well into many cropping systems in the regions. Young pods, seeds-and sprouts from
the crops are important sources of proteins, vitamins and minerals for common
people in the regions, while leaves are used as fodder in animal farming. Generally,
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seed vield of Vigna crops is still low due to poor genetic background, insect and
disease damages, and production management.

Bruchids or seed beetles o  seed weevils (order Cole()ptera famity
Chysomelidae, subfamily Bruchinae—formerly family Bruchidae) are major insect
pests of stored legume seeds. These insects have been infesting seeds of starchy food
legumes grown by human since the early time of agriculture (Southgate, 1979). The
primary infestation occurs in the field, where bruchid adults lays éggs on pods after
which larvae hatch, penetrate into the seed and feed on cotyledonary and/or
embryonic tissues. Damage in the field is only minor, but when such infected seeds
are harvested and stored, the developing larvae/pupae continue to feed and
eventually emerge from the seeds as adults, and cause secondary infestation (Fig. 1).
The secondary infestation more very damaging and usually results in total
destruction of a seed lot if there is no protection. Seed damaged by bruchids are lost
in seed weight, seed quality/nutrition and seed viability. As a consequence, seed lots
become warm resulting in quality loss and mould growth (Rees, 2004). The
damaged seeds are unsuitable for human consumption and for agricultural and
commercial uses and may bring about negative publicity and lost in consumer trust
in a product brand. Usually, chemicals is used to control the bruchids, but economic,
health and environmental considerations favor using resistant varieties to manage
these pests. Thus, improvement of bruchid resistance is given a priority in Vigna
crops breeding programs around the world. Although many bruchid species attack
legume seeds, azuki bean weevil (Callosobruchus chinensis L.), cowpea weevi! (C.
maculatus F.), common bean weevils (Acanthoscelides obtectus Say) and Mexican
bean weevil {Zabrotes subfasciatus Boh.) rank among the most important insects of
stored legumes, in term of damage.

In this paper we reviewed the genetics and breeding for bruchid resistance in
Vigna crops with emphasis on mungbean, blackgram, azuki bean and cowpea, the
four Vigna crops that are most intensively used for research on bruchid resistance in
the genus.

BRUCHIDS AS THE MOST DESTRUCTIVE STORAGE PEST OF VIGNA
SPECIES

C. chinensis and C. maculatus are the most serious pests of stored seeds of
the Vigna crops (Fig. 1). They cause huge economic damage under conditions of
tropical subsistence agriculture (Southgate, 1979, Rees, 2004). Geographical
distribution of both bruchids is now wor!dwude but especially devastating in the
tropics. They have a similar life cycle and ecology. Population development of both
insect species is rapid with the life cycle of about 20 to 3¢ days. With suitable host
and optimum weather condition of about 30 and 70% r.h., the life cycle is only 22.3
and 24 days, respectively for C. chinensis and C. maculatus (Raina, 1970). The two
bruchid species are quite common as to which Vigna species they attack. For
example both bruchids are able to feed on mungbean and cowpea but not on rice
bean. However, differences in Vigna host specific exists, e.g. C. chinensis fails to
feed on blackgram, while C. maculatus can.
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Figure 1 Bruchid (Collosobruchus spp.) infestation to Vigna seeds during storage.

Legume researchers have been seeking for sources of bruchid resistance in
both cultivated and wild Vigna species, although resistance in the cultivated ones is
rare. All Vigna crops, excepl rice bean are susceptible to either one or hoth of insect
species. Host-pest relationship between Figna crops and the beetles is given in Table
l.

There are a few reports on resistance to C. chinensis and C. maculatus in
wild Vigna (Fujn and Miyazaki, 1987 Fujii er al,, 1989. Singh and Ng, 1990:
Tomooka er af, 2000; Kashiwaba e¢r af, 2003). The following information is
extracted from these reports. By and large, resistance is present in wild progenitors
and relatives of cultivated Vigna. There exists high variation in the reaction to
bruchid species in wild Vigna species. A Vigna species may possess resistance to
both or one of the two bruchid spectes. For example V. subramaniana showed
resistance to both bruchids, while V. trinenvia exhibited resistance to only C.
chinensis. Intraspecific variation for bruchid resistance in a Vigna species also
appears. For example, an accession of V. hirtefla complex showed no damage by C.
maculatus but partially damage by C. chinensis, while susceptible accessions to both
bruchids also exist. Response to bruchids in wild Vigna species is summarized in
Table 2. With exception to wild progenitors of the of the Figna crops, not many of
these wild species can be used as resistance source by breeding because of their
genetic isolation. Cross compatibility among some of these wild species and
cultivated species is yet to be studied.
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Table I Relationship between Vigna crops and bruchids (Callosobruchus spp. )
predators. :

-

Bruchid species*
C. chinensis  C. maculatus

Vigna crop Species

Mungbean ¥ radiata var. radiara (L.) Wilczek R NE

Blackgram V. mungo var. mungo (1..) Hepper v x J
Azukibean V. angularis var. angidaris (Willd.) Ohwi N Ny
& Ohashi

Cowpea V. unguiculata var. unguiculata (L.) Walp. v v
Rice bean V. umbellata (Thunb.) Ohwi & Ohashi x %'
Moth bean V. aconitifolia (Jacq.) Maréchal v N e
Bambara V. subterranea (L.) Verdc. N i
groundnut _

+ = bruchid is able to feed on host seeds, x = bruchid is unable to feed on host seeds

Table 2 Wild relatives of Vigna crops with some accessions carrying resistance to
bruchid (Callosobruchus spp.) predators*.

{
!

Bruchid species

Species C. chinensis  C. maculatus

Asian Vigna (subgenus Ceratotropis) |
V. hirtella Tox X
V. mungo var. silvestris (wild ancestor of blackgram) x X
V. minima X %
V. riukiuensis x x
V. nepalensis X x
V. radiata var. sublobata (wild ancestor of X x
mungbean)
V. reflexa-pilosa var. reflexo-pilosa (wild ancestor of x \!
var. glabra) §
V. subramaniana S j o
V. trinervea x b
V. umbellata var. gracilis (wild ancestor of rice bean) x x

African Vigna (subgenus Vigna)

V. oblongifolia ? 'ox
V. lureola ? .
V. reticulate 7 X
V. vexillata ? x

*Compiled from the results of Kashiwaba et al. (2000) Tomooka et al. (2000) and Singh and
Ng (1990). ﬁ
% = some resistant accessions found, ¥ = no resistant accession found, 7 = no infom}’alion

1

|
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Seed defense chemicals is among the factors causing bruchid resistance.
Seven chemicals isolated from seeds of various Figna species have lethal effect
against bruchids (Table 3). Some of the chemicals are novel and unique. The
resistance in Vigna species is either a result of a single component or 2 combination
of chemicals. A resistance is usually conditioned by a single gene and thus can be
casily moved into a cultivar (Kitamura er al., 1988; Tomooka et al., 1992; Somta et
al., 2007b). Resistance due to a combination of chemicals encoded by different loci
was reported by Somta ef al. (2006a, 2007c) and expected to be difficult to
incorporate into a cultivar.

In general, seed defense chemicals are badly taste and/or toxic to humans as
well as to seed predators and thus are always selected against during plant
domestication to neutralize or minimize théir effects. The co-evolution between
bruchids and their food sources together with the mutation of bruchid strains during
the course of evolution led the bruchids to be able to detoxify the defense chemicals
and eventually use the seed that was previously toxic to them as their exclusive food
plant.

Table 3 Potential biochemical metabolites in seeds of Vigna species against
growth and development of bruchids, Caflosobruchus spp.

Vigna species Metabolite Bruchids References
V. radiata var. Cyclopeptide alkaloids - C. chinensis Sugawara etal. (1996)
sublobata "~ (vignatic acids A and B) ‘
GIF-5 C. chinensis  Kaga et al. (2000} -

Defensin {cysteine-rich protein  C. macularus  Chen et al. (2002)
(¥rD] or VrCRPY))

V. mungo var. mungo Protein (a novel 40-kDa single  C. chinensis ~ Wang ef al. (1999)

polypeptide)
V. umbellata Flavonoids (naringenins) C. chinensis  US patent 6,770,630B2
(cultivated; Menaga)
C. maculatus  US patent 6,770,630B82
V. unguiculata Vicilins (7-5 storage globulins) C. maculatus  Macedo er al. (1993)

(resistant lines
related to Tvu2027)

V. vexillata (TVnu72) para-aminophenylalamine C. maculatus  Birch et al., 1986
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GENETICS AND BREEDING FOR BRUCHID RESISTANCE IN MUNGBF;IAN '
(V. RADIATA)

Mungbean is widely grown in South and Southeast Asia, and becomes
familiar to farmers in Australia, America and Canada. It is the most economically
important Vigna crop in Asia. Mungbean seed is rich in protein (25-30%), amino
acid, vitamins and minerals. 1t is cooked into several kinds of food such as soup,
cake, noodle, sweets, bread and biscuits. Green pod greein seed and sprout are
consumed as vegetable. Mungbean sprout is now gaining popularity as an mgredlem
in the western cuisine. Plant parts are also used as fodder. Because of rapid growth
and early maturity (can be harvested within 60 to 90 days after planting), it is a
component of many cropping systems in drier and warmer climates in the tropics
and subtropics.

The world producuon area of mungbean is about 5.5 million | ha
(Weinburger, 2003). India is the largest producer of about 2.9 million ha and mosl
products are used domestically. China, Myanmar, Vietnam and Thailand are Jthe
main exporters of mungbean grain and products. ‘

Sources of bruchid resistance in mungbean

In cultivated mungbean, 4 accessions were reported to be resistant to both C.
chinensis and C. maculatus from screening of thousands of mungbean landraces
(Somta et al., 2007a; Talekar and Lin, 1992). Earlier screening of 525- AVRDC
mungbean germplasm failed to identify resistance accessions (Talekar ‘and Lin,
1981), but later screening of 500 more accessions resulted in identification of three
accessions, V1128, V2709 and V2802 showing moderate to high level of C.
- chinensis resistance (AVRDC, 1990a; AVRDC, 1990b; Talekar and Lin, 1992). The
three accessions are also effective against C. maculatus (Somta et al., 2007a; Somta
et al., 2007b). Additional screening of about 1,000 mungbean landraces against the
weevils showed no resistance source (Tomooka, et of., 2000; Somta er-al., 2005
unpublished data). However, a new effective resistance source, V2817 was found
immune to both bruchids (Somta e? al., 2007a).

Historically, a bruchid resistance mungbean, TC 1966 was first found ‘in a
wild relative (V. radiata var. sublobata) after screening a few accessions. TC1966
showed complete resistant against various bruchids, such as C. analis, C. chinensis,
C. maculatus, C. phaseoli and Z. subfasciatus (Fujii and Miyazaki, 1987; Fujii et al.,
1989; Lambrides and Imries, 2000; Kashiwaba ef al., 2003). Lambrides and Imries
(2000) reported resistance in two additional accessions of wild mungbean, ACC41
and ACC23. However, TC1966 and ACC41 are susceptible to Australian strains of
C. maculatus (Lambrides and Godwin, 2007)

Apart from wild mungbean, several wild Vigna species closely related to
mungbean, e.g. wild blackgram (V. mungo var. silvesiris) and V. subramaniana also
possess resistance to bruchids (Tomooka er af., 2000) and may be useful in breedmg
for resistance mungbean. a

{
1'
|
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Mechanisms of bruchid resistance in mungbean

Biochemicals in sceds confer resistance to bruchids in mungbean, but the
basis of the resistange is complex and ambiguous. Resistance chemical factors have
been isolated and identified from isogenic lines carrying resistance from TC1966.
Two novel cvclopeptide alkaloids, named as vignatic acids A and B, were isolated
(Sugawara et al., 1996). Although, vignatic acids A showed resistance to C.
chinensis infestation, it is not the principal factor responsible for the resistance
(Kaga and Ishimoto, 1998). A peptide compound “GIF-3" toxic to the bruchids was
also identified from a sinmlar material that was used for isolating vignatic acids
(Kaga et al., 2000).

A cysteine-rich protein (VrCRP or, VrD ) of the plant defensin family shown
to bec lethal to C. chinensis larvae, has been isolated from resistant mungbean
carrving the resistance gene from TC1966 (Chen et al., 2002). VrD/ insccticidal
achivityv has its basis w the mbubition of a polvsacchande hyvdroivsis (L et al.,
2006). Chen et al. (2002) tned to prove that ¥rD1 is not the product of the bruchid
resistance gene. Thus the basis for the resistance in TCI1966 is still inconclusive.
While the resistance in cultivars V1128, V2709, V2802 and V2817 is due to
antibiosis (Talekar and Lin, 1992; Somta er al., 2007a), but the responsible
chemical(s) has yet to be determined. T

_ Utilization of genetic information in breeding for bruchid resistance in
mungbean
‘ TCI966 has been intensively used as the matenal for genetic study and
breeding for bruchid resistance in mungbean. The resistance is controlled by a single
dominant gene. designated as Br. (Kitamura er al., 1988). DNA marker based
studics enable rescarchers to localize the resistance (Br) gene. By using a small
mapping population of 38 F, individuals, the genc is mapped onto linkage group
(1.G) 8 and franked by RFLP (Restriction Fragment Length Polvmorphism) marker
pA882 and pM131. The marker pA882 is the nearest marker, 3.6 cM away from the
gene (Young er af.. 1992). Quantitative trait loci (QTL) analysis revealed that this
genome region contribute 87.5% of the total phenotvpic vanation (Young et al,,
1992). The resistance gene is narrowed down to 0.2 ¢cM from RFLP marker Bngl43
(Kaga and Ishimoto, 1998). Results from the same study also demonstrated that gene
controlling vignatic acid A is not the same as that controlling the resistance, but
rather co-segregating at the distance of 0.2cM apart. A BAC contig covenng Br
genomic region has been constructed (Kaga and Ishimoto, 1998). By using ACC41
as the resistance source, a major locus was found to confer resistance to C.
chinensis, and RFLP marker mgM213 mapped on LG8 was identified as closely
associated (1.3cM) with this locus (Mivagi et al., 2004). STS (Sequence Tagged
Site) markers (STSbrl and STSbr2) co-segregating with this locus were also
rcported by the same authors, The resistance genes in TC1966 and ACC41 are likely
to locate on the same locus or very closely linked because no segregation was
observed in the progenies from a cross between them (Lambrides and Godwin,
2007).
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Recently, resistance in cultivated mungbean has been reported. 'fhe
resistance to C. chinensis and C. maculatus in V2709 and V2802 is monogenics
(Somta et al,, 2007a). The resistance gene from V2709 is being investigated
molecularly using microsatellite (simple sequence repeat or SSR) and STS markers
(Hong, et al., 2006) ‘

Although resistance gene in TC1966 has been used to develop mungbean
resistant lines (Tomooka, ef al, 1992; Wattanasit- and Plchttporn 1996), -no
commercial resistance variety is bcmg released 1o farmers. This is mainly due to
uncertainty on safcty of the resistance seeds for human consumption, as the
biochemicals responsible for resistance has.not yet been identified. Feeding test in
mice using resistant munghean derived from TC1966 demonstrated changes in blood
biochemicals values, compared to the control mice (Miura er al., 1996). Resistahce
in the cultivated form is safer in that it has been consumed by human for a period of
time without report of detrimental effect. Yet, it is a higher yielder with less
problematic in term of linkage drag of unwanted traits such as pod shattering and
indeterminate growth, as compared to the wild form. |

By employing V2709 as the resistance donor, a resistance mungbean
cultivar, “Jangannogdu” was developed and officially released to farmers in Korea
(Lee et al., 2000). This is the only bruchid-resistant mungbean variety reported so
far. However, single resistance cultivar is considered less durable, as the insectsico-
evolve with the host plants and can usually overcome the resistance sooner or Iatcr
In-a recent study, C. maculatus reared on resistant mungbean seeds carrying the Br
locus from TC1966 for 5 consecutive generations showed high fecundity and a
positive growth throughout the time course (Lin er al., 2005). Development of
multiple resistant cultivars is an effective way to slow down the evolution oﬁ the .
resistance.

GENETIC AND BREEDING FOR BRUCHID RESISTANCE IN BLACKGRAM
(V. MUNGO)

Blackgram is grown largely in South and Southedst Asia but n a less extent,
comparing to mungbean. India, Burma and Thailand are the main producers
Cultivation and uses of blackgram are similar to those of mungbean. Spr[outs
produced from blackgram gain more popularity due to longer shelf life. i

Sourees of bruchid resistance in blackgram

Blackgram is known to immune to C. chinensis but susceptible to C.
maculotus. However, it prolongs developmental period of C. maculatus. i The
bruchids may require as long as 53 days to complete their life cycle which is more
than twice as it did in mungbean {Tomooka et al,, 2000). This mode of resistance
may be useful in limiting the rate of multiplication and reducing the population
growth resulting in considerable reduction in seed loss during storage.

No source of resistance to C. maculatus is identified in cultivated
blackgram, but wild blackgram (¥. mungo var. silvestris) is shown to be complete!y
resistant to C. maculatus and other bruchid species such as C. chinensis, C. anahs'
C. phaseoli, and Z. subfasciatus (Fujii et al., 1989; Dongre et al., 1996; Tomooka et
al., 2000; Kashiwaba ez al., 2003), although an accession with incomplete resistance
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is also reported (Dongre ¢f ai., 1996). It is considered to be among the most
resistance specics. .

Mechanism of bruchid resistarce in blackgram

Biochemical in blackgram seeds is responsible for resistance to C. chinensis
(Talekar and Lin, 1992). A proteinous factor, novel 40-kDa peptide isolated from”
blackgram caused lethality to the bruchids (Wang er af., 1999). The peptide i1s
neither a-amylase nor protcase inhibitors. The mechanism of the resistance in wild
blackgram has not vet been determined. Since wild blackgram is immune to several
important bruchid species, the resistance factor{s) is worth to be identified

Utilization of genetic information in breeding for bruchid resistance in
blackgram

Studies on genetics and breeding for bruchid resistance in blackgram are
very scarce. This may be due to the fact that the crop is economically important only
in the developing regions. As no resistance source of C. maculatus is identified in
cultivated blackgram, the gcncucs of the resistance cannot be determined. However,
inheritance of the resistance in wild blackgram revealed that the resistance is
governed by two duplicated loci with resistance is dominance (Dongre ef al., 1996).
Localization of the resistance gene(s) on genome map is in progress (N. Tomooka,
per comm.). There has been no report on development of bruchid resistance in
blackgram so far. Although blackgram is closely related to mungbean, transfernng
the resistance from blackgram into mungbean may be achieved only by genetic
engineering due to a strong genetic barner between the two species.

GENETICS AND BREEDING FOR BRUCHID RESISTANCE IN AZUKI
BEAN (V. ANGULARIS)

' Azuki bean is an economically important legume in Edst Asia. The bean is
very popular in Japan, China, Korea and Taiwan, which Japan is the main
consumers. It is the second most important legume crop after sovbean in Japan and
Korea. Azuki bean is a major ingredient in almost all sweets especially in
ceremonial foods in Japan. In Nepal, young pods arc consumed as vegetable,
(Vaughan ef al , 2005)

China 1s the largest producer with the cultivated areas of about 470,000 ha
and annual production of about 700,000 tons (Vaughan ef al.,, 2005). The bean is
grown as a cash crop in Australia, Canada, New Zealand and the USA.

Sources of bruchid resistance in azuki bean

Azuki bean is a primary host of C. chinensis. There has been no report on
resistance to C. chinensis and C. maculatus in both cultivated varietics and wild
form (V. angularis var. nipponensis). Screeming for the resistance using scveral
hundred accessions of cultivated and wild azuki bean 1s futile (Vaughan er al.,
2005). Incorporating azuki bean germplasm with wide geographical distribution may
lead to identifying of effective sources. However, several wild Vigna closely related
to azuki bcan show resistance to bruchids (Tomooka ef al., 2000). They are V.
hirtella, V. minima, V. nepalensis, V. riukiuensis, V. trinervia and V. umbellata.
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Utilization of genetic information in breeding for bruchid reswmnce!m
azuki bean

There are a few reports on genetics and breeding for bruchid resistance in
azuki bean. Most of which are done by Japanese researchers. Breeding for bruchrd
resistance in azuki bean relies on other resistance Vigna species. Cultivated rice bean
(V. umbellara) is considered the most useful source for the resistance “in thal it
exhibits complete resistance against C. analis, C. chinensis and C. maculatus and yet
their seeds are safe for human consumption, although cross compatibility belween
them is very low. The resistance in rice bean is due to biochemicals in seeds
(Kashiwaba er al., 2003; Somta ef af., 2006b). Three novel flavonoids with basic
structure of naringenin isolated from rice bean seeds has inhibitory effects against

. growth and development of C. chinensis and C..maculatus (US patent 6,770,630B2).
One naringenin derivative causes resistance to both bruchids and the second
derivative causes resistance to only C. chinensis while the third one causes
resistance to only C. maculatus. A mapping study in a population derived from fice
bean x V. nakashimae revealed that bruchid resistance in rice bean is controlled by 4
QTLs (Somta er al., 2006a). Two QTLs are co-localized and responsible 'for
resistance to different bruchid species, while the other two express differeniial
effects on Callosobruchus species.

Direct transfer of the resistance from rice bean to azuki bean is ‘not
successful due to genome incompatibility between them. A solution to this problem
is 10 use bridging species. Bruchid-resistant azuki bean lines with rice bean as
resistance donor have been developed using V. nakashimae, V. riukivensis and V,

_ tenuicauris as bridging species (N. Tomooka, per com.), but not being commercially

released. -

V. nepalensis (Tateishi & Maxted) is another useful resistance source of
azuki bean resistance. It causes low damage and delay in emergence of bruchids V.

nepa!enszs is genetically and phenotypically similar to azuki bean. It is a specnes
included in azuki bean complex, together with cultivated, wild and weedy azukl
bean (Vaughan et al., 2005). Members in this species complex can be cros#cd

readily with one another. Seed antibiosis in V. nepalensis causes resistance to C.

chinensis and C. macuwlarus (Somta, 2005) QTL mapping revealed that:the
resistance in V. nepalensis is complex. Several QTLs conferring the resistance|are
linked to seed size QTLs. Increasing the resistance is accompanied by decreasing
seed size. Yet some alleles from V. napelensis contributed negative effects by
prometing susceptibility (Somta er al., 2007¢). Maintaining bruchid resistance in -
large-seeded azuki bean progenies proved to be difficult, in this case.

GENETICS AND BREEDING FOR BRUCHID RESISTANCE IN COWPEA
(V. UNGUICULATA) i
Cowpea is the most economically important Yigna crop grown in the world.
It is widely cultivated in semi-arid tropics spanning Asia and Africa, especially the
latter, and is also popular in North and South America. Owing to its drought tolerant
and warm weather adaptive, cowpea performs in the dry regions better than the other
food legumes. It is a useful component in traditional cropping systems. It cah be
intercropped with cereals, cane, cotton and plantation crops (Singh, 2005)._C0\|vpea
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sceds play important role as a source of protein, minerals and vitamns m daily diets
for hundred millions of poor people in the Africa. Drv seeds, voung leaves, green
pods and green seeds are caten. Plant parts are used as fodder, silage or hay to feed
livestock. ' . ' _
The estimated growing arca for cowpca 1n the world is more than 14 millicn
ha with annual production of about 4.5 million tons {Singh, 2005). Nigera is the
largest producer and consumer of cowpea with about 3 million ha area and about 2.4
miilion tons produced annually. '

Sources of bruchid resistance in cowpea

(. maculatus 1s the most serious pest of stored cowpea due to the fact that
cowpea is the primary host of this bruchids, and it prcvails in Africa where the
cowpea Is originated and largelv grown. Resistance sources in cowpea are very rare.
At the International Institute of Tropical Agriculture (HITA), Nigeria, more than
13,000 accessions of the world cowpea collection were screcned against C.
maculatus, onlv 3 landraces, TVu11952, Tvul11953 and Tvu2027 were found to be
resistant (Singh er al., 1982). All the three accessions showed onlyv a moderate ievel
of resistance. Investigation in wild Vigna relatives of cowpea-resulted in identifving
several accessions of V. vexillata, V. reticulata, V. oblongifolia and V. luteola
carrving resistance to C. maculatus (Birch et al., 1986; Singh and Ng, 1990).

Mechanism of bruchid resistance in cowpea

Resistance to C. macufatus in cowpea is due to seed biochemicals, but the
basic chemicals responsible for the resistance has long been ambiguous since the
resistance sources came from only Twu2027. Recently, a seed storage protein,
vicilins (7-S globulins) was found to involve at least in part in the resistance of
Twu2027 (Macedo er al, 1993). The vicilins from resistant cowpea secds arc
resistant to midgut digestive enzvmes of the bruchids. This lower rate of hydrolysis
causes the resistance through reducing the availability of nutrients necessary for
growth and development of larval bruchids (Fermino et af., 1996). In addition,
vicilins 1solated from cotvledons of the resistant cowpea seeds showed deleterious
effects on development and survival of C. maculartus, whereas the same chemicals
isolated from axial tissuc had no effect against the bruchids (Domingues er al..
2006).

Since cowpea is mainly produced in Africa where C. maculatus is dominant.
there is a lack of information on cowpea resistant to C. chinensis, the bruchids
attacks cowpea in Asia.

Utilization of genetic information in breeding for bruchid resistance in
cowpea

There are reports on genctics of cowpea resistance to C. maculatus. The first
mvestigation used Tvu2027 as donor and it was found that maternal genotvpe
determined the resistance through a major recessive gene and modifiers. Although
paternal and embrvo genotvpic effects on the resistance were present in certain
backcross combinations (Redden, er al., 1983). However, by using Tvu2027,
TVul1932 and Tvu11953 as resistance sources, Singh ef al. (1983) and Kitch (1987)
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showed that the resistance inherited as two recessive genes. The genes wére
designated as rm; and rm; (Singh er al., 1985). All the 3 accessions possesscd the
same resistance genes (Kitch, 1987). '

Genetic mapping for genes controlling C. maculatus resistance has been
investigated. Four QTLs were found associating with the resistance (Fatokun, 2002).
A major QTL accounted for up to 76% of the variation in the trait. Allele from the
susceptible parent at a minor QTL also contributed the resistance. In another report,
SSR marker Vm50 was found to closely associate with the delay in emergence of C.
maculatus with 20% variation explaned (Fatokun, 2000).

Several bruchid-resistance cowpea lines were developed using resistance
genes from Twu2027 and the resultant varieties were released to farmers in many
countries (Singh, et al., 1996; Singh, 2005). However, since the resistance comes
from only a single source (Tvu2027), there are reasons to believe that bruchids can
soon evolve to break the resistance. Shade er al. (1996) reported that C. maculatus
was able to develop a biotype to overcome Tvu2027, after selection on resistant
cowpea seeds for over 53 generations. Thus new sources of resistance are necessary
for developing multiple resistance cultivars for durable resistance.

Genetic engineering as an alternative method to improve bruchid resistance in -
Vigna crops ) :
Advance in transformation system and plant regeneration by tissue culture
technique in legumes have made possible the development of bruchid- resnstgmt
cultivars. Proteinaceous a-amylase inhibitor (aAl) is a secondary metabolite that is
widely present in seeds of most cereals and certain grain legumes. It conﬁers
resistance to Callosobruchus spp. in common bean (P. vulgaris L.). Transferring
aAl-1 gene from common bean was achieved and resulted in resistant lransgemc
plants in azuki bean (Ishimoto, er al., 1996), pea (Prsum sativiunr L.) (Shade, et a!
1994) and chickpea (Cicer arietinum L..) (Sarmah, et al., 2004). The transgenic azukl
bean is free from damage by C. chinensis, C. maculatus and C. analis (ISh]th()‘ et
al, 1996). In deed, very recently, aAl-1 transgenic mungbean was successfully
produced but there has been no report so far on test for bruchid resistance (Soma' et
al., 2007).

Although genetic engineering is an effective and useful way to develop
bruchid-resistance legumes, disadvantages of the technique exist. Firstly, it is not
applicable in most Vigna crops such as mungbean, blackgram and cowpea because
some protocols necessary for gene transferring are not yet well developed (Popelka
et al., 2004). Secondly, transgenic crops are not yet publicly accepted in terms of
consumption and environmental safety. It was found that rats fed with transgenic
peas containing aAl-1 gene showed a lower dry matter digestibility but higher fecal
and urinary output as compared to control rats, although growth and some
nutritional performance variables were the same (Pusztai er al.. 1999). Recent
investigations showed that broiler chickens fed with transgenic pea expressing a.Al-
1 had lower growth, starch digestibility and metabolizable energy (Li ef al., 2006),
whereas pigs fed with the same transgenic pea had lower dry matter digestibility due
to reduced starch digestion (Collins er al., 2006). Therefore, it is still arguable
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whether the aAl-1 transgenic legume is safe for human and animal consumption,
although anti-nutritional property of protcmaceous factors such as a-amylase
inhibitor may be inactivated by heat.

GENERAL DISCUSSION

All economically important Vigna crops are susceptible to bruchids. Sources
of resistance in Vigna crops are rare, while wild Vigna show wider arrays of
resistance. Genetics of the resistance can be either simple or complex. There appear
constraints in using wild Vigna as resistance sources as gene exchange between wild
and cultivated genotypes is difficult due to genetic barriers. More importantly,
defense chemicals in the wild Vigna is not confirmed as safe for human
consumption. Modern gene technology can contribute to solve bruchid problem in
Vigna species as seen in azuki bean, but its application is limited to the crops that
basic technology related to genetic engineering is well established. Yet, commercial
uses of the transgenic bruchid-resistant cultivars/lines require clarification of safety
for human consumption as well as consumer acceptance.
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