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Asstract: Sudden Death Syndrome (SDS) caused by the soil borne fungus Fusarium selani is a major soybean
disease. Resistance to this fungus is controlled by quantitative trait loci (QTLs). This study was aimed at
identifying simple sequence repeat (SSR) markers linked to the QTLs conditioning SDS resistance. A rmapping
population was constructed by crossing the resistant soybean line GC87018-12-28B-1 with the susceptible
line GC89045-13-1. One hundred and four recombinant inbred lines (RILS) were obtained via the single
seed descent technique. Fifteen-linkage groups were ¢onstructed from daia derived from 106 SSR markers.
Inoculation was accomplished by the infested soil technique in the greenhouse conditions and phenotypic
data were recorded. Broad-sense heritability of disease severily was 56% of the total variation. A QTL with
LOD score of 2,53 was identified to locate on linkage group ] as a cluster of four SSRmarkers. This QTL was
previously unidentified for confem‘ng resistance to the SDS.
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Kevworos: soybean sudden death syndramc Fusanum solani, simple sequence repeat markers, quantitative
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INTRODUCTION

Sudden death syndrome (SDS), caused by the
soitborne fungus Fusarium solani (Mart.) Sace. L.sp.
glycines (Burk.) Snyd. & Hans, isan lmp‘ortant disecase
devastating major soybean production counmes such
asthe US, ' Argentina, ? Brazil, Jand’l'halland APlants
infected with Fusarium solani show leal chlorosis and
necrosis. In mare severely infected plants, the leaflets
drop off, leaving the petioles attached. Pod abortion
subsequently may occur in the late reprod uctive stage
of growth, resulting in heavy yield loss. | L

Evaluation of SDS resistance can be accomplished
by field testing and greenhouse moculauon The more
popular greenhouse techniques are the infested oat
grain technique’®and sorghum seed techmque

Stephen et al* reporied that SDS resistance in

soybean was controlled by asingle domidant gene Rfs1-

in greenhouse conditions. In contrast, studying in a
different mapping population, Njiti et al” found that the
resistance was conditioned by quantitative traitioci. In
addition, Hnetkovsky et al® reported multigenic
inheritance of SDS resistance in the soybean population
‘Essex’ x '‘Forrest’.

In the last two decades, DNA markers, both
hybridization based and PCR based, were developed
and applied to assist in plant breeding programs. Two
applications of DINA markers are as genetic milestones
for mapping and tagging traits of interest, and as
indicators of genetic diversity* Simple sequence repeats
{S5Rs) are PCR based markers that were firstintroduced
to evaluate human genetics and later applied to plant
breeding. SSR markersare potential breeding tools due
to their abundance and high polymorphism.
Additionally, the markers distribute well throughout
the soybean genome.'®!! They have been used in
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soybean research forinvestigation of genetic similarity
and relalionship” DNA fingcrpriming” and genetic
mapping"’. The objective of this experiment was to
verify the QTLs undertying SDS resistance and identify
SSR markers linked 1o them,

MareriaLs anp MeTHODS ;
Mapping Population i

The mapping population in this experiment was
constructed {rom the cross betwe‘en GCB9045-13-1
(the susceptible parent) and GC87|'018 12-2B-1 (the
resistant parent). Seeds of the parents were kindly
provided from the Asian Vegeiable Research and
Development Center (AVRDC) through its Asian
Regional Center located at Kasetsart University,
Kamphaeng Saen, Thailand. The F, seeds were soWn to
produce F, seeds for subsequent plz;mmgs through F,
seeds via'single seed descent technique. Individual F
plants were harvested and trealali as recombinant
inbredlines. Finally, 104 recombinant inbred lines (RILs)
were obtained and used for gene mapping,

Disease Scoring }

A soil infested 1echnique® was employed to
determine the reactions of the RILs to the pathogen.
The experiment was laid out in a Completely
Randomized Design withthree replic‘ations havingone
plant grown in a 3-inch styro[oam cup as an
experimental unit. Fusarium solahi inoculum was

prepared [rom macrospores collected from cultured

plates. The concentration of inoculum was dituted with
distilled water 10 2,500 spores/ml. The bottom hall of
each styrofoam cup was filled with sterilized soil and
overtaid with 0.5 mi of inoculum. The remaining soil
was topped up and overlaid with another 0.5 ml
inoculum. Five 10 six seeds from eath RIL were sown
ina 5" plastic pot comainingslerilizet!i mixed soil. Each
two-week-old seedling waslransplan‘ted toastyrofoam
cup and kept in a plastic bucket which can
accommodate upto 106 cups, makmga replicate. There
were aliogether 4 buckets in this experiment, viz. 3
buckets with infested soil and a control bucket with no
inoculation. The buckets were ﬁlled!with water up o
1.5 inches deep to saturate the soil. A solution of
complete fertilizer was applied weekly with irrigation
water. Suscepiible planis began 1o show foliar disease
symploms three weeks after inoculation. Disease
severity was scored as phenotypic data following Njiti

ct al.” In their system, higher scores represent more
susce ptibility.

Rils genotyping
The young leaves from RILs were collected. DA
extraction was done with DNeasy Plarfu Kits, according
t

Scicnccﬂ.;ia 30 (200%)

to manufacturersinstructions (QIAGEN Inc._, Valencia,
CA,USA). The DNA concentration was adjusted 1o 25
ng/ml. SSRmarkers, zs surveyed from soybean genomic
markers", were purchased {rom Research Genetics,
Inc. (Huntsville, AL, USA). The 20 ml reaction PCR
mixtures contained 25 ng of genomic DNA, 1.5 mi
MgCl,, 0.15 mM of 5" and 3" end primers, 200 mM of
each nucleoude 1x PCRbufferand 0.5 unitof Tag DNA
polymerase. DNA amplification was carried out by
holding the temperature a1 94°C for 2 min, followed by
denaturation at 94°C for 30 sec, annealing at S0°C for
1 min, and extension at 72°C {or 1 min for 35 cycles,

and a final extension at 72°C for 2 min. PCR products
were separated on 4% MewaPhor agarose (FMC
BioProducts, Rockland, ME, USA) gels and run for 1
hour in a 100V electrophoresis set. The DNA bands
were stained by ethidium bromide to identify the PCR
products.

QTL AnalYsis and Heritability Estimation

Genotypic scores obtained from all primers were
used as genetic data for linkage construction. Linkage
analysis was accomplished using MAPMAKER/Exp
version 3.0."" LOD score and percent of recombination
allowed for map construction were 3.00 and 50,
respectively. Mapping and QTL analysis were
completed by the mQTL program. The association
between each marker and disease scoring was
confirmed by group comparison t-test with unequal
variances,'” between the plants carrying marker from
resisiant vs. susceptible parents.

Broad-sense heritability (h?), a ratio of genotypic
variation over phenotypic variation of disease severity
was estimated from the equation, h? = g?/c? +6%)."*
Where ¢* and (g’ +67) are genotypic and phenotypic
variances of soybean disease scoring, respectively
(Table 1). Genotypic variance was calculated by 62 =
(MSB-MSW)k. Where MSB and MSW are the mean
square between lines and within lines, respectively.
MSE itsel{is the estimate of *. The denominator, k, is
calculaied by the formula k = (n. - Zn%/n.)/(s -1).Sis
the numberof RHL.s (104 inthiscase), n, isthenumber
of plantsinthe i® RIL(1-3 inthis case), and n. isthe total
number of plants in the RILs (307 in this case).

REesuLts

Polymorphism of SSR Markers and Linkage
Construction

The SSR primers from the soybean genomic map
covering 20 linkage groups of saybean were surveyed
upon DNA of the two parents. One hundred and six SSR
primers were identified as polymorphic markers and
then used to amplify and map on DNA of the 104 Rlis
and their parents. Upon linkage analysis of all

—— e
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Toble 1. Analysis of variance of disease severty inthe RiLs.  LSD_ | value forthis mean contrast was 1.007. Broad-
sense heritability wasestimated ash’=0.56. indicating
SOV DF  Meao square  F-value  EMS that this QTL is moderately herttable and revealed o

© high likelihood of success in improvement for SDHs
resistance in this population.

Berween lines 103 MSB = 1.052  4.68"* G ka?,
Within lines 203 MSW = 0.225 a
Total 306

Markers Associated with SDS Sesistance
** significant diflerence at the probabiliny g 01 The identified QTL underlying SDS resistance was
located on linkage group J. Four SSR markers were
polymorphic markers, eighty-one were assigned into
15 linkage groups. The other 25 markers were found
unlinked. All grouped markers are listed in Table 2. @ : _
Based on the constructed linkage map'®, the names of - e
linkage groups of the markers were given. Onaverage, - : N
five markers were located on each linkage group and e Cosacatactante % P ananelt
the average genetic distance between two adjacent ' : '
markers was 22.82 ¢M. An example of DNA bands in
Fig 1 wasamplified by marker Satt183, The upperband
inthe first lane obtained from GC89045-13-1 represents
the susceptible band and was scored as A. The lower
band in the second lane derived from GC87018-12-
2B-1 represents the resistant band and was scored as
B. The bands in the other lanes belong to the Rils.

P —

Heritability Estimation
Analysis bf variance [or severity of the disease score
is givenin Table 1. Significant difference was detecied  Fig 1.DNA bands obtained from amplification using market

at P < 0.01. Highly significant mean contrast between Saul83, separated by 4% metaphore gel and stained by
the two parents was also detected from the same ethidium bromide. Lanes are as [ollow; lane 1:
analysis. The mean disease score of GC87018-12-2B susceptible parent GC89045-13-1: lane 2: resistant par-
-1, the resistant pareru was 1.5 whereas the mean of ent GCB7012-12-28-1; the other lanes (above and
GC89045-13-1, the susceptible parent was 4.5. The below) are RlLs.

Table 2. The consensus soybean linkage groups based upon alignments with those reported by Cregan i al. (1999).

Group Consensus linkage group S5R markers
1 Al 531155, sat276, saud54, sa01300, satt) 74, sau200, sait545
2 B1 satt359, sa1453 .
3 B2 sattD66, saindnd
4 c2 sat 100, sarel34, san202, sau277, sau286, san289, saur307, 531365, san 4G
5 Dibsw satQB9, sarl33, satil4l, sareds50, san546, sannls57, sals42, sau’49
4] D2 sa1£301, saet389, sal397, sausSld
7 E sat124, satt263, sat452, sait483, sa11398
8 F satt ]33, sanl 14, sc1033, sarl46, sau269
9 G 5a1094, sauQ12, 521064, sawll5, sanl38, sanl9t, «anl99, sau288, saudod,
salt472, satSi7, san566. sai594
10 H sarl 18, sau1222, 5211469, saus4l santB1l, sa10302, saued434
11 1 satt062, santlad, sat330, san292
12 J satt 183, sar456, sctD01, sct063, 5au285, 1046
13 K satt167, sauw349
14 L8] sat121, sau250, sau308, sauw32l, sou463
15 O satl73, sau2s9

Unlinked salth0%, sau 309, sauld39, sa087, «arl 13, satl 15, satil26. sa11l29, 1180,
satt187, sautl92, sau 97, san2s4, 257, at1204 sar359. sand2 . o143l
salt436, 5311488, sau560, saus70, san571, 51583, saud0l
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Table 3. Comparison of disease scores on the RILs carrying markers from the resistant vs the susceptible parenus.

Markers  RILs carrying resistant band  RILs camrying susceptible band Prob. of F-test® Prob. of t-test®
Sait183 1.19 = .31 1.49 + 0.63 0.000 0.0031
Sau4ds56 1.19 = Q.32 L.45 + 0.62 0.021 0.0117
Scid65 1.17 = 0.29 1.44 + 0.64 0.015 0.0055
SciQ01 1.26 = 030 1.42 = 0.60 . 0.000 0.0073

* F-test for equaity of varanees beowesn the RILs carrying SSR mackers lrom the resistant vs the susceptible parencs.

¥ tatest B difference in mean discuse saares between the RILs carrying SSR markers from the resisiant vs the suseepuible parents,

found associated with the QTL, Saut 183, Satt456, 5¢t065

and 5ct001 (Fig 2). The peak of the QTL with LOD of Satt285, Sct046

2.53 was 0.2 cM below the most tightly linked marker

Satt 183. Data obiained from regression of the disease

score on the marker score revealed that Sait183 had 46.4 cM

the strongest effect on the QTL, with a probability of %

0.006. Markers Satt456 and Sci065 were located at the

same positionat 1.2 cM above Satt183. Satt456 showed ___Sit_t"ﬁﬁ, Scl065

anassociation probability 0{0.012, while Sct065 linked 1.2 ¢M Sa183

to QTL at the probability of 0.015. The other linked - LOD=2 .33

marker, Sct001, was 2.0 cM below Sau183 (1.8 cM 20eM ¢ 001

below the peak) with P = 0.015.
The significance of the linked markers was

individually analysed by at-test with unequal variances

among the RILs carrying the 55R bands {rom resistant

vs. susceptible parents. All four markers showed
significant difference in mean disease score between
both groups of RILs (Table 3). The probabilities of t’
(significance level at an eifective df) for markers
Sattl83, Sau456, Sci065 and SctO01 were 0.0031,
0.0117, 0.0055 and 0.0073, respectively.

DiscussioN

Three major groups of SSR markers, Sat, Sait and
Sct, with the respective tandem repeats of AT, ATT and
CT, were employed in this study. The percentage of
polymorphism ol SSR markers surveyed uponthe two
parcnts waslow. In general, the genetic variation among
recommended soybean varieties is so low that
polymorphic markers could incorporate only
approximately 60% of the whole genetic distance of
the soybean genome. Alow level of genetic diversity in
cultivaied soybean has also been reported.”™ The
cumulative genetic distance of the soybean genome is
3103.4cM."" Moreover, the genome regionsinto which
SSR markers could not be incorporated included the
ones containing QTLs underlying Fusarium solani
reststance that were previously reporied.®'®

The puative QTL was Jocated on linkage group §.
A cluster of four markers constituted the QTL
underlying SDS resistance in this experiment. The
probability of the markers in Table 3 had a significant
association with the score of leaf scorch. Significant
difference between the mean disease score of the Rils

Fig 2. Location of SSR markers on the liakage group J of the
soybean genome and the new QTL underlying -
resistance to SD5.

carrying SSR marker from the resistant parent against
that from the susceptible parent was confirmed by the
t-testin Table 3. Thisimplies that the smaller probability
ofthet-test, the closerthe genetic distance from marker
Lo QTL, which may not be quite true as the eflective df
varied {rom one comparison another. The df variation
was due to occasional difficulty in scoring bands and
incomplete PCR reactions for some RiLs with certain
SSR primers, which resulted in missing data points, If
the diisnot a consideraiion, then Satt183 was expected
o show a greater probability than both 5at1456 and
5ct001, as confirmed in Table 3. Foreach marker, Rils
were grouped based on either resistani or susceptible
band. The severity scoresamong the two groups can be
compared usingat-test. The mean genotypic scores for
the resistant group of Rlls were significantly lower
thanthose of the susceptible ones forall markers. This
clearly revealed that the resistant lines received a
resistant gene from the resistant parent, GC87018-12-
2B-1.

The broad-sense heritability from this population
was moderately high(h?=0.56), implying that the QTL
controling SDS resistance in this populaiion should be
easily translerred 1o their progenies. New cultivars or
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lines can be improved via conventional methods, such
as pedigree selection with a possible integration of
marker-assisted selection (MAS), if needed. The
favorable allele can also be transferred into new
improved lines by gene pyramiding using backcross
breeding. The linked markers can also be employed o
facilitate identification ol resistant lines without going
through the tedious screening process.
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Abstract

A highlevel of genetic diversity was identifted within 15 accessions of yardlong l;ean from Thailand.
Bangladesh, China, Laos. Philippincs and Taiwan using STMS analysis based on cowpea Vigna
anguiculata ssp. unguiculara primer-pairs. Accessions clusiered into three distinct groups. at a 0.67
cocfficient of similarity, with no corrglation to geographical origins. Three pairs of accessions appearcd
to be simifar indicating that each pair was of the same accession and most likely originated {rom the
same geographicallocation. STMS primers designed from the cowpea genome were highly transferable
1o other Vigna species. STMS analysis with these primers also revealed a very high level of vanation
between six Wigna species, which clusiered into three groups at a 0.5 coefficient of similarity. Group A
represented the African Vigna species yardlong bean and cowpea, while groups B (mungbean,
blackgram and moih bean) and C (nice bean and adzuki bean) represented the Asian Vigha species.
& 2005 Elsevier B.V. All rights rescrved.

Keywords: Yurdlong bean; Vigna species; Sequence tagged microsatellite site {(STMS), Genelic diversity
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1. Introduction -

The legume genus Vigna comprises about 75-80 species originating from regions of
Africa, America and Asia. The genus has been subdivided into seven subgenera based on
morphology and their centers of origin (Maréchal et al., 1978, 1981). Two of these
subgenera contain important grain legumes classified by centers of origin: African Vigna
species (Vigna group) and Asian Vigna species {Ceratotropis group). Group Vigna
contains the important species of V wunguiculate, which contains the subspecies
unguicufata (cowpea) and sesquipedalis (yardlong bean). Cowpea is believed to have
originated in Africa with greatest diversity in western parts of Africa and India, while
yardlong bean is found mostly cultivaled in southeast Asia (Maréchal et al., 1978;
Pandey and Westphal, 1989; Takeya and Tomooka, 1997; Xu and Zong, 1993). Group
Ceratotropis comprises 16 species, of which 10 are wild species and 6 are cultivated
pulses including adzuki bean (V. angularis), rice bean (V. wumbellata), mungbean
(V. radiata), blackgram (V. munge), bambara groundnut (V. subterranea) and moth bean
(V. aconitifolia).

The Tropical Vegetable Research Center (TVRC), Kasetsart University, Thailand, has a
large collection of yardlong bean germplasm from within the country-and from other
countrics within Asta. The germplasm has been morphologically characterized and found
to conlain variation among accessions. However, morphological studies alone do not
provide sufficient information to understand genetic diversity within the species, as well as
relaicdness to related species. Molecular analysis can provide additional information on
genetic diversity that would be uscful for breeding programs through selection of diverse
parents.

Molecular analysis of germplasm diversity would provide information to plant

improvement programs regarding the level of genetic variation within and between species.
This information would then be used to select diverse parents of the same species or to
identify the most closely related parents for interspecific crossing, to increase heterosis and
incorporate desirable genes from more diverse backgrounds into elite germplasm (Henry,
1997). .
Several molecular marker techniques have been used to measure genetic diversity of a
range of plant species. Random amplified pelymorphic DNA (RAFPD) was first developed
by Williams et al. (1990) and is still among the most widely used because the technique is
simple and relatively inexpensive (Harris, 1999). RAPD analysis has proven effective for
diversity studies in several legume species, including mungbean {(Kaga et al,, 1996;
Santalla et al.,, 1998), adzuki bean (Yee et al., 1999), blackgram (Kaga et al., 1996) and
cowpea (Mignouna et al., 1998).

Microsateliites, or simple sequence repeats (SSR), are tandem repeats of very shott
DNA sequences (1-6 bp) (Akkaya et al., 1992). They are abundantly found in eukaryotes
{(Hamann et al., 1995; Powell et al., 1995; Yu et al., 1999). The variability in microsateilite
sequences can be detected by a PCR-based technique, sequence tagged microsatellile site
(STMS), which uses primers designed to the ftanking sequences to amplify the internal
repeat sequences (Beckmann and Soller, 1990). The resulting locus-specific amplification
products often exhibit considerable iength differences due o variations in the number of
repeats (Gupta et al., 1996; Hiittel et al., 1999; Weising et al., 1992). STMS analysis has
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been used 1o study geneiic diversity in various leguine species such as mungbean (Yu et al..
1999), cowpea (Li et al., 2001), chickpea (Choumane et al., 2000) and field pea (Ford et al.,
2002). -

The objectives of this study were to determine the level of genetic variation among
yardlong bean accessions originating from Thailand, Philippines, China, Bangladesh, Lzos
and Taiwan and (o analyse the genetic relatedness between yardlong bean to six other
cultivated Vigna species, including mungbean, blackgram, rice bean, adzuki bean, moth
bean and cowpea,

2. Mailerials and methods
2.1. Plant material

A total of 15 accessions of yardlong bean and 6 cultivated Vigna species, originating
from seven Asian countries, were provided by the TVRC. Kasetsart University, Thailand
(Table 1). Total genomic DNA was extracted from three plants per accession using the
modified CTAB method of Taylor et al. {1995).

Table 1
Fifteen yardiong bean accessions and six Vigna species originating from the TVRC collection at Kasetsart
University, Thailand

Common pame Accession Species Country
African Vigna .
Yardlong bean VUo7 Vounguicular ssp. sesquipedalis Thailand
vulez Thailand
VU157 Thailand
vuiI63 Philippines
vUi64 Philippines
VU169 Philippines
vuiel China
VU189 China
vUi96 China
VU173 Bangladesh
VUl Bangladesh
VU176 Bangladesh
vuol4 Laos
yulog Taiwan
VU200 Taiwan
Cowpea V5001 Vounguicudara ssp. unguiculare Thatland
Asian Vigna
Mungbean uTt V. radiata Thailand
Blackgram PSL2 Vonungo Thailand
Rice bean Miyazaki V. wmbellute Japan
Adzuki bean Adzuki V. angularis Japan
Moth bean Mothbean V. aconarifolia Taiwan

-
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2.2. PCR amplification

Twenty-seven pairs of cowpea STMS primers developed by Li et al. (2001) were used in
STMS PCR assays. Each 25 !l PCR reaction comained 50 mM KCI, 10 mM Tris-HCi (pH
8.0), 3 mM MgCl;, 0.24 mM of each dNTPs, 0.3 uM of each forward and reverse primer,
50 ng of genomic DNA and 0.5 units of DNA polymerase DyNAzyme™1] (Finnzyme,
Finland). PCR reactions were performed as follows: initial denaturation at 94 °C for 2 min,
foliowed by 35 cycles of denaturing at 94 °C for 1 min; annealing temperature at 60-65 °C
for 1 min and extension at 72 °C for 2 mun. with a fina! extension at 72 °C for 7 min.

The amplified products were separated on 6% denaturing polyacrylamide gels run in
TBE (Tris-base, beric acid, EDTA) buffer. The gels were stained with silver nitrate for
30 min. The Phil74/Hinfl DNA ladder (Promega, USA} was used as standard molecular
weight marker.

2.3. Generic diversity analysis

Clearly distinguishable amplified bands were scored as *1° and ‘0’ based on band
{allele) presence and absence, respectively. Sizes of amplified bands were estimated using
PhotoCaptMW® (Vilber Lourmat, France). Pair-wise similarities were obtained using the
simple matching (SM) coefficients (Legendre and Legendre, 1983} within NTSYS-pe
Version 2.0 (Rohlf, 1998). The similarity matrix was used in cluster analysis with the
unweighted pair-group method with the arithmetic average (UPGMA) to dcmonstrate
genetic relationships among the accessions and species.

Table 2

 Listof 16 cowpea STMS primers developed by Li et al. (2001) and the number of detected alleles in yardiong bean

and related Vigna species
Number STMS  Number of alleles
PAMETS  vardlong bean® Cowpea Mung bean Black gram Rice bean  Adzuki bean Moth bean

YM22
VM26
VM27
VM28
VM30
VM3l
VM33
VM34
YM35
10 VM35
i VM7
12 VYMaig
I3 VM40
14 VMé68
15 VM7
16 VM7I

" Representing number of alleles detected by STMS primers in 15 yardlong bean accessions and | accession of
each of the other Vigna species.

R=2- - BN R - N R S

N L e W B e e AR e e 0 e
= = I I = = N~ Y = N = = )
c—-—oo-—ooo-—-—éo—o—-
O - DO, OO0 = - D —E -
[ = s B e R e Y e B e
D~ OO0 -0 OCO O — 0 -

—



141

P Phansak el al. / Scientia Horticwlturae 106 (2005) 137-146

[{ON] $L0 050 Lo LYo Lo L30 £8°0 8°0 £8°0 £8°0 050 L9°0 £8°0 $L0 681NA
0o $0 00l 850 Tvo 850 850 w0 8S°0 850 050 050 LYY 850 961NA

oot §0 £ o £EQ 050 £E°0 050 [44l) ey £e0 (440 ey 661NA

0ot 850 o 8BS0 860 o 85°0 860 050 050 850 850 00INA

00t €80 00' SLo L90 §L°0 SL0 SL'0 L90 SL'0 0so LLINA

001 £8°0 §L'0 £8'0 SL0 §L0 850 L90 A 050 9LINA

00°) $L0 L9'0 SL'0 SL'0 SL0 90 SLO 050 rLIOA

0ot Ly'o 001l w60 860 Ly'0 60 SL0 £91NA

00l Lo §L°0 850 $L'0 L0 050 69INA

001 60 850 Lo 160 SLo PIIAA

oot 850 90 60 L970 1910A

ool LYo 850 050 PIOMA

oot 90 850 9inNA

0ol L9'0 LSINA

00’1l LIONA

68INA  961NA  6610A 00ZNA  £LIAA  SLOA  FLINA  EHOA  63IOA  POIOA 1910A  PFICNA  IHINA LSINA L10NA U0Issa0dy

SISARUT SIS Wosd pAIIauad su0issa00n urag Buojpurd ¢ Jo xumw Liuepung

£ 2anL



142 ) P. Phansak et al./Scientia Horticuliurae 106 (2005) 137-146
3. Results
3.1. Genetic diversity of yardiong bean

Of the total 27 STMS primer-pairs screened, 16 STMS primer-pairs successfully
amplified a usable DNA marker from all yardlong bean accessions. Of these, seven markers
were polymorphic (Table 2). The level of polymorphism detected per primer pair varied
from 2 to 6 alleles with an average of 3.4 alleles. The similarity detecled among accessions
at these loci ranged from 33 to 100% (Table 3). The dendogram demonstrated that three
accession clusters existed when the similarity scale was intersected at a value of 0.67 on the
(-1 scale where 1: complete similarity (Fig. 1). Accessions “VUD17" from Thailand and
VU199 from Taiwan clustered together A, *VU200" from Taiwan and ‘VUI96" from
China formed another cluster C, and the rest formed clusier B. The STMS profiles for
accession pairs VU163’ and ‘VUI164" from Philippines, ‘VUI173" and *VUI174" from
Bangladesh, and ‘VU200" und ‘VU196' from Taiwan and China, were identical to each
ather.

3.2. Genetic relationship between yardlong bean and related Vigna species

Nine of the 16 STMS primer-pairs assessed were only able to amplify genomic DNA of
yardlong bean and cowpea, but not from the other species. However, four STMS primer-

VUOIL7{Tha)
[ (A}

' VUI99(Thi)

VU157{Tha}
V153{Chi)

VU164(Phil)
L’UIGJ{Phil)
- —— VU I189{Chi)

v )
l— U169(Phil)
VUI76{Ra)

VU174

’VUI 73(Baj

VUL62(Tha)

VUG 4{Laos)
JVUZOG(Tai)

(<)

]\JUI%(Chi)

— —— T — T —— ]

0.50 .63 0.75 (.88 1.00
Coefficient

Fig. |. UPGMA dendrogram of 15 yardlong bean accessions generated from STMS analysis.

tomm
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Table 4
Similarity matrix of six Vigna species generated from STMS analysis

Yardlong bean Cowpea Mungbean Blackgram Rice bean  Adzuki bean  Moth bean

Yardlong bean 1.00

Cowpea 093 1.00

Mungbean 0.00 0.00 1.00

Blackgram 0.07 0.07 0.87 1.00

Rice bean 0.00 0.00 0.53 0.53 1.00

Adzuki bean  0.00 0.00 0.53 053 0.67 1.00

Moth bean 0.00 0.00 0.60 0.67 0.53 0.60 1.00

pairs (VM22, VM27, VM37 and VM70) that amplified clear bands with yardlong bean
DNA, could amplify DNA from all Vigna species and a further three amplified DNA from
all species except for moth bean (Table 2). Where a band was not amplified, the locus was
considered to be absent; therefore, the diversily among the Vigna species was analysed by
incorporating data from alt 16 primer pairs with genetic similarity ranging from 0 to 93%
(Table 4). The Vigna species clustered into three groups (Fig. 2), when the dendrogram was
transected at 0.5 on the 0-1 scale. Cluster A consisted of cowpea and yardlong bean '
accessions representing the African Vigna. Clusters B and C contained all.other accessions
representing the Asian Vigna. Cluster B contained mungbean, blackgram and moth bean,
and cluster C contained adzuki bean and rice bean.

l‘r’anllongbcan i
L (A)
pwpez

—— Muzgbean

{B)

Blackgram

Mothbean

Ricebran

<€)

-Adzukibean

— T T T T L e | T T 7T T T T T T ™
om 0.024 0.47 2.70 0.95

Coefficient

Fig. 2. UPGMA dendrogram of yardlong bean and six related Vigna species. generated from STMS analysis.



144 P. Phansak et al. /Scientia Hortculiurae 106 (2005) 137-146
4. Discussion
4.1 Transferability of cowpea STMS 1o other Vigna species

The STMS primers used in this study originated from cowpea with 60% being able to
amplily genomic DNA from all of the yardlong bean accessions assessed. The high
transferability of cowpea STMS primers to amplify yardiong bean DNA was not surprising
since these are subspecies of the same species V. unguiculara. Nevertheless, 44% of the
cowpea STMS primers that amplified yardlong bean DNA were also able to amplify DNA
from mungbean, blackgram, rice bean and adzuki bean, while only 25% could amplify moth
bean DNA as well. This indicated a level of microsatellile sequence conservation among
species. The low level of transferability of cowpea STMS primers to moth bean was reftected
in the low level of genetic similarity between moth bean, and cowpea and yardlong bean.

Transferability of STMS primer sequences has recently been shown across other legume
species (Choumane et al., 2000, Ford et al., 2002; Pandian et al., 2000). Pandian et al.
(2000) reported that 21 of 22 field pea {(Pisiin sativam) STMS primers tested amplified
genomic DNA in cultivars of Vicia, Lens and Cicer species, while 11 out of 22 chickpea
{Cicerarietinum) STMS primers tested produced fragments in cultivars of Vicia, Lens and
Pisum species.

4.2. Generic diversity of yardlong bean

The level of genetic similarity detected among the I35 accessions of yardlong bean,
based on allele frequency, varied from 33 to 100% using STMS analysis. The range of
variation detected using STMS primers was quite high compared to previous studies that
have used STMS to detect variation within species of legumes (Li et al., 2001; Yu et al.,
1999). STMS primers are specific in detecting repeiitive DNA in the genome.
Microsalellite sequences are abundant throughout plant genomes, are hypervariable
and are thus more likely 10 mutate through evolutionary forces (Cregan et al., 1994). STMS
analysis separated the yardlong bean accessions into three groups; however, the clustering
of accessions was not correlated to geographical origin. Yardiong bean is found widely
cultivated in Asia, especially southeast Asia with accessions exhibiting a high level of
morphological diversity.

Three pairs of accessions appeared to be identical, which were *VU163" and *VUI64°
from Philippines, *VUI173" and 'VUI174" from Bangladesh, and ‘VU200" and 'VUI9&’
from Taiwan and China, respectively. Interestingly, accessions VU200’ and ‘VUI96
originated from different countries but were identical. The reason for this may be that they
were collected from the same geographical location but were given different accession
numbers or alternatively, the same accessions were sent (o different germplasm collections
before being forwarded to the TVRC collection in Thailand. The degree of genetic
diversity delected by STMS analysis correlated with the level of morphological diversity
for these accessions (TVRC Report, unpublished data). Germplasm passport data such as:
stem colour, internode colour, leaf shape, colour of flower keel, colour of flower wings, pod
colour and seed coat Iexture of these accessions showed that there were no differences
within each pair of similar accessions.
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4.3. Genetic relationship benveen yardiong bean and related Vigna species

STMS analysis clearly separated Vigna species into the African Vigna (cowpea and
yardlong bean) and Asian Vigha (mungbean, blackgram, rice bean, adzuki bean and moth
bean) groups. These results comelated with taxonomic relationships in Vigna established
using RAPD and RFLP analysis (Fatokun et al., 1993; Kaga et al., 1996) where the Asian
and African Vigna groups were clearly differentiated. Within the Asian Vigna group,
mungbean and blackgram clustered closely to moth bean; while rice bean and adzuki bean
clustered together. The STMS analysis of Vigna species was based on only one accession
per species. Further analysis using several accessions per species may produce a more
accurate identification of the genetic diversity between these species.
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AssTRACT: Seeds of mungbean varieties KPS 2 VC 6468-11-18, their F| and F, were Ireated with gamma rays
{Cs-137 source) at the dose ol 500 Gy. The M| sceds were sown in the ficld with the controls {(non-irradiated
seeds) and bulk-harvested. The M, seeds were sown 10 observe their characters and number of muwanis in
each poputation. Among over 430,000 plants observed. irradiated F, population gave the highest frequency
of muwants at 0.168%. followed by F,, VC 6468-11-1B, and KP5 2 a1 0.165%, 0.152%, and 0.142%,
respectively. Mutant characters were grouped as chlorophyll, teaf, Nower, and pod mutants. Chlorophyl!
mutations inctuded albino, coppery leal, light-green leal, variegated leal, waxy leal, white streak leal ai:d
xantha leal. Leal mutations were lanceolate leal, narrow-rugose leal, mullipte leallet, reund-cuneate leal,
uniloliate leafl, and wrinkled teal. The flower murtant was cock’s comb raceme while the pod mutant was a
lobed one. All mutants were purified for genetic study and possible uses of the traits.

Kerworos: Vigna radiata, mungbean, gamma rays, mulants.

InrRoDUCTION

Mungbean (Vigna radiata (L.} Wilczek) (2n=2x 22)
is a self-pollinated legume originated in South Asia. Tt
is an economically important crop in India, Pakistan,
Thailand, Vietnam, Myanmar, and China with the
combined planted area of over 5 million ha. The crap
is considered rather wild as it still gives low seed yield
(<1 vha), with uneven maturity. This opens an ample
room lor munghean breeders to improve the crop.
Besides natural genetic variatton availablein munghean
germplasm collections, mutation techniquesare proven
useful in obtaining novel traits and creating genetic
variability. Gammairradialion as amutagen caninduce
uselul as well as harmful mutation in planist-?. Singh
and Sharma® isolated a few peniafoliate and tetafoliate
mutants {rom the gamma rays- and ethyl
methanesulphonate (EMS) - treated mungbean. These
mutants showed a significant increase in dry maiter
production, total chlorophyll content and yield, as
compared to their parents in M, and M, generations.
Santes?, and Bah! and Gupta® described the mutant
characters and their inheritance in mungbean and
reported that vaniegated, multifoliata, xantha, chlorina,
albino, uniloliata were each controlled by a recessive
gene. Variation in quantitative traits by mutation
breeding was also reported by several scientists®!''
The major Lrasts were seed yield, seed size, pods per

plant, seeds per pod, daysto maturity, and piant hagha,
Additiorally, Wengpiyasatid et al'? reported an
improvement in resistance to powdery mildew,
Cercospora leal spot, and cowpea weevil through
gamma radiation induced mutation.

The objective of this study istoinduce mutation in
four mungbean populations using garmma radiationto
determine the mutation frequency, observe the mutant
traits and purily them {or possible uses.

MateriaLs anD METHODS

~ceds of the parental lines, ‘Kamphaeng taen 2
(KP> 2)designatedas P, and VC 6468-11-1Bdeagnated
as P, were obtained from the Asian Region Centerofthe
Asian Vegetable Research and Development Center
(ARC-AVRDC), Kasetsart University, KamphaengSaen,
Nakhon Pathom, Thailand. KPS 2 is a popular Thai
mungbean culiivar sown over 150,000 ha annually,
owing Lo us high yielding, shiny seed coat with
moderately large seed size (~66 g per 1000 seeds),
green hypocotyl, and moderately resistantto powdery
mildew and Cercospora leal spot diseises. VO 6468-
11-1Bisanelite breeding line with a dull seed coatand
a large seed size (~70 g per 1000 scecds), purple
hypecotyl, and resistant 1o both diseases.

Crosses were made using KPS 2asthe lemale parent.
The parents and F| seeds were sown in the successive
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scason. Afl Foseedlings had purple cotyledons
confirming that they were derived [rom crossed seeds,
since the purple hypocotyl i= dominant to the green
one. Anothersetofl F| sced was also made in parallel o
the production of I, sceds Thus, all lour munghean
populations (P, P,, f'l‘and F Ywere finally obtained in
that same season. The inital M wceds were determined
for germination percentage in cach populstion and
converied tothe seed weightol 156,187,199 anid 212
g for KPS 2, VC6408-11-10, , and F, respecuively
Each amount is equivalent 10 ~2300 seeds that can
readily germinate.

The gamma irradiator used inthisstudy isnstalled
at the Gamma lrradiation Service and MNuclear
Technology Research ( cneer (GISC), Kiresart
University, Bangkok. 1t wi manufactured by J.L

ScicnceAsia 31 {2005,

Shepherd &r Associates, underthe Model MARK 1-30,
Serial No 1116, loaded with 45300 Curies of Cs-137
havingahalf-life o[ 30.12 years. The gammairradiator
was calibrated 1o irradiate 500 Gy of gammarays o the
seed lots for 82 minutes The tate of 500 Gy was found
to produce much variance while leaving over 60% of
the surviving planis®?. The M, seeds were sown in the
field surrounded by non-irradiated population as the
control. The M, seeds were bulk-hanvesied in each
populatiea. There were 776,512, 11.02,and 8.72 kg
from KPS 2 VC6468-11-1B, F. and F,, respeclively.
The seedswere dritled in rows, alier which ithe mutants
were periodically observed right aller permination. In
each visit to the field, the mutant plants were marked
with bamboo sticks for subsequent observations. Data
were recorded on churacters and number of the

Tabie 1. Amount of M, mungbean seed sown, number of seedlings germinated, and aumber of mutants found in

the populations of KPS 2, VC640B-11-[B, their F and F,.

Populations - M, seeds, - No.;of seedlings " Mutant Type = _ Total Percent of
" - sown (kg)  germiinated - Albino(tethal) Chlorophyll Lealiype Flower Pod . mutants
KPS . 2776 127,880 . 113 S 15 0 7 182 0.143
VC6468-11-1B -5.12 - C8tro8 45 26 45 0 8: 124 0.152
F AN 11.02 134,607 - 164 16 © 35 . H 10. 2206 0‘1681
F 8.72 89,647 105 8 - .29 0 6 7148, 0165,
Toral " 32.62 433,842 427 F: 144 1 31 o680 0.157
lable 2. Types and nurmber of mutants found in M, pianis of the four munghean populations.
Mutant ‘characters L% T -, _Populations ; “Total
KPS 2 Ve 6168-11-1B - F, F, i o
L. Chl&;:.lgphyu m\;\ir:{tirdnl‘ 5 i R— - 1,
Albing - - 113 45 164 - 2105 . 427
Coppery leal 1~ 0 S0 o . 3,
‘Light green leaf e 2 3 0 7
Variepated leaf .3 3 4 3 p2
\Vu-."-y teaf 2 s . 5 o 13
Whiite sirezk leal B - 2 2 3 8
*Xantha leal ' 19 13 2 2 36
2 Leaflet mutation
Lanceelate lealler 2 2 - L = n
Multiple leafler. 29 3 JAS I - . B RN
, Martow’rugose leafléy - 2 1 ) 0 3
Round-cuneat leafler 0 ] 0 1 1
~ Umifoliaie leal : 2 a By ! 3
Wrinkled leal 0 5 4 0 9
3. Flower mutation
Cock’s comb raceme 0 i i o 1
4. Pad mutation . ‘ ] -
‘Lobed - pod e SRR m 8 {o 6. I 3t
Total MR 124 226 148 680
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wription of the mutant characters found in M, plants of the four mungbean pryjntauons,

: MuLant. ':é}iaifaclcrs E?

:"hlnrophyll mutauou
) !\”Jlmr :

i Cnppcr)_[e’af
Lighi-green leaf
Variepated Jeat.

o Waooy - leaf
:\‘r'lulr.'.'.

Lighter green leave
Persistent varieg

’JL: "‘l‘,‘;i[ X

= 1.::“:1 n.uuuon
r S B
; CMultiple leafl
- Marrow-rugose Jeal
Round cuncat teal
Umfohal_c leal
; Wnuklcd leal
3 FEow:,r ruulm-.m
S mka comb FACE IME

R.-l.-_em;-' look like cooks

'Pird mut:.liinq‘
- Lobed pod

mutants. At marurity, each mutant plant was individualty
harvested. The remaining planis were bulk-harvested
{or M, seeds and sown for further observation.
Field cultural practices on this experiment were
conducted based on standard management for
mungbean grown in Thailand. Briefly, the seeds were
drilled in rows of 50 crm apart at the rate of 20 seeds per
a meter. Weeds were controlled by pre-emergence
spraying of Imazathapyr at 250 g(aiYha. Late weeds
were eradicated by hand weeding twice at 15 and 30
daysafter sowing. Insects were controlled by spraying
with triazophose (Hostathion 40% FCat the rate of 40
cc per 20 liters of water when the insect population was
building up beyond the theeshiold lovel frrigation water
was applied during the cropping season as nevded.

Resutts anD Discussion

Since the gamma rate of 500 Gy was almost at
Lethal Dose-30 (LD-50) for mungbean', the M| seed
lost its germination up to 20-30% [rom the ellect of
irradiation. Some seedlings showed either albino or
xanthaleafl, and died prematuiely. A number ol muzant
planis wereideniifiedin M, generation and the mutation
percentages in KPS 2, VC0468-11-1B, F and F,
population were 0.142, 0.152, 0.168, and 0.165,
respectively (Table 1). The percentages were much
smaller than that reported by Srichot' and
Thengpimyn' who found the mutant rate el upto 1-
4% in both qualitative and quantitative traits. In our

Entlrely white eaves. Seedlings survived for les
Copper-like colur Imﬂe[ begmnm;, from fowenng . ull harvesting
13 compared o normal leaves
ied yellow-green leaves I
-‘Normal leaf _~.h1p; with pale waxy lcaftel
- White streak from edge to middle.ven 2
Orange yellow 1o light yellomsh white, survived’ fuir only 2- 3 weeks afier germinaun

Character descriptions

s-than 2 weeks afier geqminauon

; .l'lougéled middle leaflec with broader lateral leaflec
Compound leafl with 4 - 9 leafets per leal

. Nartow and clongated leafler
Short petiole, round leaf,
Single ‘leaf, did not set pod
Leafl has wrinkled characler -

did not sct pod

comb, dul not sey pod

Distinct lcibcs._nri pod 'possfbly d'ue 1 semi-sienliy -

experiment, no distinct mutant plants were found
regarding yield components, possibly duetosuchalow
mutant rate.

The mutants found were mainiy of leal chlorophyll
mutation such as albino, coppery leaf, light-preen leaf,
variegated leaf, waxy leaf, white sireak leal, and xantha
leal. Leal mutations were lanceolate leaflet, narrow-
rugose leaflet, muluple leafler, round-curneat leaflet,
unifoliatelealand wrinkled leaf. Flower mutation gave
looks like cock’s comb with pollen sterility. Similar
mutants werealso reported by Famseejan etal”, Santas?,
and Srichot™. A lobed pod mutation with fewer seeds
per pod was aluo found. This trait may associate with
pariial stertlity, causing constriction atthe poinat whier
there was undeveloped seed The number of mutants
found and their descriptions are shown in Table 2 and
3. These mutants were not found in the control
populations. Therefore, they were considered the real
mutants and not the results of genetic recombination
between the parental lines.

Charadrerictics of leaflet rmunants are sho
1, while thesr of the other types are glivenin Fig 2
unifoliate leafl mutant was also sterile, in agreement
with that reported by Santos'. The muram producedd
numerous flower buds but failed 1o open. The round-
cuneat leaflet mutant produced flowers batis pollen
scattered all over the corolla and thus expressed partial
sterility, However, coppery leal, variegated leal, waxy
leaf, white cteak feaf, lanceolate leallet, nurrow-rugose
leaflet, multiple teaflet, and wrinkled teal were [enile

wriin Fig
BT
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(g ()

Fig 1. Leaf mutant vanation found in the M, planta {a} live multiple leafle, (b) lanceolaie leall (0} normal tnlohate leal, (d)
narrow-rugose leaf, (¢) round-cuneat leafler, (I} seven muluple leal, (g) unilolie leal, {t) wnukled leaf.

Fig 2. Chlocophyll, flower, and ped mutations found in the M, plants () albine. () coppery leal, (¢) hight-ereen leal, (d)

variroated leafl, () waxy leal, () white streak leal (g) xantha leal (1) coch

Sel.
with low yield. The variegated leal and narrow-rugose
leal mutarus produced only few pods while waxy leal
produced pods with lean seeds. These mutants have
been reported by a number of scientists," % but we
have found themall in oneexperiment, possibly due 1o
the high population used (up 10 433 842 seedlings).
Although not statistically signilicant, the rate of

scomb pemne, (1) lubed pod due 10 sporse seed

muation was slightly hisherint and F a5 compared
1o the pavents, sinee the progenies are muore
hoterazygous than the parents. The heterozygous
genotypes have more posaable tarsct alleles 1o mutate
thanthe pure line parent - However, the mutation rate
in this experinients is rather low and thus the result
needstao be conflivmed in more experiments. The mutant
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plants were individually harvested for 2 consecunive
geneiations Lo establish pure mutant lines for furthes
studies Al mutants were bred-true and can be utilized
in breeding and genetic study. Some muluiple lealla
lines set profuse pods that might be useful as a marker
for mungbean yield improvement in the future.
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QUANTITATIVE INHERITANCE OF RESISTANCE TO Pb\\'DERY MILDEW
DISEASE IN MUNGBEAN (Vigna radiata (L.) Wilczek ) -

W. SORAJJAPINUN', S. REWTHONGCHUM', M. KOIZUMI',
and P. SRINIVES™”

SUMMARY

Powdery mildew disease caused by the fungus Erysiphe polygoni
D.C. is devastating 1o mungbean growing in sever2l countries including
Thaitand. Inheritance of resistance to powdery mildew was studicd using
progeny from the cross between moderately resistant KPS 2 (Py) and
resistant VO 6468-11-1A (P;). Six populations viz, Py, Py, Fi, F;, PF|,
and P,F, were sown in a randomized complete block design with six
replications at Kasetsart University, Kamphacng Saen Campus, Thailand
to study the genetic contrdl of powdery mildew resistance. Genetie effects
were determuned with generation mean analysis as proposed by Gamble
(1962). The results showed that VC 6468-T1-1A had 2 lower rate of
disease deveiopment than KPS 2. Mean infection in the F; and F,
populations fell at the midparent tevel, while P,F, had a similar level of
resistance as ils recurrent parent. In céntrast, backeross to the moderately
resistant parent, {P,F,) produced progeny as the resistant as the Fy and ;.
Addhive gene action was found to play a major role in controlling
powdery mildew resistance in mungbean. Thus, 3 breceding method
employed for self-pollinatcd species, such as the pedigree, bulk, or single
seed descent selection should be effective in selecting for powdery mildew
resistani genotypes in the progenies derived from this cross.

Key words: Powdery mildew, Erysiphe polygoni, mungbean, Vigna radiata, inheritance

Powdery mildew, caused by the fungus Erysiphe polygoni D.C., 1s a major
discase found widely in mungbean planting areas. Breeding for resistance is the best way 1o
avoid yield loss due 10 diseasc infestation. A promising mungbean line, VC 6468-11-1A, 15
predominantly resistant, with large sced size, and high yield (Xiao, 2002). Its resistance
genes are inherited from the varieties ML-3, ML-5, and ML-6 from India (Femandez and
Shanmugasundaram, 1988).

The powdery mildew disease starts from the lower teaves and spreads upwards
under favorable conditions, as in a dry cool season (AVRDC, 1987). Yicld losses Up of 1o
20-40% have been reported (Reddy et al., 1994). The damage is more serious when the
cpidemic staits at the seedling stages. The white myceclia covering the infecied plants
eventually adversely affect the plants’ physiological processes. However, field infection
reportedly vanied with changing seasons. Humphry er a/. (2003) found different races of the
pathogen prevailing in two seasons in Quecnsland, Australia. Thus, the same pathogen

! The World Vegetalle Center-AVRDC - Asian Regional Center (AVRDC-ARC), Kasetsart Universily,
Kamphaeng Sacn, Makhon Pathomn 73140, Thaitand '
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races may not attack mungbean grown in diffcrent seasons or locations. Therefore, genetics
of resistance to powdery mildew in mungbean is rather location/scason specific and need to
bc addressed each time a breeding program against the discase is set up. Horzontal
resistance genes should be stacked into novel inungbean lines in order 1o secure a broader
and more reliable discase resistance management program.

[nheritance of resistance 1o powdery mildew in mungbean has been reported to
be controlled by a single dominant gene in the breeding line VC 1560A (AVRDC, 1981) as
well as in the breeding line ATF 3640 (Humphry ef al., 2003). However, it was reported to
be controlled by two dominant gencs in the RUM breeding line from India (Reddy er af.,
1994) and three genomic regions were also found to harbor Quantitative Trait Loci (QTL)
that explained up 10 58% of the total variation in disease reaction (Young ef al, 1993).
Chaitieng er al. (2002) reported that the F; population derived from the cross between a
modcrately resistamt breeding line, VC 1210A, and a susceptible wild refative (Vigna
radiata var. sublobata. accession TC 1966) showed a continuous distribution and resistance
was treated as a quantitative trait. They detected 2 RFLP loci associated with a major QTL
conferring up 10 65% of the total variation in resistance. Humphry et al. (2003) identified
RFLP ftanking markers closely linked to the QTL conferring resistance to powdery mildew
and recommended their application for improving futurc breedig programs of mungbean.

The application of chemical fungicides is an effective means for controling
powdery mildew in mungbean but has adverse effects on health and the environment,
Development of resistant varieties is a safc and economic way for discase control.
Information on genetic inheritance of disease resistance in miwngbean is a prerequisite,
especially when the trait is quantitatively inherited. There are several genctic models
available for the analysis of gene effects through generation mean analysis (GMA) as
proposed by Anderson and Kempthorne {1954), Hayman (1958), and Gamble (1962).

The promising mungbean lines being developed at the Asian Regional Center of
the Asian Vcegetable Research "and Development Center (ARC-AVRDC), Kasetsan
University, Thailand are increasingly resistant 16 powdery mildew. Inn this experiment, the
genetic control of resistance in a cross between a moderately resistant and a highly resistant
mungbean was studied using GMA analysis.

MATERIALS AND METHODS

The two parental mungbeans used in this study were the cultivars ‘Kamphaeng
Saen 2° (KPS 2, P} and the breeding line VC 6468-11-1A (P;). KPS 2 was selected from
the cross BPlglab-3//CES44/ML-3//CES1D-21/PHLV 8. It is cumently the most popular
mungbean cultivar grown in Thailand, occupying over 200,000 ha annually. Since iis
resistance comes only from the cultivar ML-3, it is moderately resistant to powdery mitdew
in Thailand. VC 6468 is derived from the cross VC 6040 x VC 6209. VC 6040 camies
resistance trmts from ML-3 and ML-6, while VC 6209 derives it$ resistance from ML-3 and
ME-5. This makes the line highly resistant to the disease. F seeds were obtained using KPS
2 as the female parent, The F, plants were backcrossed 1o P, and P, to produce P,F, and
P,F| progemics, respectively. Fy secds were collected from self:pollinated pods on the F,
plants,

A total of six generations, wz. Py, Py, F\, Fi. PiFy, and P;F; were sown in a
randomized complete block design with six replications at Kasctsart  University,



Kamphaeng Sacn Campus, Thailand. Each replication was surrounded by preplanted border
rows of a highly susceptible variety, CN 60, which scrved as spreader rows. The treatments
were sown 30 days later. Data were recorded on percent disease infeetion per plant (PIP)
and per leaves (PIL) 30 days after sowing, then transformed 1o the scale of 14 and 1-5
{AVRDC, 2004), as shown in Table 1. Genetic cffects of the discase rating were
determined from the generation means based on the equations derived by Gamble (1962},
as follows:

m = F),
a = P\F\-P;Fy, ‘
d = l/ZP.-!/2P1+F,-4F;+2P.F|+2P1F1 .

aa "4F2+2P|F|+2P2F| N
ad = -1/2P+1/2P; + P;F,- P;F,,and
dd = P+Py+4F,-4PFi- 4P,F, .

The six estimated effects represent mean (m) effects, additive (a) and dominance
(£} gene effects, and the three types of digenic epistatic effects (aa, ad. and dd).
Significance of each estimate was judged from a t-lest against its standard error cstimate.
Upon significance testing, another analysis was performed including only major cffects.
Then the dewiation of the new estimates from the perfect fit (6 components) estimates were
determined from a Chi-square (x") test as follows:

) (0i-E)
X —Z——*ﬁ

where OF is the new value of the / estimate and £i is the perfect fit value of the
corresponding estimate. The degree of freedom required for checking the significance of
the x* is the difference in the number of parameters between the two analyses.

Table 1. Disease reaction scaling based on percentage of powdery mildew infection on
plants and leaves of mungbean.

Percent infection per plant (PIP) Percent infection per leaf (PIL)
Scale % infected Scate % infccted
1 <i0 ] . <5
2 . Hi- 30 2 6-10
3 31-60 3 It-25
4 >60 4 26-50

5 >50

RESULTS AND DISCUSSION

The results of the present study revealed that both parents, KPS 2 and VC 6468-
11-1A, showed variable responses in percent infection per plant (PIP) and infection per leaf
(PIL) (Table 2). KPS 2 had PIP and PIL ratings of 2.38 and 2.62, while VC 6468-11-1A
had 1.25 and 1.36, respectively. VC 6468-11-1A had lower discase development than KPS
2. The F; and F, populations showed average discase infection levels close to the mid-
parent, at PIP of 1.95 and [.83, and PIL of 1.88 and 1.98, respectively. Since resistance
levels among the parents were not sharply different, disease reactions in the progenies were
Table 2. Average scale of disease infection per plant and per leaf in six mungbean

. generations.
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Generation Scale of infection per plant  Scale of infection per leaf

(PI1P) (PIL)
P, (KPS 2) 2.38 ’ 2.62a
P, (VC 6468-11-1A) 1.25¢ . 1.36d
Fi (P:xP2) 1.95b i.88cd
F; (F, selfing) 1.83b 1. 98hc
P,F, (Fyx Py) 2.03b 2.13b
P,Fy (Fy x P}) 1.25¢ 1.70d
F-test hid i
CV% 30.34 33.65

** Significant ar .01 tevel of probability.
Means within 2 column followed by the same letter are not different at the .05 fevel by DMRT.

still within the moderaely resistan? scalces. In the backcross to the susceptible parent (P, F)),
PIP was 2.03, while PIL was 2.13 (Table 2). Backcross progeny of the reststant parent
(PF;) gave as low a scaling fevel as the resistant parent (1.25 and 1.70 for PIP and
PIL. respectively). This showed that inhentance of powdery mildew resistance from a
moderately resistant x highly resistant cross is governed by quantitative trait loci.

Gene cffects governing the powdery mildew resistance were significant only for
the additive parameter {Table 3). The non-significant epistatic components were removed
from the model and another analysis was done on the othef three major parameters: m, a,
and d (Table 4) The génc effects upon removal of epistatic componenls were not
significantly different from the perfect fit with six components. The ' values from the
estimate of PIP and PIL were 3.86 and 0.21, respectivély. Both were less than the 124,5 at
df=3 (7.81). Thus, it can be concluded that the additive gene effect was stilt the ‘most
importani componcnt controlling powdery mildew resistance in this mungbean cross.

Table 3. Estimates of the six-parameter gene effects from scaling data of powdery mildew
discase from the mungbean cross KPS 2 x VC6468:11-1A.

Gene effects PiP PIL

M 1.832 0.041** 1.98-0.155*"
A 0.53° 0.188** 0.43%0.204*
D -0.1750.707 -0.3740.776
Aa -0.26* 0.677 -0.271 0.743
Ad -0.08:0219 -0.19*0.238
Dt 0.82° 1.027 : 0.35°0.117

*.** Significant a1 .05 and .01 levels of probability, respectively.

AVRDC (1981), Reddy et al. (1994), and Humphry et al. {2003) reported that
major genes control powdery mildew discase resistance in mungbean. On the other hand,
Chainieng er af. (2002) found that the F, from the cross between a moderately resistant line
with a susceptible line showed a continucus trait distribution and resistance can be treated
as a quantitative trait. Young er al. (1993) found three genomic regions responsible for
powdery mildew resistance. A more stable resistance nught be established by combining
the quaniitative genes with the major genes. The quantitative “maodifying genes™ can add a

Table 4. Estimates of three-paramcter gene cffects from the scabmg data of powdery
mildew disease in the mungbean cross KPS 2 x VCG6468-11-1A.
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Gene effects PIP PIL

m 2.1270.69** 2.260.75**
a 0.61 20.11** 0.62°0.15**
d -0.99°1.64 -0.72°1.79

*.** Significant at and .Q1 level of probability.

buffer to the resistant cultivar and thus help in prolonging the lifespan of a resistant
cultivar.

The above conclusion confirms that the breeding methods emploved for sclf-
pollinated specics, such as the pedigree, bulk, or single seed descent sefection, should be
cffective in breeding for mungbean genotypes resistant 10 powdery mildew i this
population.
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SIGNIFICANCE OF HETEROSIS AND HETEROBELTIOSIS IN AN F, HYBRID
OF MUNGBEAN (Vigna radiata {L.) Wilczek) FOR HYBRID SEED PRODUCTION

R. SOEHENDI' and P. SRINIVES'-
SUMMARY

The increase in mungbean (Vigna radiaia {L.) Wilczek) production
volume comaes mainiy from the increase in mungbean-cultivated area. A
possible breakthrough for this production limitation is to exploit hybnd
vigor of the F; for possible production of hybrid varicties. The magnitude
ol hybrid vigor is normally presented in terms of heterosis (H =
superionty of the F| hvbrid over its parental mean) and heterobeltiosis (Hb
= supenornity of the Fy hybrid over its betier parent). However, the
sigmficance of H and Hb in each cross has rrely been fested. We are
proposing a simple t-test method for evaluating the sigmificance of H or
Hb m each cross using daa obtained {rom individual plants. As an
example, helerosis and helerobeltiosis were estimaled i four cross
combinations involving three diverse mungbean genotypes. The data were
collected on plant height, nimber of leaves/plant, leaf arcafplant, number
ol pods/plant, pod length, number of seeds/pod, [00-seed weight, and
vield/plant. All crosses showed significant yield heterosis over the mid-
parent and better-parent. Crosses showing heterosis for prain yield afso
showed heterosis for pod length, number of seeds per pod, and plam
height. However, only plant height expressed heterobeltiosis. Superionity
over the mid-parent tor gram yield ranged from 52.2 to 95.7%, and thint
over the betier parent ranged from 31.8 to 78.5%. The-highest heterosis
over the mud- and better parent was shown in the cross SMxEM. In self-
pollinated crops, hyvbrid sceds can be produced using a male sterile line as
the female parent. The detected vield heterosis must be reasonably high to
compensate for the cost of seed production.

Key words: {igna radiata, munghbean, heterosis, heterobeltiosis, 1-test

Mungbean (Figna radiata (L) Wilczek} 1s an important source of protein in ndia.
Indonesia. Myanmar. Pakistan, Thailand, Victnam, among other countries. Farmers grow it
as a supplemental crop or cash crop. Mungbean is the shortesi maluring ficld crop.
However. its yicld is low compared to other grain legumes. The annual increase
production comes mainly from the increase 1n cultivated area. Yield productivity is not
casilv achieved by the current methods of cultivar mmiproventent and cultural practices.
Using hybrid cuitivars can improve the vield limitation in purc hine cultivars,

Hceierosis or hyvond vigor is manifesied by F| hybrids. Hybrid varicties have
contributed greatly worldwide to the production of many crop species, including the inost
important food crops such as maize and rice. The commercial exploitation of heterosis has

t Department of Agronomy. Kasetzart University. Kanphaeng Saen Camgnes, Nakhon Pathorn 73140, Thailand
" Indonestan Leguames and Tuber Crops Rescarch Institute (JLETRI). Malang 6510, Indoncsia
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been one of the drving forces behind the rapid ahd extensive developent of sced
producuon. Heicrosis breeding has allowed yicld breakthroughs in scveral crops. inciuding
cross-poltinated. often cross-pollinated. and sell-pollinaied specics. The exploiiation of
heterosis to mise productiviiy in grain Jegumes, as in any other crop. depends on three
major Tactors: the magnitude of heterosis: [easibility of targe-scale production of hybrid
sceds: and npe of gene action involved. Helerosks may take the form of an iucreisc in
vield. size. number of plant parts. chemical componenis, and discase resistance. The hybrid
is 2 plant ©vpe resulting from the fusion of dissimilar gamncics or those having heterozvgous
gene pairs for a panticular character. Heterosis and heterobeltiosis are normally expressed in
pereentige without testing for sigmificance. If the stiandard error associated with cach
generlion mean is great. the high heterosis mav not be statistically significant. and thus.
the dala would not convince a sced company 1o commrcially produce the hybrid.

Ahn er al. (2004) applied a paired t-test 1o identify significant differences among
11 Japenica nice cultivars and their 44 F; hybrids. The 1cst was based on the merage
hetcrosis of cach trait across all crosscs rather than on a per cross basis. Thus the plani
breeder cannot utilize the information for sclection of a particular hybrid but rather for
comparnson belween traits showing different significamt levels. Singh et al. (2004) used the
pooled ecrror mean square from the ANOVA 1ablc 10 calculate the standard error of
diffcrence for testing the significance of heterosis and heterobelliosis in 45 hybrids derived
from crosses of 10 bread wheat cultivars. In their test. it is required that the ¢rror variance
associated with all crosses is assumed homogeneous so that a pooled error vanance can be
used for lesting the significance of all crosses. This assumpnion is rather difficult to mect.

cspectally when the plant breeder is working with diverse breeding matenials, Our fest

utilizes varances associated with the particudar generation imvolved in the test 1o calculale
the standard error of estumate of H and Hb. This helps reduce the magnitude of the standard
error. nuking the test more sensitive.

The objective of this study were: 1) to examine a general 1-test method for
detcnmining the significance of heteresis and heterobeltiosis lrom each cross combination,
using data for vield and major agronomic characters in mungbean; and 2) (o determine the

prercquisitcs in cominercially producing an Fy hvbrid for mungbean sced production,

MATERIALS AND METHODS

Plant materials

Three mungbean genotvpes, namely small-muliiple leaflet (SM), large-muliiple
leafiet (LM). and normal-tnfoliate (NT) were crossed during June to August 2002 at
Kasetsan University-Kampliaeng Saen Campus (KU-KPS). Nakhon Pathom Province.
Thailand. The small-rmuliiple 1caflet {SM) was cbtained from gamma-irradiated mungbean
{Snnives er al, 2000). The large-nuliiple leaflel (LM} parent is a BCy progeny having the
cuttivar "Kamphaeng Sacn 17 as the recurrent parent and the large-inultiple leafler mutant
(V3926) lrom the Asian Vegelable Research and Development Center {AVRDC). Taiwan
as donor parent {Kowsurat ¢f afl. 1999). The normal-trifoliate. VC6463-11-1B is an
advanced breeding line carrving powdery mildew resistance genes. 11 was denved from
crossing VC 6040A and VC 6209-1 at she Asian Regional Center of the AVRDC. To
miniinize the environmental effect under the growing condition, the parenis ind Fs were
sown with gwo plants per pot i 10-inch pots fitled with mmixed potied soil. Thc pots wese
placed in an open arca receiving fuld sunshine. Each genotvpe consisted of 20 plants. Al
the optimum reconmended practices for mungbean growth were applicd (Park. 1978). At
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50 days after sowing, the leaf arca was measured using the leaf area meter model L1-3160
(Licor, Inc., Lincoln, Nebraska, USA). At harvest, ten random plants were mcasured for
plant height {cm), number of leaves per plant, leal arca per plant {em?). number of pods per
plant. pod length (cm), number of seeds per pod, [00-seed weight (g), and wield per plant
{g)- .
Significance testing of heterosis .

For cach F, cross, percent heterosis (%H) and heterobeltiosis (%Hb) for a
particular trait were calculated as follows:

“%H =(fv’. —W]x 100/ MP , and
%Hb = (F\ - Pi)x 100/ P,

Where: F = mean obscrvation of the F, progenies from the total of ny
plants,
MP = mean obscrvation of both parents from n, + n, planis, and
P; = mean observation of the i™ parent from n; plants for Py, and

n; plants for P,.

Stgmficance of H and Hb were determincd by a t-test as follows:

t-test for H = F-MP and
S,

t-test for Hb el i
Sy

where Sy and Sy are the standard error of estimates of H and Hb which can be derived as
shown 1n the attached note.

The degree of freedom (df) for each test was obtained by summing up the df of
each generation involved in the estimate. Thus, the df for testing H is (ny-1)+{(n-1 1+ {n;-1),
and the df for testing Hb s {n,-1}{n;-1), 1 = 2 or 3, depending on whether the high parent is
PyorP,.

RESULTS AND DISCUSSTON

All the charactiers observed from the cross SMxLM were similar to those from its
reciprocal cross (LMxSM) and the data from both sets could be combined 10 gain degrees
of freedom for the t-test. It was our intention io separately test the sigmificance of each
Cross.

Seced yield per plant in the normal-trifoliate (NT), small-mubiple leaflet (SM), and
large-multiple leaflet (LM) werc 12.47, 10.56, and 8.70 g/plant, respectively. The F, of
SMxLM gave the highest sced yield (F8.85 g) among the progenies {Table 1). All four
crosses showed significant heterosis over the mid- and better parent for seed yield.
Superionty over the mid-parenl ranged from 52.2 to 95.7% (Table 2), while those over the
better parent ranged from 31.8 10 78.5% (Table 3). The highest heterosis, both over mid-
and betier parents, was found in SMxLM.
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Table 1. Yield, yicld components, and agronomic characicrs of three mungbean lines and
their Fys grown at Kasetsad University, Kamphzaeng Saen Campus, Thailand,
Late Rainy Scason, 2002 ‘

Mungbean Seed yicld/ No. of No. of 100-seed weight
genotypes plant (g} pods/plant seeds/pod (2)
Value i+ SE
SM 10.56 £ 0.45 430+ 1.7 96+ 0.3 257+ 0.07
LM 8.70 £ 0.51 13.3£09 109+ 0.4 605+£0.13
NT 1247+ 0.98 179+ 09 1.5+ 0.5 599+ 0.10
SMX LM F, 1885+ 1.02 282+ 1.7 116+ 03 5.80+0.26
LM X SM F, 17.90 + 0.80 271 £1.2 11.5+£03 $.77+0.26
SMXNT F, 17.55 + 0.8] 30+1.2 11.8+ 03 479+ 0.27
LMXNT F, 1643 £ 1.20 200+£1.2 122+ 04 6.70 £ 0.2]
Mungbean Pod length Plant height No. teaves Leal area/
genotypes {(em} © {cm) per plant plant (cm’)
Value + SE '

SM 465013 47+ 1.1 660+ 5.9 1054+ 127.0
LM 8§.75+0.20 49+ 0.4 7807 971 + 169.4
NT 970+ 0.28 42204 122+ 0.9 1153+ 1452
SMXLM F, 820021 55+0.8 168+ 30 1884 4 2425
LM X SM F, 825+ 0.21 55+0.38 16.4+2.4 1800 £ 246.0
SMNXNT F, 8§95 0.14 53+1.2 15622 1824 + 2774
EM X NT Fy 10.00 £ 0.26 51£0.6 13013 1751 + 189 8

Even though NT had the highest seced yield of the three parents, its hybrids had
fower heterosis and heterobeitiosis vaiues than those from the other parents. Crosses
showing heterosis for sced yield also gave heterosis for pod length, number of seeds per
pod. plant height, and leaf area per plant. Chopra (1994) reported a high degree of heterosis
for seed wield and its components in almost all grain legumes, which are cssentially self-
pollinated.

The highest number of pods per plant (43.0) was found in the parent SM and in the
Fy of SMxNT (31.0). The heterosis was not significant over either mid- or better parent,
except only in the cross LMxNT  (28.2%). All crosses having SM as a parent showed
negative heteroheltiosis for number of pods per plant (Table 3) indicating that SM had a
very high nunber of pads. .

Number of seeds per pod in the hybrids ranged from 11.5 to 12.2 (Table 1). SM
had the lowest number of sceds {9.6) compared to LM and NT (10.9 and 1.3,
respectively), All four crosses showed significant heterosis ranging from 8.9 10 13.2%
(Table 2), but heterobeltiosis was not significant, ranging from 2.6 to 6.4 % (Table 3).

Onc hundred sced weight of SM was the lowest (2.57 g) compared 1o the parents

LM and NT (6.05 and 5.99 g, respectively). The hybrid LMxNT showed the largest sced
size and had significant heterosis and heterobeltiosis,
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SM had ithe shortest pod and thus the hybrid SMxNT expressed a negative
heterobeltiosts of 7.7% (Table 3). The hybrid LMxNT had the longest pods (10.0 em). AR
cross combinations showed significant heterosis ranging from 8.4 1o 24.7% (Table 2).

Plant height showed significant heterosis and  heterobeltiosis in all  cross
combinations. The hybrid SMxLM and its reciprocal gave taller plants than the other
crosses (Table 1). The range of significant heterosis and heterobeltiosts varied from 12.2 to
19.1% (Table 2) and from 4.3 to 12.8%, repectively (Table 3). The hybrid SMxNT gave
the highest value both for heterosis and heterobeltiosis.

The small-multiple Teaflcts (SM) had the highest average number of leaves (66.0),
as compared to LM and NT which had 7.8 and 12.2 leaves, respectively. The F, derived
from SM showed negative values for both heterosis and heterobeltiosis. The Fy of LMxNT
showed significant heterosis (30%; Table 2), but not hetcrobeltiosis (6.6%; Table 3).

For leaf area per plant, all crosses showed significant heterosis and heterobeltiosis.
Heterosis values ranged from 64.9 1o 86%, while heterobeltiosis valaes raiged ivorn 51.9 to
78.8%. The highest value was found in the cross SMxLM (Table I).

Our findings agreed well with a number of previous studies. A high degree of
heterosis was reporied in the Fis of various grain legumes, such as pigeon pea, pea, and
fentil (Singh et al., 1975)..In mungbean, Khattak ef of. (2000) found heterosis over the mid-
parent for pod clusters on the main siem in the cross VC 3902A x ML-5. Chen er al. (2003)
reported that a Korcan mungbean vanety (K7) gave F, progenies with significant
heterobeitiosis for sced yield in many crosses. In these studies, the magnitudes of heterosis
were dependent upon the genotype of the parents.

in self-pollinated plant specices, it is rather easy 1o produce hybrid seed if male sterile
lines are available and can be used as the female parent. Cross and Schulz (1997) discussed
a development in chemical induction of male sterility. Therc are at least four classes of
chemical agents, wviz. plant-growth regulators and substances that disrupt  fleral
development, metabolic inhibitors, inhibitors of microspore development, and inhibitors of
pollen fertility. Since the hybrid seeds must be harvested from the female parent only, the
magnitude of heterosis should be sufficiently high to compensate for the cost of producing
open-pollinated seceds in self-pollinating crops. Qur significant test show that heterosis
obtained from two diverse mungbeans was sizable and worth exploring further.

Hybnd rice breeding has been very successful in China since the 1970s. With the
development of photo-thermo-sensitive genic male sterile (P/TGMS) or environment-
sensitive genic male sterile (EGMS) lines, a two-line breeding sysiem has been developed
as a simplified altermative 1o the traditional three-line breeding that requires a male-sterile
line, a stentity maimainer line, and a fertility restorer (Yuan, 1992). The two-line breeding
system is much simplified since an EGMS line can serve as a sterile line under one
environmental condition and can propagate itself under different covironments. The ability
to maintain sterility makes EGMS lines practicable as a female to cross with other lines. in
recent vears, a number of two-line hybrids have been commercialized in China, and several
other Astan countries have established hybrid breeding programs using EGMS hnes (Lu er
al., 1994; Li and Yuan, 2000).

With the success in the use of hybrid rice varictics, the possibility of using hybrid
munghean should be exptored. The high heterosis identified in this study and by Chen er af.
(2003) are encouraging. However, a large-scale production of hybrid seed is possible only
when a male sterility system 1s available, coupled with the availability of insect pollen
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vectors. Generally, legume pollen is heavier than that of cercals and thus could not be
ciffectively transferred by wind, These are interesting topics for mungbean breeders to
investigate in the future. A male sterile line, if available, should open up a large dimension
of vield improvement through the use of hybrid seed in mungbean.

CONCLUSIONS

The vield supertority of the Fy hybrid over the mid- and better parents is cvident in
mungbean, A simple t-statistical test was developed to help support evidence of heterosis
and heterobeltiosis. The test ts sufficiently sensitive to be able to conclude that mid-parent
and better parent heicrosis occurred in varying degrees for seed yield and its components.
The highest mid- and beiter parent heterosts for sced yield were 95.7% and 78.5%,
respectively, found in the cross SMxLM. Commercialization of hybrid cultivars in
mungbean can be justified by the significam heterosis for yield. Future rescarch should be
directed to making feasible, among oihers, the reduction of manpower required for hybnd
seed production. :

Note on derivarion method for Sy and Sy

]
I
I
=
1+
il

H .
— 2 -
= Py P2
LI
2 2
Using the property of expectation {Stecl and Torrie, 1980; Chapter 5, topic 5.10) then,
Vanance'of H = VarlE - P b
22
= VF‘, + VPI + V:I M

(assuming no covariation between generations).

VF, VP, VP,
= —+t —— + —-
n, 4n, 4n,
SSF, SSP, SSp, -

+ + .
ndn, -1} 4n,(n,-1}) dn;(n,-1)
Where  vF,, VPi,and VP. are the variances of the mean of each generation; and
V. VP, VP, 8SF,SSp, and ssp, are varances and sums of squares of the specified

generations, respectively.

Then. the standard crror of estimate of H (or Sy) = W,
¥

In the same manner, variance of Hb can be obtained from

Variance of Hb = Var(F- f’;).
. VR VP SSF, . SSP,
= - " .
n, m; n(n, - 1) n/(n;- 1}

and §,, = +varianceof Hb.
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ABSTRACT

Regulation of nodulation and nitrogen fixation in legume plants relies mainly on the
interaction hetween the host plant and the symbiotic bacteria. The purpose of this study was
to identify quantitative trait loci (QTLs) for nodulation and nitrogen fixation characters in a
soybean [Glycine max (1.} Merr.] population. Simple sequence repeat (SSR) markers were
utilized to identify QTLs for the number of nedules per plant, nodule fresh and dry weight
per plant, plant dry weight, and acetylene reduction activity (ARA) in 136 Fy-derived
recombinant inbred lines (RILs) from the cross ‘SI2’ x ‘Suwon 157, A genetic linkage map
was constructed using 85 simple sequence repeat (SSR} markers onto 20 linkage groups
covering 1094 M. Using single-factor analysis of variance (SF-ANOVA) and multiple-
regression analysis, five QTLs were associated with the number of nodules per plant. For the
QTLs linked to linkage group (LG) O, Satt529 on LG J, Satt440 on LG I, and Satt157 on LG
D1b+W the positive alleles were derived from ‘Suwon 1577, whereas at the QTL linked to
Satt385 on LG Al the positive allele was from ‘SJ2°. The QTLs conditioning the nodule fresh
wéight were linked to Sat_l108 and Sat 274 in LG O, and Sct_001 in LG J, with the positive
alleles derived from ‘Suwon 157°, whereas the positive allele of Satt545 on LG Al was derived
from SJ2’. Sat_274 and Sat_108 on LG O, and Sait260 on LG K were associated with QTL
conditioning nodule dry weight, with the positive allele of ‘Suwon 157°. There were four QTLs
associated with plant dry weight, viz. Sat_274 and Sat_038 on L.G O, Sct_001 on LG J, and
Satt440 on LG I, with all the positive alleles from ‘Suwon 157°. Finally, Sat 274 ont LG O and
Satt157 on LG Dib+W were linked to QTLs conditioning ARA, with the paositive alleles were
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from ‘Suwon 157°. These data demonsirated that effective marker-assisted selection may be

feasible for improving modulation and nitrogen fixation in soybean. The existence of a
major QTL on LG O conditioning greater than 10% of the phenotypic variation in
. nodulation and nitrogen fixation characters provides an opportunity to select progeny lines

in a segregating population.

INTRODUCTION

Nodulation of soybean [Glycine max (L.) Merr.] is a
developmentally complex process requiring interaction
between Bradyrhizobium and the plant host, which is
regulated by both genotypic and environmental factors
{Gresshoff, 1990). A number of plant alleles controlling
nodulation have been identificd. The rf; allele was found
to be associated with restriction of nodulation in a broad
range of Bradyrhizobium strains (Caldwell, 1966), wherecas
the dominant allele Rj; conditioned an ineffective
nodulation in strain USDA7, 14 and 122 (Devine et al,
1991). The dominant allele Rf: conditioned an ineffective
nodulation inoculated with USDA33 (Vest, 1970). Rj. was
a dominant allele controlling an ineffective nodulation wpon
inoculation with USDA61 (Vest and Caldwell, 1972). The
two recessive genes rjs and rjs, are found to be responsible
for non-nodulating “NN5’, a mutagenized from ‘Williams’.
Pracht et al. (1993) confirmed that nod139 induced from
‘Bragg’, carrying the non-nodulating gene allelic to NNS.
Hypernodulation in soybean mutants was controlled by rj
(Vuong et al., 1996, Vuong and Harper, 2000) and rjs
(Vuong et al, 1996), wherecas supernodulation was
controlled by afs (Kolchinsky et al., 1997).

The potential of N; fixation can be observed by plant
charactgrs, viz. numtber of nodules per plant, fresh
nodule weight per plant, dry nodule weight per plant,
dry plant weight, and ARA (Pazdernik et al., 1996; King
and Purcell, 2001). Nitrogen fixation activity incrcases
sharply . after flowering stage and gradually decreases
after green pod stage. Although the ARA method is a
direct measurement of the activity, it is sometimes not
sufficiently sensitive for determination of mitrogen
fixation (Patterson and LaRue, 1983). In order to
evaluate fixation efficiency of a soybean-Bradyrhizobium
intcracﬁqon, all of the above-mentioned components
should ‘be determined. Then, a plant breeder could

|

Key words: soybean, quantitative trait loci, SSR marker, Na-fixation.

compile all the fixation components into soybean
brecding lines by accumulating the favorable markers
linked to these .components.

With the advent of DNA marker technology, QTLs
can be detected and located in the plant genome
(Tanksley et al., 1989; Van et al., 2004}. Desirable gene
associated with agronomic traits can be selected via its
linkage to easily detectable markers (Yu et al, 2005).
SSR marker has several advantages in genetic mapping
studies because it is co-dominant, high in heterozygosity,
rapid, reliable, abundance, and highly polymorphic
(Akkaya et al., 1992). In addition, the SSR labeled M13
{-21) primer is more specific in amplifying the repeated
DNA sequence and can be widely used in a multiplexed
manner, although the marker alleles per primer are
reduced in expense of the specificity (Schuelke, -2000).

In this study, SSR mapping was utilized to identify
QTLs associated with Np-fixation components in the
Fo-derived RILs created from a cross between ‘SJ2° and

“‘Suwonl57". Number of nodules per plant, fresh nodule

weight per plant, dry nodule weight per plant, dry plant
weight, and ARA were included as Nj-fixation
components,

MATERIALS AND METHODS

Mapping Population

One hundred and thirty-six RlLs derived from a cross
between a Thai cultivar ‘SJ2° and a Korean cultivar
‘Suwon 157" were used. The Rlls were developed at
Kamphaeng Szen Campus of Kasetsart University,
Thailand by single seed descent method originating from
a different F; plant during December 2000 - December
2003. Finally, 136 Fs lines were obtained and treated as
the RIls. The two cultivars were chosen as parental
lines in this study because of their polymorphism in
N,-fixation components (Tanya et al., 2005).
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Table 1. Mean squares and expected mean squares (EMS) from the analysis of variance for Np-fixation components.

Source of ° df No. of Nodule fresh  Nodule dry  Plant dry ARA EMS
variation nodules/plant wtfplant (g) wtfplant (g)  weight (g)  (umole CyHu/fplfhr)

Between RlLs 135 587 0.339%* 0.017** 0.74%* 45.5%* o + 20k
Ervor 136 73 0.056 0.005 0.15 150 a
Heritability (&) 0.78 0.72 0.55 0.66 0.50

Genotypic Data

Genomic DNA was exiracted from 3 leaflets at Rj
stage using the protocol modified from Lambrides et al.
(2000). The extraction buffer consisted of 1 mM
Tris-HCl pH 80, 5 mM EDTA, 5 mM NaCl, 20%
sodium dodecyl sulfate (SDS) and sodium bisulfide was
used After genomic DNA was extracted with § M
KOAc and resuspended in TB  buffer, DNA
concentration was measured using F-4500 Fluorescence
Spectrophotometer  (Model F-4500, Hitachi, Tbaragi,
Japan). A total of 195 SSR and 7 SSR labeled M13
(-21) primiers were used for this study. The PCR reaction
for*SSR followed the suggestion by Diwan and Cregan

(1997), while the reaction for SSR labeled with M13
" (-21) followed Schuelke (2000). Initially, the forward
primers were labeled with fluorescent color tags
(Applied Biosystems, Foster City, CA, USA), viz. blue
(6-FAM), vellow (NED), and green (HEX). The SSR
reaction contained the genomic DNA (10 ng/ul), 10x
Buffer (w/Mg(Cly), 2.5 mM of each dNTP, 2 unit Tag
DNA polymerase, and 5 yM Primer Mix. Each PCR
cycle consisted of 25 sec of denaturation at 94°C, 25 sec
of annealing at 46°C, and 25 sec of extension at 68°C on
PCT-225™  Thermal  Controller (MJ  research,
Watertowﬁ, MA, USA). The PCR process was repeated
for 32 cycles. The reaction mixture for SSR labeled M13
(-21) primers contained genomic DNA (10 ng/ul), 10x
Buffer (w/MgCl), 2.5 mM of each dNTP, 2 unit Taq
DNA polymerase, 5 M forward primer with M13 tail,
10 1M reverse primer, and fluorescent labeled with M13
{-21). Two PCR steps were run; the first step required
30 sec of denaturation at 95°C, 45 sec of annealing at
54°C, and 45 sec of extension at 72°C for 30 cycles, the
second stép required 30 sec of denaturation at 95°C, 45
sec of annealing at 53°C, and 45 sec of extension at
72°C for 10 cycles. The PCR product quality was
checked by 3% agarose gel before mixing into a set of 6
primers. The 2 gl PCR mixture was taken into a new
well with 2 gl mixture of a standard size cockrail

consisied of 200 (A formamide deionized, 100 ;4 loading
buffer, 40 ! Genscan 500 (500X1.). The final mixture
was loaded in ABI Prism® 377 sequencer (Applied
Biosysterns, Foster City, CA, USA). The GeneScan
Analysis software, version 2.1.1 (Applicd Biosystems,
Foster City, CA, USA) and the Genotyper~ software,
version 2.0 (Applied Biosystems, Foster City, CA, USA)
were used to analyze the allele size and gel image.

Phenotypic data analysis

The RILs and parental soybeans were inoculated with
B. japonicum strain DASA 01026 and planted in a
completely randomized design with 2 replications. The
method modified from Somasegaran and Hoben (1985)
was used to measure five phenotypic traits, viz. number
of nodules per plant, nodule fresh weight per plant,
nodule dry weight per plant, plant dry weight, and ARA.
Phenotypic data were collected from two plants per each
replicate.  The phenotypic assay for Np-fixation
components were conducted at the Laboratory of the Soil
Microbiology Group, Soil Science Division, Department
of Agriculture, Bangkok in Thailand during March to
November 2003.

Statistical analysis

The difference between Rlls in each component trait
was deterruined by an analysis of variance (ANOVA)
using SAS program (SAS, 1999-2000). The expected
mean square (EMS) components (Table 1) were used to
estimate the heritability of each trait from the formula b’
= 0;12/’(0;12 + Uzlr), where or° and o are the variance
components associated with RILs and error; r is number
of replications (= 2 in this case).

Construction of linkage map and QTL analysis

In each trait, a single factor amalysis of variance
{SF-ANOVA) was used to evaluate the association
between the genotypic and phenotypic data. The
significant markers from SF-ANOVA were assigned into
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Table 2. SSR markers linked to QTLs associated with the number of nodules per plant,

Markers LG SF-ANOVA® Allelic means SLG-Regr” MLG-Regt®
» R’ R? rR?
] (%) Suwon 157 SI2 P (%) P (%)
Satt385 Al 0.0186 4.10 46 53 0.0186 4.10 0.0373 298
Satt180 Cl1 00126 4.65 45 52 0.0148 4.51 - -
Satt294 Cl 0.0196 4.15 45 52 - - - -
Satt041  DIb+W  0.0462 3.02 52 46 - - - -
Satt1S7  DIb+W  0.0204 401 52 45 0.0210 4.09 0.0489 2.75
Satt314 H 0.0391 341 44 50 0.0391 341 - -
Satt440 | 0.0075 5.49 53 45 0.0075 5.49 0.0279 3.54
Satt529 1 0.0341 357 52 45 0.0321 3.68 0.0030 6.84
Sct_001 J 0.0274 3.77 52 45 - - - .
Sart388 L 0.0175 4.77 52 45 - - - -
Sat_038 0 <0.0001 18.51 55 40 <0.0001 21.98 <0.0001 17.04
Sat_108 0 <0.0001 16.25 55 a1 - - - -
Sat_109 0 <0.0001 14.87 55 42 - - . -
Sat_190 0 0.0008 8.15 53 43 - . - -
Sat_274 0 0.0001 10.36 55 44 . - . -
Sart123 0 0.0381 342 52 46 - - - -
Satt153 0 <0.0001 15.64 55 41 - - - .
Sai331 0 0.0008 8.38 54 44 . - . -
Satt581 0 <0.0001 11.77 55 43 - - - -
33.15

*SF-ANOVA: single factor analysis of variance.

"SLG-Regr: multiple regression with markers on each linkage group. .
“MLG-Regr: multiple regression with all significant markers from the SLG-Regr model.

each linkage group. Then, a multiple regression analysis
was conducted by including all the significant markers on
that linkage group in the model (SLG-Regr) to detect
unique QTLs. Then, all the significant markers from the
SLG-Regr analysis and unlinked single markers identified
from SF-ANOVA were combined in a multiple linkage
group regression model (MLG-Regr) to identify the
markers linking to the trait. The regression analysis was
forward and stepwise selection of the significant markers
at P < 0.05. The percent of phenotypic variation explained
by the markers was estimated from the coefficient of
determination (R%) from MLG-Regr using SAS program
(SAS, 1999-2000). The MAPMAKER program version 3.0
(Lincoln et al., 1993) was used to construct linkage maps
from the genotypic data. Markers were assigned to linkage
groups using LOD threshold of 3.0 and maximum distance
of 50 Fcl\i Map distance was estimated using Kosambi
mapping function.

g
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RESULTS

A total of 202 SSR markers were used to construct a
genetic linkage map. The map covered about 1094 cM
with 78 SSR and 7 SSR labeled M3 (-21) primers. The
average distance between two adjacent marker loci was
about 12.9 cM.

Significant differences among RILs were observed in
the nodulation and nitrogen fixation characters including
nodule dry and fresh weight and ARA (Table 1}. The
heritability estimates were moderate in the ARA to high
in the number of nodules per plant, implying that these
traits can be effectively improved through selection.

The SF-ANOVA identified ninefeen markers as
potentially associated with QTLs for the number of
nodules per plant at P < (.05 (Table 2). Individually,
these markers accounted for 3.02 to 1851 % of the
phenotypic variation. Nine markers were assigned on
LG O, two markers each on LG C1, DI1b+W, and J,
while the rest four markers on LG AL H, I, and L were
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Table 3. SSR markers linked to QTLs controlling the nodule fresh weight per plant.
!

Markers LG SF-ANOVA® Allelic means SLG-Regr® MLG-Regr’
. Nodule fresh wi/plant (g)
R’ _ R’ R’
_ P (%)  Suwon 157 s12 P (%) P (%)
Satt385 Al 0.0171 4.20 0.920 1.089 . - - -
Satt545 Al 0.0184 427 0.920 1.092 0.0184 427 0.0075 424
Satt380 ] 0.0388 3.48 1.082 0924 - - - - -
Sart4 [4 I 0.0211 446 1091 0.910 - - - -
Sat529 J 0.0172 4.49 1088 0909 - - - -
Sct_001 ] 0.0090 5.26 1092 > 0900 0.0263 429 0.0296 2.69
Sat(388 L 0.0219 445 1.068 0.893 - - - -
Sat_038 0 <0.0001 16.39 - 1.137 0.802 - - - -
Sat_108 0 <0.0001 13.43 1.137 0.831 0.0054 5.28 0.0018 6.15
Sat_109 0 <0.0001 12.74 1.139 0.843 - - - -
Sat_190 o 0.0019 7.00 1.096 0.879 - - -o- -
Sat_274 0 <0.0001 19.65 1.194 0.828 <0,0001 1933 <0.0001  20.83
Satt123 0 0.0064 5.84 1.102 . 0.903 - - - -
Satt153 0 <0.0001 14.73 1117 0.816 - - - -
Sat331 6] <0.0001 12.70 1.152 0.854 T - - -
Satt581° 0 <0.0001 17.84 1.185 0.833 - - -
' 3391

*SF-ANOVA: singlc factor analysis of vanance.

*SLG-Regr: multiple regression with markers on each linkage group.
‘MLG-Regr: multiple regression with all significant markers from the SLG-Regr model.

not linked with the other markers. SLG-Regr for the
two markers on LG ClI, the two markers on LGD1b+W,
the two markers on LG I, and the nine markers on LG
QO retained Satt180 on LG Cl, Satt157 on LG DI1b+W,
Satt529 on LG J, and Sat_038 on LG O, indicating the
existence of a single QTL for the number of nodules on
each linki*_ige group. The MLG-Regr analysis with the
seven independent markers retained five of these seven
SSR markers. For the QTL linked to Satt385 on LG Al
the positive allele was derived from ‘Suwon 1577,
whereas at the other four QTLs the positive alleles were
from ‘Si2’. MLG-Regr accounted for 33.15% of the
phenotypic variation in the number of nodules.

Sixteen markers were associated with the nodule fresh
weight per plant at P < (.05 using SF-FANOVA (Table
3). Each marker accounted for 3.48 to 19.65% of the
“ total variation of this trait. QTELs on LG I, I, and O
increased nodule fresh weight by “‘Suwon 157 alleles,
whereas “SJ2' provided the positive alleles at QTL on
LG Al Satt545 on LG Al, Sct 001 on LG J, and
Sat_108 and Sat 274 on LG O were detected by
SLG-Reg{ analysis. It is intcresting to note that all of

these four markers identified using SLG-Regr analysis
were also retained even after MLG-Regr analysis. This
indicated that two independent QTls on LG O were
associated with nodule fresh weight. Sct_001 on LG J,
Sat_108, and Sat_ 274 on LG O were found to be
associated with the positive alleles from ‘Suwon 1577,
whereas ‘SJ2° provided the positive alleles at QTL on
LG Al. The amount of phenotypic variation explained
by these four QTLs was 33.91%.

Based on SF-ANOVA, twelve markers were detected as
potentially linked to QTLs for the nodule dry weight per
plant at P < 0.05 (Table 4). Individually, these markers
showed variation from 1.67 to 13.27% among RILs. All
markers indicated that all ‘Suwon 157" alleles increased
dry nodule weight. SLG-Regr analysis for the four markers
retained Satt414 on LG J, Sait260 on LG K and two
markers (Sat_108 and Sat_274) on LG O. This analysis
indicated that Sat_108 and Sat_274 have detected unique
QTLs. MLG-Regr analysis with four markers identified by
SLG-Regr analysis confirmed that QTLs conditioning the
nodule dry weight per plant were linked to markers
Satt260 on LG K and Sat_108 and Sat_274 on LG O. At
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Table 4. SSR Markers linked t0 QTLs associated with the nodule dry weight per plant.

Tanya P et al

Markers LG SF-ANOVA® Alletic means SLG-Regr” MLG-Regr
Nodule dry wt/plani(g)
RZ RE R2
| P (%) Suwon 157 sSI2 P (%) P (%)
Satd 14 ] 0.0254 4.20 0.236 0.198 00214 4.48 - -
Sct_001 1 0.0409 3.25 0236 0.202 - - - -
Satt260 K 0.0279 3.64 0234 0.199 00279 364 0.0446 2.60
Sat_038 0 <0.0001 10.72 0.244 0.183 - . - -
Sat_108 0 <0.0001 10.97 0247 0186 00125 4.66 0.0005 8.38
Sat_109 0 0.0001 167 0.228 0216 - - - -
Sat_190 0 0.0034 6.21 0240 0.194 : - - -
Sat_274 o <0.0001 13.27 0.255 0.187  0.0001 1218 <0.0001 17.76
Satt123 0 0.0376 344 0.237 0.203 - - - -
Satt153 0 0.0004 9.24 0.239 0.186 - - - -
Sau331 o 0.0006 8.7t 0.248 0.193 - - - -
Satt581 0 <0.0001 13.65 0.256 0.187 - - - .
i 28.74
"SF-ANOVA: single factor analysis of variance,
hSLG~R¢:01' multiple regression with markers on each linkage group.
MLG-Regr multiple regression with all s:gmﬁcam markers from the SLG-Regr modcl
Table 5; SSR markers linked to QTLs associated with the plant dry weight.
Markers LG SF-ANOVA® Allelic means SLG-Regr MLG-Regr
§ Plant dry wt (g)
R2 R2 RE
P (%) Suwon 157 SI2 P (%) P (%)
Satd40 I 0.0293 3.68 2.07 184 0.0293 3.68 0.0069 4.80
Sat215 J 0.0205 4.43 2.09 1.83 - - - -
$att380 I 0.0058 6.12 2.11 1.80 - - - -
Satt4 14 J 0.0019 7.98 2.13 1.77 - - - -
Sart529 | 0.0016 7.73 212 177 - - - -
Sat596 J 0.0053 6.39 211 1.79 - - - -
Sct_001 J. 0.0006 8.79 2.13 1.76 0.0023 8.30 0.0029 6.18
Sat388 L 0.0339 3.82 2.05 1.81 - - - -
Sat_038 o <0.0001 12.69 2.13 1.69 <0.0001 1382 0.0320 291
Sat_108 0 <0.0001 11.76 2.14 1.72
Sat_109 0 <0.0001 11.76 1.88 1.81 - - - -
Sat_190 0 0.0026 6.55 209 1.78 - - - -
Sat_274 0 <0.0001 14.75 220 1.73 0.0190 4.06 <0.0001 14.17
Satti23 0 0.0376 3.44 206 1.84 - - . -
Sait153 o <0.0001 11.49 2.11 1.71 - - . -
Satt331 0 0.0005 8.99 2.15 1.78 - - - -
SattS81 0 <0.0001 14.02 2.20 174 - - - -
t 28.06

*SF-ANOVA: single factor analysis of variance.

"SLG-Péegr: multiple regression with markers on each linkage group.

MEG-Regr: multiple regression with all significant markers from the SLG-Regr model.
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Table 6. SSR markers linked to QTLs associated with acetylene reduction activity.

Markers . LG SE-ANOVA® Allelic means SLG-Regr® MLG-Regr®

' (ARA pmole CHypl/hr)

' R? . R? R

. P (%) Suwon 157 s P (%) P (%)
Satt04l  Dib+W 0.0324 3.50 10.58 8.68 - - - -
Satt157°  DIb+W 0.0147 4.46 10.61 8.49 00125 481 00021  6.18
Satt388 L 0.0239 4.32 10.50 8.48 - - - -
Sat_038 0 0.0023 3.76 1083 8.23 - - - -
Sat_108 0 0.0436 3.03 10.25 8.77 - - - -
Sat_109' 0 0.0449 3.06 11.07 7.96 - - ST
Sat_274 0 <0.0001 11.92 11.24 8.16 <.0001 1236 <0.0001 1234
Satt153 0 00135 4.57 10.30 8.47 - - - -
Satt331° 0 0.0012 791 11.02 8.21 - - - -
Satt58i 0 0.0002 10.17 11.25 8.21 - - - -

' ' 18.52

*SE-ANOQVA: single factor analysis of variance.

"SLG-chJr: multiple regression with markers on each linkage group.
*MLG-Regr: multiple regression with all significant markers from the SLG-Regr model.

these three marker loci, the ‘Suwon 157 allele increased
nodule dry weight per plant. The multiple regression
analysis accounted for 28.74% of the variation in nodule
dry weight per plant among progeny.

The initial SF-ANOVA of plant dry weight detected
seventeen SSR markers associated with QTLs for dry
plant weight (Table 5). Each of these markers is located
on LG I, LG J, LG L, and LG O. Individually, these
markers accounted for 3.44 to 14.75% of the variation in
plant dry weight. At all QTLs, the *Suwon 157" allele
incrcased plant dry weight. Both SLG-Regr and
MIG-Regr analyses identified four significant markers,
viz. Satt440 on LG I, Sct 001 on LG J, Sat_038 and
Sat_274 on LG O. The multiple regression analysis
accounted for 28.06% of the phenotypic variation.

Ten markers were identified by SF-ANOVA as being
potentially associated with QTLs conditioning ARA at P
< 0.05 (Table 6). Each marker accounted for 3.03 to
11.92% of the phenotypic variation in ARA among
progeny. At all marker loci, the ‘Suwon 157" alleles
increased ARA. Combined MLG-Regr with SLG-Regr
analyses revealed that only two markers, Sattl157 on LG
Dib+W and Sat 274 on LG O were associated with
ARA. These two markers linked to QTLs conditioning
ARA explained [8.52% of the total variation for ARA.

DISCUSSION

When compared with the heritability, the combined R
explaining the QTL in each fixation component may not
be high. The MLG-Regr analysis accounted for less than
3391% of the phenotypic variation in nodule fresh
weight (Table 3). For the ARA, only 18.52% of the
phenotypic variation was explained (Table 6). However,
the heritability estimates varied from 50 to 78%
depending on the phenotypic traits (Table 1). This would
suggest that the other QTLs remain undetected, the
markers were not linked to the true QTLs, the
heritability estimate was poor, or that the ecpistatic
interaction effects remain undetected. This may be
partially due to the incomplete genomic coverage using
only 202 SSR markers. More SSR markers should be
used in combination with other type of markers to fill up
the gaps in each linkage map and to identify more
markers tightly linked to QTLs for each N-fixation
component.

Our experiment identified different markers from the
carlier works, possibly due to different parents used in
developing the mapping population and phenotyping. Of
specific interest .in this study was a major QTL
associated with the N-fixation components on LG O.
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The nnn:)r ones were located on LG Al, Dib+W, 1, ]
and K. Cregan et al. (1999) reported that Ry, allele for
conditioning nodulation was located on LG DIb+W,
while Rj: allele for conditioning ineffective nodulation
was found on LG J in three mapping populations, viz.
59 F; plants from G. max x G. soja, 240 RlLs from
Minsoy x Noir, and 57 F, plants from Clark x Harosoy.
The genes Rjz for ineffective nodulation, Rmd for
powdery mildew resistance and Rps2 for phytophthora
root and stem rot resistance were located on the classical
linkage group 19 in the BARCH4 x Clark63 population
(Devine et al., 1991). A study from the progenies
derived from two isolines of a soybean cultivar
‘Williains’ showed that LG J was related to classical
linkage éroup 19 with certain common loci such as R,
Rind, and Rps; (Polzin et al., 1994). A gene for
supermodulation (nzs) was linked to the RFLP anchor
markers on LG H (Kolchinsky et al., 1997).

The results from the present study indicated that
marker-aided selection may be effectively feasible for
enhancing nodulation and nitrogen fixation in soybean.
The existence of a major QTL on LG O conditioning
more than 10% of the phenotypic variation in nodulation
and nitfogen-fixing ability provides an opportunity to
select lines in a segregating population. However, further
confirmation will be needed for the markers detecting
variation.

'
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Abstract

To Ffacihitate wansfer of bruchid resistance 10 azuki beun {(Vigna
angrfarisy from s cclatives s interspecitic mapping population was
wade between rice bean, V. wmbeflara, and the related wild species
U nakashimae, The V. wnbellerta parent is complesely resistant and
V. nakashinien is compleicty susceptible o the hruchid bestks pests,
azuki bean weevit (Cellosobruchus chinensisy and cowpean weevil
(C. macriarns). There is very low cross compatibitity between
12 vonbetlio and azuki beon, Therctore, 1 that crosses
with both V. warbellata and V. angrdaris withouwt the need for embryo
reseire, 15 used as a bndging specics, A genctic Wnkage map was
constructied based on an interspecific Fr mapping population between
V.o umbeffara and V.nakashiorae consisting of 74 plants. A 1onal of 175
DNA marker loei (74 RFLPs and 101 SSRs) were mapped on to 11
linkage proups spanning a totid length of 632 cM. Scgregation
distortion was obscrved but only three markers were not linked to
any lakage eroup duc to severe sceregation distortion. This interspe-
cific zenome map was comparcd with the genome map of azuki bean.
OF 121 commen markers on the 1wo maps, 114 (94.2%) were located
on the same linkage groups in both maps. The marker order was
highly vonscrved between the two menome maps. Fifty 15 plants that
produced sufticient seeds were nsed for quantitietive trait locus (QTL)
anadysis and locwing genes) for C chinensis and €. maculatus
resistance in V. wmbelfata. The resistance reaction of these Fa plants
Witfered between C. chinensis and C. maculatus. Both resisiances were
guantitsively inberited with no Fa plants completely susceptible to
C. chinensis or C. maocadatus, Onc putative QTL for reststunce 10 eacly
of these bruchid species was tocuted onwdiffecent linkaye groups. Other
putative QT Ls associed with resistance 1o both C. chinensis and
C. mucubnins were localized on 1he sume linkage gronp 1. Linked
murkers associzicd with the bruchid-reststaat QTL will Lacilitatc their
teansfer o azuki bean breeding lins.

nokashimaog,

Kev words:
C. maealaius — comparative mapping — quantitubive trait loci

Fiena species are an important source of protein for people,
particularly intropical Africy and Asia and several Vignu species
have been domesticated in Asia. Among them the cultigens,
mungbesen [V radiara (L) Wilczek]. black gram (V. mungo (L.}
Hepper] ind azuki bean {1 sngudaris (Willd ) Obhwi & Ohashi]
ace economically most importaat. Rice bean V. umbellata
{Thunb.) Ohwi & Olashi] is occasionally cultivated sn different
parts of South-cast and East Asia. It grows prolificalty and is

used for its green pods. seeds or for forage.
!

Cm e

Kannondat, Tsukuba 303-8602. Japan:

Vigna wmbelluta — Callosohruchus chinensis —

*Corresponding author.

A major production constraint of the Asian Vigna is
susceptibility to bruchid beetles (Coleoptera: Bruchidue) that
eat seeds of legumes in storage. The inost imporiant of the
bruchid beetles are uzuki bean weevils (Callosobructiug chinen-
sis 1.y and cowpea weevils (C. macutanes F.) (Southgate 1979).
Bruchid beedes first infest Vigna species in the field where the
adult bruchid lays eges on young pods, hatched larvae bore
through the pod wall and feed while remaining concealed
within seeds (Southgate-1979). When the crop is harvested and
stored the bruchid contnues feeding and cventually coines out
as an adult and causes secondary infestation. which can resuit
tn total destruction of a seed lot within a period of 3—4 months
(Banto and Sunchez 1972). Hence a major objective of Vigna
breeding programines 15'to produce bruchid-resistant varieties.
The most studied source of bruchid resistance is an accession
of wild mungbean. TCI966 [ V. radiute vic, sublobata (Roxb. )
Verde]). which has complete resistancé to azuki bean weevils -
and cowpea weevils (Fujii et al. 1989). The resistance in
TCI1966 is controlled by a single dominant gene (5r) (Kitam-
ura ¢t al. 1988). which has been mapped with molecular
markers {(Young et al. 1992, Kaga und Ishimoto 1998) and
successfully used in a breeding programune (Tomooka et al.
1992). Wild black gram (V. nnwgo var. silvestris Lukoki.
Marechal & Otoul) is also reported o be bmmune to
C. chinensis and C. maculaies (Fujii u al. 1989, Dongre et al,
1996). -

In order to develop azuki bean culliivars with resistance to
both bruchids, the germplasm collection of wzuki bean has
been evaluated but no good sources of resistance have been
found and most accessions are completely susceptible (Tomo-
oka et al. 2000, Kashiwaba et al. 2003, N. Tomooka. uupub-
tished data). Bruchid-rcsistant sowrces in V. radiata var.
sublobata and V. numgo var. sifvestris mentioned above are
not cross computible with azuki bean and so new suitable
sources of bruchid-resistant germplism are needed for the
development of azuki cultivars with resistance 10 these weevils.
Evatvation of a Figne species core collection revealed new
resistance sources with o high levél of bruchid resistince
(Tomooku ¢t al. 2000). Among the resistant sources, cultivated
vice bean (¥ wmhelfaral is considered o be potentially the
most useful because many sccessions show complete resistance
1o the bruchids and 1t is 1 cultivated species (Kashiwalba et al.

www bluckwell-synergy.com
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2003). The chemicals responsible for bruchid resistance in
V. umbellata (cv. Menaga) have recently been identified (US
Patent 6.770.63082). These chemicals are ali derivatives of the
flavanoid naringenin. two of the derivatives being isomers of
the other two. Transfer of bruchid resistance from V. wnbellata
to susceptible nzuki bean is difficult due 10 cross incompali-
bility. As an alternuative approach to genc transfer the use of a
bridging species has Leen proposed (Tomooka et al. 2000).
Species of the V. minima complex. V. minima (Roxb.) Ohwi
& QOhashi, :V. rivkinensis {Ohwi) Ohwi & Ohashi and
V. nakashimae (Ohwiy Ohwi & Ohashi, have been suggesied
as the most suitable bridging specics between V. umbellata and
V. angufaris (Vaughan et al. 2005).

Restriction {raginent length polymorphisms {(RFLPs) und
simple sequence repeitts {SSRs or microsutellites) are widely
employed (o coustruct linkage maps and mapping ol agro-
nomically important traits in many crop plants because they
are highly informative and reproducible. In Vigna species. SSR
markers have been developed in cowpens | V. unguicuinta
(L.) Walpers] (Li et ab, 2000), mungbean (Kumar et al. 2002)
and azuki bean (Wung ct al, 2004b). In ¥Figna crops. genetic
linkage maps have been constructed for mungbean, cowpea
wnd azuki bean and used to map genesfguantitative trait loci
{QTLs) for sced weight in mungbean and cowpea, bruchid
resistance and powdery mildew resistance in inungbean (see
Kuga et al. 2005 for review). o -

The study reported here analysed an interspecific cross
between rice bean (V. wmbellaza) showing complete resistance
and V. nakushimae showing complete susceptibility to bru-
chids. The resulting > population was used 1o construct i
genetic inkage mup and address the following objectives:

I Analyse the inheritance of the bruchid resistance in a cross
between ¥, umbellata and V. nakashimae;
2 Locate the bruchid-resistance gene(s) on the genome map;
3 Compare the genowme nap developed with that of azuki bean.
1

!
Materials and Methods

Plant materials: Bruchid-resistant cultivated rice boan (Vigna umbel-
fata) accession JP100304 was used as the femake parent in a cross wirh
the  bruchid-susceptibic, wild  species. & nokaxfivnae  sccession
JPI07879. produced at the National Instiewic of Agrobiological
Scicnecs, Tsukuba. fapan. The V. unthellata accession was a landrace
from Nepal and the V. nakashimae secession originated from a wild
population collected in Nagasuki prefecture, Japan. Both accessions
camc from the National {nstitute of Agrobiologicul Scicnces Genebank,
Tsukubu, Japan. The wild specics V. nakeashimaee 15 a bridgiag specics
between rice bein wnd azuki bean and wis the male parentin this cross.
An Fy plaas (V. wmbellatn x V. pokashimae) wis grown in a green-
house. Among 131 F; sceds planted 74 85 individuals grew normally.

Bicassay of bruchid resistance: Calleverhruchny clincasis (azukt beun
weevils) and C. wnncudarus {cowpea weevils) were reared on mungbean
seeds in an incubator at 30°C and 70% rclative humidity and used to
evaluate resistance in the parents and ¢ seeds of Fy individuals that
produced sufficient sceds for the assity. Between 15 and 20 F sceds from
individual Fy planis and 20 seeds from parcnis were placed on 9 cm
diamerer Peert dishes with the hilum oricnied down on some sticky tpe.
Twenty (10 males and 10 females) newly cmereed bruchid adulis were
wtraduced into cach Patri dish for 24 h. The infesied sceds werg
nuintzined in incubatars ar 30°C and 70% rcfative humidity. Tweaty
days afier inscct introduction. the awnber of damaged sceds was
recorded daily and the dumiaged sceds prompiby renvoved from the Pewnid
dish. A danraged {susceptibie) seed was considesed g0 be onc (rom which

an inscct had cmerged. As the generation time for bruchids is about
30 days under these expenimental conditions the evaluation was contin-
ued until 50 days after inscct introduction. Dita recording was then
terminated o avoid counting sccond -generition infostation. Seeds that
showed no surface dumage were further exannined for internal dumage
by X-ray analysis (model TV-PBO-C, SOFTEX, Tokyo. Japin).

DNA extraction: Genomic DNA was extracted {rom lcaves of 74
individual F» plants and puarcnts by the methiod of Dirager and Scots
{198%). DNA concentration was adjusied o 200 agipl far RFLP
analysis and 1o | ag/pt for SSR analysis by compiring with known
concentrations of standard ADMA on o 1.53% agarose gel.

RFLP amalysis: Genomic DNA from parents was digesied with six
restriciton enzymes (Bgltl, Dral. EcoR1. EcoRV. fHind1E and Xbal)
aad way clectrophoresed on § % avarose gels. followed by DNA blotting
on 10 Hybond N+ membrane {Amcersham. Little Chalfon. UK ). The
blots were hybridized with imunghcan. cowpea. common bean und
sovhean probes 10 determitne RFLP hetween puremis, DNA from F,
plamts was digested with enzymes that yickded cleae polviorphisms
borween the parents, subjected 1o efectrophioresis and blotied on o
miemhranes. Probe labelling. hyvbridization and detection were carsicd
out.using an clectrochemilurminescence dircet nuclcic acid labelling
system according to the manufacturer’s instructions (Amersham).

SSR analysis: The SSR markers mapped on the azuki bean finkage
map (Han ct al. 2005) were selecied and used 10 detect polvmorphism
between the two parcnis foliowing the sicthods described by Wang
ct al. (2004b) wath slight modificitions. In bricf, 10 pl ot PCR reaction
mixture contained [ ng of genomic DNA. 1 U KOD-plus- DNA
polymerise (TOYOBO. Tokyo. Jupun). ix PFCR buffer for KOD-plas-
0.2 muat dNTPs. | e M eSO, aind § pattel of the Torward aad reverse
primers. The 5°-cnd of the reverse primer was lluerescent labclled with
onc of the four foltowing luorescent dyes. 5-Fam. VIC, NED and PET
(Applicd Biosystems, Foster City. CA. USA). Afier checking for
polymorphism between parents. three or four differentislly coloured
primers were mixed into single PCR reaction mixtures and amplificd at
the seme time. Fluorcscent signal strengrhs of cach amplified frazment
were adjusted to the sarbe level by adding non-fluorescent labelled
primer paiss instead of labclted primers. Such multiplex scts were used
1o genotype Fa individuals of the mupping population. PCR reuctions
were performed with @' GeneAmp PCR System 9700 (Applicd Biosys-
tems) programmed as follows: 94°C for 2 min followed by 35 eycles of
94°C for 15 5. 60°CHor 15 s and 68°C for 15 s. Following amplitication.
2pl of PCR product was wmixed with 13 ) of Hh-Di formamide
containing 0.17 pt GeneScan 500 LIZ size stundard (Applicd Biosys-
tems). The multiplex PCR products separated inmo four colours on an
ABI Prism 3100 Genctic Analyzer and the eenotypes were determincd
with GENEMAPPER ver, 3.0 {Applicd Biosysiems).

Linkage map construction and QTL mapping The genctic map was
constructed using JoinMuap ver. 3.0 (Van Ooijen and Voonips 2001} A
scgregation ratio for cach marker in the Iy population was tested for the
poodness-of-fit1oa 1 : 2 : [ or 3 ;| ratie using chi-sguare toseat 5, 1
and Q.1 % significance levels. According te Pham et al. {1990} the wype
of pamctic or zyentic selection for co-domunant toci i determined by the
chi-square test at the 3% significance level. Maakers were assigned to
linkuge groups based on pairwise recombination frequencics and LOD
values. An LOD valuc of 3 or greater was used to create linkang groups
and the rccombination valuc was converied inta a map distance {cM)
using the Kosambt mapping {unction (Kosambi 1943). Double cross-
overs between adjacent loci duc 1o miss-scored  individuals were
confirrned munually. Linkage groups were named following azuki bean
linkage groups (Han ¢t ol 20035).

A subset of moleculir markers spaced across the genctic linkaee map
with no misstng renotype data was sclected and used tor composite
intervitl mapping (Zeng 19941 (CIMVE: ZmapQil Modcl 64 QTL analysix
wits carricd out using WinQTL Curtographicr {Wang cr af. 2004a). The
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murkers used as cofactors for CIM were sclected by the forward
stepwisce repression (F method in SRmapQul). The nunber of back-
ground markees ‘window size” was sot to 3 and 10 respectively. Arcsine-
transformed data on percentage of cumulative number of damaped
seeds for cach day from 20 10 50 days was used for QTL analysis. The
presence of a putative QTL was declared whenever the LOD score
excecded the threshold of 2.5. To determine the effect of seed size, which
might affect hruchid resistance, QTLs for 100 sced waght (SW) were
analysed and compared (o those for bruchid resistince.
i

Results
Bruchid resistance

Resistance to €. chinensis and C. mactdaus was tested in the
parents V_umhellara and V.o nakashimae. The averuge number of
cggs laid per seed (E/S) by C. chincusis was 2.4 for V.o wnbellata
and 3.1 for V_nakashimae. For C.maculatus. the bruchids 1aid
2.8 and 3.1 E/S on I, subeliata and V. nakashimoe respectively.
Viena wbelfute was completely resistant o the two bruchid
species, neither C. ofiinensis nor C. maculatuy emerged from
seeds of this specics. Whereas V. nakashimae was completely
susceptible to both C. chinensis and C. maculatus. All sceds of
V. nakashinme weve damaged within 32 days by C. chinensis and
within 33 days by €. mactlasus, after insect introduction.
Evaluation of three F, seeds showed resistance 1o both
bruchid species. Among 131 ¥, seeds planted, 57 (43.5%)
showing abnormahtics were excluded from further study: 20
died at the vepetative stage, six failed to Rower, eight dropped
all their pods and 23 did not produce normal seeds. Finalty, 74
F, individuals were used to develop the genetic linkage map.
A further 24 F individuals were excluded from the bruchid
evaluation test because, although plants grew nonmally, the
number of Fy seeds was insufticicut. Thus £, seeds from 50 ¥,
individuals were used for the bruchid resistance test. Fifteen to
twenty Fy seeds were vandomly evaluated. In F, lines (F:
seeds) the average E/S values for C. chinensiy and C. maculanis
were 3.9 £ 0.16 and 4.3 1 0.17 respectively. In the bruchid
resistance test of 50 Filines. C. chinensis emerged from 32 lines
and C. macnfatns emerged from 13 lines during evalbuation.
However. none of these lines was as susceptible to C. chinensis
ov C. maculatus as their susceptible parent, V. nakashimae.
Varttion in percentage of dimaged F, seeds (PDS) in the
parenis and F» population caused by C. ehineasis a1 32 and
39 days and by C. maculais at 33 and 44 days are shown
{Figs fab and 2a.b respectively). These two dates correspond
to the day on which cach bruchid species (1) compietely
damaged seeds of susceptible parents and (b) stopped cinerging
(rom the seeds, The experiment was terminated at 5 days when
no bruchids had eimerged for more than | week. The frequency
distrtbution of PDS by C. chinensiv at 32 daysand C. macuwlaius
at 33 days both showed a skewed distribution towards the
resistant parend, V.anbellara (Figs 1a and 2a respectively). The
results suggest that dominant genes control resistance 10
bruchid bectles. The population  average of PDS  was
85 + 19 for C. chinensis and 090 + 0.3 for C. mwaculotns.
By these dates the susceptible parent. V. nakashimae. was
completely damaged. Emergence of adult bruchids from F,
seeds continued until 39 days for C. efinensis and until 44 days
for C. macutarus. At the end of evaluation, the average PDS in
incompletely susceptible s linesincreased to 14.1 + 2.4% and
2.3 % 08% in C. chinensis and C. maculatus vespectively.
There was a significant positive correlation between the PDS of
C. chinensiy and C. macidatus resistance (r = 0.36, P = 0.012).
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Fig. {: Frequency distributon of percemtage damaged seeds (PDS)
caused by Callosohruchus clineasiy in an F3 population {bused on F,
sceds) derived from a cress berwoen Figne umbellata and V. nokashi-
prge a (a) 32 days and (b) 39 days

Delayed bruchid devclopment was observed in the F,
population. The average developmentad period of C, chinensis
among susceptible F» lincs was 32.2 days {range 26-39 days).
5 days longer than the 27 days recorded for V. nakashimae. In
the case of C. maculatus. the average developmental period
among susceptible Fa lines was 34.4 duys (range 27-44 days).
6 days tonger than the 28 days recorded lor V. nakashimae.

X-ray analysis of undamaged seeds in the Fax population
revealed thay, for a few seeds, the inteenal padts were in fact
damaged. When undamaged sceds were cut open. maost
bruchids had died at the fiest instar lacval stage (62.9% F,
mdividuals for both € chinensiy and C. maculares) bat some
had died during the second instar larva or later stages, pupua or
adult, In seeds of V. unthellata, bruchids ablways died during
the first Tarval stage,

The resistanl parent. V. wmbellata, has an SW of 3.9 g and
V. nakashintae has an SW of £.8 g Average SW in the F.
population was 3.2 = 0.1 g (range |.4-5.5). Based on the F»
population used for bruchid evaluation, the corrclations
between SW and PDS were —0.19 (P = Q.186) for C. chincuyis
and —0.13 (P = 0.100) for C. macwlatus indicating that seed
weight had no influence on bruchid resistance.

Taterspecific linkage map of V. wmbeflata x V. nakashimac

Simple scquence repent mavkers and REFLP probes were
screened to deiect DNA polymorplisms between V. umbhellai
and V. nakayhimae. OfF the 200 SSR markers tested, 132 (66%)
amplified DNA fragments in both parents and (22 (61%)
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Fig. 2: Froguency dsinbution of pereentage damaged sceds (PDS)
caused by Callosubrichus muctdarns i za Fy poputation (based on Fy
seeds) derived from o cross bewvween Vigna nbellata and V. nakashi-
srere at () 33 duys and (b) 44 days

markers revealed clear polymorphism. Of the 122 SSR markers
97 were successfully used for mapping in the F5 population, Of
the 185 mungbean. cowped. soybean and conunon beun probes
surveyed, 132 (82.1%) yielded clear polymorphisms between
V. wmbeliaia and V. nakashimae with at least one of the six
restricion enzymes. From these, 132 RFLP probes 68 (26
mungbean, 7 cowpea, 22 comaion bean and 13 soybean) were
used for mapping in the F» population.

A molecular-marker based linkage map of the interspecific
Foumbelfata x V. nukushimue Fy population was constructed
with 74 RFLP and 10t SSR loci (Fig. 3). The map spanned
652 cM with an average number of 159 marker loci per
linkage group and an averuge distance between adjacent
markers of 3.7 cM. The fargest and smallest linkage groups
were 95 ¢M {26 loc) and 33 cM (9 loci) vespectively. SSR
markers were distributed throughout the 1) linkage groups.
Five RFLP probes {Bng(22. Bng0§!, Bngi07. mgM415 and
sgA077) and three SSR markers (CEDG024, CEDGO09%4 and
CEDGI105) had wulti-loci with two or three loci segregating
dependently (suffix lower-case letter i Fig. 3). Five RFLP
and 10 SSR loci appear to be dominzut as no heterozygous
individuals were found (itatics in Fig. 3). Among all the loci
analysed, 26% (28 55R and 14 RIFLP laci) deviated signifi-
cantly (P < 0.05) from the expected vatiosof 3: lor F: 2: 1.
Such distorted loci were found on all linkage groups except for
linkage group 9. Three SSR loci (CEDG(96. CEDG105¢ and
CEDGO063) were not located on the linkage map and showed
significant Tdislorlion towards  the heterozygous  state
(P < ¢.001). The majonity of these distorted foci were
clustered on hnkage groups 2. 6 and 11 In particular. 10 of

P

]

11 foci on linkage group 11, and seven of nine loci on linkage
group 6 exhibited distorted segregation under gumetophytic
sclection, in favour of V. umbellata alicles, whereas seven loci
on linkage group 2 showed distorted segregation under zygotic
selection.

Quantitative trait loci for bruchid resistance

Compasite interval mapping was perfonmed in two ways. The
first approach was to detect QTL location controlling bruchid

- resistance on the day whei seeds of the susceptible parent were

completely damaged by bruchids (Figs la and 2a4). This
resulted in finding significant genome regions on linkuge group
7 associated with C. chinensis resistance and on linkage group
4 for C. maculams resistance (Table 1), A putative QTL for
C. chinensiy resistance located on linkage group 7 at marker
interval CEDGO64-CEDGI 11 expluined 53.4% of the vari-
atton. This QTL is named Bred . where Bre stands for
Bruchid resistance Coc €. chinensis, 3 for the population
number and | the QTL number. This mapping population was
designated as *3, populations ‘1" and *2' are BC,F, and F,
populations between V. nepalensis Tateishi and Muaxted and
V. angularis (Han et al. 2005, T. {semurd, uapublished datal.
The putative QTL Tor C. macularus resistance detected on
linkage: group 4 usccounted for 60.1% of the phenotypic
vaciation and s named Armld . Viena wmbellna allele a
Bred. L and Brn3 A, both hud a negative dominant effect, with
reduced seed damage by both bruchids’

The second approach was to use data on the day bruchids
stopped emerging from seeds of the F» population (Figs ib
and 2b). This revealed two putative QTLs located on knkage
groups | and 7 for resistance to C. chinensis and two putatve
QTLs mapped to linkage groups 1 and 4 for resistance to C.
maculaius {Table {). QTL (Brc3.1) at CEDG064-CEDGI143
on linkage group | explained 25.6% of the phenotypic
vanation. The other QTL., Bre3.2, mapped on linkage group |
between Bngl62 and mgM381 accounted for 18.5% of the
phenotypic variauon. For C. macularus two putative QTLs on
linkage groups | and 4 were detected. Brml.2 wus identified
on linkage group | betweea CEDGOI9 und mgM381 and
Brm3. 1 on linkage group 4 between CEDG154 and
CEDG232 and accoumed for 189 and 373% of the
phenotypic variation respectively. These QTLs reduced the
percentage of damaged seeds in both an additive and a
dominant manner.

The QTL analysis for seed weight was also conducted.
A single chromosome region located on linkage group 10
between sgAQG77b and Bogll was identified associated with
seed weight (LOD scove = 5.3). Sdue3.1 expluined 23.3% of
phenotypic variation of sced weight with the effect of the
V. umbeliora allele increustng seed weight (additive effect =
6.8, dominant effect = 3.1).

Discussion :
Linkage map and comparison to other linkape maps

Genetic iaps are a basic tool in molecular genctic studics and
crop improvement. In the genus Figas, 10 gencoie linkage
maps have so fur been developed. mainly using RFLP andjor
rindom amplified polymorphic DNA markers (Kaga et al,
2005). In the present study the moleculac hinkage map was
constructed based on SSR markers, the most useful moleculur
marker systems in plant breeding. The F, population wus
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warrkers. Map distances and marker numes afe shown on the Ioft und right sides of the finkure groups respecuvely, Dhstances are given in
Kosambi contimorgans. Prefixes mgM. maQ. myeR. and mc indicatc munghbcan probes; cgO und cgP label cowpea prohes: Bng identifics common
beun probes: spA. sgB and sgK represent soybeun probes. Lower-case betters are suffixed 1o markers with multiple loci. SSR markers are
presented with primer codes. ltalicized markers show dominant loci. Markers showing significant deviation from the cxpected scgregation ridios
at 0.05.0.01, and 0.001 levels arc indicated with *, **, and *** respectively. Bars on the left side of the linkage groups indicate tie LODI support
intervals of putative QTLs

Table b Results of QT L analysis for Callosehruchuy chinensis resistance and C. macnfars resistance in Fy population (based on I ; »eeds) derived
from Vigna wmbellata x V. nakashimae by composite interval napping {CIM)

Eifcet of V. nmheltuta
allele on PDS

Bruchid Evaluation QTL Linkagc LOD1 support for Position LOD Additive Daminan
specics {ditys) name oroup marker interval {cM} SCOTC {a) % {d) % % PVE
C. chinensis 2 freld 7 CEDGOA-CEDGI T 40 5.0 -4.8 -12 524
' 39 Drcdd 7 CEDGO6-CEDG 143 4.0 4.0 -3.6 =19 25.6
Bredl2 i Brgl62-mgh381 9.6 2.6 =25 -1.2 18.5
C. macnlaius AE) Brord. | 4 CEDGI3-CEDG232 40.2 1.1 -0.4 -04 a0t
\ 44 Brmldi 4 CEDGIi-CEDG232 274 5.0 -0.6 -0.4 373
Brml.2 1 CEDGOIY-mgM 3%1 88.6 29 -0.4 -0.3 18y

ICIM was performed using bruchid assay data obtained on the day when sceds of the susceptible parcnt were completely damaged by bruchids
{32 and 33 days for C. chinensis and C. murcufatus. eespectively) and the day bruchids stopped emerging from the sceds of the Fa population (39

and 44 days Tor C. cfiirensis and C. maculatus, respeetively).

derived from an interspecific cross between V. umbelfata and
V. nakashimae. The map consisted of 74 RFLP and 131 SSR
loci, and 11 linkage groups were formed corresponding to the
hnploi('! chromosoime number of V. wahellata and V. nakashi-
e

Comparative mapping has demonstrated conscrvation of
gene and marker order across genomes for Vigna species
(Kaga et al. 2005) und also between Vigna and related legume
taxa {Boutin ctat. 1995). The interspeciiic Vigna map
constructed in this study and o gencuc map of azuki
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Lroups

bean construcied from 2 BC, population (V. nepalensis x
V. angularisy x V. angularis (Han et al. 2005) were compared
to examine conserved linkuge blocks and marker order
between the two maps (Fig. 4). A 1ol of 114 (94.2%) SSR
loct were suceessfully located on the same hinkage groups and
in a simlar order to the hinkage map of azuki bean. The SSR
primer sequences reveal a wellconserved genome structure
among Vigna species and these sequences could aid 1a the
study of genomes of other Vigna species.

However, a few discrepancies in genetic distance, location
on hinkage group aud order between marker loct were observed
(Fig. 4). Some markers mapping to the same position on the
azukt bean map were found to be separated in the present map
(c.g. linkage group B megQll7 and CEDGI96). The
CEDGI00 lacus. which was mapped to finkage group 2 of
the V. umbelinta x V. nakashimae map, was located on kokage
group L1 of the azukt bean map. Another exmaple comes (rom
the markers on the distal end of linkage group 5, mgM247,
CEDGI158 and CEDGOI8 in the V. unmbellaia x V_nakashimae
map that were in the reverse order in the azuki bean map. Such
diffcrcncés between the two maps can be expluincd by
chromosoml rearrangements andfor wanslocations during

i
P

the evolutionary divergence of these species. In addivon,
distorted segregation in the present study was observed ut 24%
of loci in contrast 1o 3.53% of loci shawing distoried segregi-
tion in the azukr bean map. These results support previous
results that V. anguliris and V. nepalensis are more clasely
related than V. nakashimee and V. pmheflare within section
Angulares of the subgenus Cerarotrapis (Tomooka et al. 2002),

Segregation distortion of markers has been noted in
previous genetic mapping studies of ¥igna species such as
mungbean, cowpea and azuki bean, with the level of distoriion
ranging from 12 10 30.8% (Kaga et al. 2005} Several RFLP
markers facilitated comparison of the distoried loci belween
previousty reported maps and the present map. Most of these
distorted loci are specific to linkuage groups 2, 6 and 11 in the
present map and they all differ from the mwarkers showing
distorted  segregation on the interspecific genetic maps of
V. wnbellata x V. angularis (Kaga ‘et al. 2000) and V. angu-
laris x V. nakashimae (Kaga et al, 1996),

Significant differences in the transmission of alleles were
found on linkage groups 2, 6 and }l. Among these linkage
groups, groups 6 and 1 have a higher than expected number of
V. umbellata alleles. Preferential transnission of ¥ junheliag



Linkage map of Figner

83

alleles has also been reported in crosses between V. umbellara
and V. anguloris (Kaga et zl. 2000). Further studies of
V. umbellara to elucidate the reason for this are needed.

Cross-compatibility relationships in Vigna are complex and
whether they are used as the male or female parent does affect
the success in developing hybrids between species (Tomooka
et 2l 2002). LCase of hybcadization among V. angularis,
V. nakashimae and V. wumbetlara differs. Crosses between
V. angularis and V. umibellata require embryo rescuc and there
is a high level of abnormality in segregating populations (Kaga
et al. 2000}, The level of abnormal segeegation is high in the
cross between V. wnbellata and V. nokashimae but hybrids do
not require embryo rescue. Ddistorted segregation can be
attributed to abnormalities resulting from interspecific hybnd-
tZon.,

Bruchid resistance in rice bean
Two putative QTLs. located on two linkage groups (linkage
groups | and 7) were found to be associated with C. chinensis
resistance and two QTLs on two putative hinkage groups
(lmkage groups | and 4) were identificd for C. maculatus
resistance. QTLs for C. chinensis (Bre3 1) and O maculatus
{Brar3 1) resistance are of iaterest because they explained much
of the phenotypic variation (25.6-53.4 and 37.3-60.1%
respectively). In addition, the QTLs 8r¢3.1 and Brm3.l were
consistently identified from (he day seeds of the susceptible
pitrent. V. nakashimae. werve completely damaged to the end of
evaluation.

Insecticidal chemicals in seeds, hardness of cotyledon and/or

seed coat andfor inferior nutritional value of seeds (Tomooka ~

et al. 2000) have been sugpested as the causes of bruchid
resistance. Recently, flavonoids with the basic structure of
naringenin have been isolated from V. umbellara (cv. Menaga)
and these were found 10 be responsible for bruchid cesistance
(US patent 6.770.630B2}. One naringenin derivative causes
resistance to both C. chinensis and C. maculatus and another
naringenin derivative causes resistance only 10 €, chinensis.
This supports the results presented here that two QTLs
mapped to similar locations are responsible for resistance to
the different bruchid species and other QTLs affect Calloso-
bruchus speaies differently.

Seed size 15 considered to be a factor associated with bruchid
resistance {i.c. simall seeds have higher resistance than larger
sceds) (Southgate 1979). The sced weight of the purents used
here differs 2.2-fold, with \he V. umbellate pavent having an
SW of 3.9 2 compared with V. nekashimae with an SW of
1.8 o. However. no relationship between the percentage of
damaged seeds and small seed size was observed in cross
progeny. The fuct that the locations of the putative QTLs
{Brc3.l and Brnld 1) for bruchid resistance differ from the
QTL for seed size (Schred 1) is in agreement with the results
showing the percentuge of damaged sceds is not corrclated
with sced weight.

Previous mappiag studies for bruchid vesistance based on an
miraspecific cross between mungbeun (V. radiara) and its
presunred wild progenitor (V. radivra var, sublobata) have
revealed a single mujor gene for resistance to C. chinensis
(Young et «f. 1992, Kaga and Ishunoto 1998). A major QTi
underlying bruchid resistance 1o C. chinensis in V. mnbellata
has been found in an interspecific mapping population of
V. wnbhellarn x V. angularis (Kaga 1996). The position of the
QTL s close (o the pR26 (=mngl026} locus where C. chinensis

resistance in wild mungbean is located. However, in the
present study. no QTL for bruchid resistunce was detected on
linkage group 2 where the pR26 (mgRO26} locus is located.
The variety of V. umbcllata used in the two experiments was
differem. Vigna wmnbellata used in this study wis o landrace
from Nepal, whereas, in the previous swudy the origin of the
V. umbellata accession was Japan and the bruchid resistance
was incomplete (Kaga etal 1996). Intraspecific vanation in
the level of cesistance to bruchid beetles has been observed
among V. umbcllata accessions {(Tomooka et al. 2000). These
data suggest there s vaniation in bruchid resistance penes in
V. umbellata.

The V. umbellata x V. nakashiruae map constructed in this
study has proved to be useful m pactly elucidating the
inheritance of bruchid resistance tn rice bean. That no F,
plamt revealed a phenotype as susceptible to bruchids as the
susceptible parent and the frequency distribution of resistance
skewed towards the resistant parent in the Fy population
indicates that many dominant genes are involved in resistance
to both bruchids. Cytoplusmic cffects can also explain the
skewed distribution for bruchid resistance. It was not passible
to analyse the reciprocal cross in this experiment { V. nakashi-
mae % V. wnbellaia) because although F| seeds were obtuined
they did not germinate (Tomooka et al. 2003). Cytoplasmic
effects are not considered to be a major fuctor in bruchid
ressstance because backcross progeny of hybrids between
V. untbeltata and ¥, nakashimae using a bruchid-susceptible
azuki bean (V. angularis) as the femule parent show resistance
to both bruchid species (Tomooka et al. 2003). The skewed
distribution of the resistance may be explained by the many
abnormal F; plants and the resulting small Fy population with
many markers skewed wowards V. wnhellara. As no susceptible
line was found, genetic variance wis smaller than expected.
hence the likelihood that there remiun several undetected
QTLs for bruchid resistince.

By using the bridging species V. nakushinae. the resistance
of V. umbellara s transferred o an azuki bean bruchid-
susceptible cultivar to develop bruchid-resistant lines (Tomo-
oka et al. 2003). Every seed from cuch backcross between
V. angularis x (V. wmbcllata x V. nakashimae) and eecurrent
male parent V., angularis (1o date backerossed three times) has
been sequentially evaluated for resistance to the two bruchid
species. In the preliminary evaluation. some lines developed
have resistance to both bruchid species {Tomooka et ab. 2003).
As these backcross lines show scgregation, the application of
molecular mackers linked to putative QTLs for bruchid
resistance found in this study will greatly enhance bruchid
resistunce breeding in azuki bean. A search for other uadetee-
ted bruchid resistance QTL o Vo wahellutu using backeross
lines is also planned.

Acknowledgements

This study was conducicd when the fiest suthor (PS) wias o recipicnt off
the Royal Golden Jubitce PhD Progeam award {rom the Thai-
land Rescarch Fund. The authors thank T. Nebori, S. Hirashima,
T. Qomizu, T. Taguchi ind H. Tomiyaima from the National [nstitute
of AgrobinlogicullScicnccs for welinical support. The Wignr (mung-
heun and cowpea). common bean, and soybeant probes were provided
by N.D. Youny, University of Minncsota, St Paul, USA_ J. Tohne,
Centro  knternationale  por Agriculturs Tropicale (CIAT). Cali.
Colombia. and R.C. Shocmaker, lowa State University, Ames, USA
respectively.



{

84 R , SomTa, KaGa, Tomooka, Kasuiwasa, Isemura, Chamienc, Sarvives and VauaHan

Refercnces

Bunto, 5. M., 4nd F. F. Sanchcz. 1972: The biology and chemical
control of Callosabruchus chinensis {Linn) {Colcoptera: Bruchidac).
Philipp. Eat’2, 167—142.

Bowin, S. R.. N. D. Youne. T. C, Olson. Z. H. Yu. R. C. Shocmaker.

and C, E. Vellgjos, 1995; Genome conscrvation among three fegume -

Lener detected with DINA markers. Genome 38, 928—937.

Dongre, T. K. S. E. Pawar. R. G. Thakare. and M. R. Harwalker,
t6: 1dennfication ol cesistance sources 10 cowpea weevil in Videg
sproand s inhentance of their resistance tn black gram. §. Stored
Prod. Res. 32, 201 —204,

Dreaper, .. und R. Scot. 1988: The isolation of plant nucleic acids. In:
). Draper. R, Scow, P. Armitage. and R. Walden {cds). Pl
Genetic Transformation and Gene Expression. 212—214. Blackwell
Scientitic Publishne, London.

Fugii. k.. M. Ishimoto. and K. Kitamuea, 1989: Patteros of resistance
to hean weevils (Bruchidael in Viene radiaia-mungo-sublobata
complex inform the breeding of new  resistant varictics. Appl.
Entomol. Zool. 24, 126112,

Hun, O. KL AL Kaga, T, Bsemura. M. Tomooka, and B, AL Vaughan,
2005: A genctic hinkage map For azuki bean (¥igua engularis). Theor.
Appl. Genet, (in press).

Kaga, AL 1996 Construction and Application of Linkage Maps for
Azuki Bean (37 angnfuris), PhD Thesis. Kobe University, Jupan.
Kaga. A and M. Ishimoto, 1998: Genetic Yocalization of a bruchid
resistance geoe and its relaionship to insccticidal cyclopeptide alka-
foids, e vignatic ucids. in mungbean (Vigne rediora L. Wilczek),

Mol. Gen. Genet, 238, 378—384.

Ragia. AL M. Obaishi. T Ishit. and Q. Kamijima, 1996; A veactic
linkage map of azuki bean constructed with molecular and
momphologicad maekers using an anterspecific population (Vigna
angidaris x V. pakastingey. Theor, Appl. Genet. 93, 658--G63.

Kaga, AL T, Ishii, K. Tsukimoto. E. Tokora. and Q. Kannjinu, 2000:
Comparative moleculur wupping e Ceraretropis specics usitte an
interspecific cross beoween Vo wabeffara and V. angularis. Theor.
Appl. Genet, 100, 207—243,

Kaga, A D. AL Vaughan, and N. Tonooka, 2005: Molccular muarkers
in Yigne improvement: uaderstanding and vsing gene pools ln- H
Lorz. and G. Wanzel (eds). Biotcchnology in Agriculture und
Forestry, Vol. 55 Malecular Muarker Systems, 171—i87. Springer-
Verdag. Berlin,

Kashiwaba, K. N. Tomeoka A, Kaga. O. K. Han and D. A Vaughan,
2003: Characierization of resistance o three bruchid  species
{Callosabruchuy spp.. Coleoptera, Bruchidac) in cultivied rice bean
{Vigno unihellaieny. 3. Leon. Entomol. 96, 207--211

Kitamura, K. M. 198 Inheritance of
resistance 10 imfestation with azuki bean weevil in ¥igne sublohata
and successhul incorporauon 10 V. radiaa. Jpa. J. Breed? 38,
439—d64.

Lslumota, and ML Sowa,

Kosambi. D. D.. 1944; The estimanon of map distances from
rccombination values. Aan. Fugen, 12, 172——175.

Kumar, S. V., 5. G. Tan, 8. C. Quah, and K. Yusoll, 2002: Isolation of
microsaicliitc markers in mungbean, Vigng redicaa. Mol Ecol.
Notes 2, 96-—98.

Li. C.-D.. C. A. Fatokan, B. Ubi. B. B. Singh_ and G. J. Scoles. 2001
Determining genctic sindilariues aad relationships among cowpea
breeding lincs and cultivars by microsatellite markers. Crop Sai. 41,
189—197.

Pham_ ). L., J. C. Glaszmana. R. Sano, P. Barbicr, A. Ghesquire, and
G. Sccond. 1990: lsozyme markers in nice: genctic analysis and
linkarge relationships. Genome 33, 3M48-—359.

Southgate, B. )., 197Y: Biology of the Bruchidoe. Annu. Rev. Entomol.
24, 449—473.

Tomooks. M. C. Lairungruang. P. Nukccraks. Y. Egawa. and
C. Thavarasook, 1992: Developmcent of bruchid-resistant muagbcan
using wild mungbean germplasm i Thatlund. Plant Brecding 109,
60—66.

Tomeoka. N.. K. Kushiwaba. 3. A, Vaughan, M. lshimoto. and
Y. Egawy. 2000: The effectivencss of cvalunting wild species:
scarching for sources of resistance o bruchid beetics in the genus
Vigra subgeaus Cerarorropis. Euphytica 115, 27—41. )

Tomooka, N.. D, A Vaughan, H. Moss, and N, Maxied, 2002: The
Asian Figna:  Geonos Suhgcnus Genetic
Resources. Kluwer Academic. Dordrechi, The MNetherlands.

Tomooka, M., Y. Egawa, K. Kasluwaba, A, Kaga, T. Iemura, and
. A, Vaughan, 2003: Incorporation of bruchid sesistunce (aciors
from rice beun (Vigna wahettatay 10 azuki bean (B ongidacisy. 3pn.
1. Trop. Agric. 47, 75—76 (in Japancse). .~

Van Ooijen. J. W., and R. E. Voerrips. 20017 JoinMap® 3.0, Software
for the Calculztion of Genetic Linkage Maps. Plamt Rescarch
Intcrnational, Wageningen, The Netherlands.

Vaughan, D. AL N. Tomooka, and A Kaga, 20050 Azuki bean. fn:
R. J. Singh.and P. P. Bauhar {cds)., Genetie Resources. Chromosome
Engincering. and Crop lmprovement. Grain Lecumes. 341—352.
CRC Press, Boca Raton. FL.

Wung, 5.. C. ). Basten, P. Gaflney, und Z. B. Zeng, 20u: Window
QTL Cuntographer 2.0 User Manual. North Caroling  State
University, Raleigh, NC.

Wang. X. W, A Kaga. N. Tomooka.and D. A. Vaughan, 2004b: The
devclopment of SSR markers by a new method in plants and their
application to genc flow swudics n azuki bean [Vigne angularis
(Willd.) Ohwi & Ohushi]. Theor. Appl. Genet, 109, 352—360.

Young, N. D. L. Kumar. D. Mopancio-Hautea, D, Danesh,
N. S, Takckar. S, Shanmugasunduwrum, and D. H. Kin, 1942;
RELP mapping of 4 major bruchid resistance pene in munpbean
{Vigna radione. L. Wikczek). Theor. Appl. Genen, 84, 539-—§44.

Leng, Z-B. 19941 Precision mapping of quaatitative wrait loci.
Genetics 136, 1457—1466.

Vigna Ceratotripmy



Available online at www.sciencedirect.com Journal of

SCIENCE@DIRECT' ‘ STORED
PRODUCTS

RESEARCH

www.elsevier.com/locate/jspr

Journal of Stored Products Research 42 (2006) 313-327

t

-

Characterization of Callosobruchus chinensis (L.) resistance in
Vigna umbellata (Thunb.) Ohwi & Ohashi |

P. Somta?, N.S. Talekar®, P. Srinives®*

fDepartment of Agronomy, Facully of Agriculture, Kaseisari University, Kamphaeng Saen Camipus,
Nakhon Pathom 73140, Thailand
® Asian Vegetable Research and Development Center, P.O. Box 42, Shanhua, Tainan 741, Taiwan

Accepted 13 May 2005

Abstract -

Resistance to azuki bean weevil, Callosobruchus chinensis, was studied in a series of field and laboratory
experiments in two accessions of rice bean (Vigna umbeflata (Thunb.) Ohwi & Ohashi), one accession of
black gram (V. mungo (L.) Hepper), and one accession of mungbean, (V. radiata (L.) Wilczek). Weevil
damage to immature pods of the rice bean accessions, ‘Menaga’ and ‘Miyazaki’, was significantly less than
to the susceptible mungbean, VC1973A. In mature pods, the pest damage to the pod wall of Menaga was
significantly higher than to VCI973A, whereas the damage to Miyazaki was similar to VCI973A.
Seeds within the pods of both rice bean accessions were resistant no matter when the pods were
harvested. When the insects were exposed directly on dry seeds, both rice bean accessions arid a black gram
accession VM2164 were resistant to them. In artificial seeds made by mixing flour of the individual resistant
Vigna accessions with VC1973A and subsequently exposed to bruchid oviposition, the higher the quantity
of resistant Vigna flour the lower the number of bruchids that emerged from such seeds. No bruchids
emerged [rom artificial sceds containing crude starch fraction from the three resistant Vigna
accessions when such seeds were exposed to bruchid infestation, whereas many insects emerged from the
seeds containing starch of VC1973A or flour of VCi973A alone. In artificial seeds made by mixing crude
protein fractions of the three resistant Vigna accessions with flour of VCI973A, as the concentration of
protein increased the number of C chinensis adults that emerged decreased. Fractionation of crude
proteins into acetone-precipitable proteins and peptide and amino acid portions resulted in the loss of
antibiosis effect. Artificial sceds made from purified starch-polysaccharides fraction, however,

1
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exhibited antibiosis effects if prepared from the rice bean seed of Menaga and Miyazaki but not if made
from the black gram seed, VM2164.

© 2005 Elsevier Ltd. All rights reserved. b

Keywards: Azuki bean weevil; Host-plant resistance; Rice bean; Callosobruchus chinensis; Vigna spp.

1. Introduction

Mungbean, Vigna radiata (L.) Wilczek, is an important legume produced mainly in South and
Southeast Asia. This crop is a major source of dietary protein for poor people in the region and an
important nitrogen-fixing legume in tropical cropping systems. Poor geneticbackground and
damage by insect pests and diseases limit the seed yield of this crop. Among several insect pests that
attack this crop, two beetle species, azuki bean weevil, Callosobruchus chinensis . (L ), and cowpea
weevil, C. maculatus (F.), are the most destructive. The initial infestation takes |p]aoe in the field,
where the adult bruchid lays eggs on green pods and the larvae bore through the pod cover and feed
concealed within developing seeds (Southgate, 1979). When such seeds are harvested and stored, the
insect continues feeding, eventually emerges as an adult, and causes secondary infestation which, at
times, results in total destruction within 3-4 months (Banto and Sanchez, 1972). Since mungbean is
generally grown by small land-holders, poor storage facilities are prevalent in such households, and
the seeds are frequently used for family consumption, the application of fumigants or insecticides is
not suitable (Talekar and Lin, 1981). Efforts have been made to identify sources of resistance and
breed a bruchid-resistant mungbean. Among 525 accessions screened for C. chinensis resistance at
the Asian Vegetable Research and Development Center (AVRDC), two black gram, V. mungo (L.)
Hepper, accessions, VM2011 and VM2164 were resistant to C. chinensis (Talekar and Lin, 1981).
The VM2011 exhibited less damage to pods when the insect infestation occurred in the field, while
the VM2164 had highly resistant seeds in laboratory tests. Transfer of insect resistance genes,
however, from VM2164 into mungbean cultivars was not successful (Fernandez and Talekar, 1990).
Two mungbean accessions, V2709 and V2802, were moderately resistant to the bruchid in seeds
(Talekar and Lin, 1992). One accession of mungbean, TC1966, V. radiata var. sublobata, was
resistant to C. chinensis (Fujii and Miyazaki, 1987). Crosses between TC1966 and other mungbeans
were made successfully (Tomooka et al., 1992), but since TC1966 is a wild legume and not
consumed by humans anywhere the possnblllty of some undesirable traits present/in the seeds of the
progeny of some of the crosses could not be ruled out (Watanasit and Pichitporn, 1996). A feeding
test was conducted by Miura et al. (1996} using BC,4F, seed of the cultivar ‘Osaka Ryokutou’ with
TC1966 as the donor of the gene conferring the resistance. They found that the glutamic-oxalacetic
transaminase activity was higher and the total cholesterol concentration was lower in female mice
fed with the resistant line compared with the control mice. Sugawara et al. (1996) isolated the
chemicals responSIble for azuki bean weevil resistance in TC1996 and named the mixture vignatic
acid. Its major component is cyclopeptide alkaloids. This makes the use of TC1966 questionable for
breeding mungbean, which is widely consumed as fresh sprout, resistant to seed:feeding pests such
as C. chinensis.

Recently, Tomooka et al. (2000) found two cultivated varieties of rice bean, V. umbellata
(Thunb.) Ohwi & Ohashi, a food legume, to be completely resistant to C. chinensis and
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C. maculatus. Both accessions, ‘Menaga’ and ‘Miyazaki’, are land races of cultivated rice bean
from Japan. Kashiwaba et al. (2003) prepared artificial seeds from various proportions of rice
bean (resistant) and azuki bean (susceptible) flour and fed these to C. chinensis, C. maculatus and
Graham bean weevil (C. analis (F.)). They reported that the number of bruchid adults emerging
decreased, and the larval development period (days) was extended, when artificial seed with an
increasing proportion of rice bean flour were used. They concluded that a chemical component(s)
contained in the cotyledon of rice bean has an inhibitory effect on growth of these bruchid species.
They did not attempt to fractionate and characterize the compounds responsible for the
resistance. In this study, we partially characterize the mechanism of resistance of these varieties as

well as that of VM2164 to C. chinensis.

2. Materials and methods

Most of the experiments were conducted at the Asian Vegetable Research and Development
Center, Shanhua, Taiwan. The rest were conducted at Kasetsart University, Kamphaeng Saen,
Thailand.

1

2.1, Study with pods

Seeds of Menaga, Miyazaki, VM2164, and one susceptible mungbean breeding line (VC1973A)
were planted in individual 3 m long and 2.25m wide plots, in a randomized complete block design
with four replications. The crop was grown by normal cultural practices as recommended by Park
(1978). When the earliest maturing accession started forming pods, we released 1000-2000 newly
hatched laboratory-reared adults of C. chinensis in the field once every week until most pods of the
latest maturing accessions were ready for harvest (Talekar and Lin, 1981). All pods at pod-filling
(yellow pod) stage and at mature dry pod (black pod) stage were picked weekly from each plot.
Pods at the same stage in each replication coliected through the course of experiment were
combined into one observation. Each observation comprised a few hundred to several thousand
pods. The collected pods were placed in nylon net bags and maintained in a greenhouse {or further
drying before extracting the dry seeds. Once every week, adults that had emerged from the pods
were counted and discarded promptly and the number of damaged pods and seeds were recorded.
This procedure was continued for up to 6 weeks after final harvest. The accumuiated number of
damaged pods and seeds among the lour accessions were averaged across four replications and

compared.

2.2. Study with whole seeds

Seeds of each accession were placed in a water-saturated chamber for 48 h to equalize their
moisture content. Ten grams of seed were poured into each of four 125mL flasks and 40 newly
emerged (0-3-day-old) adults of C. chlinensis were introduced over the seeds in each flask. Bruchid
adults were allowed to lay eggs and the feeding damage by larvae emerging from eggs was
recognized by the presence of holes in seeds. Percentages of damaged seeds among the four

accessions were compared.
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2.3. Study with artificial seeds

Dry de-hulled cotyledons of VC1973A, Menaga, Miyazaki, and VM2164 were'ground into very
fine flour. Flour of VCI973A was used as the base for preparation of artificial séeds consisting of
an increasing proportion of Menaga, Miyazaki, or VM2164 in a VC1973A base to study possible
antibiotic factors present in the seed (Talekar and Lin, 1992). Preparation of artificial seeds
followed the method deveIOped by Shade et al. (1986). The moisture content of artificial seeds was
adjusted to 12-15% in the moisture chamber. For each proportion of re31stant material, eight
artificial seeds, each weighing about 1 g, were made and confined in an 125 mL Er]enmeyer flask as
one experimental unit. Forty newly emerged adults of C. chinensis were released into individual
flasks for oviposition for 4 days. All studies were conducted at 28.5+ 1 °C with four replicates.
Seeds were observed for 50 days and the number of first-generation adults epaerging from the
seeds was recorded. Using this generalized procedure, various components of seeds of Menaga,
Miyazaki, and VM2164 were tested for their antibiotic effect on growth and development of
C. chinensis.

2.3.1. Antibiosis study

In the first experiment, fine powder of the three resistant accessions was mixed with fine powder
of VC1973A at the rates of 25%, 50%, and 75% and made into artificial seeds. Seeds were also
made from the fine powder of the individual accessions alone. These seeds were bioassayed with
C. chinensis as described above. b

2.3.2. Preparation of artificial seeds with crude protein and crude starch

In the second experiment, 10 g of flour of each accession was individually suspended and mixed
with distilled water. These suspensions were shaken intermittently and held for 2h before
centrifuging at 15000 rpm, for 15min at 4°C. Centrifugation separated the material into liquid
phase (mostly protein) and solid phase (mainly starch). The solid fraction was' dried at 60 °C for
8h. The liquid fraction was freeze-dried. To test for possible antibiosis against C. chinensis in
starch, the solid fraction of each individual accession equivalent to 20% and 25% of original seed
was mixed with flour of VC1973A and made into artificial seeds. To determine the equivalent
weight, the total weight of the starch fraction was set to 100% and the required equivalent weight
(20% or 25% in this case) was calculated accordingly. To test for antibiosis ini protein, the solid
from the freeze-dried fraction equivalent to 5%, 10%, 20%, and 30% w/w of ongmal seed of each
accession was individually added to flour of VC1973A and made into artificial seeds. Artificial
seeds made from flour of VC1973A alone were included in the two tests as a susceptible control.
All seeds were bioassayed with C. chinensis as described above.

2.3.3. Preparation of artificial seeds with precipitable protein, peptide and amino-acid fractions

In the third experiment, the protein fraction of each accession was extracted as described above.
Cold acetone was then added to this liquid fraction gradually until there was no more
precipitation (Englard and Seifter, 1990). The protein—acetone mixtures were allowed to stand for
3h to let the proteins settle at the bottom of the centrifuge tubes. The tubes were then centrifuged
at 15000 rpm for 15min at 4 °C. The precipitable proteins at the bottom of the tubes were air
dried at room temperature. The liquid fraction was concentrated by a flash evaporator until all the

b
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acetone had evaporated and was then freeze-dried. Precipitable protein equivalent to 25% of the
original seed of each accession was individually added to flour of VCI937A and made into
artificial seeds. The freeze-dried fraction at a concentration of 2%, 5%, 7%, or 10% equivalents,
of original seed was then added to flour of VC1937A and made into artificial seeds. Artificial seeds
made from susceptible flour alone were included. All seeds were bicassayed with C. chinensis as

described above,

2.3.4. Preparation of artificial seeds with solvent extracts of peptide and free amino acid fraction
In the fourth experiment, a [reeze-dried fraction of each accession equivalent to 10 g of original
seed was subjected to sequential extraction with hexane, dichloromethane, and methanol.
Extraction with hexane and dichloromethane was done in a Soxhlet extraction apparatus for 8 h
at the rate of 5-6 solvent exchanges per hour. For methanol, the freeze-dried fraction and solvent
were shaken vigorously for 8 h. All solvent extracts were concentrated in a flash evaporator until
all solvent had been evaporated. The dried residues ol each extract as well as solid residues after
solvent extraction in quantities equivalent to 30% of those in the original seed were incorporated
into flour of VCI1973A and prepared into artificial seeds. Artificial seeds having 30% flour of
Menaga, Miyazaki, and VM2164 were included as well as the seeds made solely from VCI973A.

2.3.5. Preparation of artificial seeds with purified starch fraction

In the fifth experiment, the water-insoluble fractions comprising mainly starch and other
carbohydrates as described in the second experiment were suspended three times with 0.1 M
NaOH. After each suspension, the mixture was allowed to stand for 21 at 4 °C and centrifuged at
15000 rpm for 15min at 4°C. The liquid phase (starch-associated proteins) was coliected. The
solid phase was subsequently suspended once again in 0.1M NaOH, and centrifuged at
15000 rpm for 15min at 4°C. All liquid phases from the extraction were combined and dialyzed
using dialysis membrane against distilled water for 24 h at 4°C, to remove NaOH. The dialyzed
liquid phases were freeze-dried. The solid phases (purified polysaccharides) were drted at 60 °C for
8 h. The polysaccharides as well as solids from the freeze-dried fractions equivalent to 25% of
initial seed compositions were mixed with flour of VCI973A and made into artificial seeds.
Artificial seeds made from susceptible flour alone were included as a control.

2.3.6. Preparation of artificial seeds with steam distilled chemicals

In the sixth experiment, 200 g flour of each accession was suspended in water and subjected to
steam distillation. The distillate liquid equivalent to 25% of the initial seed was added to flour of
VCI1973A and made into artificial seeds. The seeds made from flour of VCI973A alone were
included as a control. All seeds were bioassayed with C. chinensis as described above.

2.3.7. Antibiosis in post-germination cotyledons |

In the seventh experiment, seeds of all accessions were germinated in sand previously baked at
100°C for 24h. Three-day-old post-germination cotyledons were collected and washed with
water. The cotyledons were then dried at 60°C for 16h and ground into fine powder. These
powders, 25% of the mixture, were mixed with flour of VC1973A (75%) and made into artificial
seeds. Seeds made from flour of VC1973A alone were included as a susceptible control. All seeds
were bioassayed with C. chinensis. '
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2.4. Statistical analysis

The SAS program was used for analysis of variance (ANOVA) in a completely randomized
design (CRD). If significant differences were indicated, means were separated using least-
significant difference (LSD) tests with a P<0.5 level of significance (SAS Institute, 2001).

3. Results and discussion . .
3.1. Study with pods

The results of the damage caused by C. chinensis to immature and mature seeds while within
pods are shown in Table 1. Since VM2164 did not flower even after harvest of pods of all other
accessions, we did not include it in the data analysis. In Menaga and Miyazaki, !the insect damage
to seeds, whether the pods were harvested when immature or fully mature, was significantly less
than in the susceptible control VC1973A. Pod pericarp characters such asi gum production,
smooth surface, thin pericarp, indehiscence and flaking surface can influence bl‘UChld damage to
seeds (Janzen, 1969). Highly pubescent pods also tend to be less damaged by ‘bruchids (Talekar
and Lin, 1981). Because the morphology of the pods of the three accessions was not much
different except that the surfaces of Menaga and Miyazaki were slightly glabrous and smoother
than that of VC1973A, it is unlikely that the morphology of the two rice bean accessions
contributed to the pod resistance of these accessions in pods. When we observed the damage to
immature pods, the pod wall of Menaga was resistant but Miyazaki was considerably more
damaged and appeared to be as susceptible as VC1973A. At maturity, the pod wall of Menaga
was more damaged than those of VCI1973A and Miyazaki (Table 1). In both cases, insect holes
were visible only over the seed locules. Hence the bruchids appeared to prefer the seeds inside the
pods, rather than the pod itself. Pod pericarp did not seem to play any role in the resistance of
either rice bean accession to C. chinensis. The seeds of Menaga and Miyazaki were about two-
thirds the size of those of VC1973A. This fact alone, however, cannot account for the drastic

Table 1

Infestation on immature and mature seeds within pods of various Vigna accessions by Cal!asobruchus chinensis®
Accession Damaged seeds (%) (mean+ SE) Damaged pods (%) (mean+ SE)
Immature stage i

VCI973A 19.42+1.37a 33.5240.80a

Menaga 1.71+0.25b 5.1940.50¢ |

Miyazaki 3.2640.49b 22.48+1.26b

Mature stage !

VCI9T3A T 18.5242.55 15.38+3.65b"

Menaga 3.7610.98b 23.2140.58a

Miyazaki 4.1810.59%b 9.344+ 1.21b;

i
#Means followed by the same letter in each column and for each stage of maturity are not significantly different at
P<0.5 by LSD test.

L
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reduction in the damage. We suspect that biochemical differences in the seeds contributed to the
differences in the varieties (o bruchid attack.

3.2. Study with whole seeds

Callosobruchus chinensis laid large numbers of eggs on dry seeds of all accessions (Table 2). The
number of eggs laid on seeds of all four accessions was, however, not significantly different. No
adults emerged from seeds of Menaga, Miyazaki, and VM2164, but numerous insects emerged
from seeds of VCI973A (Table 2). Menaga, Miyazaki, and VM2164, therefore, appear to be
completely resistant to C. chinensis. Resistance of VM2164 has already been demonstrated
(Talekarland Lin, 1992). Certain factors such as seed hardness, small seed size, absence of
nutritional factors, and presence of toxic substances, may affect bruchid damage to legume seeds
(Southgate, 1979). Although, in our study, seed size of Menaga, Miyazaki, and VM2164 was
smaller than VC1973A (100-seed weights being 4.28, 4.25, 3.69, and 6.73 g, respectively), it did not
correlate with bruchid resistance in seeds. Tomooka et al. (2000) demonstrated the absence of a
relationship between the level of resistance of some Vigna seeds to C. chinensis and C. maculatus
and seed size. Our results implied that antibiosis factors present in the seed coat or seed cotyledon
might be responsible for resistance to C. chinensis. At times we found dead larvae and pupae in
cotyledons or near the embryonic axis of all resistant accessions. A similar observation was made
earlier by Ramzan et al. (1990) who found dead C. maculatus larvae in cotyledons of rice bean.
However, Tomooka et al. (2000) reported no damage caused by C. chinensis and C. maculatus
beyond the seed coat of Menaga and Miyazaki. Biotypes of bruchids and intraspecific variation of
plant accessions may result in differences in the level of resistance (Tomooka et al., 2000). Our
results hinted at the possibility of antibiosis factors in the cotyledon being responsible for
resistance of these rice bean accessions to C. chinensis. Hence we conducted a series of resistance-
testing experiments with various components of seeds of these Vigna species accessions.

3.3. Study with seed components

3.3.1. Antibiosis
When artificial seeds, made by mixing increasing proportions of flour from three resistant

accessions with VCI1973A, were offered to C. chinensis for oviposition, insects laid more than
seven eggs per seed. The differences in the constituents of these seeds did not affect the number of

Table 2

Infestation on dry secds of various Vigna accessions by Caflesobruchus chinensis®

Accession . No. of eggs laid per 10g seed” (mean +SE} No. of édults emerged (mean 4 SE)
VCI973A 524.00 1 56.25 245.054+21.48a

Menaga 452.00+35.68 0.00+0.00b

Miyazaki 498.00+22.13 0.0040.00h

VM2614 334.00-27.19 0.004-0.00b

*Mcans followed by the same letter in each column are not significantly different at £<0.5 by LSD test.
"No significant difference.
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eggs laid. Development and emergence of bruchid adults, however, was strongly affected by the
presence of different proportions of resistant seed flour in VC1973A flour. No insects emerged
from any combination, except for one combination each of Menaga and VM2164 with VC1973A,
from which a mean of less than one adult emerged per seed. More than three adults emerged,
however, from each seed of VC1973A (Table 3). The results indicated the possibility of strong
antibiosis factors present in the cotyledons of Menaga, Miyazaki, and VM2164, which may be
responsible for their resistance to C. chinensis.

3.3.2. Crude starch and crude protein

The numbers of C. chinensis adults that emerged from artificial seeds contdining 25% of the
water-insoluble crude starch-polysaccharide fraction from Menaga, Miyazaki, and VM2164 were
significantly less than those that emerged from seeds containing the same compconent of VC1973A
or the control diet of VC1973A alone (Table 4}. In fact, no adults emerged when flour of Menaga
or Miyazaki was used. A similar but much less pronounced antibiosis was observed in a test with
20% crude starch conducted in Thailand. The difference between the two experiments might be
due to a difference in the concentration of crude starch used and a possible biotype difference in
C. chinensis between two locations. Credland (1990) reported the occurrerice of genetically
different biotypes in bruchids which differ in their host range. Qur observation agrees with this
report in that we found greater damage of C. chinensis to rice bean in Thailanid than in Taiwan
(unpublished data). Moreover, the number of eggs laid on artificial seeds by Thai bruchids was
much higher than those laid by Taiwan bruchids, averaging 39.09 and 11.43 per seed, respectively.
This combined difference may explain the discrepancy between the results of the two experiments.
A polysaccharide from seeds of common bean, Phaseolus vulgaris (L.), was toxic to C. chinensis as

I
Table 3 '
Preference for oviposition and emergence of adults of Callosobruchus chinensis from artificial seeds made from various
combinations of resistant and susceptible Vigna accessions®

Seed combination No. of eggs pér 8-seed replicate No. of adults émergcd per 8-seed

(mean +SE) replicate (mcan: +SE)

Menaga 25% + VCI1973A 75% 60.754+ 14.64ab L75+1.11b
Menaga 50% +VCI973A 50% 53.00+15.91ab 0.00b

Menaga 75% + VC1973A 25% 77.504+10.94a 0.00b

Menaga 100% 69.50+7.35ab 0.00b
Miyazaki 25%+ VCI973A 75% 67.00+ 14.51ab 0.00b ‘
Miyazaki 50% + VCI973A 50% 51.2519.04ab 0.00b .
Miyazaki 75% + VCI973A 25% 63.00+ 10.34ab 0.00b :
Miyazaki 160% 44.50+7.27b 0.00b I
VM2164 25%+VCI973A 75% 71.75412.60ab 0.00b '
VM2164 50% -+ VC1973A 50% 64.2518.58ab 0.00b ;
VM2164 75% + VCI973A 25% 64.25+13.93ab 0.50b ‘
VM2164 100% 65.00+8.24ab 0.00b
VCI1973A 100% 58.754 5.88ab 29.25+4.03a

i

#Means followed by the same letter in each column are not significantly different at P<0.5 by L.SD test.

£
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Table 4
Effect of addition of crude starch-polysaccharide fraction of various Vigna accessions with seed powder of VC1973A on

infestation of Callosobruchus chinensis®

No. of adults emerged per 8-seed replicate (mean + SE)

Treatment

20% crude starch® 25% crude starch®
VCI1973A cotyledon powder 54.75+8.42a 25.2542.49
VCI973A +20% VCI973A starch-polysaccharide 55.004+10.84a 29.75+6.7%
VCI1973A + 20% Menaga starch-polysaccharide 20.50+7.67b 0.00-+0.00b
VCI1973A +20% Miyazaki starch-polysaccharide 40.5048.60a 0.00+0.00b
VCI973A +20% VM2164 starch-polysaccharide 31.00+4.16ab 0.75+0.49

“Means followed by the same letter in each column are not significantly different at P<0.5 by LSD test.
®’Data collected from the experiment conducted in Thailand.
“Data collected from the experiment conducted in Taiwan.

evidenced by increasing larval mortality, reduced growth and development, and fewer eggs laid by
the females (Applebaum et al, 1970; Applebaum and Guez, 1972). Similarly, purified
carbohydrates from P. wulgaris adversely affected another bruchid, Acanthoscelides obtectus
(Say) in the same manner as C. chinensis (Gatehouse et al., 1987). Recently, a polysacchande,
galactorhamnan, isolated from seeds of jack bean, Canavalia ensiformis (L.) DC, was shown to be
antibiotic to C. maculatus and reduce emergence (Oliveira et al., 2001). It is possible that similar
factors may be involved in the antibiotic effects of these Vigna accessions to C. chinensis. Silva et
al. (1999) determined changes in the levels of carbohydrases, aminopeptidases, and acid
phosphatase in the larval midgut cells and in the luminal contents of C. maculatus and Zabrotes
subfasciatus (Boheman) fed different diets. They found a change in e-amylase in the midgut lumen
of the bruchid larvae fed with legume seeds with different starch granules, They speculated that
starch may be a barrier to predation by bruchid beetles.

When water-soluble crude protein fractions of resistant accessions were added to the flour of
VCI1973A, the number of adults that emerged decreased as the concentration of water-soluble
crude protein of Menaga, Miyazaki, or VM2164 added to flour of VC1973A increased beyond
10% (Fig. 1). In the case of VC1973A, addition of its own crude protein at any concentration did
not affect insect development and emergence of C. chinensis adults; there was no difference from
the seeds made from VC1973A only, This implied that some factors in the crude protein fraction
of seeds of Menaga, Miyazaki, and VM2164 adversely affected development of C. chinensis. Insect
development and emergence were not affected for up to 10% of crude protetn fraction mixtures
with VC1973A, but were curtailed at 20% and higher.

3.3.3. Precipitable protein and peptide-amino acids

Fractionation of crude protein into cold-acetone-precipitable proteins and peptides and free
amino acids, reduced the antibiotic effects of the crude protein fraction. There was no significant
difference in the number of C. chinensis adults emerged among the seeds made by adding acetone-
precipitable protein of various accessions and artificial seeds made purely from VC1973A flour
(Fig. 2). When, after removal of acetone-precipitable protein, the artificial seeds constituted by
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Fig. 1. Emergence of Callosobruchus chinensis adults from artificial seeds made by adding various concentrations of
crude protein from seeds of susceptible {(VC1973A) and resistant (Menaga, Miyazaki, and VM2164) Vigna accessions
into Figna radiata VC1973A. The vertical line above each solid bar indicates SE of number of the adults emerging from
eight artificial seeds.

addition of 2%, 5%, 7%, and 10% water-soluble fraction were exposed to bruchid adults lor
oviposition, there was a decrease in the number of adults which emerged from the seeds but the
change was not specific Lo the insect resistant accessions {data not shown). The decrease was
found in all four accessions, indicating thereby that the resistance of these three Vigna accessions
may not be due to any antibiotic factors present in this fraction. The crude starch-polysaccharide
fraction appears to be more important.
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Fig. 2. Emergence of Callesobruchus chinensis adults from artificial seeds containing acetone-precipitable proteins
equivalent to 25% of original seed content of susceptible and resistant Vigna accessions. The vertical line above each
solid bar indicates SE of number of the adults emerging (rom eight artificial seeds. There are no significant differences
among the treatments and control.

3.3.4. Solvent extracts of peptides and free amino acids

Extraction with polar and non-polar solvents of peptide and free amino-acid fractions, and
addition of such solvent extracts and residual material after solvent extraction to VCI973A did
not affect growth and development of C. chinensis when artificial seeds made from the mixtures as
well as VCI1973A alone were exposed to bruchid infestation (data not shown). These results
implied that the resistance of Vigna accessions is not associated with peptides or free amino acid

fractions.

3.3.5. Purified starch-polysaccharide and associated protein

The numbers of C. chinensis adults which emerged from artificial seeds, containing 25%
original seed equivalent purified starch-polysaccharides from Menaga and Miyazaki were
significantly less than those that emerged from seeds containing purified starch-polysaccharides of
VCI973A and seeds made from flour of VCI973A alone. Use of this fraction of VM2164,
however, did not reduce bruchid damage as compared to addition of the same fractions of
VCI973A (Fig. 3). Addition of starch-polysaccharide-associated proteins extracted in 0.1 M
NaOH from Menaga, Miyazaki, and VM2164 did not significantly reduce €. chinensis emergence,
compared with similar proteins from VCI1973A (Table 5). These results are in line with our
previous findings that proteinaceous materials are not involved in the resistance of Menaga,
Miyazaki, and VM2164 to C. chinensis, whereas carbohydrates are involved. Carbohydrates are
indispensable for supporting optimum growth, development, and reproduction of seed-feeding
insects. Some carbohydrates, however, might adversely affect nutrition because they either act as
feeding deterrents or are incompletely hydrolyzed and absorbed, whereas others are readily
absorbed but not metabolized at high concentrations and may even inhibit enzymaltic reactions
including those involved in glycolysis and gluconeogenesis (Gatehouse et al., 1987). Carbohydrate
binding proteins, lectins (phytohaemagglutins), have been considered to be very toxic to C
maculatus (Janzen et al., 1976; Pusztai and Watt, 1974), since they cause disruption of epithelial
celis which interferes with nutrient uptake and absorption (Gatehouse et al., 1989). It is possible
that carbohydrate-protein combinations may be involved in the antibiotic effects of these rice
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Fig. 3. Emergence of Callosobruchus chinensis adults from aruficial seeds containing 75% seed powder of Vigna radiata
VCI1973A plus 25% punfied polysaccharides of various Vigna accessions. Bars indicated by the same letter are not
significantly different a1 P<0.5 by LSD test. The vertical line above each solid bar indicates SE of number of the adults
emerging from eight artificial seeds.

Table 5
Effect of addition of starch-associated proteins of various Figna accessions 1o seed powder of VC1973A on infestation
by Callosobruchus chinensis’

Treatment® No. of adults emerged per §-seed replicale (mean + SE)
VCI1973A powder 49.004+5.21a

VCI973A +25% VCI973A starch-associated proteins 38.00+5.95ab

VCI1973A +25% Menaga starch-associated proleins 29.75+3.61b

VCI1973A +25% Miyazaki starch-associated proteins 29.75+6.55b

VCI973A +25% VM2164 starch-associated proteins 39.25+4.75ab

#Means followed by the same letter are not significantly different at P<0.5 by LSD test.
Starch-associated proteins extracted from 25% equivalent seed powder of various accessions.

bean accessions to C. chinensis. These factors, however, do not seem to be involved in the
resistance of VM2164 to bruchids. Detrimental effects of some legumes against certain insect
species may result from a combination of chemicals rather than from a single component able to
cause resistance by itself (Oliveira et al., 1999). The synergy of purified starch-polysaccharides and
associated proteins in rice bean may confer complete resistance to C chinensis similar to the
proteins and a polysacchande shown to be toxic to C. maculatus in jack bean (Oliveira et al., 1999,
2001).

3.3.6. Steam-distilled chemicals
Chemicals extracted by steam distillation from seed flour of resistant and susceptible accessions
had no effect on the development and emergence of adults of C chinensis. There was no
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significant difference in the number of bruchid adults emerging from the seeds containing such
chemicals and artificial seeds made from VCI1973A flour only (data not shown). A number of
insects have been reportedly affected by plant volatiles that are specific to their host plant {Visser,
1986). Our results, however, revealed no indication of either adverse or beneficial effects of
volatile chemicals from Menaga, Miyazaki, and VM2164 towards C. chinensis development or

emergence.

3.3.7. Post-germination cotyledons
When artificial seeds containing 25% powder of post-germination cotyledons of resistant and

susceptible accessions were offered to C. chinensis, no insects emerged (data not shown). Since
most of the seed storage chemicals are precursors for new chemical synthesis in germination and
seedling development, this could lead to loss or gain of toxicity or antibiosis to bruchids in
cotyledons after germination.

Bruchid-resistant gene(s) in rice bean has been successfully incorporated into a bruchid-
susceptible Vigna species, azuki bean (V. angularis), via a bridging species (N. Tomooka pers.
commun.), Although rice bean is cross incompatible with mungbean, transferring of bruchid-
resistant gene(s) may be achieved by using a bridging species or by genetic engineering methods.

The present study revealed that resistance to azuki bean weevil both in pods (field environment)
and seeds (storage environment) of rice bean is due to the existence of antibiosis factors in seeds.
The resistance seems to be complex because two or more chemical factors may be involved.
Identification of the resistant factor(s) in rice bean and its mode of action will be helpful for
breeding programs incorporating the resistance into the other Vigna species without the need for
extensive bioassay tests in each generation.
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Assiract: Thireen Thaiand 21 Korean soybean cultivars were investigated for N, fixing abilivy of 3 strins of
Bradyrhizobicm japosicum, using a factorial arrangement in a completely randemized experimental design
(CRD). Data were collected on 5 trails, viz. nodule number per plant, nedule fresh weight per plint, nodule
dry weight per plamt. plant dry weight, and acetylene reduction activity (ARA). The varintion in cach trail
was dependent of sovbean cultivars, B. japonicum stains and interaction between culiivars and strains.
Among the soybean cultivars, KKU35 had higher nodule number, but lower ARA than ST1 . revealing (hat
high nodule number may not correlate with the nitrogenase enzyme activity. For rhizobial sumins, 1DASA
01026 gave high nodule number, nodule fresh weight, and nodule dry weight, while DASA 01034 gave high
nudule number. plann dry weight, and ARA. Postiive correlation coelflicients (r) between ARA and nodule
number, nedule fresh weight, nodule dry weight, and plant dry weight were ail significant atthe values of
0.438.0.738, 0.703 and 0.635, respectively. Path coelficient analysis revealed that these N fixation (raits
were mter-related and contribusing direcily and indirectly 1o the ARA, with the greatest comribution from
nodule fresh weight

Kevworns: Sovbean. Bradyrhizobium japonicum. N, fixation.
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InTRODUCTION

Soybean {Glycine max (L) Merr.} originated in
China. Manchuria, and Karea.' There is evidence that
soybean was domesticated around the F 1™ century BC
in the eastern halfl of northern China and extended 10
central and southern China, as well as the Korean
peninsula, inthe first century A.D. Alterthe 1510 16"
century, sovbean was brought inte many countries,
including northern India. Indenesia, Japan, Malaysia,
Myanmar, Nepal, the Philippines, Thailand, and
Vietnam.” Due to the expansion in the feed industry,
Thailand has not been sell-sulficient in soybean
production during the past 20 years. In the crop year
2002-3. harvested area. production, and yield per ha
were 0.175 Mha, 260 Kion.and 1.99 vha, respectively®
The factors responsibie for low yield in Thailand are
low quality of seed, biotic and abiotic problems, and
low production effliciency. Fertilizer application in
soybean is limited due 10 its high cost. However, like
most fegumes, soybean can lix N, from the air through

l

t
[

symbiosis hetween soybean and the bacterium
Bradyrhizobinm japonicum associmed in the nodufes
developed from root hairs. B. japonicum is slow
grawing, rod-shaped, gram negative. acrobic. 0.3-0.9
umx 1.2-3.0 pm insize, non-spore forming, motile by
(Tagella, forming white and epaque colonies* N, gas is
transformed [rom inorganic 10 organic compounds by
the B. japantcum nitrogenase enzyme.” N, fixation i
leguminous crops helps reduce the use of N fentifizer
applied 1o the crops, minimizing ground water pollation,
increasing seed protein, and giving the residuad lixed
ritrogen to the succeeding crops. Sovbean can wilize
N from atmosphere, soil and fenilizer” People ct alf
suggested 1wo strategies to enhance N, fixation. viz,
through crop and soil management. and through plant
breeding and selection. In the tirst stvawegy, the crop
thatcan fix more N, should be planted firstinacropping
systemn, especially at early wet senson 1o maximize N,
fixation. Other cultural practices that can cnhance N
fixation arc P-fertitization, irrigation. no or minimuum
tillage, and the use of rhizobial ineculation. In the



second strategy, legume planisshould be bred lor more
specificity w rhizobium strain 1o improve plant yield
and wolerance w environmental stress. Thus, the wraits
related to N fixation should be directly or indirectly
evatuated tosupport biceding and selection processes.
A direct method is to grow soybean in N-free medium
and observe the N fixation ability of the soybean
genoiypes. The alternative indirect measurement is to
observe planicharacters reflecting N fixation potential.
viz. nodule number per plant, plant dry weight, nodule
fresh and dry weight, and acetylene reduction activity
{ARA)FNiwrogen fixalion activity increases sharply afier
flowering stage and gradually decreases after green
pod stage.? Auewell and Bliss'® suggested that the best
soybean growth stage for determining ARA is at R,

(early pod stage), since the sensitivity decreases rapidly

after this stage.

The objective of this study was to evaluate
nodulation response of major Thai and Korean sovbean
cultivars with sirains of B. japenicum. The traits related

1o N, fixatton among these diverse genotypes can be -

used as key traits for selection of soybean genotypes,
rhizobial strains, and the combination betrween soybean
and rhizobia.

MATERIALS AND METHODS .

Thirteen Thai and 21 Korean soybean cultivars
(name list shown in Table 2) were inoculated with 3 5.

japonicum sirains {DASAQ1026, DASADID42, and

DASAQ1034) in a faciorial manner (1.c. all possible
combinauons). A contrel weatment (uninoculated?

- fremeach cultivar was alsoincluded in the experiment.

. Completely randoml-ed clesign {CRD)was used with 3

replicates.

The inoculation method was modilied from 1h'u
proposed by Somasegaran and Hoben ' Brielly, the
soybean seeds from each genotype were surface.
sterilized in 3% hydrogen peroxide in a beaker for 3
min, then the solution was drained off. The seeds were
rinsect with sterile wier for 4 - 3 times. more sterile
waler was added 1o submerge the seeds and ihey were
lev siand for 4 h. The seeds were rinsed with sterile
water 2 - 3 times more. translerred onto a plate laid

‘with wetsterile cotton wool, and lelt overnighiatroom

temperature umil the radicles were 0.5 - 1 cm long.
Four germinating secds [rom each culiivar were

sown in a plasiic cup filled with sterilized sand pre-

tnoculated with B. japonicum. The cup was perforatcd
at the botiom and placed on a Leonard jar containing
N-free medium. The germinating seed was covered
with autoclaved g gravel. Five to 10 days afier planting,
2 seedlings were cut with sierilized scissors and finally
2 plantswere left ineach cup. The N-free medium was
:Iic[clec[ weekly into the jar thevealter. At the R, siage
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{pod size ol around 0.3 cm in diameter), shoots of the
2 plants in each cup were collected in a paper bag and
oven-dried m 70" Cfor 2 days and weighed for plantdry
weight. The roots were collected in a flask with an air-
tighi rubbercapandtheairwas replaced with acetvicne
gas\C.H ). Alterone hour, the ethylene (C,H ) from the
flask was collecied 1o a ube by piercing the rubber lid
with asvringe. The ethylene produced from reduction
of the acctylene, as a result of rhizobial nitrogenase
activity. was measured by a gas chromatograph 1o
deternuee an acetylene reduction activity (ARA) value
in pmole of C,H, per plant per hour. The roots were
then cleaned and determined for nodule number per
plant, nodule lresh weight{g) per plant.and nodule dry
weight (g) per plant.

Analysis ol variance was performed in cach (rait
using the Statistical Analysis System (5A3) program* o
determine the significance of laciors allecting N
fixation ability, viz. soybean cultivar, B japonicum strain,
and interaction between cultivar and strain. Once the
F-testwas signtficant, mean differencesamong cultivars
and among rhizobium strains were declared by DMRT
{Duncan’s multiple-range test) at P = 0.05. The degree
of directassociation hetween the significant N, fixation
iraits wasdetermined lromtheir correlation coelflicients
{r}. The indirect association was measured through
path coeflicieny analvsis of the ARA with the other
fixation traits using the model proposed by Steel and
Torrie.'* Briefly, let Y = adependent vartable dictated by,
say 3 independent variables X,. NX.. and X,. The
relationship between them can be depicted as follows.

X]Q\

7
b
Oy ro2
'~
- X ri3

* Residual

.and b aredirect effects

Inthisrelavonshiph’ b7
of X as measured by >|mc[atclz.».cd partial regression

ol Yon X . X,, and X .. fy,. and 1. are correlation
coeﬂlmcnml)mwccn \ and X,, N, and X, and N, and
Xoro.r,.andr_are (il elfects 0! X . asmeasured by
cmrc.umn coefﬁcmnllecn\ecn\‘ .mci"x X, and Y, and

X, and Y. respectiveiy.
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The experiment was conducted in the laboratory of
the Seil Microbiology Group, Soil Science Division,
Bepartment of Agriculture, Bangkok, Thaitand.

Resuits anp Discussion

Since the fixation data from the control jars were
generally low with a number ol zero values, they were
nol included in the analyses. Analysis of variance
showed significant differences among soybeans,
rhizobia, and theirinteraction in all N, fixation traitsin
this study (Table 1). lt should be noted that there were
14 missing plants in this experiment, which caused a
reduction in the degrees of {reedom {df} of the Total
and Error 10 291 and 190, instead of 305 and 204,
respectively. On the average, the Thai soybean cultivars
were not different from the Korean cultivars in nodule
number per plant (27.5 vs 26.6), but the mean of the
Thai cultivars was higher than that of the Korean
cultivars in nodule fresh weight (0.581 vs 0482 g/
plant}, nedute dry weight (0.126 vs 0.096 g/plant),
plant dry weight (1.913 vs 1.5]2 g/ptant), and ARA
(4.898 vs 3.845 pmole C,H /plh). The interaction
between Thai soybeans and rhizobial strains was

- significant inall fixation traits, revealingthat there was
“a specificity between the soybean and the rhizobia.
However, the interaction between Korean soybeans
and rhizobial sirains was signilicant only irr nodule
number per plant. The highest nodule number in Thai
cultivars x strain was found in KKU35 inoculated with
" DASA01G54 strain, and the lowest value was in CM60
inoculated with the DASA010G26 (data not shown).
- ' CM1 with DASAQ1026 strain gave the highest nodule
fresh and dry weight, while CM60 with DASAG1042
gave the lowestvalue. The highest plant dry weight was
found in CM1 with DASA01026, while the lowest value
was in 52 with DASAQL026. The highest ARA was
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abtained from ST1 with DASAQT026 while the lowest
was from 5J2 with DASAQI054. The highest nodule
number in Korean cultivars x sirains was Jangkyung
with DASAQ1026 and the lowest value was [T184222
with DASA01042 (data not shown).

The average values of the fixation components
across 3 rhizobial strains ineach cultivarare presented
in Table 2. A rather high coeflicient of variabilily (CV)
was found associating with each trait. KKU35 gave the
highest nodule number per plant, which was not
significantly dillerent [rom Songhak, loliowed by CM1,
Keumkang, Sunheuk, Jangkyung, and S}4. While
[T184222 jangyup, Dajang, and IT161471 from Korea
and CM60 from Thailand had low nodule number. SJ4,
ST1, RMI, Sunheuk, CM1, and 5J5 gave the highest
nodule Tresh weight per plant, while IT184222,
ITI61471, CMB0, 52, and Milyang were among the .
lowest. In nodule dry weight, $J4, ST1, Danwon,
Sunheuk, 5f5, CM 1, and RM1 were the highest, while
several cultivars, including [T184222, CM60, 52,
(T161471, and Milyang were the lowest. In plant dry
weight, the Thaicultivars, RM1,CM) 5[4, 5T KKU35,
and 5J5 grew more vigorously than most Korean
cubtivars 1T184222 1T16147]1 CM60,5)2, and Milyang
were low in plani dry weight. However, in ARA  the Thai
and Korean cultivars fell intoboth high and tow groups.
ST}, RMI, Sunheuk,and Songhak were inihe high ARA
group, while 1T184222,5)2,1T161471, Jangyup, and
Sowon were in the low group. It should be noted that
1T184222 from Korea gave'the lowest value inall fixation
traits observed,

When the N, fixalion components were averaged
acrossall cutivarsin each rhizobial strain, DASA01026
gave high nodule number, nodule fresh weight, and
nodule dry weight. DASAQ1054 gave high nodule
number, plant dryweight, and ARA, while DASA01042
gave only high plant dry weight (Table 3). Thisresultis

! Table 1. Mean squares from the analysis of vartance of 3 traits ielated to N | fixation abilny in 34 sovbean cultivars inoculated
with 3 rhizobial strains. All observations were deiermined by Leonard jar method. Data from the control jar were

v not included in the analysis.
Source of df  Nodules/plant Fresh nodule Dry rodule Plant dry ARA
Variation wi/plant (g} wi/plant (g} weight (g) (umole C.H /pl/hr}
rSoybcan cultivars 33 430*~ 0.235** 0.013* 212+ 27.2"
Thai vs Korean 1 136™ 0.881"" 0.076*" te.ge2e 97.9%*
Rhizobium strains 2 806" 1.248%°¢ 0.061" 1,340 1651+
Cultiva1s x Strains 65 116** 0034 0,003 .21 T4
Thai cultivar x Suain 24 126 0.056"* 0.004°* 0.32" 10.0°*
Korean culiivar » Strain 40 81 0.020" 0,002 Q.03 5.3™
That vs Korcan x Strain 2 690" 0.070 0.004™ 2,19 157
Errer 190 50 0.022 0.002 a.19 4.0
Total 291 ’

20 Sigudicaly differenat the Qat3 and 0 OF probabitay levels, respectvely
< nen-sgaificant (P> 0.05),

1

|
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Table 2. Average number of nodules per plant, fresh nodule weight, dry nodule weight. dry plant weight. and ARA in 34

soybean cultivars averaged across 3 rhizobial strains.

Number’ Cultivar names Nodules/plant Fresh nodule Dry nodule Dry planmt ARA
wi/plant (g) wi/plant (g} weight (g} pmole CH /plhr
1 501 24.56% F.544h 0. 129+ ] 79 4 TH
2 S)2 19.22%i 0213 0.046 1.00" 1.99
3 g4 3 0.834° 0.189° 228 5.7k
4 S5 27.004h 0.681" a.ls2- 2.0 4.62°%
5 5T 24.56" 0.780 018140 228 9.06*
6 ST 2 23.00% 0.576"¢ Q121 1.654 5.25"
7 CM 1 36.334 0.693°¢ 0.146" 2.55* 3.16
8 CM 60 16.571* 0.204™" 0.035% 0.93+ 3.10%
g NSt 29 44 0.5827¢ g.137+ 207 4.97"
1C KUSL 20004 25.674 0.550%* 0.1074" 163 5.05
Il RM 1 27.334 0.767* 0.146 2.55° T3
12 KKU 35 43.78° 0.630 0.142" 216" 4.06
i3 CkP ] 26.89¢* 0.495" 0.1104" 187 431
i4 Kumjung 2 32.00M ¢.515™ 0.090"™ | TG 4710
[3 Dajang 18.33 Q.538¢" 0102 .32 3,47
i6 Sowon 24.67i 0.346"" 0.070"* 1.23% 2.25M
17 Dukyu 262248 0.640™" 0114 1.70-* 3.50
18 Sunheuk 34.000¢ 0.737*¢ 0.160"* 1,92t 7.9%
19 Jangkyung 34.00M 0.454+ 0.000% L.3g 2,79
Z0 Doremi 20.78% 0.363" 1 0.074¢* 1.21+ 3.05
21 Kumjungol 27.29%% 0.595°r 0114 1.837¢ 4760
21 Keumkang 36.00" 0.3334h 0.1074* L.7ios 5.4
23 tlmi 29224 0.42g8%t _0.091% IR EA 5.61"¢
24 HpumKumjang 221 00st 0.368" 0.070+ 144 3.6
25 Danwon 31.89b- 0.635" 0. 164+ 2040 3.85
26 Duyu 30 43 0.497™ 0102 1.34 4,03
27 Milvang 31.880 0.3430" 0.060 1.02¢% 261
28 Senghak 38.8** 0.595¢ 0.1128" .54 7orp
29 IT 161471 18.56% 0311 0.057+ Q.78 180
30 IT 18222 10.00% 0.t58° 0.0324 (LT iRt 1.0
31 Danback 27.00¢h 0.570" 0.120= .83 3.324
32 Tackwang 18.36% 0.450=* 4.093" HETU 3.85
33 Jangyup 16.56* 0.404%* 0.077#* 1.507 2,14
34 Suwon 157 3078 0.631% 0.127 lm i 378
CV (%) 26.2G 28.46 37.08 26.2 47.67

* = heans foHlawed by the smine Leaers meaclimit ae aor sigmbeamly different i the 0,03 probabilny level by DMRT,

Cultwar munbers | - 13 are Tha culiwars, nonbe:s 1433 aee Koreao cultivars.

similar o that reperied earlier by Somwanget al™, who
demonstrated 1that DASAQ1026 and DASAQ1054
exhibited ability to form more nodules, with higher
nadule dev w cnnlu and nitogenase activiry.

The N, ﬁ\auon traits in cach cultivar were not well
correlated. For exampie, KKU35 was high in nodule

number but low in the ARA assav. Aprison et al™
demonstratedshat soybean nodules with the diarmezer
of lessthan 4 mm showed lower N fixation ability than
those with 3-6 mmin diameier. In l-mmghta i, however,
Tomooka et al'® found that the genotvpes with low
ability to fix N haclarger noclules. Nodule size may not

- Table 3. Average munber of nodules per plant, fresh nodule weight, dry nodule weight, dry plant weight. and ARA in 3
rhizobial strains averaged across 34 soybean cultivars.

8. japonicum Nodules/plant Fresh nodule Dry nodule Dry plam ARA
strains wt/plant {g) wisplant (g} weight {g) {(pmole C.H /plihr)
DASACIDZ26 (T 289 0.623¢ 0129 1.54° 1.00*
DASAQIO42 (T))- 23.4° 0.397 0.080" ’ 1.76° 3.02
DASARIOS4 (T 28.0¢ 0.532" 0.113" 1.7t 3.58

- {0 £ o z
Mg ol d e 2anae L

v reacherain are non sigmbeamly different a1 1he 0.05 probabiling fesel by DART
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Table 4. Correlation between N, hixation coniponents across
34 sovbean cultivars and 3 rhizebium suains.

N, fixation Fresh Dry  Dry pl. wi.  ARA
components  nod, wi. nod. wet.
No. of nodules 0.606°* 0.379%* §.557*" 0.438*
Fresh nod. wt. G964°° 0914 0.738**
Dry nod. wi 0.899** 0.703*"
Dry pl. wi. 0.635°~

. Sigmificam at e 0,03 aud §.01 probabubny levels, respecuvely.

be correlated with fixaiion activiry but rather with the
quality of leghaemoglobin in the nodules. The active
nodulesshould have highleghaemoglobin which gives
red or pink color inside the nodules, vhile the less
active ones are green, white, or brown.V
LLeghacmoglobin acts as does haemoglobin in blood as
an oxygen-carrying pigment for bacteriod in the
nodules.

Table 1 shows significant association between ARA
and nodule number, nodue fresh weight, nadute dry
weight, and plant dry weight, with the correlation
coefficients {r) of 0.438. 0.738, 0.703. and 0.635,
respectively. This implies that an improvement of one
fixation component results in improvement of the
others, including the ARA value. A more derailed
relationship between ARA and the other components
can be demonstrated in a path coefficient relationship,
asshowninFigure 1. [twas abviousthat ARAvaluc was
the result of the other fixaiion wraits. plus undefined
factors designated by the residual. In thissiudy. nodule
fresh weight expressed a high positive directeffect {b',
= 1.020)and total effect on ARA (r, = 0.738). While the

by =005

24—...\
- ’_——\\
e = R0G
[T v 0SS,
csin: e -
rv= 0738
r\' rem 0557
{ AR.\/} o= 0B
¥ Nod drs we =0 Y
1 LI U] I.___, S—
: LEER U]
] S
: b= 420K EN:_;"' ‘—//
' [T T30
!
1

_____ o Hemdial = 0445

Fig 1. Path coefficient relationship between ARA and number
of nodules per plant. fresh nodule weight per piant, drv
nodule weight per planc. and dry plant weight across 34
soybean cultivars inoculuied with 3 rhizobial strams.
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other lixation traits had smatl direct elfect {b ot ARA,
thev also showed small indirect eflect through each
others. Forexample, the indirect elfect ol nodule (vesh
weight through plantdry weight wasthe highest among
alttheeffects, withthe value of ~0.208 (', =-0.228 and
r.. = 0.914). Nodule fresh weight contributed both
directly and indirectytothe ARA, while noduie number,
nodule dry weight, and plant dry wetght had a liule
directeffect. Ourlindingis similar 1o that of Pazdernik
etal”* who reporied a high positive correlation between
nodule fresh weight and ARA (r = 0.86**), and a
moderate correlation (r = 0.45*) between nodule
number and ARA. DQbereiner' showed that nodule
aumber did not alwavs correlate with wotal N
accumutated in shoots, while plant div weight gavea
mote reliable correlation to N content. The total effect |
of alt factors in our study upon ARA was moderate,
because ol the high indirect etfect via nodule fresh
weight. Thus, it can be concluded that N, fixation
activity in 1his soybean population can be assessed
through nodule fresh weight alone. A breeding program
for improving N, [ixation can be geared toward
ideniifving the criteria for selection to improve nodule
fresh weight. The criteria may be changed il the total
N, fixed was used as the goal of N, lixation rather than
the ARA. %

CONCLUSION

Allthe N, lixation traiis in this study were positively
correlated and this makes it rather easy to
simultaneously improve them. Generally, the Thai
sovbean culiivars were superior Lo Korean soybeans in
all the traits, exceptin nodule number per plant, which
was not statistically significant. Nodule fresh weight
was the most important irait contributing 1o ARA, and
thus can be considered as the kev trait for the
improvement of N, fixations in this population.
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Abstract : Grain quality and days to flowering are major characters to be considered in vegetable soybean improvement. The
_objective of this study was to investigate the inheritance of both traits in recombinant inbred lines (RILs) derived from a cross
between the vegetable soybean cultivar ‘AGS292” and the grain soybean line (G8891x(7945)-31-3-5-5 (or ‘K3’) grown in two
environments. The traits under study were total soluble solids content (TSS) of green seed, days to flowering (DTF), and seed
weight (SW). The RIL population distributed normally with respect to the traits, suggesting that they are quantitative ones. A sig-
nificant positive {ransgressive segregation of TSS content was also observed. The narrow sense heritabilities of TSS, DTF and SW
in two environments were 58.2 vs 63.2, 91.6% vs 94.2, and 75 .4 vs 90.5%, while the combined estimates across two environments
were 45.5, 29.1, and 62.0%, respectively, This indicated that the heritabilities of DTF and SW were not consistent across the envi-
ronments. The negative correlation between DTF with TSS and SW were found. The results obtained in our study can serve as a
basic information for breeding to improve the quality traits of vegetable soybean in Thailand and her neighboring countries.

Key words : Ghicine max, total soluble solids, seed weight, days to flowering, recombinant inbred lines, heritability

INTRODUCTION

Vegetable soybean, Glycine max (L.) Merr. is a large-
seeded, slightly sweet type of soybean harvested while pods
are still green, usually at the Rg growth stage. Japan, China,
Korea, and Taiwan have historically been major producers
and consumers of vegetable soybean (Shanmugasundaram
and Yan 2004). Grain soybean of medium seed size type has
been used as vegetable soybean for local markets in Thai-
land. However, the quality requirements for export markets
are entirely different from those for traditional domestic
markets (Srisombun ef al. 2004). The quality of vegetable
soybean depends on several characteristics such as seed size,
sweetness, taste, texture, flavor, and nutritive value (Taka-
hashi 1991). Seed qualities are important quantitative traits
controlled by multiple genes having small or large effects.
There have been studies that used recombinant inbred lines
(RILs) population to investigate the inheritance of quantita-

*Corresponding author (E-mail: agrpss@yahoo.com;
Fax: +82-66-3428-1267)

<Submitted 14 Decembt;r 2005, Accepted 22 March 2006>

tive traits (Openshaw and Hadley 1981) and constructed
genetic linkage map (Keim er @l 1990, Maughan ef ol
2000, Hyten et al. 2004, Zhang et al. 2004).

Seed weight (SW) is a major yield component of field and
vegetable soybean. The demand for vegetable-type soybean
is increasing in the international market. Thus, the need for
development of productive cultivars with desirable seed size
is increasingly important (Mian ef of. 1996). Soybean SW is
a highly heritable trait with the heritability ranging from 44
to 94% (Brim 1973). Standard unit heritability, calculated
from the parent-offspring correlation and adjusted for
inbreeding was 0.54 (Maughan et ol 1996). Molecular
markers may improve traditional methods of breeding for
seed size by increasing the reliability which desirable prog-
eny are selected. The association between molecular mark-
ers and guantitative trait loci conditioning seed size of
soybean was reported by Hoeck ef al. (2003).

Seed protein content in field soybeans was found nega-
tively correlated with oil and sugar, while total sugar content
was positively correlated with oil content {Openshaw and
Hadley 1984, Hymowitz et al. 1972). The negative correla-
tion between protein and lipid content in soybean seeds was
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also confirmed from analysis of a RIL population (Tajuddin
et al. 2003).

Since brix reading is the sum of total soluble solids (sugar,
salts, protein, acids, etc.) dissolved in the extracted juice, it
should reflect the total sugar content of vegetable soybean
seed. A popular vegetable soybean cultivar ‘AGS292° (a
pure line selected from the Japanese cultivar ‘Taishoshiroge’
by AVRDC, the World Vegetable Center, Taiwan) 1s high in
total soluble solid (TSS) content and showed less sensitivily
to photoperiod and temperature (Wasee 1997, Shanmu-
gasundaram and Yan 2004).

Days to flowering is also a major trait to be considered by
the farmers growing vegetable soybean. The cultivars with
too short flowering date do not accumulate sufficient photo-
synthates to produce high quality seed, especially in a large-
seeded cultivar. However, the cultivars with too leng flower-
ing dates require more days until harvesting and thus they
are not suitable for farming systems in tropical countries.
Flowering time (days to R|) and maturity (days to Rg) in
sovbean have been reported to be highly comrelated (Mansur
et al. 1996, Orf ef al. 1999). Tasma et af. (2001) reported
that number of days to flowering and maturity in field soy-
bean are useful for developing soybean cultivars with wider
geographical adaptation.

Since vegetable soybean breeding projects were largely
belonged 1o private companies, publications on inheritance
study in this crop are rather limited as compared to in ficld
soybean. The objective of this study is to investigate the
inheritance of seed weight, total soluble solid, and days to
flowering of a RIL population derived from the cross
between two contrasting parents, viz. vegetable soybean cul-
tivars AGS292 and the grain soybean experimental line K3.

MATERIALS AND METHODS

Plant materials

A population of recombinant inbred lines (RILs) was
derived from a cross between two contrasting soybean lines
AGS292 and K3. They are quite different in term of sugar
and protein contents in the seed. AGS292 is a popular vege-
table soybean cultivar with large seeds and high sugar con-
tent. The experimental line K3 is a small-seeded grain
soybean with high-protein content. 1t ts a pure line derived
by pedigree selection from the cross between G8891 and
(7945. Both parents were obtained from the germplasm
collection of the Asian Regional Center - Asian Vegetable
Research and Development Center (ARC-AVRDC). The

resulting progenies were advanced by a single seed descent
method from F; plants until F;; seeds were obtained. This
population is considered as a RIL population to be grown
and evaluated in the field. A total of 190 RILs were used in
this study.

Field observation

The trait data of the parents and RIL population were
observed in two trials in the field during late rainy season
{August - November 2004} and dry season (November 2004
- February 2005) conducted in the field of the Tropical Vege-
table Research Center of Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom Province, Thailand. The
treatrnents were sown in single row plot each of 5.0 m long,
with (.60 m spacing between rows and 0.30 m between
plants. Three seeds were sown in each hill and the seedlings
were thinned down to one plant/hill at 10-14 days afler ger-
mination. Each entry was replicated twice in a randomized
complete block design. Days to flowering (DTF) was
observed as the number of days from planting until a plant in
the plot had an open first flower (R, stage as described by
Fehr ef al. 1971). Mature pods at Ry stage were harvested
from each plot and dried under sunlight. Dry seed weight
(SW) was determined by weighing a 100 seed sample from
each plot.

Evaluation of total seluble solids (TSS) from brix
reading

Brix reading to determine the total soluble solid content of
vegetable soybean seed at the Ry s growth stage was mea-
sured using a digital pocket refractometer PAL-1 (Atago
Co., Japan). Juice samples were prepared following the
method suggested by Wasee (1997). Briefly, 30 green pods
were picked at the Ry stage from five plants in each plot,
The pods were kept in a styrofoam box filled with ice to
minimize biochemical activity in the seed during evaluation.
Twenty grams of fresh seed sample was taken from the
green pods and ground to become fine soluble’solid, then
added with 20 ml of distilled deionized water and blended
with blender (Moulinex, France) until it was homogeneous.
The sample was filtrated with a muslin sheet and transferred
to a 1.5 ml tube. The solution was centrifuged at 15000 rpm
for 15 minutes, then approximately 0.3 ml of the clear super-
natant was measured by a pocket refractometer.

Data analysis
Trail mean, normality index, correlation between two
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traits, and analysis of variance of each traits were deter-
mined using Statistical Analysis Systems version 6.12 ( SAS
Institute 1990). Narrow-sense heritability was calculated
from the variance component estimates based on plot basis
according to Fehr (1987). Since the RILs are homozygous
genetically, the dominant genetic variation (&%) can be
neglected and the total genetic variance can be considered
comprising only additive genetic variation (o%). Thus, the
heritability estimated from the RIL population is a narrow-
sense one and can be determined from the formula

W=/ [0+ (Pl &)+ (T, /re)]

Where /#* represents heritability, o is the genotypic vari-
ance component, ozge is the genotype x environment varia-
tion, . is the experimental error variance, » is the number
of replications and e is the number of environments, Stan-
dard errors associated with the heritability were estimated
using approximation method as explained by Becker (1984).

RESULTS AND DISCUSSION

Variation of SW, TSS and DTF in the RILs

Mean, standard deviation, range, and parental values for
100 dry seed weight (SW), brix reading of total soluble sol-
ids content (TSS) of green seed, and days to flowering
(DTF) after planting from the experiments conducted in late
raiiny and dry seasons of 2004/5 are presented in Table 1.
For SW, AGS292 was higher than K3 in both environments,
with. the average values of 26.21 vs 8.42 g and 35.06 vs
12.63 g in late rainy and dry seasons, respectively. While in
the RIL population, SW ranged from 12.20 to 28.67 g in late
rainy season, and from 12.82 to 37.35 g in dry season. The
experimenta] averages of SW in late rainy and dry seasons
were 17.52 and 21.25 p, respectively. The averages of SW
for AGS292 and K3 over two seasons were significantly dif-
ferent at 30.64 and 10.52 g. The range of SW in the RIL
population was 12.60 to 28.80 g with the mean falling
between the,)_itwo parents. Trangressive segregation in the
population was not significant (Fig. 1).

Brix reéding of TSS content was higher in the vegetable
soybean cultivar AGS292 than that of K3 in both environ-
ments, with the average values of 12.55 vs 8.35 and 9.95 vs
7.50% in late rainy and dry seasons, respectively. The read-
ings in the RIL population ranged from 8.35 to 15.95% in
late rainy season, and from 7.10 to 13.45% in dry season.
The experimental average of brix readings were 11.58 in late
rainy and 9.65% in dry season. TSS content of green seed
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Fig. 1. Frequency distribution of grain quality and days to
flowering in RIL population averaged across seasons. A;
100 seed weight, B; brix reading (total soluble solid
content), C; days to flowering. Mean parental values of
AGS292 and K3 are indicated by arrows.

averaged over two environments were 11.25% for AGS292
and 7.92% for K3, while the RIL population ranged from
8.30 to 13.70%, with the mean fell between the two parents
(Table 1}. The RILs demonstrated significant positive trans-
gressive segregation for TSS content (P < 0.05). This obser-
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Table 1. Range and MeantSD of 100 seed weight (g), brix reading (%0), and days to flowering of 190 vegetable soybean RILs and their
parents grown in late rainy and dry seasons of 2004, and combined over seasons. The narrow-sense heritabilitiestSD were

presented in the right column.

. RIL Parents HE®
Season Traits® . o
Range Mean AGS 292 K3 (%0}
Late Rainy SwW 12.20-28.67 17.5242.40 26.21 842 734493
TSS 835-15.95 11.58£1.39 12.55 8.35 65.249.2
BTF 26-38 3142.58 25 42 94.2+10.0
Dry season SwW 12.82-37.35 21.25£3.32 35.06 12.63 90.5+9.8
TSS 7.10-13.45 9.65z1.04 9.95 “7.50 582402
DTF 26-40 3343.04 27 40 91.649.8
Combined SwW 12.60-28.80 19.38+2.57 30.64 10.52 62.0+65
TSS 8.30-13.70 10.64£1.01 11.25 7.92 45.5452
DTF 26-39 3242.61 26 41 29,1432

ISW = IUO seed weight in grams, TSS = brix reading (percentage of total soluble solid content), DTF = Days to flowering,

PHeritability in the narrow-sense.

vation supports the previous study that the wvegetable
soybean cultivar AGS292 contained high TSS content
{Wasee, 1997). However, the alleles with high TSS content
in the RIL population came from grain soybean line K3
(Fig. 1). Moreover, brix values of the parents were not sig-
nificantly different from that of the recombinant inbred lines
in both seasons and yet showed normal distribution. Chan-
dler and Fehr (2000) reported that total sugar is not routinely
measured in the soybean breeding program because the cur-
rent methods of analysis are too time consuming for assess-
ment large number of genotypes. The brix reading method
using pocket refractometer would be more practical and yet
sufficiently sensitive to predict the difference in total sugar
content among vegetable soybean genotypes.

DTF of the vegetable soybean cultivar AGS292 was ecar-
lier than that of K3 in both environments, with the average
of 25 vs 42 and 27 vs 40 days in late rainy and dry seasons,
respectively. While in the RIL population, DTF ranged from
26 to 38 days in late rainy and from 26 to 40 days in dry sea-
son, The experimental average of DTF in both scasons were
31 and 33 days, respectively, while that in the RIL popula-
tion ranged from 26 to 39 days, with the mean falling
between the two parents. The average of DTF over two
environments were 26 days for AGS292 and 41 days for K3
{Table 1).

The differences between parents and between recombi-
nant inbred lines were significant in all three traits in both
seasons (Table 2 and 3). This indicated that the traits were

Table 2. ANOVA for 100 seed weight, brix reading, and days to flowering of parents and 190 vegetable sovbean RILs grown in late rdiny

season of 2004,
Mean square”
Source df

TSS DTF

Block ] 452,29 0.06 1.63
Genotype 191 13.03** 3,97 14.84**
Parents vs RILs 1 . 5.14 20.70%*
Between Parents | 31631** 17.64%* 280.00*#*
Between RILs 189 11.49%* 383k 13.40%*

Error 191 1.60 0.79
Variance components Fg=4.94 og=151 o'g =648
Fe=161 Fe=081 Fe=040

TSW = 100 seed weight, TSS = Brix reading (percentage of total soluble solid content), DTF = Days to ﬂowermg

** Significantly different at the 0.01 probability kevel.
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Table 3. ANOVA for 100 seed weight, brix reading, and days to flowering of parents and 190 vegetable soybean RILs grown in dry season

of 2004.
: Mean square”
Source df

TSS DTF

Block 1 0.50 14.22 0.00
Genotype 191 4700.74** 2.18** 19.09**
Parents vs RlLs | 26.67** 342 4.68**
Between Parents | 503,17*# 6.00* 156.25%*
Between RILs 189 22.07%* 2.1 5** 18.44**

Error 191 1.12 i.60
Variance components og=1048 ore=0.79 og=881
Fe=1.10 Fe=0.57 Fe=08]

?SW = 100 seed weight, TSS = Brix reading (percentage of total soluble solid content), DTF = Days to flowering.
¥ ¥* Significantly different at the 0.05 and 0.01 probability levels, respectively.

diverse among the parents and inherited the variation well to
their progenies. The effect of environment on SW was not
significant in this study, meaning that this trait is rather sta-
ble against the tested environments. However, the interac-
tion between genotype and environment was highly
significant. Both environiments and interaction belween gen-
otypes and environments of DTF were significant. The fre-
quency distributions of SW, TSS content, and DTF among
the RILs population, averaged over two seasons were con-
tinuous (Fig. 1}, indicating that these traits are quantitatively
inherited. Normality test of trait frequency distribution
based on W-test method (Shapiro and Wilk 1965) showed
that the observations were normally distributed (£ > 0.10).

Narrow-sense heritability estimates

Narrow-sense heritability was estimated using variance
compoenents from the analysis of the RIL population in each
season as well as combined analysis were presented in Table
1. The heritability. for SW was less consistent in both sea-
song, giving the estimates of 75.4 and 90.5% from late rainy
and dry scasons, respectively, with the combined heritability
of 62.0%. The heritability of TSS content for late rainy, dry,
and combined seasons were 58.2, 65.2 and 45.5%, respec-
tively. The highest heritable values for DTF in late rainy and
dry seasons u;e;re 94.2 and 91.6%, respectively. While the
combined estimate over both seasons was low (29.1%). This
is the case because of significant interaction detected
between genotypes and the growing seasons (o°ge) (Table
4).

In grain soybean, Maughan ef af. (2000) reported that a
broad-sense heritability of sucrose content was rather high at
0.82. A high estimate was also detected in sugar content of

grain soybean (Openshaw and Hadley 1981). A positive
correlation was observed between total sugar with sucrose
and raffinose (Hymowitz and Collins 1974). In our experi-
ment SW, TSS content and DTF in a single season were
highly heritable. The heritabilities reduced slightly when the
combined data were used. This is the case in the tropical
countries where vegetable soybean can be grown two sea-
sons per year. The environmental difference between two
seasons in the tropic is normally higher than that in the tem-
perate countries where the crop is grown in a relatively fixed
date of planting and environmental regimes each year. From
the results of this study, 1t 1s recommended that vegetable
soybean grown in the tropical be selected particuiarly for the
intended growing season. A superior selection method is a
single seed descent across wet and dry seasons. Selection for
disease resistance and some qualitative characters can be
done from earlier generations to reduce the number of R1Ls
for more intensive selection in later generations, Then, vege-
table soybean lines with high grain quality and desirable
flowering date in each season can be finally identified.

Correlation between SW, TSS and DTF

The correlations between SW, TSS content and DTF in
the same and different seasons are given in Table 5. The cor-
relation between DTF of the same RIL grown in two sea-
sons was the highest (» = 0.733), while the correlation with
TSS was the lowest (r = 0.389). DTF was negatively corre-
lated with SW and TSS in both seasons. Similar negative
correlation of DTF ‘with SW was reported by Mansur ef ai.
{1996). SW was also reported to correlate negatively with
maturity (Mian er af. 1996). The poor preen seed quality
seemed to correlate with longer flowering date which is the
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Table 4. Combined ANOVA for 100 seed weight, brix reading, and days to flowering of parents and 190 RILs of vegetable soybean grown

in late rainy and dry seasons of 2004.

Mean square”

Source df

SwW TSS DTF
Environment (E) 1 2706.07 716.69%* 396.75%*
Block (Environment) 2 226.40%* 7.14%* 0.81**
Genotype {G) 191 30.38** 4.20%* 2931 #*
Parents vs RILs i 11.32% 8.48* 8.82%*
Between Parents ] 808.90** 22.11%* 242.00*
Between RILs 189 26.36** 4.08** 11.76%*
Genotype x Environment 191 7.26%* 1.89%* 4.02*%
RILxE 189 7.20"* 1.50%* 11.00**
Residual Gx E 2 226.31%* 7.23%w 0.93
Pooled error 382 272 .36 1.20
Variance components o’g=6.42 o’g =093 Fg=2.56
oPge=3.26 Age=0.78 Fge=4.75
de=0.68 ce=034 ce=1.50

"SW = 100 seed weight, TSS = Brix reading (percentage of total soluble solid content), DTF = Days to flowering
*, **Significantly different at the 0.05 and 0.01 probability levels, respectively.

Table 5. Correlation between 100 seed weight, brix reading, and days to flowering in 190 vegetable soybean RILs grown in late rainy and

dry seasons of 2004.

Trait® SW late rainy SW drv season TSS late rainy TSS dry season DTF late rainy

SW dry season 0.647*%

TSS late rainy 0.133 0.004

TSS dry season 0.040 0.002 0.389** )

IDTF late rainy -0.371** -0.405%* -0.464%* -(.259%*

DTF dry season -0.217%* -0.390** -0,220%* -0.299** 0.733*%+
"SW = 100 seed weight, TSS = Brix reading (percentage of total soluble solid content), DTF = Days to flowering. ‘
**Significant at the 0.01 probability level,
trait of K3. This field soybean line contained high protein tion available at the moment.
content which expressed strong negative correlation with oil
content and sugar content (Openshaw and Hadley 1984, ACKNOWLEDGEMENTS

Hymowitz ef al. 1972, Tajuddin et af. 2003).

Correlation between the same trait grown in different sea-
sons was shown in Table 5. Although the correlation coeffi-
cients were significant in all traits the magnitude in TSS
content was the lowest. This implied that sweetness in vege-
table soybeans was rather environmental dependent. On the
other hand, SW and DTF were highly correlated in different
seasons implying that these two traits were rather consistent
across the environments. The results of relationships among
SW, TSS content and DTF in the RIL population obtained
from this study will be useful for further study on grain qual-
ity in vegetable soybean, which there is little or no informa-
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Bambara groundnut {Vigna subierranea (L.) Verde. or Voandzeia subterranea (1..) Thouars.) is one of the
most important food crops in Africa and other parts of the world. Although abundant genetic resources have
been identified, genetic inheritance studies and varietal improvement could not be initiated due to unsuccess-
ful hybridization. Since the attempts we made at applying the hybridization method proposed by Schenkel
{2002) and Massawe ef al. (2003) were not successful, we eventually developed a more efficient method. We
report herewith a hybridization technique that yielded 23 Fy seeds from 4 crosses of morphologically distinct
parental lines, TVsu 11, TVsu 870, TVsu 1061 and a Thai local variety. Emasculation method and pollination
time were found to be the two critical factors that affected seed set. Emasculation by petal cutting could be
performed at any time between 3 to 10 PM. However, hybridization was achieved only when pollination was
conducted during the one hour period after the initiation of pollen shedding, namely at around 2:30 to 3:30
AM in Thailand. More successful crosses were obtained when the development stage of the female plants
corresponded to peduncle elongation. Successful hybridization was confirmed by growing out the F, seeds
and observing their phenotypic hybrid traits.

Key Words: Vigna subterranea, bambara groundnut, crossing, emasculation, hybridization technique, polli-

nation.

Introduction

Bambara groundnut is one of the five most important
food crops in Africa (Linneman 1987). Itis also cultivated in
the American, Asian and Australian continents. In Asia, it is
cultivated in India, indonesia, Malaysia, the Philippines and
Thailand. Dried seeds contain 18-20% protein, 55-72%
carbohydrate and 6-7% oil, which give a well balanced diet
for humans. Bambara groundnut is one of the most drought-
tolerant cultivated legumes, and is more tolerant to infertile
soil than any other legumes (Chomchalow 1993). Abundant
genetic resources have been collected, for example, over
2,000 accessions at IITA in Nigeria, around 1,000 accessions
at ORSTOM in France, and several hundred more in African
countries. However, a breeding program for bambara ground-
nut has not been developed, mainly due to unsuccessful
hand-pollination among parental cultivars, Attempts made
at crossing at different times in a day were not successful
at IITA (Goli 1997). Doku and Karikari (1971) suggested
that pollen maturity and stigma receptivity occurred just be-
fore or soon after the petals had opened. Doku, as quoted by
Goli (1997), used boric acid to kill the pollen of female par-
ents in an unsuccessful attempt to perform hand-pollination.
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Thus the varieties planted so far result from selection from
the existing germplasm, while poor bambara groundnut
farmers hope that better cultivars with novel traits, such as
short maturity and disease resistance will be developed. In
the year 2002, BAMFOOD project reported that 22 F; hy-
brids from crosses between cultivated varietics and land-
races, and one between wild type and cultivated bambara
groundnut in Botswana and Swaziland had been successful-
ly obtained (INCO-DC 2002). The hybridization method
was once presented at the web site of the International
Bambara Groundnut Information System (BAMNET). The
method involved emasculation by opening the flower with a
pair of forceps, pulling out the anthers and pollination by put-
ting the pollen from the male parent flower on the stigma of
each flower one by one (Schenkel 2002). The author present-
ed the technique through pictures without providing detailed
information about the timing and crossing methodology.
Thus it was difficult to follow these instructions. Informa-
tion about the phenotype of the F; plants to confirm the suc-
cessful crosses was not available. In the absence of specific
timing and since the method presented at that web site was
inconvenient, it was difficult to obtain hybrid seeds. In the
following year, Massawe ef al. (2003) repoited the same ar-
tificial hybridization technique for bambara groundnut at the
Internationai Bambara Groundnut Symposium in Botswana
with more detail to follow.

In Thailand, bambara groundnut is an important crop in
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the southern part of the Kingdone. In 1999, a plant breeder at
Songkhta Ficld Crops Rescarch Center atliempied o perform
crosses between different bambara groundnut vaneties by
modiiying the fechnique used for crossing mungbean advo-
cated by Khattak e/ o, {1998). However. no seed sct devel-
oped in the experiment.

The objective of the present study was 10 dentify the
suiéable ime Tor hybridizing bambara groundnut and to con-
finn that successtul hybridization could be achieved. With a
modification of the emasculation techmque and careful
monitoring of the crossing time, a number of successful
crosses were obtained as reporied herewith

Materials and Methods

The bambara groundnut cuttivars TVsu 11, TVsu £70
and TVsu 1061 from The Imernattonal Institute of Tropical
Agriculture (1ITA), Nigena and a Thai local variety were
used in the present siudy, They displayed diversity in petiole
length, petiole colar, fresh pod color. seed coar color. plant

type and leal shape (Table 1), Each plant was grown in a pul
12 inch in dizmeter. Soil mixiure was prepared 1o be loose
for adequate drainage. and hght enough 10 be moved around
for the convenience of work. The sol mixture consisted of
well-decomposed cow manure @ loamy soil @ burmnt rice husks
ata 1:2:3 ratio. All the planis were kept in an open transpar-
ent plastic roof house. The experiment was conducted fwice,
i.e. in Lhe carly rainy season lrom March o July 2001 and n
the late rainy season from November 2001 to March 2002,

Emasculaiion

Atihe time of fllowering, the flowers expected 10 bloom
on the next day could be identifed from their bright yellow
petals with a Nower length of wround 8mm. From 3 1o 10 PM
cach day, emasculation was perfarmed by using two small
sharp pairs of forceps to rend half of the keel petal to the wop
(Fig. la}. Ten anthers were pulled out using a pair of forceps
or by curung the filaments with a pair of small scissors. This
step must be performed with extreme care to avoid damag-
ing the stigma and style. Two methods of petsl preparation.

Table 1. Phenotypes of parents and their Fis, and amount of F| seeds gbiained from various erosses ot bambara groundnul

Amount of

P.:t“'rula le 1-1-1I c—1 ) ) , ) i

Parcnts'Crosses I(;\,;c:_n-lli—;t-(] m) Petinle color Fresh pod color Secd coat eolor of parents and | seeds F, seeds
TVsull 14.25+0.41 green white red
TVsu 1061 20271099 reen reddish-purmple cream with hutterfiy-like eve
TVsu 870 18,25 1055 reddish-purple reddish-purple dark red -
T'hai Local 17.44 1 0.85 green white cream with dark brown small dotted spols
TVsu 11 % TVsy 106] 1601 +0.52 creen light-purple red 10
TVsu 1661 = TVsu i 16.350.40 arcen light-purple red S
TVsu 1061 = TVsu 870 2144 +0.43 reddish-purple reddish-purple dark red 4
TVsu 870 Thai Local 2385 reddish-purple reddish-purple dark pumple 1

?

Fig. 1. Methods of @masculation and pallination of bambara groundnat ¢a) rending hail’ of
the keel petal 10 the (op. (B) cutting olT the upper hall of the petals, (v) tagging the
emasculated Mower at the peduncle leved, (d) adhesion of the pollen of the male par-

ent 1o the stigma ol the female parent.
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intact vs cuttmg (Fig. 1b), were compared. Only one flower
with optlmum characteristics on each peduncie was emascu-
lated and used as the female flower, while another was cut
off to avoid confusion. The emasculated flower was marked
by hanging a small plastic tag (Fig. l¢).

I
Po[finafior_;

Pollination in the early rainy season planting was at-
tempted during 3 periods in the moming, ie. 2:30-3:00,
4:00-5:00,"and 7:30-9:00 AM. Once the rough pollination
time was estimated, a more precise time could be determined
after the late rainy season experiment. During the crossing
petiod, pollen was taken from a male parent flower and put
on the stigma of an emasculated flower (Fig. 1d), after
which, the date and time of pollination were clearly written
on the plastic tag. Matching of the parents was based on the
difference between the visible traits previously described to
facilitate the identification of the F, hybrids. In the early
rainy season planting, hybridization was performed between
May 1 and 17, 2001, whereas in the late rainy season plant-
ing, hybridization was performed between December 23,
2001 and Ja:nuary 24, 2002,

Results I
3

'Emasciﬂation could be performed at any time from 3 to
10 PM, after which the preparation of female flowers was
more difficult as easy shedding of the pollen upon touching
might lead to self-pollination. Cutting off the upper half of
the petals did not harm the flower, as evidenced by the fact
that when the petals were cut without emasculation, self-
pollination still occurred normally (data not shown).

Observation of the flowers of these 4 bambara ground-
nut varieties grown in southern Thailand showed that pollen
shedding started precisely from 2:30 to 3:00 AM. In the ear-
ly rainy season, pollination at this time resuited in the pro-
duction of §uccessfully fertilized flowers, with 42 young
pods being set at 5 days after pollination (DAP) from the 51
crosses performed. However, only 4 hybrid pods could be
harvested, as shown in Table 2. When poilination was pet-
formed from: 4:00 to 5:00 AM on 32 flowers, 2 pods were
observed at 5 DAP but fell off prematurety. The flowers
started b]ooming, from 8:00 to 8:30 AM. Crossing performed
for 143 flowérs around the blooming time from 7:30 to 9:00
AM did not result in successful hybridization and atl the pol-
linated flowers dropped off within 3 days.

In the late rainy season, another 5 more cross combina-
tions were performed between 2:30-3:30 AM, compared
with 3:31-9:00 AM. Two-hundred and twenty young pods
were observed out of 472 flowers pollinated during the pol-
len shedding '_time (2:30-3:30 AM). A relatively lower pod
setting percentage was obtained at a later pollination time
(Table 3). Altogether 23 mature F| pods were derived from 4
crosses. They developed from the flowers pollinated at
around one hour after the initiation of pollen shedding.

Certain qualitative traits in the F, plants from different

!
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crosses reflected mixtures of the parental phenotypes
{Tabie 1), indicating that the F, plants were true hybrids. For
example, crosses between TVsu 11 and TVsu 1061 resulted
in F| plants with a petiole length intermediate between that
of the parents, while TVsu 1061 x TVsu 8§70 and TVsu 870 x
Thai Local crosses resulted in all the F, plants showing long
petioles. The mode of inheritance of the petiole color from
the cross TVsu 1061 x TVsu 870 showed a complete domi-
nance of the reddish-purple color over the green one. Fresh
pod color revealed a more complex gene action. Crossing
between TVsu 11, {white pod) and TVsu 1061 (reddish-
purple) resulted in Fy plants with light purple fresh pod,
while that between TVsu 870 x Thai Local led to reddish-
purple fresh pods as in the female parent. Crossing of cream-
colored seeds with a butterfly-like eye pattern in TVsu 1061
with TVsu 11 seeds led to a completely recessive mode of
inheritance, as evidenced by the red seed coat and the ab-
sence of eye pattern. However, since in the cross TVsu 870
x Thai local variety, I plants with dark-purple seeds were
produced further studies on gene action should be carried
out. The F, plants from the latter cross revealed that long and
narrow leaflets were incompletely dominant over lanceolate
leaflets (data not shown).

Discussion :

The major obstacle for inheritance studies and setting
up of a breeding program in bambara groundnut by far had
been due to the inability of the breeders to performed crosses
among the parental plants. In the present study, a convenient
hybridization system to obtain a large number of hybrid seeds
from this crop was developed. Out of several pollinated
flowers, our technique yielded 46.6% of fertilized ovaries

Table2. Pollination time, number of crosses performed, and number
of pods set by hand-pollination at different titmes in May
2001 at Sengkhla Field Crops Rescarch Center, Thailand

L Crosses Fertilized Mature
Pollination time ; . .
I performed ovarigs® pods set
2:30-3.00 AM 51 42 (82.4%) 4 (7.8%)
4:00-5:00 AM 32 2 (6.3%) 0
7:30-9:00 AM - 143 0 0

* pod set unal 3 da)'zs afler pollination

Table3. Number of crosses performed and number of pods set by
hand-pollination at differcnt times from December 2001 to
January 2002 at Songkhla Field Crops Research Center,

Thailand
L Crosses Fertilized Mature
Pollination time .
) ;performcd ovaries* pods set
2:30-3:30 AM ' o4m 220 (46.6%) 20 (4.2%)
331-9:00 AM 199 70 (35.2%) 3**(1.5%)

*  pod set until 5 days after pollination
** two pods were obtained by crossing at 3:45 AM; the other one
by crossing at 4:00 AM.
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and 4.2% mature hybrid pods, compared with 22.1% and
1.8%. respectively, reported by Massawe ef al. (2003).

Morphologically, the stem of bambara groundnut is of
the runner type lying down on the ground. Since the flower
buds are normally located in the petiole axils, the emasculat-
ed or hybridized flowers are prone 1o diseases and damage
associated with rain and watering. Suitable female flowers
should be those formed from the stem above ground, and the
irrigation systein shouid be of the dripping or submerging
type to avoid damage to the flowers.

The stages of plant development are another factor that
-affected the success of hybridization, Based on the present
investigation, pod setting occurred in a higher frequency and
pod development was faster when crossing was performed at
the pegging (peduncle elongation) stage. Practically, the
breeder should allow the maternal parent plant to undergo
self-pollination and to develop flowers prior to the pegging
stage before the initiation of crossing.

The rate of success in obtaining hybrid seeds also de-
pended upon infection by the fungi Cercospora sp. and
Rhizoctonia sp. Bambara groundnut is specifically suscepti-
ble to infection by these pathogens during the flowering
stage. Injury occurring during crossing always enhanced the
disease severity. The number of mature pods set, as shown in
Table 2 and Table 3, was low due to infection by the fungi.
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Nishitani (1989) observed in bambara groundnut that,
on the day of anthesis, the pollen tube grew through the
micropyle of the ovule and almost reached the synergids.

_ Fertilization occurred on the fotlowing ]day. The division of

both zygotes and endosperm nuclei was observed at 3 days
after anthesis, then spherical proembryos were visible 5 days
later. Doku and Karikari {1970) and Nis:hitani {1989) report-
ed that if hybridization was not successful, the flowers
would fall off within 3 days. At 5days after hybridization,
the pedicel bends back close to the peduncle ready to elon-
gate into soil. A period of 30 days is required for pod en-
largement plus another 30-40 days for seed growth. In our
crossing study, several pods did not dévelop while most of
them stopped growing at a stage when the pedicel bent back
and in some, normal size and seed growth stage could not be
reached. This problem also arose in the field when drought
stress occurred, presumably due to incomplete fertilization
and inadequate nutrient supply to the fertilized ovary. This
hybridization technique should be further improved to alle-
viate this shortcoming.

Emasculation and crossing time \\iere the crucial factors
that affected the success of hybridization in the present in-
vestigation. Selection for flowers of atound 8 mm in length
for the female parent plant was the key to success, since the
time when the stigma is receptive shléuld be synchronized
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with the pollen shedding time of the male parent. Since cut-
ting the petals in the emasculation step can reduce the time
required for petal opening in each flower in the pollination
siep, the breeder can pollinate more flowers during the re-
ceptivity period of one hour. In the present investigation, F,
seceds were obtained only from the flowers that pollinated
around the pollen shedding time. The pollen collected from
the male parents at each pollination time still germinated
well in the pollen germination media at 10:00 AM (data not
recorded), showing that the lack of success was associated
with the time of receptivity of the stigma and not with the
longevity of the pollen. For the female flowers, the time of
receptivity was very short since pollen shedding had started.
This should not be an obstacle to self-fertilization since the
stigma is in the same flower as the pollen and can be fertil-
ized synchronously as soon as pollen shedding occurs, es-
pecially in closed flowers prior to blooming. In hand-
pollination, éynchronimtion is very important due to the
short receptivity period of the female flowers. The environ-
mental factors affecting the pollen shedding time of male
flowers and non-uniform development among individual
flowers could possibly lead to the lack of synchronization
between male and female flowers. ;

During the present investigation, air temperature and
relative humidity were rather stable both in the early and late
rainy saason:. Minimum temperature ranged from 22 to
26°C, while the maximum temperature in the early rainy
season was higher than that in the late rainy season (Fig. 2).
Average relative humidity ranged from 70 to 80%, while the
daily maximum relative humidity ranged from 92 to 94%
during the early rainy season experiment, and from 84 to
97% during the late rainy season experiment. Since bambara
groundnut is typically a short-day plant (Linnemann 1987),
vegetative growth was prolonged and the pod set was de-
pressed in the 24 h daylength treatment (Nishitani 1989).
Daylength in Songkhla province, Thailand (E 100 36’ 00", N
07 12" 00" occurred from 12:23 to 12:31 h in May and from
11:46 to 11:49h in December and January. We observed that
a maximum difference of 45 minutes in daylength did not af-
fect the flowering behavior of bambara groundnut in the
present investigation, Thus we concluded that timing was
the most important factor in hand-pollination in bambara
groundnut. i

}
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Abstract  Bruchid bectles or seed weevils are the
most devastaling stored pests of grain legumes
causing considerable loss to mungbean (Vigna
radiata (L.} Wilczek). Breeding for bruchid resis-
tance is a major goal in mungbean improvement.
Few sources of resistance in cultivaled genepool
were identified and characterized, however, there
has been no siudy on the genetic control of the
resistance. In this study, we investigated the
inheritance of seed resistance to Callosebruchus
chinensis (L.) and C. maculatus (F.) in two
landrace mungbean accessions, V2709BG and
V2802BG. The F,. F; and BC generations were
developed from crosses between the resistant and
susceptible accessions and evaluated for resis-
tance {o the insects. It was found that resistance to
bruchids in seeds is controlled by maternal plant
genotype. All Fy plants derived from both direct
and reciprocal crosscs exhibited resistance to the
bruchids. Segregation pattern of reaction (o the
bectles in the F» and backcross populations
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showed that the resistance is controlled by a
major gene, with resistance is dominant at varying
degrees of expressivity. Although the presence of
modifiers was also observed. The gene is likely
the same locus in both V2709BG and V2802BG.
The resistant gene is considered very useful in
breeding for seed resistance to bruchids in
mungbean.

Keywords Bruchids - Callosobruchus spp. -
Insect resistance - Mungbean - Vigna radiata

Introduction

Mungbean (Vigna radiata L. Wilczek) is one of
the most important legume crops in Asia. It is
widely grown in tropical and sub-tropical regions
as a monoculture and as a component in cropping
systems. Mungbean seeds are rich in essentiai
amino acids and prolein, and are easily digested.
In cereal-based region, mungbean supplies a
substantial portion of protein for poor people,
mainly in the forms of dry seed and bean sprout.

Bruchid beetles or seed weevils (Coleop-
tera:Bruchidae), particularly azuki bean weevils
(Callosobruchus chinensis L.) and cowpea weevils
{C. maculatus F.) are the most destructive pests of
mungbean during storage (Talekar 1988). The
bruchids attack mungbean both before and after
harvest. Damage in the field is usually insignifi-
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cant, however when the infested seeds are stored
the adults emerge and lay eggs on the neighboring
seeds. This second infestation can cause total
damage of the seed lot within 34 months (Banlo
and Sanchez 1972). Infestation of bruchids on
mungbean sceds results in weight loss, low
germination and change of nutrition in seeds
which are not fit for human consumption, nor
agricultural and commercial uses (Talekar 1988).
Bruchids can be controlled by chemicals, but a
resistant cultivar is more preferable due to no risk
on health and environment, and less cost of
insecticides. Thus, a major target in mungbean
breeding projects is to develop cultivars resistant
to bruchids (Srinives 1996).

A source of resistance against bruchids was
identified in wild mungbean (V. radiata var.
sublobata (Roxb.) Verdc.) accession TC1966
(Fujii and Miyazaki 1987) and has been widely
used in mungbean breeding programs. TC1966
exhibits complete resistance to both C. chinensis
and C. maculatus. The resistance is governed by
a single dominant gene (Kitamura et al. 1988).
A number of bruchid resistant lines were devel-
oped successfully using TC1966 as the source of
resistance {Tomooka et al. 1992; Watanasit and
Pichitporn 1996). However, a major constraint in
using a wild mungbean in cultivar development is
the linkage drag of undesirable traits such as pod
dehiscent (Watanasit and Pichitporn 1996). More
importantly, seeds of wild legumes such as that of
TC1%966 are not reportedly consumed by human.
This would require a comprehensive investigation
on how safe it is for human consumption. Miura
et al. (1996) conducted a feeding test by using
BC,4Fy seed of the cultivar ‘Osaka Ryokutou’
with TC1966 as the donor of the gene conferring
the resistance and found that glutamic-oxalacetic
transaminase activity was higher, while total
cholesterol concentration was lower in female
mice fed with the resistant line compared with the
control mice. Hence, more suitable resistant
sources would be required, preferably from cul-
tivated varicties.

Screening for resistance to C. chinensis from

over 1,000 AVRDC mungbean accessions revealed
that V2709 and V2802 were resistant to the
bruchids (Talekar and Lin 1981, 1992). No resistant
accession was identified in the screening of 426 and
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330 mungbean landraces against the (wo bruchid
species (Tomooka et al. 2000). In an additional
screening of 600 accessions of AVRDC’s mung-
bean collection in 2004, only V2709BG and
V2802BG were confirmed to complete resistant
for C. chinensis and C. maculatus, although other
accessions showing significant resistance was not
found (Somta et al., unpublished data). Hence, the
cultivated mungbean V2709BG and V2802BG are
considered as potential resistant gene donors.
However, these two accessions have been ne-
glected by most mungbean breeders and entomol-
ogists. Yet, their genetic of the resistance has not
been reported so far.

The present study is aiming at identifying the
mode of inheritance of seed resistance to C.
chinensis and C. maculatus in  accessions
V2709BG and V2802BG 1o aid breeding for
bruchid resistance in mungbean.

Materials and methods
Plant materials

Seeds of mungbean accession V2709BG and
V2802BG were provided by AVRDC-The World
Vegetable Center, Taiwan. V2709BG is a small-
seeded line with 100-secd weight of 2.87 gm while
V2808BG is a medium-seeded one with 100-seed
weight of 4.45 gm. The two accessions were
derived respectively by selection from the original
V2709 from India and V2802 from the Philippines
on the basis of seed coat luster and color variation
(B for dull and G for green} (Tay et al. 1989).
Before hybridization, both accessions were Lested
for the resistance by infesting with C. chinensis
and C. maculatus in two scasons and they were
completely resistant to the bruchids (0% infesta-
tion). These seeds were sown and hybridized with
a bruchid-susceptible cultivar, ‘Kamphaeng Saen
1’ (KPS1), a large-seeded mungbean with 6,13 gm
per 100 seeds and currently the most popular
cultivar in Thailand. Their Fy, F, and backcross to
the susceptible parent were produced. The F; and
F, populations were developed by both direct and
reciprocal crosses between the resistant and
susceptible parents. In addition, an F; population
from a cross between the resistant parents
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themselves was also produced for allelic test of
the resistant genes carrying in both parents. For
the backcross generations, 2 populations viz.
[(KPS1 x V2709BG) x KPS1] and [(KPS1 x
V2802BG) x KPS1] were generated and used to
confirm the mode of inheritance of the resistance.
The F; was grown in pots, while the F, and
backeross were planted along with the resistant
and susceptible parents in the ficld to produce
respectively Fy and BC,F> sceds. At maturity,
pods of individual plants were harvesied and the
sceds were threshed for bruchid bioassay.

Test of bruchid resistance

In each cross, seeds from each of the 4 genera-
tions were tested against the insects by putting
into cach plastic box 50 seeds from individual F,
plant, or 20 seeds from individual F; or individual
BC,Fy plant. The bruchids C. chinensis and C.
mactlatus were reared on susceptible mungbean
sccds and 1-3 day old adults were used to infest
the seeds. Forty beetics were released in each
box, kept for 7 days, and then removed. Since the
difference in seed size and seed coat may affect
the egg laying of the bruchids, in concurrent to
insect removal the seeds were checked to ensure
that every of them had eggs. Parental seeds were
also assessed as controls. The test condilion was
performed at 28-30°C, 65-70% RH. Number of
damaged seeds was counted and recorded at 35
and 50 days after insect introduction. The dam-
aged sceds were removed [rom the boxes after
counting. The total number of damaged seeds
from each plant was converted into percentage.

Data analysis

Plants showing 0-80% damaged secds were char-
aclerized as resistant which included homozygous
resistant genotype (highly resistant with 0-20%
damaged seeds) and heterozygous resistant geno-
type (moderately resistant with 21-80% damaged

sceds). While those showing 81-100% damage -

sceds were considered homozygous susceptible
genotype. A Chi-square (%) test (Mather 1951)
was used to determine goodness of fit to 3:1 and
I:1 (resistance:susceptible) ratios in the F; and
backeross to the susceplible parent, respectively.

Correlation between the damage caused by each
bruchid species was also analyzed to determine
the similarity in reaction against the two species.

Results

In all tests, C. chinensis and C. maculatus 1aid eggs
on all seeds of each plant tested with at least three
eggs per seeds (data not shown). This amount of
cgg laid can cause high degree of damage beyond
the threshold of any susceptible genotype. Natu-
rally, cgg mortality on a susceptible line may be as
high as 30%, then differentiation between dam-
aged versus undamaged sceds would be more
rcliable when the number of eggs laid on seeds is
moderately high (about 3 eggs per seeds) {Redden
and McGuire 1983). Thus seed size (sced weight)
and seed coat texture did not appear to influence
cvaluation of the resistance in this study.

Bruchid resistance in parents and the F,

Seeds of both resistant parents showed a com-
plete resistance to both bruchid species, while
sceds of the susceptible parent were totally
damaged by the bruchids (Table 1). The F, seeds
produced on susceptible and resistant plants were
limited in number and thus tested against only €.
maculatus. We found that the F; sceds set on
KPS1 were as susceplible as KPS1 itself, while the
sceds set on V2709BG and V2802BG were
completely resistant. Among the F, plants from
which evaluation was done on the F; seeds, all
werce resistant to the bruchids (Table 1). These
results indicated that phenotype of the Fy hybrid
seeds followed their maternal genotypes, not the
seced genotype itself. In another word, the nuclear
gene(s) confers resistance in the seed through
tissue of the maternal plant.

Bruchid resistance in the F, populations

Seeds harvested from individual F» plants were
bioassayed with the bruchids and the resistant and
susceptible plants could be clearly distinguished
and classified, with the cutoff between resistant
and susceptible groups varied from about 50% to
80% damage (Fig.1). A similar pattern was
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Table 1 Reaction to

C. chi s and Bruchid Parents or No. of % damaged Reaction
- Chinensis an species crosses plants seeds to bruchids®
C. maculatus in tested
V2709BG, V2802BG,
KPS1 and F, plants C. chinensis V2I9BG 10 0 R
derived from the crosses V2R02BG 10 0 R
between resistant and KPS1 10 100 S
susceptible mungheans V2709BG x KPS1 4 35.5 R
KPS1 x V2709BG 3 30 R
V2802BG x KPS1 4 26.5 R
KPS1 x V2802BG 4 34 R
C. imacularus V2709BG 10 0 R
V2B802BG 10 0 R
KPS1 16 100 S
V2709BG x KPS1 4 30 R
KPS1 x V2709BG 3 32.67 R
. ) V2802BG x KPSi 4 35 R
R = resistant and KPS1 x V2802BG 4 46 R

S = susceptible

observed between direct versus reciprocal crosses,
between the two resistant sources, and across the
two bruchid species. Classifying resistant and
susceptible plants at 80% damage corresponds
with the highest cutoff between resistant and
susceptible groups found above. With this classi-
fication, all tests fitted well with 3 resistant to 1
susceptible ratio (Table 2). The Chi-square test
still accepted the same ratio when 50% cutoff
(corresponds with lowest boundary between
resistant and susceptible groups) was used {data
not shown). Frequency distribution in each test
was bimodal (Fig. 1). These results revealed that
a dominant major gene is controlling resistance to
bruchids in V2709BG and V2802BG. When the
test results against each bruchid were pooled, the
F, progenies still segregated in the same 3:1 ratio
(Table 2). Again, the resuit was unchanged when
the 50% cutoff was applied {data not shown).
Based upon monogenic model for qualitative
expression/inheritance, the Fy genotypes should
show 0% damaged seeds as their resistant par-
ents. However, the F; (heterozygote) hybrids had
damaged seeds varying from 26.5% to 46%
(Table 1) indicating quantitative expression/
inheritance of the resistance. Yelt, few F, proge-
nies gave transgressive segregation of damaged
seeds between 50% to 80%, which were higher
than the maximum range of Fy, suggesting that
there must be modifying factors conditioning the
resistanice. The modifier genes showed different
effect in different crosses (Fig. 1).
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Infestation by C. chinensis and C. maculatus in
the same mungbean population followed the
same pattern, resulted in a positive correlation
between percentages of seeds damaged by the
two bruchid species (Table 4). This means that a
genotype exhibiled resistance to one bruchid also
showed resistance to the other. The F; population
from cross between the resistant parents
(V2709BG x V2802BG) showed no segregation
in which all plants possessed seed resistance to
the bruchids (data not shown). The above results
suggested that the genes conferring bruchid
resistance in V2709BG and V2802BG are likely
the same locus.

Bruchid resistance in backcross populations

Another bruchid bioassay was practiced in the
backcross (BC,F;) populations and the identical
results were obtained from challenging the mung-
bean seeds to both species as shown in Table 3.
Progenies derived from backcross to the suscep-
tible parents segregated into 1 resistant to 1
susceptible, confirming that a single dominant
major gene is responsible for the resistance and
the same resistant gene from both mungbeans is
working against both bruchid species. Chi-square
analysis of the pooled data also supported the 1:1
ratio (Table 3). Correlation between percentage
of damaged seeds caused by the two bruchid
species in the backcross populations was again
positive and highly significant (Table 4).

o

g

™

W



Euphylica (2007) 155:47-55

51

a} Reaction to €. chinensis

40 VITO9BG x KPS1
£
o
-
=)
<
Z
G 10 20 W 40 50 60 7 80 90 100
% damaged seeds
0 V2802BG x KPS
g
=
o
[=]
3
z
0 10 20 30 40 50 60 70 80 90 100
% damaged seeds
b) Reaction to C. macwlatus
40 V2T09BG x KPSI
2 a0
E
= 20
K]
2 10
0
0 10 20 30 40 50 60 70 80 90 10D
% damaged seeds
0 V2802BG x KPS}
122
E
=
B
g
Zz

0 10 20 30 40 50 60 70 80 90 100

% damaged seeds

20 KPS1 x V2T09BG

No. of plants
=3

0
0 10 20 3 40 50 60 70 80 90 100
% damaged seeds
0 KPS1 x V2802BG

No. of plans

0 10 20 3 4 5 60 70 8 90 100
% damaged seeds

20 KPS! x V2709BG
2 s
k=
Nl
[=]
CE
0

0 10 20 30 40 50 S0 70 80 90 100
% damaged seeds

40 KPSi x V2802BC

No. of plants

0 10 20 30 40 50 &0 70 80 90 100
% damaged seeds

Fig. 1 Frequency distribution of reaction 1o C. chinensis (a} and C. mactlarus (b} in the F; populations derived from the

crosses between resistant and susceptible mungbeans

Discussion
Bruchid resistance in V2709BG and V2802BG

Mungbean breeders have becn interested in
developing bruchid resistamt cultivars and under-
standing .the genetic control of the resistance.

Study on bruchid resistance is difficult because
the genetics of seed components are different in
both generation and ploidy level. The seed coat is
derived from diploid maternal tissues, while the
embryo and endosperm belong to progeny tissues
and are diploid and triploid, respectively. There-
fore, the phenotypic evaluations are usually based
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Table 2 Segregation in
reaction to C. chinensis
and C. maculatus in the F;
populations derived from
the cross between
resistant and susceptibie
mungbeans

The »° was tested for
goodness-of-fit against a

Bruchid F, mungbean No.of  No. of resistant: i value
species population plants susceptible plants (Probability)
tested
C. chinensis V2709BG x KPS1 119 84: 35 1.114 (0.29)
KPS1 x V2709BG 74 58: 16 1459 (0.22)
V2802BG x KPS1 107 83: 24 0376 (0.53)
KPS1 x V2802BG 125 88: 37 0.066 (0.79)
Pooled 425 313: 112 0.414 (0.51)

Heterogeneity - - 2601 (0.30-0.50)
Total - - 3015

C. maculatus V2709BG x KPS1 120 85: 35 0.177 (D.67)
KPS1 x V2709BG 74 61:13 2.180 (0.13)
V2802BG x KPS81 107 83: 24 1.648 (0.19)
KPS1 x V2802BG 118 88: 30 0.011 (0.91)
Pooled 419 317: 102 0.088 (0.76)

Heterogeneity
Total

3928 (0.20-0.30)
4016

3: 1 ratio

Table 3 Sepregation in reaction to C. chinensis and C. macuiatus in the backcross populations derived from the cross

between resistant and susceptible mungbeans

Bruchid species BC,F| mungbean population

No. of plants tested

No. of resistant:
susceptible plants

#° value (Probability)

(KPS1 x V2709BG) x KPS1 79
(KPS1 x V2802BG) x KPSl 63
Pooled 142
Heterogeneity -
Total -
(KPS1 x V2709BG) x KPS] 79
(KPS1 x V2802BG) x KPS1 63
Pooled 142
Heterogeneity -
Total -

C. chinensis

C. macurlains

41: 38 0.113 (0.73)

32: 31 0.015 (0.89)

73: 69 0.112 (0.73)

- 0.016 (0.90-0.95)
- 0.128

41: 38 0.113 (0.73)

32: 31 0.015 (0.89)

73: 69 0.112 {0.73)

- 0.016 (0.90-0.95)
- 0.128

The ¥* was tested for goodness-of-fit against a 1: 1 ratio

on progeny generation (i.e. one generation after
the specified generation). This resulted in the
development of maternal genotype dependent
modet that principally explains the level of
biochemical factor(s) responsible for bruchid

Table 4 Correlation between percentages of damaged
seeds caused by C. chinensis and by C. maculafus in the F;
and backcross populations

Population r (Probability) df
V2709BG x KPS1 0.90 (<0.01) 117
KPS1 x V2709BG 0.84 (<0.01) 72
V2802BG x KPS1 0.89 (<0.01) 105
KPS1 x V2802BG 0.92 (<0.01) 116
(KPS1 x V2709BG) x KPS1 0.97 (<0.01) 77
(KPS1 x V2802BG) x KPSi 0.95 (<0.01) 61

" Degree of freedom

@_ Springer

resistance in the seed embryo and determination
of resistance by the maternal genolype (Davies
1973; Redden et al. 1983). In the present inves-
tigation, evaluation of F; hybrid seeds produced
on susceptible and resistant parents revealed that
the resistance was determined by the genotypes of
the maternal plants. While the F; seeds set on
individual F, plants derived from both direct and
reciprocal crosses exhibited resistance to the
beetles, suggesting dominant expression of the
trait. Thus it can be concluded that seed resis-
tance to bruchids in V2709BG and V2802BG is
determined by the maternal genotype, not the
seed genotype. Adjadi et al. (1985) and Redden
et al. (1983) reported that bruchid resistance in
cowpea seeds was governed by genotype of the
maternal plant. Perhaps, seed resistance to bru-
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chids is the result of resistance chemical(s) that is
synthesized in the maternal plant and transported
1o the seed cotyledon and embryo (Davies 1973).
Talekar and Lin (1992) demonstrated that resis-
tance to bruchids in seeds of V2709BG and
V2802BG (V2709 and V2802, respectively, in
the original paper) is due to antibiosis in the
cotyledons. In contrast, Kitamura et al. (1988)
showed that bruchid resistance in wild mungbean
depends on seed genotype. Our study cannot
explain this contradiction.

The segregation pattern of 3:1 in F, popula-
tions clearly indicated the monogenic mode of
inheritance with resistance as the dominant char-
acter. This was also evident by the 1:1 segregation
in the backcross populations. In F, population,
the distribution of seed damage showed that the
boundary between resistant and susceptible
plants varied from 50% to 80% (Fig. 1). Using
both 50% and 80% cutoff to separate resistant
and susceptible classes led to the same conclusion
of one major gene conditioning the resistance. It
is noteworthy that the expression of the resistance
was quantitative. Because biochemicals in seed
cause bruchid resistance in both V2709BG and
V2802BG (Talekar and Lin 1992), the quantita-
tive amount of such biochemicals determines the
level of resistance and causes varying degrees of
expressivity. Seeds set on the same resistant plant
can accumulate different amount of chemicals
conferring to the resistance due to plant responses
to environmental factors prevailing during seed
development. This can create difference in reac-
tion against the bruchids even among seeds from
the same plant. In wild common bean (Phaseolus
vulgaris L.) the resistance to bruchids is resulted
from the presence of arcelin in seeds and this
chemical is controlled by a single gene showing
quantitative expression, with the amount of arc-
elin related to varying levels of bruchid insect
resistance (reviewed in Bliss 2004). Using gene
mapping approach, Young et al. (1992) reported
that resistance in wild mungbean accession
TC1966 is controlled by a major gene accounting
for 87% of the bruchid resistance variation. Thus
inheritance of the resistance in this species can be
considered quantitative. A number of previous
studies have revealed that bruchid resistance in
Vigna species is controlled by monogene or

oligogenes. Resistance to bruchid beetles in wild
mungbean accession TC1966 was controlled by a
single dominant gene (Kitamura et al. 1988; Fujii
et al., 1989). Résistance to C. chinensis infestation
in black gram (V. mungo (L.) Hepper) appears to
be conditioned by a homozygous recessive gene
(Fernandez and Talekar 1990), whereas C. mac-
ulatus resistance in wild black gram is governed
by two duplicated genes {Dongre et al. 1996).
Adjadi et al, (1985) reported that two recessive
genes govern resistance to C. maculatus in cow-
pea (V. unguiculara (L.) Walp.). While Somta
et al. (2006) found three quantitative trait loci
(QTLs) associated with resistance 1o bruchids in
rice bean (V. wmbellata (Thunb.) Ohwi and
Ohashi). Modifying genes also contributed to
resistance in V2709BG and V2802BG in this
study. The modifiers were reported to involve in
bruchid resistance in wild mungbean (Kitamura
et al. 1988) and cowpea (Redden et al. 1983).

Since a single dominant major gene is found to
control the resistance in V2709BG and V2802BG
in this study, transferring of resistance to com-
mercial cultivars can be accomplished by conven-
tional breeding procedures such as backcross
breeding or any breeding methods employed in
self-pollinated crops. The accompanied modifiers
in each line may be identified from resistant levels
and the breeder can finally choose the line with
highest resistance.

The use of cultivated mungbean in breeding
for bruchid resistance

Many sources of seed resistance to bruchids have
been identified in Vigna subgenus Ceratotropis in
which mungbean belongs to (Tomooka et al.
2000), but most of them are wild species of the
section Angulares which are cross-incompatible
with mungbean, which is assigned into the section
Ceratotropis (Tomooka et al. 2002). The resis-
tance in cultivated form is rare when compared to
the wild species, with an exception to rice bean.
No source of resistance has been reported in
cultivated and wild forms in azuki bean (V. ang-
ularis (Willd.) Ohwi and Ohashi). Qut of about
15,000 accessions of world cowpea collection,
only 3 cultivated ones were found moderately
resistant to C. maculatus (Singh 1977, Singh et al.
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1985). The cultivated form of black gram has
shown perfectly resistance to C. chinensis but
susceptible to C. maculatus (Tomooka et al.
2000).

In mungbean, the wild accession TC1966 have
long been considered the most suitable source for
breeding of resistance to C. chinensis and
C. maculatus. This source has been reported to
possess a complete resistance against two other
species of bruchids, C. phaseoli Gyllenhal and
Zabrotes subfasciatus Bohemen, and pod-sucking
stink bug (Riptortus clavatus Thunburg) (Fujii
et al., 1989). Tomooka et al. (1992) recommended
that the chemical faclor(s) responsible for bruchid
resistance in T'C1966 should be further studied in
terms of toxicity to animal and human. Miura
et al. (1996) reported a change in blood of mice
fed with bruchid-resistant mungbean line derived
from TC1966. Sugawara et al. {1996) isolaled the
chemicals responsible for C. chinensis resistance
in seeds of TC1966 and named it vignatic acid. Its
major component is cyclopeptide alkaloids. These
cause plant breeders feeling skeptical aboul
employing the resistant gene from TC1966, and
thus makeV2709BG and V2802BG more suitable
sources for the resistance, since they had been
cultivated and consumed respectively in India and
the Philippines for a period of time without any
report of detrimental effects. Thus the factor(s)
responsible for resistance in seeds of V2709BG
and V2802BG is considered safe for human
consumption. Therefore, safety concern in utiliz-
ing the two sources for developing resistant
varieties is void. Yet, a linkage drag of undesir-
able traits will become less problem when the
resistant gene is transferred. Moreover, V2709BG
and V2802BG have a much higher vielding
potential and seed size than TC1966. Recently,
a high yielding mungbean variety with bruchid
resistance was developed and released to farmers
in Korea by using V2709 (V2709BG in this paper)
as the source of resistance (Lee et al. 2000).
Although no mode of inheritance has been
identified from the resistant source.

Considering thal a single source of resistance is
vulnerable to be overcomc by new strains or
ecotypes of the bruchids, iniegration of multiple
resistances into a cultivar for a more durable
resistance is encouraged (Tomooka et al. 2000).

) Springer

Therefore, other cultivated mungbean germplasm
with different resistant gene(s) from V2709BG or
V2802BG should be identified.
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ABSTRACT

Genetic inheritance studies and varietal improvement programs in bambara groundnut have
not heen initiated in the past due to failure in hybridization. We successfully produced 23 F,
seeds from four crosses among the morphologically distinct lines, “TVsu 11,” “TVsu 870,”
“TVsu 1061,” and a Thai local variety “Thung Yang Daeng.” The phenotypes of the F|
showed that the reddish-purple pod and red seed coat were dominant over the white ped and
cream seed coat. The F; from the cross between a reddish-purple pod line and a white pod
line, and between a red seed coat line with a cream seed coat line segregated in a 3:1 ratio.
This simple Mendelian inheritance was confirmed by the segregation ratio in the Fy
generation. In terms of petiole color, reddish-purple was dominant over green. However, the
segregation in the F, generation revealed that this trait was controfled by more than one gene
locus. For leaflet shape, incomplete dominance was found in the F; population of the cross
between “Thung Yang Daeng,” with a long narrow leaflet, and “TVsu 870,” with a lanceolate
leaflet, giving a 1:2:1 segregation ratio among long narrow:meoderately long:lanceolate leaflets.
Significant hybrid vigor of the Fy, as determined from heterosis and heterobeltiosis, was found
in petiole length, fresh pericarp thickness, and seed size.

Key words: inheritance, bambara groundnut, Vigna subterranea, hybridization, heterosis.

INTRODUCTION

Bambara groundnut (Vigna subterranea (L.) Verdc,

*To whom correspondence should be addressed.

E-mail: agrpss@ku.ac.th. This study was supported by the
Center for Agricultural Biotechnology, Kasetsart University,
Thailand; the Thailand Research Fund; and Thailand’s National
Center for Genetic Engineering and Biotechnology.

also known as Voandzeia subterranea (L.) Thouars.), is
the third most important source of plarit protein in
Africa, after groundnut and cowpea. It is grown mainly
in arcas where cultivation of the other grain legumes is
not possible or is too risky (Linnemann, 1987). Dry seed
contains 6-7% oil, 18-20% protein, and 55-72%
carbohydrate. It is a well-balanced dietary food legume,
containing sufficient oil, protein, and carbohydrate
required by the human body (Chomchalow, 1993). Even
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though its center of origin is in Africa (Hepper, 1970)
and it is cultivated throughout this area, the crop is also
grown in many other pars of the world, including
Florida, USA (Stephens, 1994), Latin America, northern
Australia, Asia, and the Pacific region (Duke et al,
1977). In Southemn Thailand, bambara groundnut is a
cash crop, cultivated by intercropping with young
para-tubber trees,

Due to its strict self-pollination, all cultivated geno-
types are obtained from the existing natural germplasm
{Goli, 1997), Thus, the cultivars with desirable traits are
confined by the availability of genetic resources derived
mainly from spontanecus mutations. To improve yield
and other desirable traits, it is necessary to use a
breeding method involving artificial hybridization. In
2002, the BAMFOOD research project announced its
success in producing ten putative Fy hybrid seed lines
between different landraces, and one hybrid seed line
between a landrace and a wild accession (Basu et al,
2003). Between May 2001 and March 2002, our group

succeeded in producing 23 F, seed lines from crosses
between the parental lines “TVsu 11,” “TVsu 870,”

“TVsu 1061,” and a Thai local variety, “Thung Yang
Daeng,” using a different technique from that in the
BAMFOOD research project, and described by Massawe
et al. (2003). In ihis latter report, it was found that the
emasculation method used and the crossing time were
critical factors for success. Rapid emasculation by petal
cutting between 03:00 and 22:00 hr, and hybridization by
pollination between 02:30 and 03:30 hr (i.e,, within } hr
of pollen shedding) were most successful. In female
plants, the pegging stage is the most suvitable for
hybridization. Details of our methods are presented in

Suwanprasert ¢t al. (2006).

Since we were the first group to obtain large numbers
of F; seeds from artificial hybridization, we have been
able to study and describe the genetic inheritance of
certain distinct traits found among the parents. Prelimi-
nary gene symbols have been assigned as a starting point
for future genetic and breeding studies of bambara
groundnut.

MATERIALS AND METHODS

Four marphologically distinet cultivars, TVsull, TVsu
870, TVsn 1061 from IITA {the International Institute of
Tropical Agriculture, Nigeria), and a local Thai variety,
“Thung Yang Daeng,” were used in this investigation,
Their phenotypes are provided in Table 1. The parents
and their F, seeds were planted in 10-inch pots, with one
seed per pot, in May 2002 at Kasetsart University,
Kamphaeng Saen campus, Nakhon Pathom, Thailand.
The qualitative data on petiole length, petiole color,
leaflet shape, fresh pericarp color, fresh pericarp
thickness, seed coat color, number of pods per plant, and
seed size were recorded.

The F, and selected F; seeds were planted for
phenotyping of agronomic traits in October 2002 and
June 2003, respectively, at Songkhla Feld Crops
Research Center, Thailand. Fach F: seed was sown in a
plastic bag with a 40 cm diameter. The F; seeds were
sown in a field at a spacing of 120 cm between rows
and 60 cm between ridges, with one plant per ridge.
Other cultural practices followed the recommendations of
the Field Crops Research Institute, Thailand (Suwanp-
rasert and Sinsawat, 2001).

Table 1. Distinct phenotypes of parental and F; plants of bambara groundnut.

Cultivars/Crosses Petiole color Leaflet shape Fresh pod cotor Seed coat color
TVsu 11 green lanceolate white red
TVsu 1061 green lanceolate reddish-purple cream
TVsu 870 reddish-purple lanceolate reddish-purple dark red
Thung Yang Daeng (TYD) green long narrow white cream with

' dark brown dots
TVsu 11 x TVsu 1061 green lanceolate light purple red
TVsu 1061 x TVsu 11 green lanceolate light purple red
TVsu 1061 x TVsu 870 reddish-purple lanceolate reddish-purple dark red
TVsu 870 x TYD reddish-purple narrow lanceolate reddish-purple dark purple
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Table 2. Mean * standard error for agronomic traits of parental and F; plants of bambara groundnut.

; : Seed size

Cultivars/Crosses Petiole length Pods/plant hi llc’;:ncarp -

] (cm) thickness {mm) width (cm) length (cm)
TVsu 11 14.34 £ 0.41 44.6 £ 5.67 .97 2 0.01 052+003 0.65+003
TVsu 106] 20.28 £ 0.99 4]1.6 £ 588 0.89 + (.08 0.60 + .05 0.77 £0.06
TVsu &70 18.25 £ 0.55 39.Q +12.50 1.08 £ 025 (.61 £0.03 0.90+£003
TVsu 1061 X TVsu 11 16.15 £ 025 523 +5.50 1.30 £ 0.04 071+002 093003
and the reciprocal
TVsu 1061 x TVsu 870 21452044 463 £ 206 1152002 0.86 £ .01 1.22 £0.02

Table 3, Number of F; plants and x° test against various expected ratios in different traits and crosses of bambara

_groundnut.
Crosses No. of F}? plants Total Expected ratio  * Probability
In each trait
Pod color
reddish-purple white
TVsu 1061 » TVsu 11 37 15 52 31 0410 080-0.50
Seed coat color
red cream
TVsu 1061 *x TVsu 11 42 10 52 3 0923 0.50-0.20
TVsu 1061 = TVsu 870 29 2 31 15:1 0002 099-095
Petiole color
reddish-purple greenish-reddish-purple  green
TVsu 8§70 x TYD* 17 4 2 23 12:3:1 0186  0.95-0.80
9:3:4 3744 0.20-0.05
Leaflet shape
long narrow  narrow lanceolate  lanceolate
TVsu 870 x TYD* 8 . 12 3 23 1:2:1 3174  050-0.20

*TYD = Thung Yang Daeng

A ttest was used to determine the significance of
heterosis and heterobeltiosis for hybrid vigor evaluation
(Chen et al, 2003). A chi-square (xH goodness-of-fit
test was used to compare the phenotypic ratios of the F;
and F; progenies against the Mendelian inheritance
(Mather, 1951).

RESULTS AND DISCUSSION

Pod color

Twenty-three Fy seeds were obtained from the four
bambara groundnut crosses, viz. ten seeds from TVsu 11
* TVsu 1061, eight from TVsu 1061 » TVsu 11, four
from TVsu 1061 X TVsu 870, and only one from TVsu

870 x Thung Yang Daeng. The phenotypes of the F
plants showed that a reddish-pwrple pod was dominant
over the white pod color. The pod color of the F; from
TVsu 11 xTVsu 1061 and its reciprocal cross was not
as dark as that in TVsu 1061 (Table 1). Segregation for
pod color was observed in 52 F, progenies from the
cross TVsu 1061 x TVsu 11. Thirty-seven plants had
reddish-purple pods, while 15 plants had white pods.
This number fit well to a 3:1 ratio (Table 3). The F;
plants with white pods led to all F; plants having the
same pod color, while segregation was found in some
families derived from the F> plants with reddish-purple
pods. The latter gave Fi plants falling within a ratio of
three reddish-purple:one white xxl (Table 4). Thus, it
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Table 4. Number of Fs plants and x2 test against 3:1 expected ratio in pod color and seed coat color of bambara groundmut.
The F» plants in each row were derived from the same F; plant.

Cross/F: plant Pod color Pod color in Fs plants Expected v Probability
reddis
in F. plants h-pur white total ratio
ple
TVsul061 x TVsull
15-19 white - 7 7
15-40 white - 2 2
15-59 white - 3 3
15-1 reddish-purple 3 1 4 31 0.000 1.00
16-11 white - 8 8
16-39 white - 4 4
16-43 white - 4 4
16-10 reddish-purple 2 5 31 0.600 0.50-0.20
16-45 reddish-purple 5 1 6 3:1 0222 0.80-0.50
Seed coat color Seed coat color in F; Plants
in F, plants red cream total
15-19 cream - 6 6
15-39 cream - 1 1
15-40 cream - 2 2
15-56 cream - 3 3
15-7 red 4 1 5 31 0.066 0.80-0.50
15-47 red 4 2 6 3 0.222 0.80-0.50
16-1 cream - 6 6
16-11 cream - 9 9
16-59 cream - 4 4
16-39 red 3 1 4 31 0.000 1.00
16-45 red 3 1 4 31 0.000 1.00
16-50 red 4 2 6 31 0.222 0.80-0.50
16-51 red 3 1 4 31 0.000 1.00 -

can be concluded that the reddish-purple pod color is
governed by a dominant gene (W) over the white pod
color recessive gene (w).

Seed coat color

F; plants from the cross between red seed coat parents
(TVsu 11, TVsu 870) and cream seed coat parents
{T'Vsu 1061) had a red seed coat. Seed coat color of the
F1 from TVsu 1061 x TVsu 870 was darker than that of
TVsu 1061 x TVsull. However, the cross TVsu 870 %
Thung Yang Daeng gave plants with a dark purple seed
coat color (Table 1). A cross section of the seed coat

showed patches of red seed coat, as in TVse 870,
integrated with small dark brown spots on the seed coat,
as in Thung Yang Daeng (picture not shown), Genes at
two different Joci may control the seed coat colors in a
codominant manner, but this requires further investi-
gation. Segregation among the Fz plants of TVsu 1061
TVsu 11 gave 42 plants with a red seed coat and ten
plants with a cream seed coat. The observed number fit
well with a 3:1 ratio. In TVsu 1061 x TVsu 870, the
plants with red and cream seed coais were 29 and two
plants, respectively. This mumber agreed well with a
15:1 ratio at a 0.99-0.95 level of probability (Table 3).
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We speculated that one locus of a gene may control this
trait in the cross TVsu 1061 x TVsu 11, while two loci
with duplicate dominant gene action perform this
function in TVsu 1061 x TVsu 870. However, the
number of F plants in the latter cross was rather small
and thus more plants are required to clarify the mode of
gene action conditioning seed coat color.

Similarly, F» plants with a cream seed coat did not
produce scgregating F3 plants, while some red-seeded F;
plants led to F; plants with a 3:1 red:cream seed ratio
{Table 4). Thus, the red seed coat color is governed by
the dominant gene (C) over the cream seed recessive
gene (c).

Petiole color

Crossing the reddish-purple petiole parent (TVsu 870)
and the green petiole parent showed that the reddish-
purple petiole was completely dominant over the green
petiole. The F: plants from TVsu 870 x Thung Yang
Daeng produced 17 plants with entire reddish- purple,
four with reddish-purple in the lower half and green in
the upper half, and two with a completely green petiole.
These numbers fit either a 12:3:1 ratio with a probability
of 0.95-0.80, or a 9:3:4 ratio with a probability of 0.50
-0.20 (Table 3}. The number of F, planis was not
sufficient o distinguish between these two ambiguous
epistatic ratios (Mather, 1951). A preliminary conclusion
for a gene controlling petiole color in bambara ground-
nut is that the trait is governed by two gene loci, with
cither a masking action (12:3:1) or a modifying action
{9:3:4).

Leaflet shape

Leaflet shape of F; plants from the cross between the
lanceolate-leaved (MN) TVsu 870 and the long narrow-
leaved (nn) Thung Yang Daeng revealed incomplete
dominant gene action between the two traits. The F;
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generation had eight plants with a long narrow leaflet,
12 with a narrow lanceolate leaflet, and three with a
lanceolate leaflet (Table 3). These numbers fit a 1:2:1
ratio at the 0.50-0.20 level of probability, confirming
that a single gene locus with incomplete dominant action
controls this trait.

Linkage between genes controlling pod color and seed
coat color

Pod color and seed coat color observed from F; plants
of the cross TVsu 1061 x TVsu 11 co-segregated and
produced 31 plants with a reddish-purple pod and a red
seed coat (W_C_), five plants with a reddish-purple pod
and a cream seed coat (W _cc), ten plants with a white
pod and a red seed coat (wwC_), and six plants with a
white pod and a yellow-cream seed coat (wwee). The
chi-square test against independent assortment of the two
loci (9:3:3:1 ratio) gave a value of 4.752, which fell
within the 0.20-0.10 probability level. Thus, the genes
controlling pod color and seed coat color are inde-
pendent from each other. These genes are either located
on different chromosomes or on the same chromosome
with a distance of over 50 ¢cM.

Hybrid vigor

The heterosis and heterobeltiosis of some quantitative
traits in the F, generation were investigated from the
cross TVsu 11 x TVsu 1061 and its reciprocal, and the
cross TVsu 1061 x TVsu 870 (Table 5). A significant
difference in heterosis for petiole length was found only
in TVsu 1061 x TVsu 870; however, the heterobeltiosis
over TVsu 1061, the high parent, was not significant,
while the F1 from the cross TVsu 1061 xTVsu 11 did
not show significant heterosis or heterobeltiosis for the
same trait. This indicated that the QTLs conditioning this
trait in TVsu 11 and TVsu 870 are not at the same
locus.

Table 5. Heterosis (% H) and heterobeltiosis (% Hb) of some traits in F; plants derived from two crosses of bambara

groundnut.

Cross Petiole length Pods/plant Pericarp thickness Seed width Seed length

combination %H %Hb % H % Hb % H % Hb %H %Hb % H % Hb
TVsu 1061 x TVsu 11 67 - 222 173 396" 336" 3137 174 2417 188
and the reciprocal

TVsu 1061 x TVsu 870 11.3* 58 156  12.8 16.8 6.5 459" 263" 426 409"

*, **Significant at the 0.05 and 0.01 level of probability, respectively.
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The number of pods per plant is the most important
component for yield in bambara groundnut (Ofori, 1996;
Karikari et al.,, 2003) and was rather diverse among the
lines used here (Table 2). However, heterosis and
heterobeltiosis were not significant in this investigation
(Table 5), which may have been due to a high standard
error and the small sample size used in this experiment.

Heterosis and heterobeltiosis for pericarp thickness of
mature pods were not significant in the F; of TVsulQ61
*»TVsu 870, but were highly significant in TVsull x
TVsu 1061 and its reciprocal cross. A thick pod pericarp
is an undesirable character in bambara groundnut, since
it will give a low ratio of dry ped to fresh pod weight.

The F, combinations from the three parents showed
highly significant heterosis in seed size. For hetero-
beltiosis, the F, of TVsu 061 = TVsu 870 was significant
at a 0.01 probability level in both seed width and length.
The F; of TVsu 11 x TVsu 1061 indicated a significant
heterobeltiosis for seed length at the 0.05 probability
level (Table 5). These parent combinations may be used
for improving seed size via selection of transgressive
progenies in the advanced generations.
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Abstract

ﬂMungbean plants generally have a relatively close canopy, thus a large amount of self-shading can reduce yield due to poor light
"penetration. Modification of leaflet type can affect leaf canopy and could alter seed yield. Two muliiple leaflet mutants were
obtained from gamma-ray irradiation and used to study the mode of inheritance related to leaflet types and to evaivate their agronom-
ic features. The cross between large-heptafoliate leaflet with small-pentafoliate leaflet mutants produce all F, plants with normal tri-
foliate leaflets. The F; plants segregated in leaflet size and leaflet number into a 9:3:3:1 ratio of large-trifoliate: large-heptafoliate:
small-pentafoliate: small-heptafoliate plants, suggesting that independent loci control leaflet size and leaflet number. Regarding
leaflet number, the F: population can be classified into normal-trifoliate, small-pentafoliate, large-heptafoliate, and smali-heptafoliate
at the dihybrid ratio of 9:3:3:1. The gene symbols M.z, and Nxn, are proposed to represent leaflet number. Since no plant was found
with large-pentafoliate leaflets. we hypothesize that the N, allele expresses pleiotropic effect on both leaflet number and leaflet size.
Another possibility is that an additional locus with § and s alleles controls leaflet size and § is light])} linked with N.. The effect of
multifeliate leaflet on yield and yield components was evalvated in four mungbean families each with four leaflet isolines under
three environments. Averaging across the families and environments, the normal-trifoliate and large-heptafoliate lines gave higher
yield than small pentafoliate and heptafoliate ones. These two large leaflet lines also had higher leaf area per plant than the other
multifoliate lines. Therefore, the mungbean lines with a greater leaf area, which were likely to intercept more sunlight, gave greater
yield. Three AFLP markers that were found to be linked to number of leaflets per leaf, corresponded to the N; allele of the small-

pentafoliate parent.
Key words: Vigna radiata. mungbean, multifoliate, inheritance, AFLP marker, trait correlation

Intraduction

Mungbean (Vigna radiata (L.) Wilczek) is a widely-grown,  of self-shading can reduce seed yield due to poor light penetra-
short-duration grain legume crop grown in South and Southeast  tion. Leaflet type is a canopy characteristic related to light inter-
Asia. It is an important source of inexpensive protein in most  ception. Thus modification of leaflet can influence the plant
Asian diets and a significant component of various cropping sys-  canopy and may alter seed yield. A new mungbean variety
tems. However, the average yields in the farmers’ fields are still ~ ‘Samgang’ was released in Korea with lobed leaflets that can
low, ranging from 500 to 600 kg/ha. One reason is due to the use  intercept more sunlight than the control variety ‘Seonhwanogdu’
of traditional cultivars and low management inputs used by most  (Lee er al. 2004). Wells ¢f al. (1993) stated that greater photo-
farmers. synthesis per unit leaf area was related to a more uniform distri-

Mungbean plants generally have a relatively close canopy  bution of light in the canopy or a greater proportion of leaves
compared to the other grain legume species. The large amount  actually involved in photosynthesis. Hicks er af. (1969), and
Sung and Chen (1989) also reported greater light penetration to

* v H i
To “hom. c_(}rrespondence should be addressed lower canopy strata in narrow leaflet canopies of soybean.
EC?:::‘lak Srngs Hoocom However, oniy a few studies have focused on leaf architecture
=Mall; & 55 . . - R
agrpss@yano influencing photosynthesis in mungbean.
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The genetic variability in mungbean species is considered

|
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low compared to other crops. Thus, induced muwauon can pro-
duce a uselul complementary genetic resource for this crop
Wongpivasatid er «f. (1999) tesied mungbean mutant lines
showing polential for development mto new varieties, viz. M3-
10 and M>-25 Tor resistance to powdery mildew, M35-22 and
MS-25 for resistance 10 Cercospora Touf spot: M3-16 and M3-29
for resistance to cowpea weevil: and Ma-2, M3-1, M3-5, M5-13
and M5-28 {or high vielding abiity, Sandhu and Saxena (2003)
reported high variability found in 34 mungbeun mutants for
vield per plant and nutritonal quality waits such as the content
of predein, methionne. wyptophan, sulfur, phenol, and wotal sugars.

Multiple leafler mutints express the potential W alter mung-
hean yield and thus are worth & more delailed invesugation on
inhentance of 1he trail, effect of the tait on vield and vield compeo-
nents, and gene tagging using molecular markers The use of cer-
tain mutants can help to break the yield limit encountered m the
avaable mungbean germplasin. Dwivedi and Singh t1985) repont-
ed that narrow leaf character in mungbean appears o be governed
by two recessive genes svimbolized by nl and nf.. whereas Bhadra
(1991) reporied that & nine-foliate leallet character was monogenic
recessive 1o normal rifoliate leaf. He proposed the symhols i and
Tf for the genes regulating these two charcters

Molecular markers which are free from environmemal effect
can be used 1o tag genes controlling traits of interest and 1o form
into a parlial linkage group. This s particularly nseful as a start-
ing paint in construching a more informative molecular hinkage
group for mungbean. a erop tor which molecular marker lech-
nology is at the beginning stage. AFLP muarkers were chosen in
this study because of their excellent reproducibility which is
essential il screemng protocols are 1o be established (Jones ef af.
| 998 Malthes ¢f «f. 1998). AFLP can screen a high number of
loci for palymorphism and simulluncously detect a greater num-
ber uf DNA markers than any other palymerase chain reaction-
based detection system (Vos er o/ 1995) A linkage map hax
recenlly been developed in sowe crops including the genus
Vigna (Tomooka er al. 2002: Somta er af. 2006).

The objectives of this experiment were: 1} to study the mher-
tance of mullifpliate leaflet mutants in mungbean: 2) 10 study the
effect of multifoliae leafler charaeter on yield and its compo-
nenis: and 3 1o identify AFLP markers associated with the mul-
fifoliate leaflet character.

Materials and Methods

Plant materials

A cross was made between two parental lines. one with large-
heptafoliate feallets (1.-7) and the other with small-pentatoliate
leatlets (S-5) during the carly miny season of 2002 m Kasetsant
University. Kamphaeng Saen Campus, Thailand. The L-7 parent
is a BC, progeny having the most popular Thay coluivar
“Kamphaeng Sacn 1% as the recurrent parent and the large-hep-
tafoliate leaflet mutant (V3926) {rom the World Vegetable
Center IAVRDC). Taiwan. as the donor parent (Kowsural el al.
1999). The S-3 parent is @ mutant line  obtaned Irom gamma-

Fig. 1. Leafiet ol F, mungbean progenies derived from the cross between L7 and $-5.

rays irradiation of  Fy seed from a cross between the cultivated
‘Chai Nat 36" with wild munghbean “TC 1966 {Srinives ef af.
2000). The leafler size of this mutant is only about 1/5 of the
normal {large) leaflet and thes they can be distinetly differentiat-
ed (Fig. 1). The 5-5 was used as the paternal plant since it has
purple hypocotyl which 1s a dominant character for identifying
the true F) hybrd from crossing with the green hypocotyl L-7
used as the matemal plant. The F, seeds were sown and harvest-
ed individually and four F, plants with the highest number of F;
seeds were grown in the field to form F. families. Field manage-
ment of the trials followed the optimum recommended practices
advocated by Park (19781 The number of I plants was recorded
according W lcafict number classified into three, five, and seven
leaflets. and leaflel size indo large and small leatlets,

Genetic duta analysis

The number of F. plants in gach leaflet type was tested againt
the 3:1 Mendelian rano using the Chi-square (1) goodness-of-fit
test suggested by Mather (195313, Since all the F, planis have
normal {rifoliate leall we hypothesize that the leatlet number is
contralled by 1wo loci of genes which can be assigned as ¥V, and
N respecuvely. Thus, the nfoliate lzal type should carry a
dominunt gene in each locus, i.e. N AN . The segregation was
tested agmnst a 9:3:3°1 ratio. The heterogencily among the four
Fotamilies was also ested accordingly.

Extraction of recombinant inbred lines

From F. onward. the normal tnifohate leatlet planis (with the
hyputhelival genotype NN} were individually harvested each
nme 1o obtain the N N: planis, The process wis repeated until
F. when four tamilies each with four phenotvpes (normal-trifoli-
ate. large-heptafoliate. small-pentatoliate, and small-hepraloli-
ate) were ealracted (Fig. 2). Seed of the four phenotypes in each
Family were increased until F- and considered 1sogenic Lines with
regard 1o leaflet number, but genetically uniform in the genotyp-
ic background (93.75% homozygosity) within the fumilv.

Field experiments



L-7 (large -heptafoliate leaflets) x S -5 (small -pentafoliate leafiets)

Normal tifoliate (N)

I'®
F,
! @ Harvested individual
¥ narmal trifoliate plants
/ F5 \
Famiiy 1 Family 2 Family 3 Family 4

(N,L-7,8-5,5-7)

{N,L-7,5.5,5-7) (N,L-7,5-5,5-7)

(M, L-7,5-5,5-7} l

Fs Seeds multiplication

2]
(16 lines from 4 families containing 4 phenotypes each)
Fig. 2. Extraction of 4 F,; mungbean families, each with four leaflet types.

Three field experiinents were conducted during September
2004 to March 2005, Two experiments were done at Kasetsart
University, Kamphaeng Saen Campus (KU-KPS) in the rainy
and dry seasons. and at Chainat Field Crops Research Center
(CNFCRC). Thailand in the dry season. The soil type in the
experimental fields is sandy clay loam. The experiment was
arranged m a randomized complete block design (RCBD) with
four replications. The 18 treatments were four isogenic lines
from each of the four famiiies and their parents. A plot size of
10 m* (four rows of 5 m-long) was planted for each line in a
replication with a spacing of 50 cm between rows and 12.5 cm
between plants within rows, with one plant per hill. The recom-
mended practices for optimum mungbean growth and protocols
of data collection were according to Park (1978). Days to flow-
ering and maturity were recorded when 50% of the plants
showed open flowers and mature pods, respectively. At the pod-
filling stage, the number of leaflets per plant and leaf area per
plant (cm?) were determined using leaf area meter mode! LI-
3100 (Licor, Inc., Lincoln, Nebraska, USA). At maturity, ten
plants were randomly measured for plant height (cm), number of
pods per plant, numnber of seeds per pod, 100-seed weight (g),
and yield per plot (g). The yield was collected from two middle
rows. skipping 50 cm at each end of the row so that the harvest-
ed area in each plot was 4 m”.

Statistical analysis

The data collected from the field trials were subjected to sta-
tistical analysis through the procedures described by Cody and
Smith (1997} using SAS Program Ver. 8 (SAS Inst, 1999). A
combined analysis (Gomez and Gomez, 1984) was performed
across the three expertments. Upon detecting the significance of
the F-test for line difference, mean yield and yield components
were compared among the lines using Duncan’s Multiple Range
Test (DMRT) at P = 05.

AFLP marker analysis

Young expanded leaves from three plants in each of the 16
mungbean lines and their parents were collected for DNA

Leaflet Mutants in Mungbean

extraction using the modified CTAB method of Doyle and
Doyle (1987). Two hundred nanograms of genomic DNA from
each line was digested and ligated simultaneously in a total vol-
ume of 30 pl at 37 °C overnight. The genomic DNA was digest-
ed with 10U EcoRI and 10U Msel (Fermentaz Life Sciences,
Hanover, Maryland, USA), while ligation required adapters of 5
mol of EcoRI and 50 mol of Msel.

Preamplification {PCR I) was performed in a total volume of
10 ul containing 1 pl of the 10-fold dilution ligated DNA frag-
ments, 0.5 pl each of EcoRI and Msel primers with one selective
nucleotide (5 pM), I pl of 10x buffer, 0.6 ul of MgCl, (25 mM),
2 pi of dNTP (1 mM) and 0.2 pl of Tag DNA polymerase
{Fermentas Life Sciences, Hanover, Maryland, USA) (5U/ul).
The PCR procedure follows initial denaturation step at 94 °C for
2 min, 20 cycles of denaturation at 94 °C for 30 s, annealing at
56 °C for 30 s and extension at 72 °C for 60 s. then incubated at
72 °C for 5 min as the final extension. The PCR I product was
diluted 10-fold and used as the template for selective amplifica-
tion {PCR II). The PCR II procedure began with denaturation
step at 94 °C for 2 min, 12 cycles of denaturation at 34 °C for 30
s, annealing at 65 °C for 30 s (less 0.7 °C per cycle after the first
cycle), extension at 72 °C for 60 s, denaturation for 24 cycles at
94 °C for 30 s, annealing at 56 °C for 30 s, extension at 72 °C
for 60 s, followed by the final extension at 72 °C for 2 min.

The PCR I products were loaded on 4.3% denaturing poly-
acrylamide gel with 1x TBE at 60 W for 80 min. DNA frag-
menis were detecied by silver staining method as described by
Promega Corp., Madison, Wisconsin, USA. Different DNA
fragments amplified with each primer were treated as discrete
characters and numbered sequentially. Genotypes were scored
for the presence (1) or absence (0) of each fragment. Single fac-
tor analysis of variance was carried out to identify the associa-
tion between leaflet types and AFLP markers using Proc
ANOVA (SAS Inst. 1999),

Resuits

Genetic ana]ysis. of F; populations

All the F, from L-7 x §-5 were trifoliate leaflet plants. sug-
gesting that there were at least two loci controlling the leaflet
number. Assuming that the L-7 and S-5 carry the genotype
NN and NiVaana, respectively, the F should have the geno-
type NotNat.. There was no large-pentafoliate plant (I.-5) found
among several thousand plants segregating from F. to F: and in
the yield trials. Instead, there were only four classes of leaflet
number and size, viz. large-trifoliate, small-pentafoliate, large-
heptafoliate, and small-heptafoliate. The number of plants in dif-
ferent leaflet classes from each F: family were tested against a
9:3:3:1 ratio of the respective phenotypes N V., Nynan, natiN..
and nainan., respectively (Table 1). The x*-test supported the
hypothesis that there were two loci controlling the number of
leaflets. The combined data did not deviate significantly from
the 9:3:3:1 ratio. Heterogeneity among the families was not sig-
nificant. revealing that the segregation of this trait among the F;
families agreed well with each other. With this model of gene
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Table 1. Chi cquare test for independence (9:3:3:1 rati] belwesn the 1 and n.
alleles controfing leafiet numoer in four Foomungbiean families from the cross
between L-7 and $-5 parents.

Na. of plants
Family "y L7 §5 ST Xt Prob
NN o N Ny nimn, Total

; nr a4 a2 13 106 6448 [

2 Bd 21 7 12 Ja 36

3 2 47 d1 7 FiN 4 460 |

4 a2 4 n i R DY -0

3 i 3 13 0. N ang

|-,..;.-.;_-,_."_-,._,,-.-I 14l = 1 4 A

action, interaction in N; allele should have a pleiotropic effect on
leaflet size, so that the plants with N._ and nan: phenotypes
always have large and small leaflets regardless of leaflet num-
ber.The x*-test for the goodness-of-fit of 3 large:] small leaflet
plants as supposedly controlled by the i locus was given 1n
Table 2. The results supported that the n: locus also conditioned
leaflet size in all of the tested families. The N, allele dictated
normal-trifoliate at the present of M: but showed pentafoliate in
N, nanx. Whereas nn, genotypes expressed heptafoliate regard-
less of genolypes in #: locus (Table I). Another less likely possi-
bality is that the ». locus is tightly linked with the third locus
(say s) controlling the leaflet size. With the laiter hypothesis, the
S allele attaches to the N, allele so tightly that they always co-
segregate so that the respective genotypes for the large-trifoliate,
small-pentafoliate, large-heptafoiiate, and small-heptafoliate
should be N N, S, Ny ss. notiN- S . and naipnn:ss, respeciive-
ly. The theoretical genotype N, nanS_ (supposedly controlling

Table 2. Chi-square test for goodness-of-fit against a 3:1 ratio for leaflet size
(large vs smally as supposedly controlled by the n. locus in four F. mungbean
tamilies from the ceoss between L7 and 5-5 parents.

A No. of plants
Family S == X Prob
N, n:n;
— 161 [ '-.:'- L.'_ 3
W } 1 ! :l
3 219 58 iy
4 1066 L R '] i) 230 -9.20
Tostit] 571 150 I (i .99
—|: i Iy f 8093 . s

large-pentafoliale leaflet) was not found in this study.

Effect of multifoliate leaflets on yield and yield components

Analysis of variance for yield and its compenents were com-
bined across three locations, giving the mean data as shown in
Fig. 3. Total number of jcallets per plant differed uniong multi-
foliate lines tested which was highest in S-7 (132.0 leaflets). The
average number of teaflets per plant was 100.7 in §-5.49.1 in L-
7.and 24.2 in N. The parents and progenies carrying the same

1300
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04  yiaiol [hgtha)
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o Mo eafiets! pl

0

& Mo, podal pl.
| | Mo seaded pad

8 100-eaed Wt i
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u Caryw b0 matariy

w AL teghe (o

Loaflet type

Fig. 3. Effect of multilfchate leaflet types on yield, yield components, and some
agraramic characters of murgbesn lines derived from the cross between L-7 and

-5 parents,

size and number of leatlets, (Le. §-5 parent and lines; L-7 parent
and lines) showed similar total number of leaflets per plant.
However. in terms of leaf area per plant, normal trifoliate gave
similar value to that of L-7 parent and line. but was higher than
that of S-3 and 5-7. Among muliifoliate lines tested. N had the
highest value of 10358 cme. while S-7 @iwve the smallest vatue
of 576.2 cy’. Even though the number of leaflets per plant of S-
7 was the highest, its leaf area per plant was the lowest due Lo
smaller leaflet size throughout the plant. This character ulso
caused shorter plants with smaller and fewer number of seeds.
thus produced lower yield.

The 100-seed weight of N and L-7 lines was higher than that of
S-5 and S-7 (Fig. 3). The L-7 parent gave the largest 100-sced
weight with an average of 7.02 g. Although the plants were
slightly shorter and the number of pods per plant was less than
those of the normal genolype: the advantage in seed size resulied
in & comparatively high yield in L-7.

For number of seeds per pod. N and L-7 lines had similar val-
ves, viz. [1.9 and 12.2, while S-5 and S$-7 set shorter pods with
9.4 und 8.9 seeds per pod, tespectively. The number ol seeds per
pod i the lines was also comparable 10 the parents of the same
leaflet type (Fig. 3).
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Fig. 4. Effect of multifoliate leaflet types on yield, yield components, and some agronarnic characters in four isogenic lines each of four mungbean famiies. Standard error of
mean of each leaflet type is represented by a vertical bar.

Distribution of data in each family (Fig. 4) showed that Nand  and number of pods per plant. However, days to flowering and
L-7 tended to have higher values than those of 5-5 and S-7 inall  maturity were the same among ali leaflet types. Across all three
agronomic characters in this study except for number of leaflets  field trials, the normal mungbean gave similar yield to L-7,

|
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Table 3. Correlation between yield and yield components of 16 mungbean lines
tested.

. Seed No. Leaf Leaf No. Plant No.  No.
Trait yield leaflets area/ areal leaflets height pods!  seeds/
fleaf  leaflet plant /plant plant  pod
No. leaflets/ leaf ~ -0.285
Leaf areal leaflet 0.681°" -0.736**
Leaf areaf plant .0.762°*  -0483 0853"*
No. leaflets/ plant  -0.832°* 0.547°* 0873'* 0883**
Plant height 0610 0575* 0842°" 083" L.765""
No.pods/plant  0.740°* 0079 0601* 0702 0794 0596°
No.seeds/pod  0Q752°" 0279 0771°' C871*" 0884 06%47" 0859**
100-seed wt 0814 0192 0635 (734" 07067 (0414 0816°" OB

*significant at P = .05; ** significant at P = .1

while §-5 was similar to S-7. The L-7 parent, N and L-7 lines
gave higher yield, while the S-5 parent gave similar yield to the
small multifoliate 5-5 and S-7 lines. The trend of vield potential
was similar in each family where N and L-7 gave more yield
compared to those of §-5 and §-7.

Correlations between mungbean yield and its components in
this study are shown in Table 3. Seed yield correlated well with
leaf area per plant. number of seeds per pod. and 100-seed
weight. The multiple leaflet mungbeans tended to give shorter
but more pods per plant. Thus the number of pods was negative-
ly correlated with seed yield. Although number of pods per plant
was positively corelated with total number of leaflets per plant.
while both traits were negatively correlated with seed yield. This
gave no yield advantage even though S-5 and 5-7 set more pro-
fuse pods, the multiple leaflet lines set smaller seed which is a
major contribution to low yielding. In terms of plant height, the
normal leaflet lines were taller than the others (data not shown).

Identification of AFLP markers associated with multi-
foliate leaflet
A total of 180 primer combinations were evaluated for detec-

tion of polymorphism between L-7 and §-5 parental genotypes.
Amplification was observed and 94 primer pairs showed poly-

Table 4. AFLP markers showing association with leaflet size and leaflet number
hased on single factor analysis of variance.

Leaflet size {N, L-7 vs '5-5, 5-7) Leaflet number (N, 55 v 17, 57}

No.  Marker sﬁgrﬁ,epr) Allele mean  pyop _Allele mean  p,op
Py P Py P
1 AAA_CAG2 200-249 070 017 0.04 - -
2 AAA_CAG3 i51-200 070 0.17 0.04 - -
3 AAA_CTA1 200-249 080 000 <001 - -
4 AAA_CTT2 200-249 088 0.13 <0.01 - - -
5  AAA_CTT3  82-100 - - - 0.17 0.7 0.04
6 ACG_CACYT 200-249 - - - 022 086 001
7 ACG_CAG4A 311-413 100 018 <001 - - -
8 ACG_CAG1 151.200 100 010 <001 - - -
9 ACG_CAGZ2 151-200 1.00 030 <0O1 - - -
10  ACT_ACG  151-200 086 0.27 001 - - -
11 ACT_AGC 200 033 083 005 - - -
12 CAG_ACG3 100-118 073 017 003 - - -
13 CT_AAT 100-118 086 027 0.0 - - -
14  GCC_ACAT 151-200 030 1.00 <00 - - -
15 GCC_ACT3  200-24% - - - . 027 .086 0.01

morphism between them. Of 94 primer combinations, 47
showed clear and sharp bands and thus were used to amplify
fragments of 16 isogenic lines. Twenty primer pairs can distin-
guish between parents and isogenic lines and produced 56 poly-
morphic DNA bands.

The results of single factor analysis of variance showed that
12 and three AFLP markers were significantly associated with
leaflet size and leafiet number, respectively (Table 4). Of the 12
markers associated with leaflet size, 10 were contributed from P,
(L-7) alleles, and the other two markers, viz. ACT_AGC and
GCC_ACAI were from P; alleles. For number of leaflets per
leaf, all three markers were contributed from P: (5-5) alleles.

Discussion

Since the F: population segregated into a 9:3:3:1 ratio in
leaflet size and number, a gene action with epistatic expression
is proposed for alleles controlling leaflet number. With this par-
ticular gene action, N,_ gave trifoliate leaf upon the presence of
N:_ genotype, but gave pentafoliate leaflets in the presence of
nat,, whereas mm expressed beptafoliate regardless of the pres-
ence of N;_or nn.. The previous study reported by Sripisut and
Srinives (1986) showed that lobed and trifoliate leaflets were
dominant over normal and multiple leaflets. Each trait was gov-
erned by a single locus of gene on different chromosomes.
Chhabra (1990) observed that trifoliate (normal) trait was mono-
genically dominant over pentafoliate in mungbean. Thus it is
clear that the smatl heptafoliate mutant (with the proposed
genetic symbol nsmtz) in this study is not the same as those
previously reported. The F: population showed segregation in
leaflet size and leaflet number at a 9:3:3:1 ratio, indicating that
these two characters were each controlled by a separate gene
locus.

Iy this study, the trifoliate N and L-7 lines were higher in leaf
area and yield. These results supported the earlier finding of
Kowsurat et af. {1999) in mungbean. Results of the present
study and earlier reports showed that different leaflet types cor-
related with crop yield. Even though S-5 and S-7 had numerous
leaflets distributing evenly in the canopy, each leaf was compar-
atively much smaller in area than those of N and L-7, thus they
absorbed less sunlight. The number of leaflets was negatively
correlated with leaf area as shown in Table 3.

Although the small leaflet mungbean had more pods per
plant, it also had smaller and less seeds per pod and thus it could
serve as a source to increase pod number to improve seed vield.
However, the plant breeder must break the negative linkage with
seed size and seeds per ped in order to utilize this trait.

The yield, leaf area, number of seeds per pod. and seed
weight varied in different leaflet types with the same trend in all
families (Fig. 4). while yield potential was lower in small multi-
foliate leaflets (S-5 and $-7). This indicated that the leaflet types
significantly influenced seed yteld, aithough the genetic back-
ground was up to 94% homozygous among lines within the
same family. Thus the difference between lines within each fam-
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ily was affected by the qualitative genes controlling the leaflet
types.

Leaves are the primary sites of photosynthesis varying in
number, shape and size. They are efficient interceptors of light
because of their flat shape with the chloroplast on the surface.
The N and L-7 have higher leaf areas than the other multifoliate
types, thus they can absorb a higher quantity of light during pho-
tosynthesis, The resulting grain yield is controlled by many fac-
tors within and outside the plant which may be measured in the
form of yield components.

Three markers, AAA_CTT3, ACG_CACI, and GCC_ACT3
showed association with genes controlling leafiet number.
Marker AAA_CTT3 was from P, (§-3) allele, while ACG_
CAC1 and GCC_ACT3 were from P, (1.-7) alleles. These three
markers were confirmed with phenotypic data for their associa-
tion with Ny, n;, Na, and . alleles; the marker AAA_CTT3 was
most likely linked to ¥, allele, while markers ACG_CACI and
GCC_ACT3 were linked to n,. These three markers did not cor-
respond to leafiet size and yet the number of leaflets per leaf had
no correlation with leaflet area per plant (Table 3). This finding
supports the notion that the genes controfling leaflet size and
leaflet number are located at different chromosomes or probably
in the same chromosome but far spaced. Although a set of AFLP
markers was identified to link with leaflet number and leaflet
size, more investigation on map distance is needed. To do so, a
segregating mapping population such as F: or RILs is produced.
Then the associated markers from Table 4 are applied to the
DNA extracted from each individual/line. The recombination
frequency between the markers and multiple leaflets can be
determined and converted into a map distance.

Isogenic lines used in this study showed less genetic variation
as confirmed by low polymorphism of the AFLP markers, sug-
gesting that the genetic background among the isogenic lines are
similar, except for the leaflet trait. It is ciear from this study that
the multiple leaflet type did not provide a yield advantage over
the normal trifoliate lines. This experiment can serve as a model
to discover an association of a major mutant character and yield
which can be a promising approach to increase yield in mungbean.

Conclusion

Crossing between seven large leaflet (L-7) and five small
leaflet (S-5) mungbean mutants resulted in the normal-trifoliate
(N) Fi. The F: can be phenotypically classified into number of
leaflets per leaf and leaflet size with large-trifoliate (N, N.),
small-pentafoliate (N,_m.n,), large-heptafotiate (n,m,N;), and
small-heptafoliate (rmprnz) at the dihybrid ratio of 9:3:3:1. The
finding is thus evident that leaflet number character was con-
trolled by n, and 5. loci of genes. However, all three AFLP
markers associated with leaflet number in this study probably
corresponded to n; locus only. The r: locus might be closely
linked to the s locus such that there were no progenies with large
pentafoliate leaflets (hypothetically carrying N, #1.8_ genotype).
Another hypothesis is that the n; locus can have a pleiotropic
effect upon the leaftel size such that the ¥; allele controls large

leaflet size as well. )

Four Fs families were derived from the cross. Each family has
four lines of each leaf type but 93.75% uniform in the other
genetic background. The results from yield testing over three
environments revealed that normal and L-7 multifoliate lines
gave higher leaf area and yield than those of small-pentafoliate
and large-heptafoljate lines. Although S-5 and S-7 had numer-
ous leaflets, they were comparatively much smaller in leaf area.
Yet the plants are shorter with fewer numbers of seeds and thus
produced lower yield.
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ApstracT: Mungbean [Vigna radiata (L.) Wilczek] and blackgram [V mungo (L.) Hepper| (both 2n=2x=22)
are important legiuime crops in Asia, which serve their roles as cash crops for farmers and as pratein sources
for consumers. Genome research m mungbean has long been conducted before blackgram and six genetic
linkage maps were developed so far but ne map contained encugh markers 10 condense into 11 putative
linkage groups. While only one linkage map was consuructed for blackgram and resolved all L1 linkage
groups. Thus mungbean is considered one of the most recalciirant crops in genomic research. Compararive
genome mapping between mungbean and several other legumes including azuki bean, common bean,
cowpea, soybean. lablab and Medicage trunculata revealed various levels of macrosynteny depending on
species, with the greatest upon common bean. Comparison between blackgram and azuli bean maps
revealed high degrez of genome colinearity. Genes or quantitative rait loct [or several importani traits were
identified in mungbean compared to only one in blackgram. Improved genetic transformation protocals for
the crops have been developed recently: High-throughput markers such as S5Rs and SNPs developed for
closely related legumes with mungbean and blackgram will be helpful to accelerate genome research and

moalecutar breeding in these crops.

Keyworos: Mungbean. Blackgram, Vigna radiata, Vigna munge, Legume genomics.

INTRODUCTION

Mungbean |Vigna radiata (L.} Wilczek| and

“blackgram [V mungo (L) Heppert are imporant legume

crops widely cultivated in Asta. The crops are utilized
in several ways, where seeds, sproutsand young pods
are consumed as sources of protein, amino acids,
vilamins and minerals. and plant parts are used as
fodder and green manure. Mungbean protein is eastly
digested without flatulence. [t is an impertant protein
source for people in the cereal-based society. Bath
tegumes adapt well to various cropping sysiems owing
to their ability to fix aumospheric nitrogen (N,) in
symbiosis with soil bacteria of Rhizobium spp., rapid
growth, and early maturitv Trends onthe demand and
production of the crops ae increasing'”. The annual
world production area of mungbeanisabou 5.5 million
ha*of which about 90% isir Asia*. Indiais the biggest
producer of mungbean where about 2.9 miltion ha
are cultivated'. Althoughworld blackgram production
isdilficult toestimate. the crop may be produced stightly
lower amount than mungbean. In india alone,
blackgram vccupiesabour 3.15 million ha'. Cansidering
their saciceconomic imporrance, the crops are
neglected in breeding research, bath at national and

internationat levels, particudarly inthe hled of genemics.

This is rellected by the fact that there have been less
than two published papers per year on genome mappiny

in mungbean or blackgram over the fast 10 years. In
this paper, we provide an up to date review ol genomic
studies conducted on these two crops.

Genome Size oF MUNGBEAN AND BLACKGRAM

Mungbean and blackgram are classified imto the
genus Vigna Savi, subgenus Ceratotropis (lknown as Asian
Vigna or Asiatic gram), section Ceratotropis®. They are
diploid in nature with Zn=2x=22. Mungbean and
blackgram have small genome sizes estimated to be
0.60 pg/1C (579 Mbp) and 0.59 pg/1C (574 Mbp)",
respectively, which are similar to those of the other
Vigna species. "

DNA Markers For MunGsean

DNA markersare indispensable for genomicstucly.
Not many genelic markers were developed specilically
for mungbean or blackgram. Resuwricuion {ragment
lengeh palymorphism (RFLP) markers of both ¢cDNA
and randem genomic clones of mungbear were
reported by Young et al’. These RELPs together with
those from common bean [Phascolus vulagris (L.)],
cowpea [V nngnicudeta (L) Walps| and soybean [ Glycine
max (L) Merr.] have been extensively used in munghean -
and/ar blackgram genome mapping. Only recently,
nucrosatellite orsimple sequence repeat (35R) markers,
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a marker system of choice. have been developed from
mungbean®? ™' The number of these SSRsisstill very
limited. However, $5Rs [rom azuki bean |V angularis
(Willd.} Ohwi & Qhashi)=, common bean?!* and
cowpea'” can be used in both mungbean™'" and
biackgram''. As high as72.7% and 78.2% of the azuki
bean SSRsamplify mungbean and blackgram genomic
DNA, respectively . While 60.6% ol common bean
SSRsamplify mungbean genomic DNA'Y.

Motecutar Generic Diversity oF MUNGBEAN

A large collection of mungbean germpiasm
encompassing 413 cultivated (V/ radiata var. radiata),
189 wild (V radiata var. sublobata) and 11 intermediate
accessions from diverse geographic regions have heen
characterized using 19 azuki bean SSRs". The resulis
revealed that mungbean has highest diversity in South
Asia, supporting the view of its domestication in the
Indian subcontinent and showing that Australia and
Papua New Guinea is a center ol diversity [or wild
mungbean. A core coflection of 106 accessions
representing moest genetically diverse of these
germplasm has been made™. Molecular diversity in a
large collection of germiplasm has never been studied
in the blackgram.

GenomMe MaprpING IN MUNGBEAN

Genetic Linkage Map

Six molecular linkage maps for mungbean have
been published?=-=> These maps were constructed
from the data of F. or recombinant inbred line (RIL)
populations from inter-subspecific crosses of VC3980
(cultivated) x TC1966 (wild from Madagascar) or Berken
(cultivated) x ACCH1 ¢wild from Australia) using mainly
RFLP and/er random amplilied polymorphic DNA
(RAPD) markers. The pepulation size ranged from 38
1o 80 plants. The maps differ in length (737.9-1570
cM), number of markers (102-253 markers), numiber
of linkage aroups (LG {12-14), and level {12-30.8%)
and regions of marker distartion. The most
comprehensive map consistsof 255 loci withan average
distance between the adjacent markers of 3 cM.
However, none of the maps resolved 11 LGs, which is
the haploid chromosome number of mungbean. To
vesolve 11 LGs and saturate the map, many more
markersare needed Inaddinen, the genome coverage
of the markers has vai 1o be determined.

Comparative Genome Mapping

Because all but one of the afare-mentioned
mungbean linkage maps were developed by utilizing a
number of heterologous probes from cammon bean,
cowpea, lablab (hvacinth bean; Lablah purpurens L)
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and soybean, comparative genomics (macrosynteny)
wasstudied between mungbean and these legumes and
the other Vigna species. Mungbean and cowpea share
ahigh degree of genome similaruy. Marker orders and
LGswere simifarin bothtaxa with syntenic association
appeared on 10 genomic regions although duplication
and rearrangement exist™’. Mungbean and azuki bean
linkage maps share several conserved genome
segments without® or with some™’ rearrangement.
Isemura et al.” showed that LG 1.2.3. 4, 8and 11 ¢f
mungbean map® conespond respectively to LG 1,4,
10, 8, 2 and 9 of azuki bean map*®. Genome
conservation between mungbean and common bean
appears ta be higher than between mungbean and
cowpea®™ ov azuki bean’. Comparison between
mungbean and common bean orsovbean maps revealed
that mungbean genome is more conserved 1o common
bean than soybean™. Linkage maps between mungbean
and cemmon bean showed extensive genotne
conservation (average length of colinearity of 37 cM
with the maximum of 100 ¢MY but notable
translocations in the genomes occurred as indicated
byamungbean LG wascomposted of different common
bean LGs. While comparison between mungbean and
soybean revealed that short (average colinearity length
of 12-13 cM) and scattered linkage blocks are
conserved and there are considerable genome
rearrangements between the two species. Lee et al.™
showed a higherlevel of genome conservarion between
mungbean and soybean than previously reported.

Comparalive mappingin mungbean and a distantiv
related legume crop, lablab gave surprising results in
that the two species share several large conserved
genome blocks as indicated by similar marker orders
and LGs*2. However, the resulis also showed genome
rearrangements and imany deletions/duplications alter
divergence. [n a recent study of genome conservalion
betweena modelleguime Medicago nuncatula and several
other legume crops including mungbean using cross-
species genetic markers, the resulis showed tha
macrosyntenic reldtionship benween M. truncawda and
mungbean was complicated and less informative™.
Twenty-nine ol 38 {76%) markers used between the
two taxa revealed evidence of conserved gene order.
whereas the remaining markers mapped 1o nonsyntenic
positions.

Gene and QTL Mapping

Genes or quantitative trait loci WQTLs) for 8 traits
encompassing 1 insect pest, 2 diseases and 3 secd-
velated characiers were mapped with melecular
markers in munghean. Five of them are ol imporiance
for genetic improvement of this crop and thus are
highlighted here. '

Bruchid resistance: Bruchids or seed weevils.
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especially azuki bean weevils (Callosebruchus chinenis
L.) and cowpea weevils (C. maculaius E) are the most
serious pests of stored mungbean and blackgram. The
genes responsible for bruchid resistance in 1we wild
mungbean strains, TC1966 and ACC41 have been
mapped. The gene conferring resistance 1o C. chingnsis
(Br) in TC1966 was located on LG 8 [ranked by RFLP
sgA882 and mgM 131 with the distance of 3.6 and 6.5
cM, respectively’. LG 8 was subsequently revised to LG
9" The gene was narrowed down to 0.7 cM interval
between marker Bngl+43 and Bng110%. Brwasjusi 0.2
¢M away from Bngl43. This marker was at the same
position 10 Va, a gene contrelling the production of
Vignatic acids® that is toxic 1o bruchids, Resistance to
C. chinensisin ACC41 was located on LG 8-9*. The gene
was linked 1o RAPD markers, which were then
converted into sequence characterized amplified
region (SCAR) markers. RFLP pR26 identified linking
with the resistance gene in TC19667 was also found
linked with the vesistance gene in ACC41*. Thisprobe
also [ound associaied with resisiance to C. chinensis in
rice bean [V umbellata {(Thunb.} Ohwi & Qhashij?.
Recently, two sequence tagged site {STS) markers,
5TSbrland 5TSbr2,developed froma mungbean BAC
subclone wereidentified linking to C. chinensis resistance
in ACC41°. The latest effort involving TC1966 was 1o
map the resistance gene using cleaved amptified
polymorphic sequence (CAPs), RAPD and SCAR
markers®. Mapping of resistance gene in cultivated
mungbean is in progress®,

Powdery mildew resistance: Powdery mildew disease
caused by the fungus Ervsiphe pelygoni DC. isacommon
foliar disease of mungbean. The disease may cause
yield loss up to 40%. Using VC3890A as a resistance
source, Young et al.’” found three QTLs on three
different LGs associated with the resistance. These
QTLstogetheraccounted for 58% of the trait variation.
Chaitieng etal.**used V'C12 10A asa resistance source
to map the resistance gene. [nitial mapping with 98
[ramework RFLP probes failed o identify any
association with the resistance. However, subSequent
identification using amplified fragment length
polymorphism (AFLPY markersand bulked segregant
analysis (BSA) resulted in 4 bands linking to the
resistance. These bands were then cloned and used as
probes for RELPanalysis of which finally 5 RFLPs were
found associated with the resistance. The [ive RFLPs
constituted a new LG. A major QTL, PMR!, associated
with the resistance on this LG accounted [or 68% of the
trait variation. A main QTL was also identified in the
different resistance source, Humphry ¢t al.?" [ound a
single QTLcountrolling the resistance in RIL populatien
derived from a cross berween resistant line ATF3680
and susceptible cultivar Berken. Location and effect of
the QTL was consistent in 2 seasens evaluated for the

7

resistance. The QTL explained up 1o 86% ofthe variation
inthe resistance. However, location of thisQTLdid not
coincide with any QTLs reported earlier by Young et
al® Effortsioidentify QTLsconditioning the resistance
using SSR are in progress (Kasettranun and Srinives,
2007 unpublished data).

Mungbean yellow mosaic virus (MYMV) resistance:
MYMYV is the most important disease of mungbean at
preseit. The disease is characterized by yellow mosaic
onleavesofinfected planisthai resulisin considerable
yield losses. MYMV is caused by a bipartite begomovirus
which is transmitted via whiteflies (Bemisia tabaci).
Lambrides eral. *® tagged the resistance gene from NM82
in two RIL populations, using BSA strategy. A marker
generated from RAPD primer OPAJ20 was found to be
distantly linked with the resistance gene, [nter simple
sequence repeat (ISSR}and SCAR markerslinked tothe
resistance in blackgram**®has exerted a potential for
locating the gene in mungbean. Lambridesand Gedwin®
suggesied that mungbean probe Mng247 associated
with soybean mosaic virusresistance™' might be useful
in identifying MYMV resistance gene. [n addition,
Mng247-derived SSR marker, M3Saut* may also be
useful. -

Seedweight: Seed weightisa primary component in
the yield of grain legumes and is thus a main trait in
breeding programs. In the firstreport of mapping study
for seed weight in mungbean, Fatokun ¢t al.* found
four QTLseachon LG, i, iii,and iv (equivalent to LG

(11,1, 4 and 3, respectively, in the map of Menancio-

Hautea er al.¥#*) associated with the trait in an F,
populationafthe cross between VC 3890 and TC1966.
These QTLscollectively accounted for 49% of the trait
variation. The QTL on LG ii which has the most effect
on seed weight appeared 1o be conserved in azuki
bean?’, cowpea®, and pea [Pisum sativum (L)]*,
Additionally, location of the QTL on LG i is similar to
that of seed weight QTL on LG 2 of azuki bean®. In
another study, using RIL population derived from the
cross hetween Berken and ACC<1. Humphry et al.*
identilied eleven QTlson LG 1. 2,9, 10, 11 and E
conditioning this trait in mungbzan growing in two
conditions, with 7 QTLs being common 1o both
condilions and explaining more than 80% of the trait
variation. Several QTLs in both studies located to
equivalent LGs but none were co-located. QT swB1
idennified in the latter study apreared to co-localize
with a seed weight QTL identified in both cowpeaand
soybean®.

Hardseededness: Hard seedednessin mungbeanisa
major preblem in producing sprouts but is useful in
protecting mature seed [rom moisture and weather
damage®. Using the afore-men:ioned materizal for
mappingseed weight QTLs, Humphry etal. ** mapped
QTLs controlling hard seededness in mungbean
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growing in the field and glasshouse conditions. Four
QTLs were identified in the field condition while only
one QTE was found in the glasshouse condition. The
QTL [ound inthe latier condition wasalso identiflied in
the former condition.

Apart from these traits, resistance gene for bean
bugin mungbeanisbeing mapped using various marker
types* .

GenomE MAPPING IN BLACKGRAM

Genetic Linkage Map

Blackgram receives a far less attention in genome
research than mungbean. As a result, only one genetic
linkage map has been developed by using genetic
markers of related legume species'’. However,
compared to mungbean maps, the blackgram map was
constructed fromalarger population (180 BC F plants)
and utilized various marker types. The population was
derived from the ¢ross between JP219132 (cultivated
large-seeded muiant of V. mungo var. munge) and TC2210
(wild blackgram V mungovar. silvestris from India). The
map comprised 148 markers (59 RFLE, 61 SSR, 27
AFLP and 1 morphological markers) and resolved 11
LGs, equivalent tothe blackgram haploid genome. The
11 LGs cover a total of 783 c¢M with the number of
markers per LG ranging from 6 to 23 and average
distance between the adjacent markers varying from
3510 9.3 cM.

Comparative Genome Mapping

Most of the markers utilized in the development of
blackgarm genome maps!’, especially SSRsand RFLPs,
were previously mapped on azukibean?. Compatison
of 80 common marker loci between the two maps
revealed high degree (88%) of genome colinearity'".
However, inversions, insertions, deletions, duplications
and a wranslocation were also detected. For example,
marker order on parts of LG 1, 2 and 5 is reversed
between the 1wo species.

Gene and QTL Mapping

Up to the present, only the gene for resistance 10
MYMYV has been molecularly identified in blackgram.
Resistance gene analog primer pairs RGA 1F-CG/RGA
1R was found to be linked with MYMV resistance™. The
amplified DNA (ragmen: associated with the resistance
was sequenced and named as VMYRI. The sequence
showed similaritv to plant resistance genes or purative
or partial resistance gene sequences. The predil‘cted
amine acid sequence also showed highly significant
homology with the NB-ARC domain present in seleral
gene products involved in plant disease resisiance
mechanism. Later. Souframanienand Gopalakrisﬂna‘°
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identified 1SSR linked to MYMV resistance in a R1L
population derived [rom the parents TU 94-2 {resistant
cultivar) and suscepiible wild. Marker ISSR811 ..
linked to the MYMV resisiant gene at 6.8 ¢M. A SCAR
marker, YMV-1 developed [rom DNA sequence of
ISSR811 ,, co-segregated with the original marker
{SSR811 .. * The primersRGA 1F-CG/RGA 1Rteporied
by Basak et al. *was monomorphic between the parents
used in this study™,

Gene TRANSFORMATION IN MUNGBEAN AND
BLaCKGRAM

Mungbean and blackgram have long been notorious
for being recalcitrant in tissue culiure and gene
transformation. [n mungbean, genetic transformation
via microprojectile gun or Agrobacterium-mediated
gene transfer using either coiyledonary node or axillary
bud region of node has been reported,** but the
elficiency was nat impressive. Recently, Mahalakshmi
etal. ¥ reported development of transgentc mungbean
plants through an elficient Agrobacterium-mediated
genetic transformation method using primary leal

" explants that could be induced to directly regenerate

shoots via a rapid, reliable and genotype independen:
protocol. Sonia ¢t al.™ reported development of an
efficient method of plant regeneration through direct
multiple shoot organogenesis from cotyledonary node
and establishment of an optimal transformation
procedure and selection system that led to the
introduction of the insecticidal a-amylase inhibitorand
the bialaphos resistance gene for herbicide resistance
in mungbean.

in blackgram, improved in vitro regeneration
systems and genetic trans{ormations by Agrobacterium
tumefaciens have been recently developed. Sainieral. >
reported an efficient method of plant regeneration via
direct multiple shooi organogenesis from cotyledonary-
node explantstogether withan optimal selection systen.
The authorsalso described conditions [orestablishing
an A. twmefaciens-based transformation proiocol for
the successful production of transgenic blackgram.
Later, under the sarme protocol but using shoot apical
explanis, a significant increase (from 1 to 6.3%) in
production al transgenic plants has been obtained by
preconditioning and wounding of small-sized shoot
apices®. Stable wransformation with 4.31% efficiency
was achieved by optimizing several factorsinlluencing
tissue competence, Agrebacteriion virulence, and 1heir
compatibility®.

Future PersPECTIVES

Although some progress in genome research has
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been made in mungbean and blackgram. itisstill far
behindihe other majorlegume cropssuchassoybean,
cowpea, and common bean, oreveniheirrelative but
less important, azukibean. The fact that the current
genetic linkage maps of mungbeanand blackgramare
notyetatdetailed level. dense orsaturated mapswith
11 LGsresolved [ov the crops are needed. A major
obstacle 1o achieve such mapsisthe lackof high-
throughput 55Rand SNPmarkers. Asindicated above,
the genome siudy inmungbean and blackgram has
been made possible by using genetic markers from
otherrelated legumes. and this trend will continue
since only limited genetic resourcesare available for
furtherstudy in both crops. Forexample, S5Rs from
azukibean, common beanand cowpea will be useful
indevelopment ol mungbean linkage mapwith111.Gs
resolved, asin the case of blackgram. Moreover, the
information obtained from sequencing ofsoybean
genome®’ common bean ESTs?, and genespace of
cowpea®® M. trucatulaandLotus japonicus®®cancreate
high-thoughput genetic markers for mungbean and
blackgram. For the time being, information froma
large number of soybean SSRY*#3and newly
developed common bean SSR*¢!isworthinvestigating.
Inaddition, a database of thousands of cowpea
genespace sequences containing SSRs is now publicly
available’® In-silicodevelopment of cowpea SSRsand
application of those markers in mungbean and
blackgramisalsointeresting. With many genomictools
and resources forlegumesare becoming increasingly
available,amore detailed and in-depif genome mapping
ofthese two crops will be possible in the near future.
Bythattime, genesor QTLs{orimpertantraitsinthe
gene poolshould be identifiedand located ongenome
maps such that marker-assisted selection can be
practiced forthe crops.

Anotherchallenge for mungbean and blackgram
genome researchers is the development and
establishment of a moreefficient protocolof genetic
transformation to support breeding work asthe use of
transgenic technologyis ineviiable forbotheropsin
the future. The technology will be helpful in
development of cultivars resistani to seriousinsects
and tolerance to adverse environment thatnoeffective
gene source existsin theirgene poolsuchaslegume
pod borersand drought.
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Abstract

A study was conducted to observe the variation and inheritance of agronomic traits and their interrelationship in mungbean. The
objective of the study was 1o compare agronomic traits and hardseed percentage of 268 recombinant inbred lines (RILs) developed
from the cross between wild Vigna subspecies sublobata “ACC 417 with the mungbean cultivar “Berken”. The RIL popuation and
their parents were evaluated under controlled conditions in a glass house at the University of Queensland, Brisbane, Australia. The
results showed significant differences among the RILs and among the parents in all traits under study. Berken had a longer flowering
date and a higher seed weight per plant, but less total teaf number and pod number per plant than ACC 41. A germination test
between papers revealed that ACC 41 was 100% hard-seeded and did not germinate at all, while Berken germinated up to 100%.
Their RILs distributed well between 0 10 [(¥)% hardseed. Upon scarification, all hardseed germinated within seven days. Narrow-
sense heritability estimates of total leave number, hardseedness, pod length, and pod width were highly heritable at §89.9, 98.9, 93.7,
and 93.2%, respectively. The heritability of seed weight per plant and number of seeds per plant were lower at 63.1 and 58.4%,
respectively. Seed weight per plant showed positive transgressive segregation when compared with ACC 41 and a positive correla-
tion with 100 seed weight. While the number of seeds per pod showed a negative transgressive segregation when compared with
Berken and a negative correlation with pod length and pod width. The RILs gave a :1 segregation ratio in leaflet shape, growth
habit, and growth pattern, indicating that these traits were controlled by a single dominant gene.

Key words: mungbean, Vigna radiata. agronomic traits, hard seed, heritability

Introduction

pod shattering, and losses due to pests and diseases (Fernandez
and Shanmugasundaram 1988). In order to raise yield per unit

Mungbean (Vigna radiata (L..) Wilczek) is an important pulse
crop in Asta and widely cultivated in Thailand. Mungbean can

be grown up to three crops per year and fit well into cropping
systems with an ability to restore soil fertility through symbiotic
nitrogen fixation (Malik 1994). Both domestic and international
demands for mungbean are stilt high. Mungbean seed has a high
nutritive value. Seed that does not meet human food standards
can be used as livestock feed. The average yield of mungbean is
low due to its indeterminate growth habit, photoperiod sensitivi-
ty, late and non-synchronous matunity, susceptibility to lodging,

*To whom correspondence should be addressed
Peerasak Srinives
E-mail; agrpss @yahoo.com
Tel: +6634281267

area, new culitvars must be developed along with the improvement
of cultural practices. The knowledge of genetic variation in
agronomic {raits and their interrelationship should lead to more
understanding of yield components and yield potential in mungbean.

V. radiata is sub-divided into fwo subspecies. The subspecies
sublobata is a wild mungbean potentially useful for mungbean
improvement, by extending the range of variation available to
breeders for traits of interest, such as bruchids resistance
(Tomooka et al. 1992), disease resistance (Lambrides and Imrie
2000), heat and cold tolerance (Bates 1983), and adaptations to
environment (Lambrides et al. 2000). The subspecies radiata is
an indigenous species scattered throughout the moderate to higher

N —
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rainfall zone of tropical and sub-tropical areas.

In a genetic study of agronomic traits, Rohman et al. (2003)
reported that 100 seed weight. seed yield per plant, plant height,
and days to flowering were governed to a greater extent by addi-
tive gene effect. Similarly, Mak and Yap (1980) reported that
additive genetic varation was higher than deminant variation in
governing seed weight and pod length. However, for the number
of pods per plant and the number of seeds per pod. the genetic
effect of dominance variation was more pronounced. The addi-
tive gene action was also found to be important in conditioning
seed yield and yield components (Khattak et al. 2002). When the
relationships between agronomic characlers were studied, pod
length showed a positive correlation with plant height (Miah and
Bhadra 1989). Upadhaya et al. (1980) found a positive correla-
tion between seed yield with number of pods per plant and plant
height. Khan et al. (2001) observed that grain yield production
was due o many vield-contributing traits that were positively
correlated with yield. For example. grain yield was positively
correlated with number of branches and thus Reddy et al. (1991)
stated that the increase in number of branches enhanced the
grain yield. Malik (1994) reporied that seed yield was positively
corretated with number of pods and number of branches per
plant. As the branches bear pods, the number of pods per plant
was positively correfated with the branches per plant, Khan et al,
{2001) recorded that the cultivar that produced the highest num-
ber of branches per ptant also produced the highest number of
pods per plant. Rubio et al. (2004) reported that. due to a posi-
live correlation between flowering date and seed yield. the latest

flowering genotype would develop more branches. leading to
higher seed yield. Yield production is positively correlated with
the other yield-contributing traits such us days o flowering.
plant height, number of branches per ptant. number of pods per
plant, and pod length.

Anather important character in mungbean is hardseedness.
The subspecies sublobata possesses several adaptive traits of
importance. particulary hardseedness which is a form of seed
dormancy (Verdcourt 1970}. Transient hardseedness is common
in mungbean cultivars, with levels usuully in the range of 0-70%
{Lawn and Rebelzke 2006). Williams (1989) found more than
90% hardseeds in some mungbean lines. while Lawn et al.
(1988) identified 100% hurdsceds in related wild species.
Moreover, many small-seeded mungbean genotypes are hard-
sceded but no Jarge seed varieties have persistent hardseedness
{Imrie et al. 1991). The extent of hardscedness in mungbean
depends on the species i1self as well as on climatic and other
management factors. Temperature and relative humidity are
common phenomena relating to the development of hardseed
(Hazarika and Barua 2002). Hardseedness was probably under
monogenic control (Williams [989). Singh et al. (1983) reported
that the F; generation of a cross between ssp. radiara with ssp.
sublobata segregated at the ratio of 3 hard to 1 normal seed,
indicating that this trait is conditioned by a single dominant
gene. Likewise, Plhak et al. (1989} identified one major QTL
associating with hardseedness in mungbean. Hamphry et al.
(2005) analyzed an RIL population derived from a cross
between a completely soft seed and a hard <eed and found four

Table 1. Range and Mean + SO of germination &nd some agronomic fraits of ACC 41, Berken, and thair RiLs. The narrow-sense heritahilities are presented in the right-hand
COiamn
Parents
RILs —
Traits' Berken ACC 41 17 (%)
Range Mean + SD Range Mean + SD Range Mean *+ SD
 Agronomic traits Bl B B o B = -
. 547 41l 8.18:8,68 ) 50247 i 31 0085 2,75 1041 Ha
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QTLs associating with the genes controiling hardseedness.

The objectives of this study are to observe the variation and
heritability in some agronomic traits and their interrelationship
in a recombinant inbred line (RIL} population of mungbean.

Materials and Methods

Plant materials

A population of 268 recombinant inbred lines (RILs) were
derived from the inter-subspecific cross between “Berken” and
“Accession 417 (ACC 41), and randomly harvested in the suc-
cessjve generations. The parental materials are quite different in
agronomic traits. Berken (V. radiata ssp. radiaia) is an
Australian commercial mungbean cultivar originally developed
and released in 1962 by James Kirby, Oklahoma State
University, USA, It was later released by New South Well
Department of Agriculture and the Queensland Department
Primary Industries in 1975 as a large-seeded dryland cultivar
{Kingston 1975). Accession 41 (Vigna radiata ssp. sublobata) is
a wild subspecies collected by Lawn and Cottrell (1988) near the
township of Somerset Dam (lat. 27°7°, long. 152°33%,
Queensland, in 1984. [t was described as having cxtremely pros-
trate and perennial habit. fts seed must be scarified before plant-
ng to break the dormancy. ACC 41 seed is much ~muller than
Berken (Rebetzke 1994).

Traits recorded

The plant materials were sown in 15 Cm pots under controlled
conditions in a glass house at the University of Queensland, St
Lucia Campus, Brisbane. The experimental design was a random-
ized complete block design with two replications. The agronomic
traits were observed weekly on plant height, number of leaves an
main stem, number of leaves per plant. and branches per plant.
After harvest, yield and yietd components were recorded on pod
length, pod width, number of seeds per pod, number of pods per
plant, 100 seed weight, and seed yield per plant. Morphological
traits were observed on days (o flowering, growth habit and pattern,
and terminal leaflet shape.

Hardseedness test

Hard seed percentage was determined by germinating 50
seeds between two pieces of Whatman filter paper soaked in
deionized water in a petri dish and kept at 23-25 °C in a temper-
ature-controlled room. Seed that either germinated or imbibed
waler within seven days were considered as soft seeds. A hard-
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secdness score was catculated as percentage of those seeds that
did not germinate or imbibe water afier three and seven days.
The viabihty of hard seed was checked by scarifying and germi-
nating the seed.

Data analysis

The statistical analysis was focused on genotypic variation in
the RILs for each trait of interest. Comparisons were mle using
anatysis of varance between and within three groups viz. RIL,
ACC 41, and Berken. Correlations between impartant traits were
determined only within the RIL population using Statistical
Analysis System Version 6.12 (SAS Institute. 1990). A narrow-
sense heritability was culculated from the vanance component
estimates based on plot basis according to Fehr (1987). Since the
RILs are genetically homozygous, the dominant genetic varia-
tion {g?,) can be disregarded and the total genelic variance
would comprise only additive genetic vanation (g7)). Thus the
heritability estimated frem the RIL population is narrow-sense
as shown in the formula:

h =g i, + (A0
Where A7 is heritability in narrow-sense. ¢@ is the additive
genetic variation, ¢, 1s the experimental error vanance, r 1s the

number of replications.

Results and Discussion

Variafion in agronomic traits

All traits in this study showed significant difference among the
RILs and among the parents. revealing that they are polymorphic
among the parents and heritable. The average plant height of the
RIL at the vegelanve stage of development was different from that
of the parents unti] four weeks afier planting (Fig. 1). Berken was
significantly taller than ACC 41 in vegetative stage. RILs and
Berken increased their height continuously until six weeks after
planting, whereas ACC 41 increased its height until harvesting. The
difference in number of leaves oo the main stem among the treat-

Table 2. Chi-square test for goadness of fit aainat o 1:1 ratio of 268 RIL murgbean

Trait ‘ Observgd freiuencL x2 Prob.
“Berken” “ACC 41" (1:1)
) 137 13 0134 L5040 75
Ci 142 12t 023 50 50
] 114 3,87 4 (.1 )
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menis was not significant at the early vegetative stage. but became
significant at the flowering stage. ACC 41 produced more leaves
than Berken. RILs and Berken reiched the masimum leaf number
and started Lo decrease after the flowering stage at six weeks after
planting, while the number in ACC 41 sull increased until nine
wechs ufter planting (Fig. 2). The number of leaves per plant was
correlated with the number of branches per plant. A similar
response was observed in the number of branches per plant. ACC
41 showed indeterminate growth habit and continued increasing in
branch number until ten weeks, while Berken is determinate in
growth habit, ACC 41 produced more branches per plant than
Berken. At six weeks after planting, Berken almost stopped increas-
ing branch number while the average number in the RILs is half-
way between both parents until harvesung (Fig. 3). The otal leaves
of the RILs ranged from 5.55-47.00. with the average of 19.18
taling between the parents (Table ). ACC 41 had an carlier flow-
ering date bul a tonger growing period than Berken (data not
shown).

The RILs were classified into different ranges according to days
o flowering, number of seeds per pod, number of pods per plant,
seed weight per plant and hard seed percentuge (Fig. 4 to 8). The
variation within each range in very small as can be seen from their
slandard errors, revealing reasonable classification in each traits.
The flowering date of the RILs ranged from 34-62 days with a
mean of 47 days, skewing towards ACC 41. Some RILs were even
earlier in flowering than ACC 41 (Fig. 4). Lawn and Rebetzke
{20006) reported that the growth period of wild species is consistent-
Iy longer than that of the commercial mungbean cultivars.
Moreover, lime to flowering is based on available nutrition. temper-
ature. and genetic mike up of the cuitivars {Nuidu et al. 19913,

Pod and seed characters such as pod length, pod width, and 100
seed weight were quite different among the parents and among the
RILs (Table 1). ACC 41 was smaller in sced size than Bertau.
while both accessions showed a similar number of seeds per pod.
The RIL population produced pods per plant, 100 seed weight and
seed yield per plant. pod width and pod length falling between the
parents as expected. They showed a negative transgressive segregi-
tion in the number of seeds per pod when compared with ACC 41

. ' » A
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{Fig. 5), but a positive transgressive in seed yield per plant when
compared with Berken. The distribution of the genes controbling
this trait many not be so even among the R1Ls. Thus the RILs con-
tained new genes combinations with either a positive or negative
effect on the trauts. allowing the RIL- o full outside the range of
their parents.

The number of pod per plant distribuled normally among the
RILs (Fig. 6). Late flowering genotypes tended to develop more
branches. and possibty give a higher seed yield. Similarly. Rubio et
al. (2004) and Reddy et al. (1991} observed that various genotypes
of mungbean produced different numbers of brunches and pods per
plant. Pod number 1s an important yield component and directly
proportional to crop yield. Miah and Bhadra (1989) reporied a dif-
ference in pod production among mungbean culuvars. An increase



Inheritance of Agronomic Traits in Munghean

a0
It = oo v
ACT 41 Bearkon g 50 -
i ¢ i l £ e | . B
E o« t -f Berken "
= - = 7 i i Aim a1
¥ Z 0 |
! | B
& 4 1\ - L l\ . " & .h I . o] . r “\ - P o
o a i a 'l?'b z P o 3 - o
- % : - Wiummber of pods per plan
AP o gt B '.g" ot oAt ab 3 5 a0 Fig. 6. Number of pods per plant of ACC 41, Eerken, and 268 RILs.
» e 4 o et B L o
Migimi ceiis per sl m _
Fig. 5. Number of seeds per pod of ACC 41, Berken, and 268 Rils. 60 "
30 i

in number of pods per plant will also increase grain yield. In this
study, the number of seeds per pod was not different among the par-
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The germination of the RIL seed at three days after testing
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nate due to hard seed found in it, while the commercial mungbean 1860
cultivar, Berken germinated up to 99.2% . ACC 4] eventually did
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reached 99.6% germination. The average germination of the RILs
was low (13.2%), ranging from 0-100% (Table 1). All the remain-
der seeds germinated upon being scarified and kept in room temper-
ature at 25 OC for seven days. This suggested that seed samples of "
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yet skewed towards 100%: hardseed (Fig. 8). Although the gene(s)
controtling hardscedness should theoretically distribute equally
among the RILs. Most RILs were small in seed size skewing
toward that of ACC 41 (Table 1). Humphry et al. (2003 found a
negative correlation helween hardseedness and seed weight in
mungbean. Similarly, Imrie et al. (1991) found that many smail-
seeded mungbean genotypes had a high percentage of hard seed
while large-seeded vareties did not show persistent hardseedness.
Consequently, large seed cultivars might possess some physical
properties related to seed coat that helped easy imbibitien of water
into the seeds (Afzal et al. 2003a). Moreover. Imne (1992) reported
that hard seed percentage was dependent on physiological maturity,
a combination of high temperature and humidity. and perod of wet-
ting and drying.

Correlation between agronomic traits

One hundred seed weight showed positive correlavon with seed
yield per plant. pod length, and pod width with correlation coeffi-
cients of 0.57, (.58, and 0.59, respectively (Table 3). This implies
that yield depends on seed size. and increasing pod size will
incrense the seed yield as well, These resulis were in accordance
with the finding of Reddy et al. (1991) who also reported a positive
asscciation between pod length and seed weight in mungbean.
Conversely, 100 seed weight was negatively correlated with seeds
per pod, similar to that reported by Rohman et al. (2003). The num-
ber of sceds per pod was negatively correlated with pod width and
pod length, indicating that a large-seeded genotype has a fewer
number of seeds per pod than a simall-seeded one. This is similar 10
the results reported by Sandhu et al. (1997). Berken produced high-
er seed vield per plant than ACC 41 due 10 its larger seed size,
although the wild mungbean ACC 41 produces more pods than the
commercial cultivar Berken. Seed size increment was essential for
yield improvement in munghean {Afzal et al. 2003b). Seed yield
depends on many factors, especially seed weight. nuimber of seeds
per pod, and pods per plant. In this study, seed size is the most
important yield component and directly proportional to seed yield
per plant,

Heritability

Hertability was estimated using variance compengnts from the
analysis of variance of the RIL. population and shown in Table 1.
Herilability of days to flowering was high (8841, similar 10 the
report of Nair et al. (2004) and was mainly controlled by additive
gene effect. Heritability of pod size was the highest at 93.7% n pod
length, and 93.2% in pod width. The other traits with high heritabil-
ity were seed wetght, number of seeds per pod and seed yield per

§ -
2541

plant, indicating high additive venetic effect governing these char-
acters. [Thamuddin ¢1 . (1999, reported high heritability of 1000
seed weight al 82%. Moreover. Khattuk et al. (2002) reported that
additive gcnelic varange component was sienificant only in pod
length and sceds per padl and the esnmates of narrow-sense and
broad-sense herilability woie ielanively laree jor pods per plant, pod
length, and 1000 seed weight. [n this sudy, tie number of pods per
plant pave (ke lowest murow-sense heritability (58.4%). Mahk and
Singh (1983) reported thal both additive and deminant gene actions
were involved in the expression of this trait. The heritability of ger-
mination at three days after testing (h” = 98.9%) was as high as in
seven duys (WY = 94.577 ). Selection for highly heritable traits would
be effective at any peneration.

Testing of genetic segregation

Leaflet shape of the RILs was tested against | delwid : | lobed
ratio by Chi-square and the observed number agreed well with the
expecled one (Table 2). James et al. (1999) and Humphry et al.
(20013) reported Ut this trait is conditioned by a single gene and
located on linkage group B. Similarly. growth habit was not signifi-
cantly deviated from | erect: | spreading ratio, while erowth pattern
followed the | indeterminate: | deicrminate rato. Tar'an et al.
(2002) studicd in common bean and found that the larter rait dis-
tributed us a 1: 2: | ratio.
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Abstracl.

A large representative collection of mungbean (¥igna radiata (L.} Wilczek) consisting of 415 cultivaied, 189

wild and 1] intermediate accessions was analysed by using 19 SSR primers. These SSR primers showed polymorphism
in wild and cultivated mungbean and were sclected from those available for the related species azuki bean [V angularis
(Willd.) Ohwi & Ohwi]. One or more SSR primer for each linkage group {on the basis of the azuki linkage map) was
analysed. In total, 309 alleles were detected and of these, about twice as many were detected in wild (257 alleles) as in
cultivated accessions (138 alleles). The results show that Australia and New Guinea represent a distinct centre of diversity
for wild mungbean. Cultivated mungbean has greatest diversity in South Asia, which supports the view that South Asia
is where this crop was domesticated. SSR marker allelic diversity for cultivated mungbean has distinct regional vanation,
with high variation in South and West Asia. The prescnt study represents the first comprehensive analysis of wild and
cultivated mungbean germplasm diversity by SSR markers, and highlights specific genetic diversity that might be used to
broaden the genetic base of currently grown mungbean cultivars.

Introduction

Mungbean is an unportant grain legume, particularly in Asia.
1t has been estimated that annual production is 2.5-3 million
tons per year {(Poehlman 1991). However, the area and yield for
individual grain legumes, apari from soybean {Glycine max L.),
are not scparately recorded in national agriculture statistics.
Mungbean in China is grown on ~1 million ha and production
is increasing {Tomooka ef al. 2005).

Mungbean belongs to the Asian Figna, subgenus
Ceratotropis. Taxonomically, subgenus Ceratotropis has
been divided into the following three sections: Ceratotropis,
Angulares and Aconitifoliae. Section Ceratotropis also includes
the South Asian cultigen black gram [V munge (L) Hepper].
The centre of species diversity for section Ceratotropis is
South Asia {Tomooka er al. 2002).

The presumed progenitor of mungbean is the wild form
Vigna radiata var. sublobata (Roxb) Verdcourt, which is widely
distributed across the Old World tropics from western Africa
10 northern Australia and Papua New Guinea (Tomooka et al.
2002). Archaebotanical finds and literary records suggest that
mungbean was domesticated in India where wild munghbean
is widely distributed (Smartt 1990; Tomooka er al. 2002).
Archaecbotanical evidence points to both south-eastern India
between the Godavan and Krishna rivers and western Himalayan
foothills as likely places where domestication could have
occurred (Fuller and Harvey 2006).

The conserved genctic resources of cultivated mungbean
number several thousand (Tomooka et af. 2002), The largest

© CSIRO 2007

collection is that of the World Vegetable Center (formerly the
Asian Vegetable Research and Development Center) that has
~5600 accessions. Recent collecting, particularly by Australian
and Japanese scientists,” has increased the number of wild
mungbean (var. sublobata) genetic resources accessions (Lawn
and Watkinson 2002; Vaughan et af. 2006; Tomooka et al.
20064, 20064). To use genetic resources of wild and cultivated
germplasm  efficicntly for research and breeding, a core-
collection approach has been widely applied {e.g. Kojima ef al.
2005). Molecular studies aimed at developing 2 mungbean core
collection have not been reported.

Despite the importance of mungbean, no genome map
resolving 11 linkage groups of this specics has been published
(Kaga et al. 2004). Two papers have reported development of
SSR libraries in mungbean; however, these were not associated
with Tinkage groups and the total number of polymorphic
markers in mungbean reported was only [4 (Kumar et al. 2002;
Gwag et al. 2006). Among other Asian Vigra, SSR marker
libraries have been developed for azuki bean (Wang et al. 2004)
and these have been used to produce a well saturated genome
map for azuki bean (Han er al. 2005). Azuki SSR markers have
also been used to produce a genome map of black gram that
has resoived the 11 linkage groups for this specics (Chaitieng
et al. 2006). Because of their close phylogenetic relationship,
azuki bean SSR markers are also likely to be useful for detecting
polymorphism in mungbean. A similar approach has been
applied in African Vigna of the cowpea, Vigna unguiculara,
group (Phansak et al, 2005).

10.107/BTO7105 0067-1924/07/080837
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[n the present study, azuki bean SSR primers were screened
to determine their uscfulness for analysing diversity in the
mungbeay genepool. By the use of azuki primers that revealed
polymorphism in moagbean, a large collection of wild and
cultivated mungbean were analysed. The goal of this study was
to provide data useful to mungbean breeders and also to reveal
insights into the evolution and dissemination of mungbean. The
specific objectives were as follows: ‘

{1) to determine the genetic diversity and relationships within
and among wild, intermediate and cuitivated mungbean
accessions, and

(2) to determine which accessions should be included in a
mungbean core collection as an aid to efficient evaluation
of mungbean genetic resources.

Material and methods
Plant materials

[nall, 415 accessions of cultivated mungbean [Vigna radiata (L.)
Wilczek], 189 accessions of wild mungbean and 11 accessions
classificd as intermediate between wild and cultivated mungbean
were analysed (Table |, Appendix 1, available as an Accessory
Publication on the web), The plants were sampled from 29
countries (Fig. 1).

DINA extraction

Genomic DNA was extracted from 200 to 300 mg of young
leaves on a single plant per accession with the EZ-1 kit
(QIAGEN, Valencia, CA) or by a modified CTAB method
(Puchooa 2004). DNA concentration was adjusted to 10ng uL™'
as determined on 1% agarose gel by comparing bands with
10ngpl-' of ADNA.

PCR amplification

Seventy-eight SSR primer pairs developed from azuki bean
{Vigna angularis (Willd.) Ohwi & Ohashi] were tested for PCR
amplification in mungbean and for their potential to detect
polymorphism with one cultivated and three wild mungbean
accessions. On the basis of the results, 19 primers located on
all 11 linkage groups of azuki bean were selected for use with
all the mungbean accessions (Table 2).

The 5-end of the reverse primers in each set was labelled
with one of the four fluorescent dyes, 5-FAM, VIC, NED or
PET (Applied Biosystems, Foster City, CA, USA). Six sets
of multiplex PCR reactions per sample were set up for the
amplification process. DNA amplification was carried out on
the GeneAmp PCR System 9700 (Applied Biosystems). PCR
reaction was performed in a 10-pL. volume containing 10ng
of genomic DNA, | x KOD-plus PCR buffer, t mM MgSO,,
0.2mM dNTPs, |U KOD-plus {Thermococcus kodakaraensis,
KOD strain) DNA polymerase (TOYOBOQ, Japan) and 5pmol
of forward and Auorescent labelled reverse primers loaded in
a standard 96-wcll plate format. The temperature cycles were
programmed as follows: 2 min at 94°C foliowed by 35 cycles of
1552194 C, I15sat 55"Cand 15s at 68"C and finally maintained
at 4°C. PCR product was diluted 10 times in MQ water as
-neeessary to prevent off-scale fluorescent signals.

C. Sangiri ef al.

Cenotyping

A volume of | UL of PCR product or /10 diluted PCR product
was mixed with 9 pnl. of Hi-Di formamide containing 0.1 pl
of GeneScan 500 L1Z size standards (Applied Biosystems).
The mixture was denatured at 95°C for S5min then placed
immediately on ice. The denatured products were run on an
automated capillary DNA sequencer (ABI Prism3100 Genetic
analyser). Size of SSR fragment was determined with Gene
Mapper Ver. 3.0 (Applied Biosystems).

Data analysis and core coflection sefection

The number of allelcs per locus, gene diversity, observed
heterozygosity, Wright’s fixation index (Fis) and allelic richness
were calculated with FSTAT Ver. 2.9.3.2 (Goudet 2002). PIC
(polymorphism information content) value was calculated for
each SSR marker according to the formula PIC = t - 3P} where
P; is the frequency of the jth alletes for ith loci. Quicrossing
rate (1) was calculated from the fixation index using the equation
t= (1 -Fis}(1 + Fis)y (Weir 1996).

Genetic distances (D,) (Nei et al. 1983) were computed
with POPULATIONS Ver. 1.2.28 (Langelia er al. 2001). The
principal coordinate analysis (PCA) based on the D, distance
was performed by NTSYSpc 2.1.0 (Rohlf 2001) 1o ordinate
individual relationship into two-dimensional space.

For core-collection selection, the simulated anncaling
algorithm developed by Liu {2002) on the basis of SSR allele
data was used. The total allele number was used as the main
sefection criteria to maximize genetic diversity in the core
collection combined with information on specific morpho-
agronomic characteristics that may be of use in mungbean
breeding such as disease and insect resistance.

Resuits
SSR primers

Of the 78 azuki SSR primers screened, 27 were found to be
useful for detecting polymorphism in the four atcessions tested.
From these, 19 primers located on each of the 11 linkage groups
of azuki bean were used to analyse the entire set of mungbean
germplasm (Table 2).

The number of alleles detected among the 19 SSR primers
ranged from two (CEDGI174) to 37 (CEDG304). In total,
309 alleles were detected, with about twice as many detected
in wild accessions (257 alleles) as in cultivated accessions
(138 alleles), even though twice as many cultivated accessions
were analysed. '

in all, 136 alleles were detected only in wild germplasm
and 33 only in cultivated germpiasm. Of the 19 primers used,
10 revealed more than 10 alleles in the wild germplasm
analysed, and four of these revealed more than 20 alleles
(Table 2). In addition, these 10 primers did not show a clear
peak with respect to the number of accessions that had the
same allele. In contrast to wild mungbean, the cultigen had
fewer alleles per primer, with the exception of primer CEDG304
that had 30 alleles in cultivated mungbean, than the 22 in
wild mungbean.

In cultivated mungbean, 10 primers showed bimodal
allele distribution and many accessions had the same allele,
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Table i. Origin and number of wild, cultivated and intermediate accessions of munghean from different countries used in this study, gene diversity,
observed heterozygosity and estimated oulcrossing rate

Population No. of Loci No. of Gene Observed Cutcrossing
accessions typed Alleles diversity heterozygosity rate (1%)
Cultivated 415 19 138 0.41 0.01 1.68
East Asia 50 19 61 0.27 0.0t 0.96
Japan (CIPN) 10 19 34 0.19 0.0F 1.37
Repubtic of Korea (CKOR) 10 19 39 0.28 0.01 0.91
China (CCHN} 20 19 44 0.26 0.01 1.0
Taiwan (CCHN,) 10 19 35 0.20 0.01 1.27
Southeast Asia 131 19 97 032 0.01 1.99
Philippines (CPHL) 21 19 47 0.27 0.0l 0.9¢
Indonesia (CIDN) 33
East Timor {(CTLS) 2
(CIDN + CTLS) 37 19 2] 0.37 0.02 2.35
Vietnam (CVNM) 20
Laos (CLAD) 5
{CVNM + CLAO) 25 19 49 0.26 6.01 293
Thailand (CTHA) 28 19 47 0.25 0.01 2.67
Myanmar {CMMR) 20 19 45 0.26 0.01 1.47
South Asia (excluding Pakistan) 101 19 105 0.44 0.01 1.63
Nepal (CNPL) 9 19 s 35 0.21 0.01 . 1.37
Bangladesh (CBGD) 2
India (CIND) 80
(CBGD 4 CIND) 32 19 101 0.45 0.02 1.78
Sri Lanka (CLKA) 10 19 37 0.23 0.01 1.06
West Asia (Including Pakistan) 112 19 92 0.45 0.02 2.04
Pakistan (CPAK) - 50 19 75 0.46 0.01 0.8}
Afghanistan (CAFG) 30 19 59 0.37 0.04 4,88
fran (CIRN}) 20
Iraq (CIRQ) 2
(CIRN + CIRQ) 22 19 62 0.35 0.02 3.5
Turkey (CTUR} 10 19 43 0.36 0.01 1.42
Central Asta {(CUZB + CTIK + CKGZ) 14 9 38 0.22 0.02 521
Lizbekistan (CUZB) 9
Tadhikistan (CTSK) 2
Krygystan ({CKGZ) 3
Afnica (CMUS 4+ CMDG + CNGA) 7 19 44 0.40 0 0
Mauritius (CMUS) 1
Madagascar (CMDG) 4
Nigeria (CNGA) 2
Wild 189 19 257 0.63 0.01 0.81
Australia (WAUS) 126 19 189 0.59 0.01 0.40
Insular Australasia {WIDN + WTLS + WPNG) 43 1% 140 Q.53 0.02 1.52
Indonesia (WIDN) 8
East Timor {WTLS) 6
Papua New Guinea (WPNG} 29
South Asia (WMMR + WIND + WLKA) 11 19 103 0.68 0.04 2.77
Myanmar (WMMR) 7
India (WIND) 2
Sri Lanka {(WLKA) 2
Africa (WCMR + WMDG) 9 19 64 0.48 0.01 1.16
Cameroon {WCMR) 7
Madagascar (WMDG) 2
Intermediate 10 19 84 0.63 0.03 2.62
Japan (MJPN) 3 19 23 0.11 0 0
China (MCHN) 2 19 24 0.16 0.05 14.29
Indonesia (MIDN} 3 19 41 0.49 0.09 7.93
Nepal (MNPL) i 19 9 - - -
India (MIND) 2 9 34 0.53 0 0
TotaliMean 615 19 309 0.62 0.01 1.06
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Fig. 1. Duswribution by country of cultivated, witd and intermediate samples of the mungbean complex analysed.

eg primers G108, G150 and G247 (Fig. 2, Appendix 2, available
as an Accessory Publication on the web).

Principal coordinate analysis (PCA)

Resultisof the PCA are shown in Fig. 3a—~h (sec also Appendix 3,
available as an Accessory Publication on the web). The first axis
of the PCA separates cultivated (Fig. 3a—f) from wild (Fig. 3g—h)
accessions and explains 43.9% of the variation. The second axis
primarily distinguishes among cuitivated mungbean germplasm
and accounts for [1.3% of the variation. Fig. 3o shows
cultivated mungbean accessions from different geographic
areas. This reveals that Central and East Asian accessions
consisted of restricted and similar diversity. Other regions
had broader diversity, particularly accessions from South Asia
(Fig. 3c, ). Accessions from western and Southeast Asia have
many accesstons with diversity similar to eastern and central
Asia. Five accessions from Africa are in the upper left of the
PCA plot and two (from Madagascar) are in the lower-lefl side
(Fig. 3.

Intermediate accessions (Fig. 3g) consisted of some
accessions on the PCA plot in a pesition similar to cultivated
accessions. Other intermediate accessions are assoctated with
wild accessions.

Wild accessions (Fig. 34) showed no overlap with cultivated
accessions, although accessions from India and A frica are closest
10 cultivated mungbean on the PCA plot (Appendix 3}.

Cene diversity and genetic distance

The gene diversity of the culiivated mungbean is higher in
South and West Asia than in other regions, being 044 and

0.45, respectively {Table 1). Central and East Asia had the
lowest gene diversity of 0.22 and 0.27, respectively. Among
the wild germplasms analysed, the highest gene diversity was
found in South Asia (0.68), despite consisting of far fewer
accessions than germplasm from Australia and neighbouring
countries.

The genetic distance (£,) of the cultivated mungbean
among different countries of Southeast and West Asia
was low (D, =00t} (Table 3). However, P, between
cultivated mungbean from Nepal and Sri Lanka and other
parts of South Asia was relatively high (D, = 0.18). In
East Asia, D, between Japanese-cultivated mungbean and
Chinese or Korean germplasm was higher than O, between
Chinese and Korean germplasm. The D, between Central
and West Asian cultivated mungbean was lower than that
among the other regions. African-cultivated germplasm had
low D, from South, Southeast and West Asian germplasm
(0.13-0.14).

Wild mungbean germplasm from Pakistan, India and
Bangladesh was most similar to culuvated germplasm of the
same region. Wild germplasm from Afnca, like cultivated
germplasm from Africa, showed low D, from mungbean
germplasm from South and Southeast Asia. Within wild
germpiasm, the D, between wild germplasm from Australia and
that from [ndonesia, East Timor and Papua New Guinea was the
lowest.

The D, between Japanese and Chinese ntermediate
populations and cultivated munghean was less than that between
them and wild mungbean. This was also the case with Indian and
Nepalese intermediate populations, but to a lesser extent. On
the other hand, the D, between intermediate populations from
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Fig. 2, Allelic diversity in (a) wild, (b} intermediate and (¢) cultivated
mungbean for SSR primer CEDG150.

Indonesia and wild populations was less than that between other
intermediate populations and wild populations.

Core collection

Accessions selected for the mungbean core collection are
highlighted in Appendix 1. This collection consists of almost
equal numbers of wild (49) and cultivated (52) accessions plus
five intermediate accessions. The core collection consists of
~17% of the entire collection analysed and includes 90.6% of
the SSR alleles.

Outcrossing rate

Average estimation of outcrossing rate in cultivated mungbean
was 1.68%, with variation ranging among regions from 0.96%
in East Asia to 5.21% in central Asia (Table 1). The average
outcrossing rate for smaller-fiowered wild mungbean was lower
at 0.8 1%, ranging from 0.40t0 2.77%. Intermediate populations
showed the highest average level of outcrossing at 2.62%.

Discussion

Previous studies of large sets of mungbcan genetic resources
have focused on the analysis for morpho-agronomic
charactenstics (Lawn and Rebetzke 2006) or protein banding
(Tomooka et al. 1992). Small sets (11 or 12 accessions) of

C. Sangiri et al.

wild mungbean germplasm have been analysed in relation to
phenology (Rebetzke and Lawn 2006a), growth, biomass and
seed yield (Rebetzke and Lawn 2006h), root system (Rebeizke
and Lawn 2006¢), and AFLP banding (Saravanakumar er al.
2004). The present study represents the first large-scale analysis
of cuitivated and wild mungbean germplasm with molecular
markers.

Cenetic relationship between wild and cultivated
mungbean

The present study has shown that the cultivated and wild
gene pools of mungbean are well differcntiated (Fig. 3). On
the basis of D,, wild mungbean gene pools from South Asia
(India, Myanmar and Sri Lanka) and Africa (Cameroon and
Madagascar) were most similar to the cultivated gene pool
(Table 3). Similarly, among cultivated mungbean germplasms,
South Asian (Bangladesh, India and Pakistan) germpfasm was
most similar to wild mungbean from mainland Asia and Africa
(Table 3). Therefore, results from analysis of SSR allclic
diversity support the view that mungbean was domesticated in
mainland South Asia. The results also suggest that from there,
both wild and cnitivated mungbean were introduced into Africa,
perhaps recently.

Wild mungbean in India ts widely distributed in the
western Ghats and sporadically distributed in Rajasthan, Madhya
Pradesh and the north-western Himalayas (Arora and Nayar
1984; Bisht et al. 2005). Archaeobotanical remains of ¥ radiata
have been found at Neolithic sites in southern India where
wild mungbean occurs. In addition, eatly finds of ¥ radiata
occur at .eastern Harappan sites, not far from the western
Himalayas (Fuller and Harvey 2006). Since only few accessions
of wild mungbean from South Asia were analysed here, it is
not posstble to comment on potential areas in South Asia where
domestication occurred. To seek further information related to
mungbean domestication, it would be helpful to analyse the
diversity of the cytoplasmic genemes in wild and cultivated
mungbean germpilasm.

Domestication results in a genetic bottleneck becavse of the
restricted number of plants involved in domestication (Gepts
2004). On the basis of the mungbean germplasm analysed,
~50% of the genetic variation present in wild mungbean is
found in the cultigen, suggesting the genetic bottleneck resulting
from domestication is weaker than reported for cereals. Cereals
have been characterised by genetic bottlenecks of ~30% or
less when considering nucleotide diversity (Buckler er al.
2001; Zhu et al. 2007). This may reflect differences in the
domestication process of legumes compared with cereals; e.g.
in relation to wild population size and the domestication-
related genes that have developmental origin in legumes different
from that cereals, suci as those associaled with shattering and
seed dispersal.

Cenetic diversity of the cultivated mungbean

Gene diversity in cultivated mungbean of Asia is highest in
South Asia (India, Bangladesh 0.45, Pakistan 0.46), followed
by West Asia (Afghanistan 0.37, Turkey 0.36, Iran and Iraq
0.35) and insular Southeast Asia (Indonesia and East Timor
0.37) (Table 1). High gene diversity was also recorded for Africa
{0.40) because two accessions from Madagascar differcd greatly
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from the other African accessions (Fig. 3/). The results suggest
cuftivated germplasm spread from South Asia to both West
and Southeast Asia, possibly at a similar time, and that it was
introduced into Africa more than once.

By using seed protein-banding vanation, Tomooka er al.
(1992} studied a large se1 of cultivated mungbean accessions
(590) and found most genetic diversity in Wesl Asia

(Afghamstan, lran and iraq). In the present study, most allelic
diversity was found in cultivated germplasm from South Asia
(India, Bangladesh and Pakistan), followed by West Asia. The
differences between results reported here and those by protein
banding may reflect the type of marker used, and point 1o the
high level of mungbean diversity that went to West Asia and has
been retained there,
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The present study supports the hypothesis of Tomooka
er al. (1992) regarding spread of cultivated mungbcean from its
presumed areas of domestication in South Asia. Dhverse cultivars
from South Asia spread to both West and Southeast Asia.
While mungbean would have been intreduccd by land routes
10 West Asia, the high level of diversity in Indonesia suggests
early dispersal by sea routes. Restricted germplasm spread to
central and East Asia was perhaps due to selection for mungbean
germplasm adapted to its ecological limits at the northern edge
of its distribution. The close relationship, on the basis of genetic
distance of South Asian and Chinese cultivated mungbean to
Indonesian-cultivated mungbean suggests that introduction of
mungbean to Indonesia from both places has occurred. D,
results also suggest China may have been a source of cultivated
mungbean germplasm to other parts of Southeast Asia as aresult
of migration from China.

Cultivated mungbean in Africa appears to have spread by two
routes, a northern route perhaps via West Asia and a southern
route, perhaps with the Indonesian expansion to Madagascar,
and consists of highly diverse germplasm.

Wild mungbean in Australasia

The present study included a large number of wild mungbean
accessions from Australia and neighbouring countries (East
Timer, Indonesia and Papua New Guinea) where it is indigenous
(Lawn and Cottrell 1988). This germplasm is genetically closely

. retated (D, =0.13) but with high allelic diversity. Previous

¥ studies have also shown both the closc genetic relationship
of germplasm from the extreme cast of the wild mungbean
distribution range, and also its distinctiveness from germplasm
of other regions (Saravanakumar er al. 2004). Results here
support the view that wild mungbean has a2 long history in
Australasia (Lawn and Cottrell 1988; Saravanakumar er al.
2004).

Germplasm of wild mungbean in Australia and neighbouring
countrics comes from a wide range of ecological habitats
including riverbanks, savanna grassland and lightly wooded
arcas (Lawn and Watkinson 2002, Tomooka et al. 20065,
Vaughan et al. 2006). Some morphological characters of
accessions reflect the ecologically diverse habitats this
germplasm comes from. For example, wild mungbean from
clay soils of central Queensland, Austrahia, where an extended
dry season occurs, have well developed taproots (Lawn and
Watkinson 2002; Rebetzke and Lawn 2006c). However, wild
mungbean from other habitats, such as the petmanently wet
alluvial banks of the Sepik river of Papua New Guinea, have
cxtensive fibrous roots.

Core-collection development

The core collection developed here represents 17% (106
.accessions) of the original coliection (615 accessions)
(Appendix 1). This is a higher proportion than the 10% originally
proposed by Frankel and Brown (1984). However, this set has
~50 accessions each of wild and cultivated mungbean and
that should make it possible to evaluate either the wild and/or
_ cultivated germplasm easily for traits of importance. It would
* be expected that the wild germplasm may be a useful source of
pest, discase and abiotic stress resistance, whereas the cultivated

C. Sangiri er al.

germplasm may be most uscful for traits related to improved
plant type or life cycle.

The present study represents the first large-scale genoms-
level analysis of the mungbean crop complex. While the
collection analysed is poorly represented in germplasm from
some areas, particularly wild mungbean from South Asia,
the broad relationships among components of the mungbean
complex have been revealed. The study should assist mungbean
breeders in selecting germplasm for evaluation and use in
breeding programs. Further efforts are needed to develop a
mungbean molecular-linkage map that resolves 11 linkage
groups.
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ABSTRACT

Five mungbean (Vigna radiata (L.) Wilczeck) varieties from China (CM1 to CMS),
two from Thailand (KPS1 and KPS2), and one from Korea (K7) were used as parents to
produce 34 F s. Hybrids were evaluated along with their parents in the field of the Asian
Regional Center of the Asian Vegetable Research and Development Center (ARC-AVRDC},
Kasetsart University, Kamphaeng Saen, Nakhon Pathom, Thailand. The hybrid vigor was
determined from both heterosis and heterobeltiosis for major agronomic characters,
including yield and yield components. Considering overall characters, the superior F s
were CMS5 x K7, CM4 x K7, CM4 x KPS1 and CM3 x K7 while the most promising parental
line for future hybrid production was K7. Although K7 per se had low seed yield per plant,
its F s gave significant heterobelfiosis in most crosses.

Key words: Vigna radiata, Mungbean, Hybrid varieties

INTRODUCTION

The success of hybrid varieties

Whether dominance or overdominance gene action conditions the hybrid vigor, Crow
(1952) concluded that there is a decrease of vigor on inbreeding and a gain on outcrossing.
Thus, crossing between 2 parental lines carrying diverse genotypes, i.e. each having
dominant alleles on different loci should produce a vigorous F.. With this concept, heterosis
has been utilized in commercial hybrid maize production since the 1930s as double cross
hybrids (Shull, 1946). He proposed the word heterosis to describe the unusual vigor of the F .
resulting from hybridization of two inbred lines of maize. Presently, hybrid varieties are
produced in economic crops including maize, sunflower, sorghum, cotton, wheat, barley,
rice, castorbean, sugar beet, some Brassica crops, onion, tomato, etc. Some of these crops are
self-pollinating (such as cotton, sorghum, wheat, barley, rice and tomato) but they either have
a high rate of random outcrossing or easily cross and produce a fairly large amount of seed
that hybrid cultivars can be economically produced (Simmonds and Smart, 1999).



The most recent success story in harnessing hybrid vigor in major crops is hybrid rice
in China (Lou and Mao, 1994). The average yield of hybrid rice is more than 2 tons over the
conventional pure line varieties. By growing hybrid rice in 70% of the total rice - planting
area (~30 Mha), China is able to harvest additional 50 Mt of rice every year. Some paddy
field has recently been diverted to grow other crops due to self-sufficiency of this staple
cereal in China. While hybrid rice is not so successful in other countries, some breeders in
China are exploring to extend the use of hybrid varieties to other crops, including mungbean.

The potential of hybrid mungbean

Mungbean (Vigna radiata (L.) Wilczek) is an ancient legume crop with respect to
production, trade, and consumption. It is widely grown in countries of South and Southeast
Asia, especially China, India, Pakistan, Myanmar, Thailand and Vietnam (Tomooka et al.,
2002). In China, it is usually grown for local consumption or exporting in smaller areas as
compared to soybean. Cheng et al. (2002) compiled information on potential production of
mungbean in China and reported that it had become an economic crop in the provinces of
Anhut, Henan, Hebei, Jilin, Jiangsu, Liaoning, Qinghai, Shanxi and Shangdong. The major
production areas are in the plain of Northern China and the lower reaches of the Huang and
Huai Rivers.

The research work to improve mungbean varieties in China began recently. At present,
over 3,000 mungbean accessions have been collected from 20 provinces, preserved and
evaluated by the Chinese Academy of Agricultural Sciences, located in Beijing (Cheng et al.,
2002). Many varieties are still native lines. They usually give low yield, set pods around the
stem with uneven maturity and thus require several harvestings. From 1983, many mungbean
varieties were introduced from Asian Regional Center - Asian Vegetable Research and
Development Center (ARC-AVRDC) in Thailand to China. These varieties are gradually
replacing Chinese native mungbean varieties. Yet, more new cultivars are required to
improve average yield of mungbean in China.

With the success in using hybrid rice varieties to boost up the yield in China, a possibility
of using hybrid mungbean should be explored. To begin with, combination of crosses should
be produced and tested for high heterotic combinations (the crosses with high specific
combining ability). If a good cross combination cannot be identified, a parental line that
most frequently gives superior Fis (the line with high general combining ability) should be
chosen as a good combiner. Another parents that can specifically combine well with the
selected parent can be picked up later.

This study was aimed at identifying parental lines of mungbean for producing superior
F) hybrids which crossing made from mungbean varieties which are diverse place of origins
for possible uses in hybrid mungbean production.

MATERIALS AND METHODS

This study was conducted for 3 successive growing seasons from November, 2002 to
July, 2003 in the experimental fields of the ARC-AVRDC, Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom, Thailand. In the first season, five Chinese mungbean
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varieties (CM1 to CMS5) and a Korean variety (K7) were sown in a crossing block to increase
seed and observe on their flowering habits under Thailand condition. In the following season,
they were planted in the crossing block along with the cultivars KPS1 and KPS2 from
Thailand. Altogether 34 F, combinations were made as shown in Table 1. At least 10 pods
(~80 seeds) were obtained from each cross. In the third season, the F1s were sown in the field
along with their parents, each cross was sown in a two-row plot of 4 m long using the spacing
of 50 cm between rows and 20 cm between hills with two plants per hill. Insects were
controlled by spraying triazophose (Hostathion 40% EC) at the rate of 40 cc per 20 liters of
water when the insect population was building up beyond the threshold level. Weeds were
controlled by pre-¢mergence spraying of Imazethapyr at 250 g a.i. per ha. Lale weeds were
controlled or rogued out by hand weeding.

Table 1. F, hybrids obtained from crossing between different mungbean parents (indicated
by + sign). ‘

Male
Femals CM1 CM?2 CM3 CM4 CM5 KPS1 | KPS2 | Korea7

CM1 - - - - -
CM2 - - - - -
CM3 - - - - -
CM4 - - - - -
CMS - - - - -
KPS1

KPS2

Korea7

+|+|+[+]|+
+ |+ +[+]+

+|+|+|+]+{+ ]|+

++ [+
+ |+ |+
++ |+
+|+ |+
+1+ ]+
:
;

Data from the following characters were collected:

Days to first flowering and harvesting, averaged across each plot
Plant height at maturity (cm)

Number of pods/plant

Number of seeds/pod, averaged from 20 random pods
1,000-seed weight (g), weighed from at least 200 seeds

Yield per plant (g}

A S ol e

Characters no. 2, 3 and 6 were taken from 10 random plants from each plot

For each F, cross, heterosis (H) and heterobeltiosis (Hb) which are expressed in
percents (%) for a particular trait were calculated as follow:

H = (F, - MP) x 100/MP
Hb = (F.-Pi) x 100/Pi

Where F, = mean observation of the F, progenies taken from the total of n; plants
MP = mean observation of both parents taken from n; + ns plants
Pi = mean observation of one¢ parent of the cross taken from the total of

n; plants for Py, or n; plants for P,



Significances of H and Hb were determined by t-tests as follow:

4y . F-MP
Su
F-P,
Hb = b
SH'b

Where Sy and Sy, were the standard errors of the estimates of H and Hb which could be
derived as follow:

i - F[BE

Varianceof H = Var [ﬁ. --Pz—’ - 4]

SSF, , _SSP, . SSP,
m(ni-1)  4na{np-1)  na(ns-1)

Where Vl_i., VP, and VP, were the variances of the mean of each generation; VF,, VP,
VP,, SSF,, SSP, and SSP; were the variances and sums of squares of the specified generation,
respectively.

Thenof Su = \/ variance H

In the same manner, variance of Hb could be obtained from
Variance of Hb = Var (F, - P)
VF, + VP,

ny 1;

SSF. _ SSP,
n(n-1}) ni(ni-1)

and SHb = y variance Hb
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The degree of freedom (df) for each test was obtained by summing up the df of each
generation participating in the estimate. Thus the df for testing H was (n-1)+(n;-1)+(ns-1),
and the df for testing Hb was (n,-1)+(n-1), i = 2 or 3. '

RESULTS AND DISCUSSION

When K7 was used as either female or male parent, its Fis were earlier in both
flowering and ripening dates as compared to their parents (Table 2). Days to flowering and
days to harvesting of the F1s tended to fall between mid-parent, indicating that additive gene
action was conditioning both traits in this experiment. Thus, K7 which is the earliest variety
would aiways give F; with shortest flowering and maturity dates. Its progenies flowered
between 32-37 days and matured between 60-64 days. However, there was rather big
difference between maturity date among the 34 F,s. The dates ranged from 60-73 days which
were considered early in China but normal in Thailand. '



Table 2. Agronomic characters, yield and yield components of 8 mungbean cultivars and
their 34 F,s observed under field condition at Kasetsart University, Kamphaeng
Saen Campus, Thailand (2002 - 2003).

Mungbean Days to Days to Plant Pods/ Seeds/ Seed wi/
genotypes flowering  harvesting  height (cm) plant pod plant (g)
KPS1 39 70 79.6 7.6 8.5 27.9
KPS1xK7 36 65 63.3 113 10.9 24.5
KPS1xCM1 30 - 71 63.9 10.0 5.0 325
KPS1xCM2 39 71 58.4 10.0 9.0 27.1
KPS1xCM3 141 72 58.9 6.8 8.8 13.7
KPS1xCM4 39 71 61.0 8.8 7.0 221
KPS1xCM5 39 72 54.4 9.0 73 25.3
KPS2 39 72 a67.1 7.1 9.0 23.0
KPS2xK7 33 65 73.8 11.9 10.5 3R.8
KPS2xCMI 39 71 74.9 11.1 11.0 39.8
KPS2xCM2 39 73 79.4 9.2 9.8 34.0
KPS2xCM3 39 72 839 6.8 10.4 28.1
KPS2xCM4 39 73 80.5 10.7 9.8 37.5
KPS2xCM5 40 71 78.6 10.1 10.4 373
K7 32 60 31.6 8.6 9.0 13.6

K7x KPS1 36 63 62.8 21.6 10.0 58.0
K7x KPS2 37 64 53.2 16.9 8.5 37.0
K7xCMI1 33 62 46.7 14.4 9.5 357
K7xCM2 35 61 58.4 171 S.0 37.0
K7xCM3 33 62 45.6 6.3 10.0 10.0
K7xCM4 37 64 61.4 12.3 10.8 30.2
K7xCM5 33 60 421 6.9 10.6 21.9
CM138 68 69.2 13.5 10.0 35.1

CM1xKPS1 - 38 72 63.0 11.9 8.3 30.9
CM1xKPS2 39 73 74.5 133 9.3 50.8
CM1xK7 34 64 70.5 22.8 11.0 59.7
CM239 69 68.6 11.6 10.2 41.0

CM2xKPS1 39 71 50.5 18.1 9.8 76.0
CM2xKP§2 38 70 60.2 13.9 9.1 58.3
CM2xK7 34 64 50.0 153 10.6 66.9
CM338 70 68.9 12.3 8.8 41.7

CM3xKPS1 39 73| 6.2 11.4 11.0 46.9
CM3xKPS2 39 72 68.4 11.5 9.4 64.0
CM3xK7 33 63 61.8 26.3 11.0 739
CM439 69 59.8 9.4 10.2 256

CM4xKPS1 40 68 67.7 254 9.9 78.1
CM4xKPS2 38 69 62.8 10,9 8.2 37.1
CM4xK7 32 61 68.2 25.8 11.8 74.8
CM537 68 64.6 12.2 10.6 51.0

CM5xKPS1 37 67 73.6 20.5 10.2 81.8
CMS5xKPS2 37 67 70.2 15.5 10.2 69.6

CM5xK7 - 34 66 69.7 36.3 11.0 116.1
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For plant height, yield, and yield components, the relationship between parents and Fis
were dependent of crosses (Table 2), indicating that non-additive gene action played a major
role in controlling these traits. The calculated values of heterobeltiosis (Hb) and heterosis
(H) revealed that the hybrid vigors could be of either positive or negative, and might or might
not be significantly different from zero (Table 3).

Table 3. Percent heterobeltiosis, %Hb (against male and female parents) and heterosis, %H
(against mid-parent) of seeds per pod, pods per plant and seed weight per plant of 34
F, mungbeans observed under field condition at Kasetsart University, Kamphaeng
Saen Campus, Thailand (2002-2003).

Mungbean Seeds per pod Pods per plant Seed weight per plant
genotypes % Hb over %H % Hb over %H % Hb over %H
female male mid- female male mid- female male mid--
parent parent  parent parent parent parent parent parent parent
KPS1xK7 1.7 1.5 1.6 3.7 3.1 34 -03 1.1 37
KPS1xCM1 -0.5 -1.0 -1.0 2.4 A5 35 0.4 -0.3 0.1
KPS1xCM2 -0.3 -1.2 -0.8 24 -1.6 0.4 -0.1 -4 Q.7
KPS1xCM3 -0.6 -07 -0.7 -0.8 -5.5% 0 32% 0 1.4* -2.8  -2.1%*
KPSIxCM4  -3.5%* 40%* .3.8%* 1.2 -0.6 03 -0.6 -0.3 -0.5
KPS1xCMS5 2.0 -3.0% -2.5% 1.4 -0.4 -3.2% 03 -2.6%F -1.4*
KPS2xK7 -0.3 -0.6 0.3 4.8 33 4.0 1.6%  2.5%%  Z20%*
KPS2xCM1 0.0 1.2 1.0 4.0 -2.4 -B.9*x 1.7 0.5 1.1
KPS2xCM2 -1.9 -0.6 -1.2 2.1 -2.4 -7.0%% 0 1.1% -0.7 0.2
KPS2xCM3 -0.4 1.7 0.8 -0.3 5.5 -186** 0.5 -1.4 -0.4
KPS2xCM4 -1.0 0.2 -0.3 3.6* 13 -1.9 1.4%%  12%%  1.3%*
KPS2xCM5 05 0.5 0.3 3.0% -2.1 2.0 1.4% -1.4* 0.0
K7xKPS1 2.3 23 2.2 12.9%*%  13,9*%* 134%% 44%x JF* 3 7**
K7xKPS2 -2.9% 267 2.0 8.3*%*  Qgx¥ Q¥R PIRE [ 4% ] FH*
K7xCM1 1.0 1.2 0.8 5.8 0.9 3.4 1.3* 0.3 0.2
K7xCM2 0.5 0.7 -0.7 8.5%* 5.5%  470%% 3% 0.4 1.0
K7xCM3 1.1 1.7 1.3 2.3 -6.0 -4.2 0.4 S3.2*%F (1.8%**
K7xCM4 0.6 0.8 0.6 2.1 1.3 1.7 4,1%* 0.5 1.1
K7xCMS 02 -0.1 -0.0 -1.7 5.3 3.5 08 -29%* 1.0
CM1xKPS1 -1.4 -0.9 -14 -1.6 43 -1.6 -0.9 -0.2 -0.5
CMI1xKPS52 0.2 -1.0 -0.0 -2.0 6.2%¢  -6.7F* 1.6 2B¥F D IRF
CM1xK7 1.7 1.5 1.3 9.3* 14.2%*  193*  25%*%  46** 35+
CM2xKPS1 -0.2 0.7 0.2 6.5%*  105*%* g5%*  F5wF 4 RFF | 42**
CM2xKPS2 -1.1 2.4 -1.8 2.3 6.8%* -2.3 1.7%%  3.5%* 2.6%*
CM2xK?7 -0.4 -0.2 -0.4 3.7* 6.7%%  F2%* 2.6%*  53%F  4,0%*
CM3xKPS1 2.6% 2.7 2.6% 09 38 14 0.5 1.9** 1.2
CM3xKPS2 -0.4 -2.5% -1.3 0.8 4.4  -138%% 22%F 4 1*%*  32*F
CM3xK7 2.1 1.5 1.7 14.0**  17.7%*  16.4*%*% 32%*  6.0%* 4.6**
CM4xKPS1 0.9 1.4 1.2 16.0%* 17.8%*% 16.9%* 32** 50%* 5,1%*
CM4axKPS2 -0.8 2.0 -1.3 1.5 3.8* -1.7 1.2 1.4%% [3*
CM4xK7 24% 2.2% 2.2*%  16.4**  17.2*%%  16.8*F 49%* 5 1%* S55%*
CMS5xKPS1 0.2 1.2 0.7 83%*  1209%*  10.6%* 3.1**  S54%* 472%*
CM5xPKS2 0.0 -1.0 -0.2 33 8.4%* T 4x* 1.8%  4.6%* 33%*
CMS5xK7 0.1 0.4 0.2 24.1**  27.7%F 259  6.5%%  10.2%* 84%*




Among the yield components, 1,000-seed weight showed least number of crosses with
heterosis. This is because the parental lines used in this study are less diverse in this trait,
with the 1,000-seed weight varying between 60-70 gm. Most F1s gave 1,000-seed weight of
similar range. When Chinese mungbeans were used as a parent, they gave more hybrid vigor
than when KPS2 was used. K7 gave the Fls with moderate vigor between the two
afore-mentioned groups. The heterosis of 1,000-seed weight in this experiment was found to
be between -40.6% in K7 x CM3 to0 19.5% in CM5 x KPS2 while heterobeltiosis ranged from
-27.8% in K7 x CM3 to 24% an KPS2 x CM2 (data not shown). More crosses expressed
negative hybrid vigor in number of seeds per pod such as KPS1 x CM4, KPS1 x CM5 and K7
x KPS2. Positive vigor in which the F1s showed more seeds per pod than their parents was
found in the crosses CM3 x KPS1 and CM4 x K7. Stronger and more positive hybrid vigor
was identified in number of pods per plant, especially in the crosses K7 x KPS1, CM1 x K7,
CM3 x K7, CM4 x KPS1, CM 4 x K7, CM5 x KPS1 and CMS5 x K7. The heterosis and
heterobeltiosis found in these crosses were well over 10%, and even over 25% in the last
cross. K7 seemed to carry good genes for this trait and thus gave more Fls with significant
heterosis than the other parents. A few crosses gave negative heterosis in number of pods per
plant such as KPS2 x CM3, CM3 x KPS2, KPS2 x CM1 and CM1 x KPS2. It revealed that
KPS2 had contributed negatively to its hybrids in the expression of this trait. Hamid et al.
(1996} reported that number of pods per plant was relatively high heritable (heritability =
41.0%) as compared to 31.9% and 21.2% in seeds per pod and seed size respectively.

For seed weight (yield) per plant, high positive heterosis was identified in K7 x KPS1,
CM1 x K7, CM1 x KPS2, CM2 x KPS1, CM2 x K7, CM3 x KPS2, CM3 x K7, CM4 x KPS,
CM4 x K7, CMS5 x KPS1, CMS5 x KPSZ and CMS x K7. Although the Korean K7 was a
major contributor for hybrid vigor, the counterpart parent was equally important as a yield
contributor. Hamid et al. (1996) reported higher heritability of yield per plant as compared to
the yield components while days to maturity expressed highest heritability (82.1%) among
all the traits they studied.

CONCLUSIONS

It can be concluded from this study that K7 should be chosen as a parent to cross with
either Thai or Chinese mungbeans in order to produce superior F(s. The crosses between
Chinese and Thai mungbeans did not give high vigorous yield in Fs cross. Since over 50% of
the total mungbean acreage in China are AVRDC-improved varieties/lines, it is likely that the
Chinese mungbeans are related to KPS1 and KPS2 which also originated from AVRDC (Cheng
et al., 1993; Cheng and Wang, 1998). Thus they did not give F progenies with high heterosis
as compared to using K7 as a parent. The hybrid yield with maximum heterosis of close to
10% in the cross CM35 x K7 is not economically feasible to produce commercial hybrid seed
of mungbean. More cross combinations should be evaluated for hybrid vigor, coupled with
possible means to produce hybrid seed (i.e. male sterile system, hand-pollination, etc.). At
the moment, it is still far from reality that hybrid mungbean will be commercialized in a
popular manner as tn hybrid rice.
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Screening for Mungbean Tolerant to Iron Deficiency Using Nutrient Solution

gPnsal 913 fazfng MATnm? Ssaquh n1362” varauddie Funiuizr’
Thitaporn Chalee® Pecrasak Srinives’ Rangsari't'Kaveet‘cz and Sontichai Chanprame’

Abstract

Screening of mungbean tolerant 10 iron deﬁcaency is usually done in the F eld condmons
which are less umfomuty and uncontrollable env;ronments The planrs may escape the selecnon .The
technique for screening of mungbean tolerant to iron deﬁcnency usmg nutrient soluhon was exarmned_
Modified half Hoagland nutnent solution was used. The solution was added with 2 4, 20 p.M Fe EDTA
and § and 7 g/1 CaCO_at pH 7 or 9. The seedlmg of three mungbean vaneUes hamphaeng Saen P
(KPS1), Kamphaeng Saen 2 (KPS2) and NM10-12 were grown in these soluuons It was found {hat
2 gM Fe-EDTA and 5 g/t CaCO at pH 9 could distinguish the suscepuble variety (hPSI and KPS?.) from
tolerance variety (NMi0-12). Then, this condition was apphed to F, population of KPSI x NM10-12 to
determine the respond of individual plant. By using this techmque it was found [hat iron deficiency
tolerance character in mungbean is controlled by a smgle dominant gene which is snmxlar o the result

conducted from the field testing technique.

Keywords : calcareous soil, calcium carbonate, F, population, Hoagland nutrient solution
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2 Innangasinyas

A

- -paplafidennisviaciamin (fron Defi-
ciency Chf0r0515 IDC) ilupansdiiatiuuiian
mamfﬂuaau fionslumdsafiefivliannsald
ﬁ'mman'iuau'la mmsaaaTwaTummmtﬁu{lmmw
tnmﬁuﬂnﬁmaUan‘luauuaamﬁsa‘iumﬂnmwaa
U's_:mnﬂm; (xmmumaauamgaﬁuauqs) ‘lj\]l.‘l‘]uﬂ’ll.ﬁﬁl‘
TWrandnanag ' . N

asUsziiunsesamdnlud ndisaty
antnidasiidieiia lagianiznisreuauaswuuiiie

AsalsFaduiisaanAsulsus niaan muaden
wisiBanduraeitnsuszfin ldud nasvaniivlude

nsugnityluna msUgnluasazaiosge g
Brmdaidiios As (1) awnsoinlinaesd () T
isazsouyasnntsziuliinamios 14 - 30 fu (3
muﬁh%’nﬁﬂﬁ[ﬁﬁmn"rsnéa'[ﬁa‘fws:ﬁuﬁﬁaanﬁ‘lﬁ
4 ain'nmuﬁmﬁziaﬂfmuﬂsﬂﬂmaaﬁuuﬂamﬁ'aa
uaranmuaaden Tufvasuinsuszdiduanin
uﬂaadé:m'ia:maﬁ'w‘zmﬁ'ﬁﬁum‘nﬁmnéﬂﬁaﬁé'x
awdusiulusziugs (Chaney et al, 1984; Jessen
et al, 1988)
Wugnianfiauandnvazeaslsaiiiann
nInASAWANLEIMAS fisaunTousnlan Weiss
(1943) Tﬁmi’]uﬁuﬁawfioéﬂﬁﬁ maternal effect
Cianzio and Fehr (1980) dszifiuanisaaslsda
fiiiaannanasiamdniuAuuaannSoa Yuiign
AwRkEofundnfifitudesi oo varlul 1982
ini¥uvaasalalfvszvansfivandrsaanlunuiniu

dnvasnlinnn (quantitative) Audiiisivaeiiuuy

Haudn (additive gene action) NSLARIDANYDY
dnwarzAImruden I3 R mRaNn i e i
AU i’?uagiﬁ'uﬁ’ﬁéﬁauiiﬁiﬁﬂun"ﬁﬁ'mm
anvniitonds dnugnsadiavasidneaizaaslsda
fdinvnnisviasigmdnluddondufuibiv
(dominant gene) A wmimiindu epistatic effect
(inhibiting action) (gxun, 2539; 13, 2544)

a1uﬁiaﬁﬁ’:'ﬂqﬂfi:aoﬁaﬁaw'lm'iaza'mms}
pmATTnandmsuliAadani i@ o fimmauda
MIvasIAman  uarRnynignIafinduaNdnsas

: m'lmmﬂ1tat»ian"mjmﬁ'w!m§n

AVTNAHDUNIAIIHENTUS

aunInIazIBNT

FzwiiunmuAanlinad
21 SPAD index Tusnwiudad

dudoafildluntaneancil ldud dudo

Audiwnouan 1 duwauau 2. @gwud NM10-12

wazdadn@on F, Afiaannisnansznitonug

iunanay 1 (Rudual) uazdtowud NMI10-12

s

C(Wudra) dwou 190 avewud waniuuszvang

l'ﬁmﬁ'uﬁun'ﬁmaaaﬁu‘lumuﬁa‘fmﬁ tuwndadudes

-,Uan‘fuﬂummﬂa 11ﬁum%amﬂ=mmaﬁ‘m mtﬁuﬂu

unamt‘isawuﬁuﬂmuaatmummmuauav pil &
UazIAGIALAGR mﬂlgnmwmwﬁﬁaﬂgnmmuqa,

-1 w0 (Uszune 50 i) usiazuma‘iﬁ'mm'n 5 HAT

W 10 aonudvesndn F idgniugiunonay 1
uazasWuS NMI10-12 Imadg!_n’fu‘i”i 10 wou 2546
dofiviflang 14 Fu (Tuii 24 wivou 2546) Fetuiin

uamsUszdinSunmunanlsWaduasiuindioaiivgnly

uUAdAIBLAT B Ciilorophyll Meter SPAD-502
(Minolta  Co., Osaka, Japan) wannyszdituasa
m’iﬂuﬁ’;én_ cork borer uildueistufitarldlunasnii
figrsazang N, N-dimethlyformamide (DMF) fiulu
fifruaziiu wde i 24 - 48 $alwe FmdAnga -
nAuuasvavartazaolas spectrophotometer fi
ATIMOIARY 647 uar 664 nm A ldluAw
Yinnmaaalinad (g.m® Ieonsidannisuae
Moran (1982)

ﬂ']'i‘i‘i']ﬂ"l‘iﬂ ﬁ’lﬂﬁ’lHﬂ'lﬁ']‘i'l’lu‘i&l’l"ﬁﬂﬁaﬂ'l‘iﬂﬁ taan

. ﬁ'xw”ﬂfs_’ﬁﬂmﬂuﬁam‘smﬂmﬂman

u"lLHﬂﬂﬂ’Jl‘lJEl‘] 50 tuamaauﬂa:mﬁﬂan
ﬂwmaaauwsé‘luuaan’maa 70% UM 5 WAt arefe

) l!f'l'i11-!\]“ll’1l118£i.§?_'] 3 Pﬁ'\‘] ﬂ‘iﬂﬁu 3 i mmmmnnaﬂ

Tuhiifesidiaudsmnu 12 9w wduaclu
nIzATNAEARATIGY ndasen 7 u ﬁ’]ﬁuriﬁ'fl_ﬂ
Ygrhanaificsazanosiao s 100 Andans Tasli
dndion 3 Wud Ae Wudiuwouau 1 Wugiumauan 2
waraneWg NM10-12 Wudaz 1 i vanluradioiu
A13RTAN05 IR0 ITRUTWALG Ao g Hoagland
(Hoagland and Aron, 1950) ﬁﬁ_auﬁﬂ‘:‘:;ﬂéuﬁae
simemsanataTunila (half strength) wiadn
Fe-EDTA 2, 4 uax 20'pM CaCO, 5 uaz 7 g/l Uiy
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MISAGLIDATNTH) 107

pH 526y 7 uaz 9 laginausuinsnaaasuuy 3 x 2 x
2 x 3 factorial in CRD 3 91 Uufinnan1ivaaoy
dlavgnialuarsazaneld 14 Tulasmsiaeanis
analydavadlulasliiiaine SPAD-502

mmaﬂavﬁu‘qnﬁmaaﬁ”aﬁa'jﬁnumusiahﬁmn
ﬁ"lsgmﬁniﬁm‘i%'msazﬂsSﬁgéw"ﬁ

Hrofundwasiuforiugiunsuan 1
AVOWUE NM10-12 uasilseuns F, 1 115 a1
Wu§ fdannisudisruiteiuneddl 1 daz
NMI10-12 #iflang 7 Fu ndanstnzaidaadiunna
m1:wmﬂﬁnﬁﬁa15a:aﬁéaﬁsgmnwﬁ1§mnn%nﬁaaa
dinasu ﬁuﬁnﬁamwﬁéaaﬁé’_ﬁﬁnﬁu 14 Hu laons
Faronriaaslsiiavediu Tnaldia3os SPAD-502
NTNAFDURUGN S THYASINL S INUMUABN 15U IR
ﬁ'\qmé‘n‘[uahwuﬂawaaaa o _

Vanudad uimedinunouas 1 aneiud
NM10-12 uazuida- F, 190 anoWuST AR NN SHEN
TEWTWAWHIGAU 1 uazanowus NM10-12 Tuﬁm‘rﬂ
miAdiaudideivisunsarssd  lasvanatoiudac
1 B0 (Us230d 50 1348R) uﬁiaxumﬁmwm? 5 AT
Tmm;m'] 10 anonuvonudn’ E Tﬁﬂgnﬁ’uﬁjﬁmwuau
1 wazatonug NM10-12 Lﬂaﬁvﬁmq 14 Tu Jaeduiin
waniinaasslasniiinainisaaalsfavasvludiig
Tia3ay SPAD-502

pakazIasnl

nTadgau A mMINTUS TondwiBinaaaalsiaa

uazA1 SPAD index Tuanimuilas
r'i”uﬁﬁ”:ﬁuﬁ:rhumuau 1 uaziwwanan 2 Hu

Wusidauuasionisriasiamdndeuanseanlasniiin

ownsnanlstia Wugiunauanr 1 uasiuwaudy 2
fid1 SPAD index Dgzwing 24 - 18.6 uaz 6.1 - 17.4
Taofiduads 11.5 waz 10.2 amadu (@59 1) vas
fsnueaslsRadioneogTwing 0.09199 - 0.1107
uaz 0.0549 - 0.1315 nFwusamswes A nadod
0.06096° uar 0.0743 NTHADAITISIHAT AHAIAU
uazaIawWug NM10-12 --‘f'im.f]ﬂa'wﬁ’uﬁﬁﬂauﬂuaaﬁa
2INTAABITFARWIA SPAD index 72130 35.7 - 485
Wwio - 39.7 warUisiuaasliRadvommagszing
0.3377 - 0.3529 N3uFoAsaWAT 1afy -0.3285 N3N
FOANTWNWAT (A1397 1) fhu‘luﬂ‘i:mn‘ifz 1A
SPAD index Aous 5.7 - 47.9 (it 1)

045 L
T 04| ¥=00085-00t6s .
L2035 1 Foo0sT o etmeg ®
= &t
= 03 - #
= o
£025 4
< 02
8 024
= %
-E—'LD,IS -
£ o1 4
So0s - 8
0 4  E— T T T % 1
0 5 10 15 20 25 30 35 40 45 SO S5
SPAD index (0
il 1 anfefussswinedSanamantiiad (Y) uas

SPAD index (X) wsquszns F, ffisan
nsnandmTzuIRugiLNIBaY 1 uas
RELIG NM10-12 ﬁt_Jgn‘Euﬁuuﬂamﬁ'ﬂa
(FuyanIAd) 'Yﬂﬂﬁﬁ’iéjé"ﬁﬁiﬂ’:ﬂ’ig 14 U

19N

a5 97 1 61 SPAD index warUSinananlsiadwasvaaludafo niugriumousy 1 hunsean 2 wasaonug

NM10-12 figalufiuuaaniSoa (Ruyaaiad) dioang 14 Jundssan

SPAD index Usunwnaslsiad
UG \ndien (NTHABATI AT

g1 WAY 49 Wi
fiunouaud 1 24 - 186 115 0.09199 - 0.1107 0.06096
uwouay 2 6.1-17.4 10.2 0.0549 - 0.1315 0.0743
NM10-12 357 - 485 39.7 03377 - 0.3529 0.3285
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2. Inenaaasimeas

Arandumus () 5o SPAD index uaz
UsnraaslsRadnenuainmdoiusiuag windia
(& = 09347) (hmit 1) TedosadaviuTamuuan
Samdur er al., (2000) ﬁ1ﬁﬁnmmsmamqm5n’iu
frdaalagiiTausniuaaslsiaduazAmmnaingn
SPAD index fialdnanias SPAD-502 wui191ns
Vs Iamaniaudiusivadnganiniuuiaan
aaolsAad a, b uaraaslWadrowna Laofidn & Az
0.94, 0.90 uaz 093 amaIRY Favetinadnwus
ag19nd8avae SPAD. index MuUSinumaalsiadlé
1Wuadwd 1iu AN SPAD rindex §93rWUIEAY
Uhinuraslsfiadgadne feifud1 SPAD index Fald
Tumsiransaaslsdaludndalsd
nm’mﬁammﬁ1s§m1ﬁﬂ%ﬁ’ﬁé’anc‘iﬁsﬁmﬁmm
HAN3UINS RN A

'*ahnn'rsﬁnmuﬁﬁz_m’uﬁﬁwhaﬂ'mu,ﬁm"xmau
smvén (Fe EDTA) Usinauaafosatfuaium
(CaCO) pH ua::ﬁ’ﬂ‘.jr"i'z_t‘l’:m uhfia IS eg e
g9 (P = 0.0001) (A13efi 2) YiuAelladoiidnuna 3
aio ﬁuésian“ﬁuammm‘iﬂaaiﬁz@aafi"nﬁm 3 Wuj

9IM19 3 Tivaniuliidioarmdninmeos
CaC'O3 uaz pH iisanniuuazarendisdiuges Fe-EDTA

anad HYITLAAYEINIAAS LS TARIHNGY (T 2)
Fegonadoaiusioeiuuas Ji er al. (1985) Hinuia
2nsAaslstavavivuauDafmniudiomananauay
pH i ifiasanmimdsusuuluanmuasliior
Ui CaCo, godaralifi bicarbonate Lﬁnmn“ﬁu

- frsuddanalil pH induuarlufinasenisazaold

wvavgRaITiereg uguitisldusslontlsanas Ha
Fe-EDTA azawlafi pH hidiu 7.5 Norvell, 1991)
Sadunabifviesiaminuazuansanisaaalsia

SPAD Index

‘12345678‘9101112
Fe{uM} 2 2 2 2 4 4 4 4 20 20 20 20

caCO{gm" 5 s 7 7 5 5 7 7 5 5 7T 71

yH T 9 7 9 7 9 ¥ 9 T 9 ¥ 9

i 2 61 SPAD index uaaludad@ion 3 wugluans
aza93 W MTT half-Hoagtand finruudin
duvaamén (Fe) 3 5uAu AN CaCO,
3 ¥Ry waz pH 2 FuAu

a1 2 MPllrsiasudTUsnuasUfdaussewindndsn 3 Wul (huwouau 1 dukouay 2 uas

NM 10-12) URnusamin sharfonafuame uas pH 990813ava105190 M1 finnas

" Source Degree of freedom Mean Square
Fe 2 783

© CaCo, 1 584"
Fe‘CaCO3 . 2 1987
pH 1 659
Fe'pH 2 36"
CaCO;pI-I 1 279
Fe*CaCO 'pH "2 34*

" Variety 2 929
Fe*Variety 4 142
CaCo *Variety 2 77+
Fe*CaCO "Variety 4 438
pH*Varicty 2 220°*
Fe*pH*Variety 4 40"
CaCOJ'pi-l‘Variety 2 A

4 32

Fe*CaCO *pH*Variety
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mMSARTONONTHY 109

- fiefinTanansaranssiae s iimnzan
dona1sdatdandfodfinunusonisuiastaman
WUIE15asaN93MaM3gAT Hoagland flaannn
Winduasnsonilo uastdn Fe-EDTA 2 puM CaCo,
5 g/l uiniu pH 9 awnsausndndonsenléi 2
ndn Ao ndudeuus ldun Wudiunouau 1 was
fuwanan 2 §9fid SPAD index wie 5.3 uaz 95
Ay ndrmun e oWl NM10-12 fidn
SPAD index Wadn 31.6 (" 2) Tedoardaiunis
1Jgnnaﬁau‘iuamwu1]aa‘luﬁuqmmﬁﬁﬁﬁz{mmﬁuﬁu

Fraquency

10 1
s-**wsr‘ «&mg{:lh
0

175 225 275 IS5 375 425

L N

25 75 125

AW 3 MINEINeRIMGY0IAY SPAD index fu
Ui:mm‘gmﬁﬁ 2 (F) Wugual (funauau
1) uaswugiia (@gWug NM]O-‘lz) ﬁ;ajgn'iu
a13azaty Hoagland flasarsidiniivuas
519 WMTAvASanil nazfi Fe EDTA 2 pM,
CaCO 5 g/t #l pH 9

A9 3 n’mmﬁmﬂﬁﬁum'ﬁjaam’rmmmuua:dauuaﬁian'ﬁmmrjﬂmuﬁn &

gouuatiiu 3

unaAGoatiaudidoivliunsadssd fifn SPAD index
WaAgraINUGIWHILAY 1 Aunsuay 2 tasaoweg
NM10-12 §iAniu 115, 10.2 uaz 39.7 mwddsn
(AN71a1 1) 5at‘éanmiazmaﬁ'lsga'lm‘s§ﬂs Hoagland
flapnruninduadAionile uazifin Fe-EDTA 2 pM
CaCo, 5 g/t Uiy pH 9 dugmvillidadiond i
wazlinadaurgnssssd idorfinumusanasva

-
aFenan

nmadauRusn resiatdsriinunusanisn
awenman : -

nvadauluanmasazangsIne s

‘ﬁatﬂaiﬁﬁﬁ:ﬁiﬁwuuau 1 dhiugitsouus
?siaanﬁﬁm%mmé'l@mﬁn JaifingniAaal SHATHLSY
mnm’wﬁuﬁmawﬁué ‘NM10-12 lnofidr SPAD
index aglutiag 25 - 125 uaz 225 - 42.5 awady
(it 3) donluszrnsdii 2 (F) hmannisay
3:11i101¥u'.§'miﬁ1umuau 1 uardagnudva NM10-12

- fnranszanediyeedl SPAD index aglnizg 2.5 - 425

dimhiauar T simBufiauasansaciifiions
WUIIDRI @ IUBDIAN VU VIUNTUHD

1 Tagfinvaiululd > 90% Fuly
ANBUEMUMUEBNTINAT WIUANONA TuARA 1eundn

wlaauaas

AdudusinRomiied (a1310% 3)

1) haszunsaniadi 2

(F) wvavdidigdifiavnninausznitoiugiunsuan 1 uasdawiug NMi0-12 uazgnlu

asazangswams Avgnluaisazats Hoagland flaamrmudiniuuessingmisasnsaniia
uazin Fe EDTA 2 uM CaCO,_ 5 g/l i pH 9

Character  Observed (Q) Expected (E) Ratio (O-E)Y/E Probability
Tolerance 86 86.25 3 0.000725 >90.00
Susceptible - 29 2875 1 0.002174

Total 115 115 '

0.002899
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2 Sngnsasumas

nrvsdsuluanmulag
A1 SPAD
fAunouau 1 diavanhuvasfidufiuureanioa oglu
499-5.6 - 211 d1u A1 SPAD indéx vewdnduiane
Wug NM10-12 agluing 335 - 49.0 wazhuiszyns F,

index ﬁadﬁﬁtﬁﬂdﬁuﬁ:

fdfinainnsranTioTu§uidunuay 1 uasan
Wugria' NM10-12 finvnssanainvasdt SPAD index
i 5.6 - 49.0 (nmii 9 dianhiayaiwTsd
wifiufinruardnBUEIIM LD NITYIAG1AMENH Y
avinlRauATs wn’i’mnmuanﬁdﬂ'ﬁunﬁnﬁﬁuﬁmﬁiu
mmwuaﬂ (El’ﬁ"l\'l‘l’l 4
FMNITMATSURUGNTTHTATUANAI M
vianﬁ_‘t_nﬁmsguaan'luﬂszmn‘i F, vasiudigiifinain
AFHEN T IR RSMUnINAY 1 uszd1oRUg NM
10-12 wuﬁgnmua;ﬂaaﬁuwimﬁﬁaﬂ (3.: 1) walunts
nagauluan Ma1IazaNss R0 MITLATEN THLYAY
Fauamliftiuuszandnmuntasazates e msily
Tun1iwﬁaam'mqnimﬁaa_ﬁ'}t%’ﬂﬁ

50

© Shyp 14T, Sthagany = 3 4. 5oy, = B.63

24

Frequency

b +—7— T — v T - T —

$6 B7 118 149 180 211 242 273 304 1S 66 97 428
SPAD index

—*—F2progeny  —E—KPSH ~A&— NWMA0-12

Nl 4 nEnsEengaNiivavAl SPAD index lu
Uszansandofi 2 (F) Wugwi (uroudu
1) warWudne (@wwug NM10-12) ﬁﬂgn‘f‘u
AuyARIAG

n1sgndndioniienaasuluanmudasi
WuduuaanFeailagmiludneiar s vanldge
o luniisduazbiasomuananmuandonléda
wtinaabivtiveuluntmeaau STUUNTRURANHY
wuuhilddu (rydroponic) awmminntlunnsdn
WBamlssynsimiiosduiauntmagauaieluanin
aUasfiiiuAuuAaR UIod INSIZAHIT0ATUANEN Y
windonsousnlel (Asn, 2546) @1TATAWEIROMNT
finanniuielflunsAnymiugnssnuesyszandam
avliswminiasfniunsdnuuuanmudasiiidu
Auuranniod 191 darpadnduuse bicarbonate
(HCO") gu uazagmaniidudszlounisn (Coulombe
et -al, 1984) WTAIMRMUIIVAsaITARaalsTal
amandnInaInAsiii bicarbonate ga Wl pH
wovaTazawiuge udnilinsazaralfvassimudn
ogas (Boxma, 1972, Man et al, 2002) lagund
AU sUT MBI n1sRanlsiavaeiuiiugniu
a'ﬁa:a"mﬁ153mm‘m::ﬁaﬂn'i'm'x‘iﬁgmmﬂau‘{umlaa
tisanansaauadnwaedenldAindt awnan
vialdimaantd Tiszozmandu (lsssnn 1 dow) usdn

mnTAaBanuedass wiunsAsdsniluamazang

:i'l91a'lm'iil:thm'l'in,ﬁuu'izﬁ'n%n'lw'(unﬁﬁ’a 1dan
dnvouziisiaanrsiigetu

Gyl

q

d15ara195189 MR tiN zandan s
ﬁa1.5énfi"n%arzﬁﬂmrmﬁanﬁ-lnﬂﬁﬂﬁmﬁn Faviniv
irpInTsAaelsdia Ao gas Hoagland flamAdnsds
fuysssimp Rt anily uandin Fe-EDTA 2 UM
CaCO_ 5 g/l
asunguitiatau Aa ndwdouua leud dwuweuau 1

i pH 9 Feannsousninioessmiu

LazAgnweuan 2 LATNFHIUNI Toiud dgNUS

AN 4 mﬂmamﬂﬁau.m's-uaoﬂﬂunmnuuavaauuamanﬁ'mmmmnan CER) ‘iuﬂnmnsanmu 2(F)

'uaammﬁmlnﬂmnnﬁuf{:ﬁzﬁﬂcwu‘imuﬂau.au i ua"mﬂwuﬁ NM10-12 mUanTuﬁmrﬁmﬂa

Character Observed (O) Expected (E) Ratio (O-B)/E Proability
Tolerance 148 142.5 3 . 0.21228 22500
Susceptible 02 475 1 0.63684

Total 190 190 (.84912
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misAaSononiay 111

NM10-12 uazAugnITHARIUANANY A NN
san1svesmmandubismiiog

ri'wauqm

s eilifunsatvaguiduidoaingud
malulaffnanineas waningrdoinyasaians
warlasammiugaaniuaznmiudyoiudislinszga
frdwiutzwdlng d@ningunagyuativauniside
{an)

LWINA1TH 199

Alsn wavadu. 2546, nisugnfivlaslaldau.
sIIMINBA TR ST

56 laanla. 2544. mawASaavang AFLP fi1edn
agagnalndfaiudununiudantiviasia
manludnden Taonsiasisiuuy butked
segregant. MonimusuSantn, :nivends
LNUAIATENS.

anmun UNSRIL 2539 nstnevaRdnyaE st
finuntudanisvngasialuyafuaiag.
Fngniimusviuanly,  smineduimsns
FAaR3.
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m‘smasjuuﬂaananﬁwmtmﬂwnamuu FULSLNE
Tumawuﬁmaammaaamumuminaiﬂémuw
Glutamme Synthetase Activity Alteratton of
Glufosinate-Resistant Soybean Cell Line

0in5il Tsaud' wasnana wywaa’

Nathinee Prodmatee' and Tosapon Pornprom’

Absr_ract

Selection of soybean (Giycme max L. cov. S_I 4) cell line re315tant to glufosnnate was attempted
usmg callus ‘and cell suspens1on cultures denved from hypocotyls of young seedlmgs The ‘céll
suspensu)n was cultured in MB medium (MS salr. + BS vitamins) supplemented with 1{) mg/ L NAA‘
and pH 57. Usmg stepwise “selection with mcreasmg concentrauons of glufosmate from 10° © 106
M, a soybean cell fine tolerant to 104 M glufosinate was obtamed after 350 days of selection. The
resistant index of the resistant cell was 50-fold hlgher than that of the normal ‘cell line. These cells
referced to as 10-6 M glufosmate resistant soybean cell lines. The btochermcal study of resistant cell
showed that actmty of glutamme synmetase (GS) was 2.2-fold hlgher than the normal cei[s at 10 days
after treatment of 10° M glufosinate. From the results a less sens:tmty of GS occurred in the
resistant cells, resu[tmg in non-inhibition from the herbicide and thus responStble for the resistance
0 glufosmate The future work will be focused on GS gene o enhance understandmg in molecuiar

characterlstic of glufosinate-resistant soybean cells

Keywords : glufosmate ~resistant soybean, glufosmate glutamtne synthetase (GS) re515tance mdex less
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rmnﬂtﬁuawwuﬁwaammaaummmumanaTﬂmum'iui.,ﬂun'rmwmu 10° Wang waaanialdinsinen
neﬂnmemmwaommmw.fnu'iuwaan'xmaamwmumuaﬁuavwaammaauﬂnﬂ Tﬁawmmﬁmnm:
uJauuuUaonanswmmmmnamau‘lﬂm glutamine symhetase (G5) ‘Ii\]Lﬂutau‘l‘!mLﬂ']‘l‘i&l']tﬂ]i)dﬂ’l‘iﬂﬁTﬂ‘ljluw
Tunswaaay _]nimsumma'[um wm’fiumaammaa\mmmmuavmnanimmﬂﬂmwamauk:u GS
snnihasadiamdosuns 2.2 windt 10 5w naamnh‘suﬂﬁ'im.,aummwmu 10° Wand andoyadiesiu
udnaliiuin waawmumua'ﬁumwwawaomn’:‘mmwwmuﬂaatau‘l‘uu Gs unuvbinauauay (Iéss
sensitivity) sioans Sovialibigndudelasarangliiiom hudumeunsfnuadsly axfarsannalnfugnmiedm

Faluanavosfu GS fiRuRNn TuaRtRanuaveulming 1

AN

- dmBsalufviifiamdamiaATegie
ﬁﬁﬁnﬁwaolj'izmﬂha Lﬁaamnﬂﬂuﬁaamm‘%{nﬂh '
‘njuaanmﬂmuq figain mﬁaamummﬂun'ﬁmu

uauaﬁ'inawu Tﬂam‘s‘l‘nwuﬁnm'mnumiwmni‘m
uaznsdanstianzan mammwuuauamaawwan
'iu'lﬂmuwmuﬁnﬂn’m‘ﬁ ag‘ wmrum'\ujuﬂrgm
i]wuum'i

P -

a1ﬂm11auuani 1*11]5!0&8”5!5!‘“8\10'““66\1

.-y

'I‘ifm'iriﬁﬂ":’mﬁjLﬁmawuaumm'iﬁ’lumsmunu :

Fuia umuaomnﬁﬁm%mvwwa’uum'iumsmma
ni"mumimmmammmm fidrdunehuiy glavi
a.,ﬁa\:‘s.,mﬂu‘imﬁmaﬂlﬁﬁuwuﬂﬁnnﬁi'(ﬂjaﬂiﬁanaﬁq
nReu A Idesinmuasiidia el Sadu
snmadenuilefiamsodrewiigwinislézuiuan
nsliaald Feaanaminasdadanlfieszauiiiu
FArteduluanmudamaaavuaziSoumeany uarsziu

Wwadlaonsmalianstnsdosiia@aniy (Dver,

1996)

-ﬂaIﬂ%Lqu‘f]uﬂ‘ﬁ'iunEiN phosphinic acid 19 -

amwunaawmmmm;ﬂancan uqmﬁium‘m']a'w

’3‘[i11°1§1\1ﬂ“€U'l LLﬂ"TUﬂ 'J"l\ﬂlﬁll’lﬁ']il‘lil&ﬂ ﬂﬂ‘lﬂﬂ"l‘iﬂ'l any

‘lja\iﬁ"ﬁ'ﬁ] Lﬂﬁ'J‘Ili)\!ﬂUﬂ']?EJUﬂ\!ﬂ%ﬂi‘iH‘lfa\ﬂB‘lﬂ‘UN
namuu ‘Uutﬁtﬂﬁ (Wiﬂl‘i'tlﬂ']"l GS EC63 1. 2) \’I’ﬁ'ﬂ
ﬂ’]?ﬂ\ﬂﬁ?']u“ﬂ‘iﬂa uTunamuunaﬂv"\m U.ﬂ"i-m'ﬁ

ﬂ"auuaauaﬁ[uLuamumnmums'iummﬂawv Hadtona

Tﬂﬂﬂiﬂl]fjtlﬂun’h'l.ﬂﬁﬂ{]ﬂiﬂ"l light reaction Tu
namuunEATIRLE uasilunsiminbiiauiGen
lipid peroxidation 'Iumnmwawuwaa AONTHYL

wanaaNIslundada ueludi uas msﬂﬂ'iunam-
(Devme et al, 1993; Hess, 2000) 'iumsﬁnm'

anumzwuﬁ’luw gbLip) I.ﬂNLlﬁ:i‘lj "JIN I.aflﬂ‘l.la\lﬂ'tﬂr’iilﬂ ']’IN

- fumugaarsngidimine 1dfistsemnisdaden

ﬁ’uﬁ'ﬁfl'ﬂwaanuan Pacific 626 war Pacific 983
mummm‘snaiﬂmummaﬂﬁ 1.0 n'ian'ma'ﬁaanqwa
manmﬁ wm1Twauuanm1uw’nuﬁ1‘iaana11u
un“h-avau‘uaauaufmuauaamﬁumaaauua 111 it
1. 49 m’m 5 'm waamﬂammmaﬁﬂmm (Pomprom
et at 2003) uanﬂ'1m":ﬂmnm‘sﬁnv'mﬁulaaumjaa
nam'imnaatau‘l‘lm GS T,uuma-mﬂwmm'mmuaﬁ
naTﬂmuw Ui waanmumummn%nﬁuﬂaa
wiilw G5 mnn’rﬁuwaaﬂnﬂ 2.3 wih i 5 U vde
%mlmumsnaTﬂmumwmﬂm‘uuﬂuu 10 Tuan3
(Fudiss, 2546) m’mﬂ'imm‘iun1';"11'mmﬂaamfi1m
mmmmnumamsna]lﬂmuwu m‘Imﬂﬂuumm‘lun'ﬁ_
ﬁﬂu’lﬂfﬂnwuﬁ’uumamLﬂmaammmu NIUANS
nalwdnmlusaddingas las@arsanannas
Wasuulasianssinisvnamosaulul GS (i
aT29daUMTAsuLasfiindulnivaddundas

- AismuaIngleidumsialy

- gUnsallazisna

m‘samaanwaam maaamuwmminaiﬂmuﬂ

, mmaﬁmmaaawuﬁ . 4 taa\ﬁumm‘i

_u,-uofm'i MB wﬂﬁvnaumamwﬁaamﬁ"wam
numuvau MS (Murashlge and Skoog 1962) vm

1968)
windonfufidivlaffiatgusana 7 Su thduwas

'Jmuumug{mmmi B5 (Gamborg et al,

hypocotyl #fRduiiudnuing vuaUszn . 3
RafimT taaaaﬂuaﬁm’mmam MB mmuaeﬂuu TDZ

4wt

,um’mwmm 02:; Haanmﬁaaai mamm‘lnmmﬁu

wAadd naamnuum uﬂaaﬂﬁﬂﬂﬁ'l'lﬁﬂtﬁﬂ\ﬂuﬁ'lﬂ’ﬁ
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wadgny MB i pH 5.7 dingasluu NAA 10 fadni
Fodns uduASaatuififinng) 120 sousiounii
Tufasmiaugumaiifl 25 svAwafios 1Radmin
iR duwaduvinass feszorciariiuminianiu

nsfiowadaslusmnstmiszagludamng 10 S

WAINTABNITNARaUN TRALAUDdIDIAdAitMEBay

fifisiaansnginGum laolifmedavaddundonSuny

1.0 fiaddas TwmamIAN 4 faddns udildaclu
amsfwdonbwiuiinms 45 fiaddns Baaingindum
10,107, " 10°%,
105, 10*, 10%. Ta§ uaz. control (hildars) udnh
TuarsuutaSeviug1#ifias - 120 s9uUdpuAf
FaBaansadeuiuanof WTuaTuTEduAT LN
i1 Taold packed cell volume (PCV) ﬁ3 5,710
tar 14 Fu vdsandidreasluamiame vianasdadan
tﬁ;aéﬁ’z_mé’au‘iﬁ'ﬁ'iumuarrmgm&?mm Tag 35w
lgﬁuﬁuﬂaamﬂﬂuﬁﬂﬁu (stepwise, selection). BN
nyARlGanradfnginsanag lsluaisnglidioum
ﬁﬁﬂﬂi«,ﬁuﬁu 10% Tva¥ uirdowaddendnludes
asluamsmaditduansngINGiumiifszduadadia

3

uuuaammg}l‘ﬂ%Luwgm‘iut‘%aﬂq- qunssiialéivrad

- fifim s mniasiasFuandindy 10° Tkans

ﬁl&ﬁﬂi“EI:I.')a’lﬁﬁ1ﬂ’]‘i‘1‘fﬂl§‘]‘{ﬁl1ﬁﬁéﬁ1uﬂ1uﬁiaﬁ’l“j
nalW@iumitszdua1andidiudous 10° fa 10° Tnans
UASHIVIONAUTHA NG IMUATT (resistance index)
pswadtudae Al 10 SmdsrntdSuansraly

m‘sﬁnmmimﬁauuﬁaaﬁan;sumagtaulmﬁnga'la‘iu
‘liulﬁt‘i‘lﬂ (GS)

- mmamwaawaauu'zuaaﬂmmdaa i
waaﬂnmﬂu“lmum: waGonin normal cell in

herbIClde free (NF) wwodudaiilsduans, Wiaﬁﬂﬂ‘h
normal . «cell in treated herbicide (NT) maa
A lilasvans wiodondi resistant_cell in
herblade frec -(RF) ua waamummﬂmum'i

ﬂﬁ'm‘iﬂn’n resistant cell i treated herbu:lde (RT)_

niaawaamamaq a., 4% umua'iuavmﬂmmﬁu
uou.flamu liquid nitrogen a7 nmniINEAARIY
a’l‘sa"manﬂuuaa ’l‘r:s(hydroxymethyl)amLno
methane buffer vinediu 0.05 Tua'n (pH 7.2 U‘mma

nia HCD mercaptocthanol winiiu 0.01 wWadidud
uaz Na EDTA Wndiu 0.5 fadluand Tudamdmwes
wadsloansasanunanmanmie 1 5 1 (w/v) Aaon
NIMAadsARRMMDRR 4 asAnvatfiod lag
fauUadainifves O'Neal and Joy [(1973) uaw
Suwanwong ¢t al. (1990) 1asazareuanniiu
wigafiRIan3a 15,000 g w15 unfil pratsazais
{adauuuySines 0.4 fiaddas asludnsazatonan
(reaction mixture) Ysnas 1 fiaddns Usznaunio
imidazole-HCH indiu 50 fiadluans (pH 7.4) sodiuri
glutamate 1indiu 80 fadlsani ATP windiu 16 fad-
nan5-uax MgSO, dindu-50 fadluany ud niiluni
'ﬁ'a‘miﬁq:‘i 25 psAmnsadea Wuan 5 uAd i
1ANTIAZANY. hydroxylamine 0.1 fiaddns (NFLOH

" 1 Twans: NaoH 1 Tuans: H O; 14 2 v’/v/v}' (%)

3$aﬂ1luﬂndaﬁqm1aqﬁ' 25 avAnvaiod W 15" Wil
wimgaufiisonfisaisavats FeCl USHIRT 0.4
fiadtnT (FECL 10 lijas'w‘?ué;‘ trichlofo acetic acid 24
Wafifus: HCl 50 Wafidud; 1:1:1; v/v/v) Wi
amtanialudhunisaiarenga 3,000 g w10 i
figomgf 4 avAwatfioa  Wansazateladnuuly
"J'ﬁﬁimﬁgjﬂnﬁuuéaﬁwLﬂ%ﬂuﬁLﬂﬂTﬂﬂﬂTmﬁma%
(GENESYS™10UV) finmenain 540 wiluimmy
Bradford
(1976) Mnas coomassie blue reagent (Jsznauss
cooimassie brilliant blue G 250 U%:mm 100 #iadaiu
azawlu ethancl 95 wWaddud isas 50 fiadaas

gazinisTausinnlusdusmisves

wan@nEIazato phosphoric acid 85 wadidus 100
fiaddnT U%’Uﬂ“mwmﬁmﬁﬁné’u'lﬁlﬁ 1,000 :aaaam)
Usuas 3 #iaddns ldadlunasanadau udndn
ariazanolUsHy 04 fiaddns wolidnie doiol 7
gomniivios uw 5 ui miahluiadnsaandn

 wasihowsasaualnalnlafives (GENESYS™10UV)

f'im*iﬂm’mf'iu-SS’S wiluas Tufineantsnaasy lag
muamaan'ﬁ'xﬁmnﬁﬂanauuaa (absorbance) 14

'tau‘l‘un GS LLa“TlhﬂumLtr%aumaununﬁﬂmmmu

vdnnnUBaaenlsi GS activity lasimie
Wlulasiuans/Aadniulusiu (umol/ mg prorem)
innn'riuuuﬂ'ﬂuaun'mauwso (linear regressnon)
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Hanaz3ansm

nmifmdsnadiiwissinmuasnglnfum

“tunidnyinnsssuauatveataddnnioo
'sia_mmgﬂﬂ%mni?i‘s:é’ua’nmfmﬁusi'm*_j i wuinlu
sziva iR ivesasfigedy asfinaniznusionts
wulavaawaddundssannnitluszivarndndu
sasansfianndn ndnde’ Tuszduaradinduuasdish
10° Tvan§ wadvasimAastmneshifinnsdulaas
.a:tﬁu1ﬁ?1nu%u1ﬁ‘iuaat1saéﬁtﬁnﬁunﬁaetﬁnﬁaa Ao
fiUSiNATURALTGY 0.16 Radfatse 5. Radans A 14
;ﬁun‘z‘a’amﬁlﬁ%’uaﬂ‘i qum:ﬁizﬁ’um’imﬁuﬁuﬂjaaa"ﬁ
Buldud 107, 107, 107,-10%,-10° uwaz: 10™ Toiang
fivSumatuad 178, 1.55, 1.3, 0.31; 0.21 uaz 0.19
fiafAasen 5 fiaddns awdisy i D Tas
VIHRTHDNUAAITaRRIAINTERUA N0 e 13T
i uazdi 107 Twand avfinaiulnasasiasiign
wisfinvsdulalnddseiucsadi bildFuarsun .o
fiadaaven 5 fHadday), AulunisdaBonivad
damBsefimuasngldum SaGihnidadani
stguamdingiu 10° Tvand fadussduainndidiu
vagasfisiiou uiideinsrAuaTiindiuyasanige
xnfusnddusioly

250

200

1.50.

= Cell growth (mU/ 5y

0.50

nuan1ifatdantuaduaedindaai
é’"mwmﬂﬁng'iﬂ-‘ﬁmu NUTHBAATIWEBIUNRT TR
dmhlidnmussngfumiszdvaradadie. 108
Tuans lagliinasznar 100 u (10 cycles) wds
anifu vhwsaddsnalulidmEonwadfisinmuas
Tuszdiarmndndu. 107 TvanSsialy feliinanwsmnm
110 Fu (11 cycles) wisnRivadfsiumuans
pnamazgmilulilunida@aniisziuainaadingiu
10° TuanFsialy Taglfialunisdmdanussanar 140
3u (14 cycles) Clhilfuasedioya) FowsSonivad
fifadEanlatiinuaddundsefisi unuasnglnium
Tuszdvarisudadu 10% and -

L iFaiwadtamiaefisunuanslusau
armidinduy 10¢ Tuatd smadaumssevduadiaas
'Iu%vﬁué’ﬂmﬁu‘ﬁusi’m-émﬁ 0, 107, 10%; 107, 10%,

5, 10* uaz- 10° Tvan§ dhanan 10 Su (it 2)
tﬁ%ﬂumﬂij‘i.,vn'mwaaUnﬁ (normal cell) uasiwad
f1um L (resistant cell) wuiwsadinwiaeisimman
ﬂ‘n‘i'«ﬂl‘:ﬁé’ﬁi‘ﬁﬁ'\‘nﬁﬂﬂaﬁaa 50 ‘wWaFidiis fianaudn
fuwpaans 1 x 10% and Thuunefuaddindosuni
wfidarmniulaasas 50 wWafidus ﬁ_m'lm{im‘iu
vavdTIRgy 2 % 107 Land diavnluRansandsil

0.00
i

Flgure 1 Effcct of. glufosmate on growth of normal soy'bean cells determined 14 days after Lreatment
*at 0, 10°, 10%, 107, 10*‘ 105, 10 and 10° M. The vertical bars’ represent+ S.E. of 4 replications.
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Figure 2 Growth response.curve. of giufosmatevtreated normal and reswtant soybean ceils to various

r

replications.

WBIATIHEA N TUET (resistance index) (®1790 1)
wuinwadinndaefifumnaisiinnuuand199n
wadduwdsadndl 50 v wasaliifuindislduaisi

SrAuATILTHY 10‘.5__Tua_"r§ _LwaéﬁaLﬁﬁaaﬁﬁﬂiqwiu '
grsanisadulalaung Tua;mﬁniaéﬁ"inﬁﬁéaﬂnﬁiﬁ:
anrrndulesslild wudsiiumsdnGenwadues
Soowug KPS 96-8-5. 'iwmumuﬁamina‘fﬂmuww :
At 10° Tyand Wi disyimasinmnias: '
snnaduni 4,750 i (ncumﬂmu 2:;46) an _
‘luminmtaanwaamﬂﬂmannauwuﬁ Pacrﬁc 626 Twi'
ﬂmmuﬁam*snafﬂmunwmmwmu 0%, Tna'ri yy

'rmﬁwm'mmuwmmi unmj 120 ufn (mmenf 2546)

EIEI'!\!‘I‘iﬂﬁ']N Iua1ﬂwuﬁtﬁaanatwaaawummmumu_,

ﬁam‘inaiwuLuwm,ﬁummwu‘uu 10°: T,um'iu
emhm‘i'mu,mmmaqnuna1n1|aaﬂ11uﬁﬁuw1uﬂami
(mechanismis of re:31stance) muu‘luwmaumdﬂw
mwaa*uaummaaanﬁ"lumua“l'iﬁona"l'sﬁl'lim17&41
nélnwuﬁmmamumLﬂwaommmumua'ﬁ Tos

o mnaaun 'ﬁ'l,ﬂaﬂuuﬂﬁ\lﬂf\] mmuamauﬁu na muu

- "umﬁma wl.flumuwumﬂmmﬂ (target site) - fians

:naTﬂmumamU;_]n‘im'iummmwmduwma‘lﬂ
S A

concentrations of glufosinate at 10 days after [reatment The vemcal bars represent + S.E. of 4

nﬁﬁn*mnﬁzﬂé‘isuuﬁaaﬁanﬁuwaaLaulmﬁn@m;ﬁu
ﬁmwma (GS)

nalnm*m'la1a1laaﬂﬁnaiﬂiscumnw‘lumj

msn‘uaanuma“smaun'ﬁmmuﬂamau'lam puluat

namuu Fuswna (Wiﬂﬁﬂﬂ’!’] GS) Tunszuaunas

'aem‘ﬂmmﬁauﬂunammu m‘[mnﬂmia::ﬂm:aa

uaﬂmuanwzﬁmuama‘m (Hess 2000 MR
ﬁiquw%’1'mnﬂ'1nmsujaauuﬂaamnﬁum‘immu

vavioulut GS lagwSsuidisusvinoadiomaag

ﬂnﬁﬁ’uwaéﬁﬁ"numuaﬁnﬁﬁ%mw Tuszoziian 3,5,
7,10, uaz 14 3y naamn‘lﬁwmsna‘[ﬂmuw wm'flu
f{mwﬁlﬂﬂwm-ﬁ waammaauﬂnﬁ (NP #fian ﬁam
wrzewasveasulud GS (specific GS enzyme
:{ctivity)r_u'mﬂ"«iﬂ'{mjiééﬁ'jmﬁaaﬁqumumi (RP)
tendntiss ndn@e il 3 - 14 Yu Buonoulsi GS
e cashuvadiamissund (NF) Siu5inal
4873 - 9366 lulasluasafiadndnlusiiu waswug
Faunuens. (RF)- SisSane. 4173 - 82.85 lilaslua
Fiaa‘iaﬁn%’uiﬂ‘iﬁi{. (il 3) wsndsandlduans
wui’w_aa'ﬁ'lmﬁaﬂﬁﬁwumua"\i {(RT) #ifangandiod
wulel GS i lunefiuadimdssuni
(NT) ﬁ'ﬁa‘m‘i’%uﬂamauhﬁé’anzhaaﬁaa Tnetuavez 3 T
w0 nldiuans, toadiimsaunanl liTuans -9zl
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Figure 3 Glutamine synthétase activities in the normal celi in herbicide free (NF), normal cell in treated
‘ ‘herbicide (NT), resistant cell in hérbicide free (RF), and resistant cell 'in tredted herbicide (RT)
at 3,/5,'7,"10 and 14 days after treatment. The vertical bars represent + S.E. of 4 replications.

AanTavaseulel GS winviu 32.84 lilasluase
fiadnsulusay Fesnilubadimdesuvind 16
Fuans (3675 lalmalnadafiadninlusiu) wuidgaiu
Wermezawindy 5, 7 was 10 Sumdernlduais
wui Aendmndensulyd GS veuwadiimdacund
wastwaddumdneivuas  fuualifugenniu
Sewuq lasfiluwaddnvdacisumans -fifenssu
vaviouled GS wnndlusadtamdacung (it 3)
Trowmzaddadiafiasandaduiinudumiansi
10 iﬁ'u’ﬁé’amnlé’%’um‘s yuituwwadimdasinman
drsiinananvadioulsnt GS snniwsadimBesUns

227815198 1) Feaanadasfusigeusas
LT I ST VN
Pomprom et-al. (2000) FilsvihansAnswdoaiunns

aauauaaisi AT Ineluvadiundsefid muans
Fafirnduiinsdiumuaasann i huadung 50 win
aRamandigifunalnveiefivgea e sy
TroAnvSunsiuanlfisfiazanntoluiadiie
mi‘i'ufuaa'c‘i’imﬁaﬂm"mmum?ﬁsié’ﬂa’nmﬁuﬁy 107
Tuéﬁl'~ﬁﬂ%mmm‘ié{zf{maot’iaﬂﬁ;ﬁaﬁhn‘iﬂuwaﬁ
fvdsadnd 15 wih 9ndanadenas uameliiiiuin
na’lnﬁujq'iim1'\1’1‘?’3mi‘maaﬂﬂuﬁ'\uwmaﬁngiﬂ%tuw
Tuisaddaidon “sziiduadisifunisiudouasiu
fuvibiuassuiisowadinilui -GS awhisadiy
Virl¥wadidnmiuaisiinnsuud1vavianssnnag

swamrasauled GS ueuvlinauauas (ess
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Table 1 Effect of glufosinate on physiological and biochemical response in normal and resistant cells

at 10 days after herbicide treatment.

Type of cells Physiological response Biochemical response
M) (umol/mg protein)
" Normal cells 2 x 107 49.42
' Resistant cells 1 x 10° 108.83
Resistance index' 50 2.2

Resistance index = L, value of resisiant cell/1_ value of normal cell
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bulked segregant
Tagging of Seed Weight Trait in Mungbean Using Bulked
Segregant Analysis

87gH Auzaad', Seanud n1iA?, agdl wAlgzaiad’ uay audde Suniew'?

Orn-u-ma Tanadul', Rungsarit Kaveeta’, Arunee Wongpiyasatida, and Sontichai Chanprame'”’

Abstract

The objective of this study was to identify amplified fragment length polymorphism (AFLP)
markers associated with quantitative trait loci (QTL) for seed weight. A population of 165 F, derived
lines from the cross between “V 4718" (small seed) and “VC2651A" (large seed) was used. Seed weight
genotype was confirmed in an F2:3 generation. Sixty-seven AFLP markers were used to construct a
partial genetic linkage map and QTL associated with conditioning seed weight trait. Using MAPMAKER/
EXP computer program for grouping linked markers, thresholds with a2 minimum LOD score of 4.0 and
a maximum distance of 50.0 ¢cM were employed. The partial genetic linkage map consisted of 62
markers which converged onto 7 linkage groups covering approximately 845.8 cM. There were 5
unlinked markers. Bulk segregant analysis and quantitative trait loci anélysis by MAPMAKER/
QTL identified 4 QTL which explained 41.2% of the variation in seed weight trait.

Keywords : mungbean, linkage group, AFLP marker
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Alteration of Glutamine Synthetase Activity and Ammonia Accumulation of

Glufosinate-Resistant in a Selected Mungbean Cell Line
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Abstract

A field selection of rolerant mungbean to glufosinate was conducted in split-plots in RCBD
to compare the response of 16 different mungbean varieties (sub—ploté) under four dosages of
glufosinate application at 0, 0.25, 0.50 and 1.00 kg ai/ha (main-plots). The physiological responses
aof mungbean 1o glufosinate were measured at 5 and 10 days after treatment by inspecting crop injury,
plant height, fresh and dry plant weight. It was shown that CN 72, Shaanxi and Black Seed were
relatively tolerant to glufosinaie at 0.50 and 1.00 kg ai/ha, whereas UT 2, VC 6486, VM 2164 and TC 1966
were susceptible to glufosinate at 0.25 kg ai/ha. A Glufosinate-resistant mungbean cell line from cv.
Shaanxi was developed by tissue culture techniques, beginning from hypocotyl-induced callus
formation and cell suspension. The cells were cultured in modified MS liquid medium using stepwise
selection with increasing concentration from 10 to 10° M. The munghean cell line resistant to 10°
M glufosinate was obtained after 170 days of selection. The resistance index indicated 333-fold more
resistant than that of the normal cell and referred o as 10° M glufosinate-resistant mungbean cell
line. The biochemical mechanismr of resistance to glufosinate was investigated in the normal and
the resistant cells. Assay of glutamine synthetase (GS) activity of the resistance cells was 1.23-fold higher
than that of the normal cells. Whereas ammonia accumulation of resistant cells was 1.21-fold lower
than the normal cells at 7 days after treatment 10° M glufosinate. The result suggested that the
mechanism of glufosinate resistance in the mungbean cell line appears to be an altered at the target

site as GS enzyme conferring less sensitivity to glufosinate.

Keywords : glufosinate-resistant mungbean, glufosinate, glutamine synthetase {(GS), ammonium

accumulation
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UNARED

msdmdenriugiude munusoasnginfumluan miamaans 1euunIMAaaguUY splitplots
in RCBD fasannisevanasvasinden 16 Wufuavawiud (Jadose) fifdednsinislians ¢ dnvn
Téun 0, 0.25, 0.50 war 1.00 AlanFuanzeanqndsnanatd (Dedondn) AnvinTsapuauenIIaTTine e
fnForfifisionsfi 5 uaz 10 Humdosnldzuans Tevsdivanansduiviofiy amgesu vwinda waz
dmiinuie wudn Wuguazanewus CN 72, Shaanxi uaz Black Seed daglunguiifinimonmiusossiuszdy
A mdindiu 0.50 waz 100 Alansnassanquireianand unsiirfufuazanofud UT 2, VC 6486, VM 2164 uay
TC 1966 dmaglunguiifininusauuarsarsluszduaiidsdu 0.25 Alanfnarsoanquisiowanni andu
vinsdadenuadfis e angindumlaeBnisnedsadada 9n hypocotyl upsdudioniug Shaanxi
gwsadmibiindueesdald Sahluimibiduwadunussslusmmimarfaesisigns MS faudas uda
JedmBanliifin Duadiifinmiusons lavdors tinarmdinduussarsngndiman 10° fo 10¢ lnans
Tiaar 170 Ju fdvfiawdumnadie 333 wisswadddiswndiufifioniu fufondt wadindedd
Frumuarsngndumluszduaasdady 10° Tvand wiseandu vnsfindnvaenalniiuguuasnim
grumunnduait lasfiansmniswaswadasfisnsssnisiouwaneuludoganfiv: Sunsa we GS
wazUansazasvosonlafle lnswSsuifivuszwitnsadiadoafifumuaisuassaddntonind wuin
# 7 Swdenliuashezivaudidu 10 Tanfhuvaddnderiiumiuansinmaudsuntasianss
prneesioulsl Gs wnndnluadidennd 123 wih vneiviinaunisazawenldislusadinten
fismmasfidesninradd ndound 1.21 win udadlfidiuin wadfAmmiuasiinswasunasiiong s
vououlusd GS Fafusumisfiarsngldumuanauiisorlunisiiats Taefinsuiviaduuuulsinauaues
(less sensitivity) sinans JovialRlugndudolasanangludum Seamnsminnedunsnalnuesaredinumouens

Tvsaddndels

A
Mg nfuRumrvgianddyRoviioves  wifvugniudeneg azfiszivuesaimuniusions

] e

dszwndlne  nanuumatlunasdmbaniuguazds  idafuRefiuandaily Fadudnuncmeiugniss

nswanTIRtNzER Wsnisfnuiomazan . nsfatdenarewugiudivuniuarsidaJyfutiu
voanandnd norligeiuiin wudn fafisdullgu  awasodadenliisluanwivesiuuazTussduiad

Ty

fidwolunrsugndadien Tutlaqiiud mslédansida
Ayruduisnisiitionldiuattsunsvats davaniiu
FERliuuedisioufiouiuisnisiug Tnseniz
mstdinsseu winrsdeniiansTilfusansnvgogemiu
AITRITTIUTELnTaNa IR JeRufiumnsn e
ﬁqé’num:mumﬂu,a:na"ln'lun'mi"\ﬂﬁﬁ%awaoﬁ*ﬁ
wiazufia FonrsidiarsussunmlaiBonyiians (non-
selective herbicide) wiu @slnalvian nglwfium uas
wre iy annsavias iuislénnuia (mava, 2545)
pgnlafian nalnmisitaigvasansuensinazinany
JuRvsudn  dadonaniznusenITUINMTHATUDATH
vasfivugndte  dearafiufivsiafivugnls Taonaly

(Suwanwang ef al, 1990) ﬂﬁuﬁuiﬁﬂjﬁﬁﬂMﬁuﬁ’l‘:
fdnYuiRviansarfuaassannisuamiudsuutacly
(phenotypic change) ﬁom%zﬁmuwpﬁaommn
WianasnatofuguseatTiugnTn  Soilifaa
KANAIIULALEWMITOA AL IEMERANYEAI NG MY
.llliji:uf‘\lﬂﬁialﬂ‘lﬁ (Preston and Mallory-Smith, 2001)
vispnuAnanmswasunuadiudiudug @ lilvans
WugnsTn (epigenetic change) uaxlianmsading
woalufajugnld (Chaleff, 1981)
TunmssBungnalnvashrmsinumiugisidn
Fyfv leoAnwmuaisivewacinaiiiifiodaeiu
ol weng waznalnnisvanevesansnieluysg
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Sy dayafildamnsolfiiudviiogramidslunig
sdursdnwaiznalnniednrfiveenmdmusions
waziBuunmaluntsdadeniugfvinmiusaans
A dnTufviiawrsmhlivscionilunsuiuiugie
Tasmsuamaiug nsmsedeuuafisumuans was
a¥romroiugimiddmusoansinda vy Fodu
FaquazasavoansAnuluatell Sninnadadaniiug
daudoafinunusaarsngindumuasdmihliiaae
fwmmfisdulurziumadlaeiinmamnsdoaidads
napnIuAnyIdnynnalniug unainafivesa
Fumuais lasfiarsannisdouudasianssnyas
wulwingnifiu duond wazUSainnisazanaag
wonlwflonelufiy  TnowSouifisusninauadi
fumuaTuasivadund ieldidudvilogroutielu
nvsesuneinunnalnigumieaefivesiudiauge
fifimwimusaatsnglfiumealy

gunIniuazisnis

nsRadeniusiadommmansnglndumlnssiu
Fatadin

wisnulasugniaudisrluudinudameany
vaAudidonrdmauniou (TVRC) a1 ingndmnunsg-
AERS e et unauay 2. uasugs laolinauaa
L5 x 3 A5 Movna 4 wad wdazwasiuvlasdas
16 way Ygndufioawdasar 1 Wu§ szezuan 50 x 25
wuAas Ugn 3 wiadenaxn lasiudndeafiang
3 Fuawi wlefinnsesadulaluseeziily 3 Tuwsn
Huusunvasasuuy splitplot in RCB W1 4 1
dwualidadondn (main-plots) fs AaT1089875
ngIidum 4 a1 1dun 0, 025, 0.50 uaz 1.00 Alandn
avveangmidaianad dwilladosed (sub-plows) Aa
vugiaudonsnnu 16 Weduazaieud #esanng
novauovvoaNugiuduaiifidears laonisusoidiv
prsdufvdsfivfiovatont Yaaawgs dmiinga
wassiwinuite ndeandldfuarslunds 5 uaz 10 Fu

= %

nisAndanareiugindeafiunuarsngndium

L]

Tuszdinvad

nstimihlffAauasdauazivaduuivase
dasulaohwiadndorfimmiuioaiingifiumain
nsdm@antuaninuvas smnzluemsudegns

MS (Murashige and Skoog, 1962) naanfidniion
fiongld 7 M eclifundnsau dntiudruuasiadon
Md7M cotyledon ward? hypocotyl 4uIA 3
fiadwns Wluidosthuemisudegns MS fiusznauing
NAA 1.50 fiadniurndns BA 0.50 fadniusiodns
vserane 20 M easfiaduunadaiin dadudiuung
unaddluidealunmswmaigas MS fsznaudine NAA
1.50 fiadninsindns BA 0.50 Ha@nFwsedny 2.4-D
3 fadnTusndns wastnneniM 10% udnilunely
Spg gy 120 seureun?i subculture
wng 10 Ju s amuaduviuaseindeait
AnmnusaanIngIGnmine g stepwise selection (3u
ynAadanadifiiinvonsd ldluizduninadniu
wavarsisden (10° Twan sniudedowadly
tgelus msfifinaidndusasansnglniiumiy
seufigetwion suldlradfifimudnumudaasf
awdindn 107 Tvand mfuiwsaddude s Hdn
Boniiluvimadnenalivedefivasansmmnans
lagasrsiianssnussouluingmity Susing (GS)
wastanunsazansanbndiolutunousioly
nsAnvfanssnvanenuludingandiu Jusma
hdegwadiudion uadunals lifuans
wadundldFuaistuseiuatsudindu  10¢ Tnand
wadsmm A bildiuans nazwaddimanmuldFuanslu
sziiuarsdingn 10° Tean®) wataeuluingaadiv
Hwsng 7 3, 5.7, 10 uaz 14 Tu vdvenliFuas
finydindi 10° Twars Tnouszgnd@annidnisves
O'Neal and Joy (1973) ugs Suwanwong et al. (1990)
nTovB RNz dN TN DT v ludednadear 2 niu
wiualviasdeadiolulnsiaumal WBnarsazatunan
404 0.05 M Tris (hydroxy-methyl) aminamethane,
0.01% mercaptoethanol, 0.5 mM Na EDTA uac
wndu Tudnadnweswaddeasazanofildaiadu
111 (w/v) manimuiiadentu snbabluihundeod
1,500 Tousaund w15 wil # 4 seAnwaifoa
lddmvavasazarela (supernatan) dwiullu
crude enzyme unisdassiviannueulud GS
UszgnfianiSnsvas Forlani (2000) Tag ¥afianssnuay
wulw? GS MnUTINETT Y-glutamylhydroxamate

oo

dmsanvaslfiifowisznousiig 025 M imidazole-
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HCI 0.15 f1adda7 0.19 M L- gluamic acid 0.1 #iaddns
0.12 M ATP 0.1 fiaddms 0.75 M MgSO, 0.2 Haddins
uaztindu 0.1 faddns Tdasluuoranwunsay wwn
15 fafdns W1 crude enzyme fAldanmsaia 0.2
finddes Wnasly Wliusiionmnd 25 avAwsaloa
e 5 i enthaRnasazans hydroxylamine
0.05 fiaddas vhlvnfiguund 25 evrwvafod
8n 15 wiil wdmgaufiterdisansazats FeCl,
0.2 Hiaddns ihluihumidosfi 3,000 sausewndi i 4
pvAwvarios ww 10 wiii hdnlaluiadiaandu
LEIfiRNETIAY 540 waAluHAT YN TAUSHAM
Tusfiu mud8n15109 Bradford (1976) a1y
Coomassie Blue reagent (U3:nausiae Coomassie
Brilliant Blue G 250 USxitu 100 fadn¥n azanelu
95% ethanol U3xAT 50 #addms uarifindisazany
85% H PO, 100 #adifins USuuBanmiiiu 1,000 faddns
faetindu) Usuims 3 fiades (dasluvasanaaoy
udAnansazarelusiu 0.4 Hiaddny Ludlidindu
pofiolifigampiivios w5 wiit 9nhaiiluiadinis
aanAuuay faeiA3a spectrophotometer iR mo1)
AAU 595 UlUHAT

1T itAT TSN Tazanuaduwan s fie

afausnluifialasuszgndaniinisues
Desmaison ef al. (1984) Inenivdntgnawadinien 4
srntrafinTonludrodunoviliute i ludaimin
fiegnvar 2 nin udrualBazdoadiolulasiauman
Win 10 mM HCl USHIms 6 HaBany amiuidis
sulfosalicylic acid 0.18 n¥u ﬁﬂ"fﬁqﬂmgﬁﬁad 15 wn#
inluthawdeefi 3,000 seusisund w15 Wi v
dmravartazarglalulilunistinssinusuluiiie
IngiAn reagent A (Us¥naufig phenol 1 n¥w
sodium nitroprusside 5 fadnd waztndu 100
fiaddm3) Ysnms 2.5 faddns asluvasavnans
Tdarsazanela 20 Wlasins wenlvidindu anthadn
reagent B (Usznoudae NaOH 1 n3d sodium
hypochlorite 0.84 fiafidns uaziindu 100 faddnD
USams 2.5 fadfat wirlidaiudnaoudiel i
anmpiivion 20wl hludarganduuasitonies
spectrophotometer finueAan 625 ulhuwng

uanaziansol

n1sAaBanwugindeamuniusaarsngludoum
Tussiufiaiosiu

INHANITNARBY  AINITAUUINGHUD Y
fafien 16 WuguazarowugaInIziuAIIMUNIUED
aseanidu 3 ngu lagfinnsnnannisaauauagUDe
vugindoifidears Tasnsuszfiuarluiives
Wufredent IeAI NG vniinas waztiwiinuie
wdson idiFuasiuuda 5 uaz 10 Ju wudn Wuduas
aowuuasinfufiiarummiusisarslusziuaiy
Windu 050 waz 1.00 AlanSuarsesngnisaionans
1éur CN 72, Shaanxi uaz Black Seed Tuvauwiivig
wazarowugfifianfimmiuaglussduyunans
Toud KPS 2, NM 92, CN 36, PSU 1, KPS 1, jilin.
CN 60, V 3476 waz PSL 1 arusguazaiowusiif
AIMBOULORDANT Tusziua Nl 0.25 Alanin
arseonqrssatanant ldud UT 2, VC 6486, VM 2164
uaz TC1966 (lsiuamsdisya) anTweamnsimdan

dnlwaidunuasngindumluanmedaimaany

WU @i unuAaansiuens 0.30 wia 0.40
Alanfuarspanguinawnad (Van Wychen et al,
1999) wuanendl 1dfswerun1sdmdantamdoadt
wumussa1Ing IWGuumluaninuvas wudn g
dq. 4 tﬂuﬁuﬁfﬁwumum’amﬂuﬁmﬂ 0.50 Alan3usie
wnend Tuwoefivugdounediilicwnsommusioans
Tudmsn 0.25 Alanfnarsaenguideisnnns 16
(Pornprom et al., 20002) Tagwaluuda Tunvsldans
nquﬁLuwa*’m%’Umsnauqui'ﬂﬁﬂuﬁmlgnﬁu
srfin1sunsiiiinasiasiudnst 0.3 Alansu
grseangubAanand  nnmInaasIuaRY LN
uar Black Seed
QziinEnunauieatTludnIiendnanaandn

Onfoaiud CN 72, Shaanxi

fufgmiuguaraionudouy ndnfs fanamunly
Saafiganindmsuuni vndoyadond il awnm
iluldlunrsdnyfgafunisnevane avaawug
Sadeafiddoarsngiminmluanuzideads s
aaanaudmihlfiiaa 2w Iusad T iuanwuad
wvIuasesialy
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r=3 2

nIAadEanaewuindedtuntuarsnglngium

R

Tuszduaa

nmIdmiueadandado e 3 ﬁ’uﬁ:‘ﬁ
vnunuseansngleiom wudn dm hypocotyl w8
ﬁ’JLﬁU?ﬁuﬁ: Shaanxi asidnTnaedauiulauazmg
Wanuaeuradaafian 1noazldiaaitunrsdminitbi
Wndunaadaumustinn 4 §Un wradanLaesd]
anvozibunvunguisudiotaauasudouTonin
waadguaadndoniug CN 72 uas Black Seed (I
uanatioya) wiirniudniuaadasanaatuEooly
owmnsmaniatmitiiiAndwsaduriuany vianns
Aadaniwadfufioafifmiuarilusesiuaimdsdu
10° Tnan§ dolditiamonna 170 Su (bivansiioym)
WIPUHSUAIHUANA WY TEAUA I METUN RDATS
FEWINOAETIF MM (resistant cell) Muradund
(norma! cell) #ld¥uaslunrmdndusite dous
0, 10°, 10%, 107, 10% 10° waz 10* a3 Wwaan
10 1 (0wl 1 waz s1519f1 1) wudn wadifiumnu
arresfidnainadivlaanas 50% fsziuadmdiniu
voua1s 2.5 x 10° Tuand Tuvnerfiwadunsiszdas
naesgBulnanas 50% Aszivarmdnduuesans
7.5 x 10° Tuand fovisifasmiAduiianm
BUNIUAIS (resistant index) lasnisuFoutdiou
srfivardndueasarsngInfumfivinlinsiAula

120 -

100

wpawadanaaly 50% Tussdunfvaziuadtisinunuans
wudn Tusadfidmumiuafissiuaaisiiumiusan
nitlusaddalwaund Ussiane 333 win wanein
wisanfwadliuasnalnfiumiiniaindu 107
Twas uwd wadfidunmasansnsonionsiulals
wWhaung Tusaiwadundbiansowiuledeluls T
nsfndanvaddinalwalfdmniusaarsnalniiumi
ANy 10° Tvad wudn dvfluesriusinumiu
anslusadiinafiduniuasivwsadunimaiu
120 win (3udles, 2546) wwdaanunisndaniuad
vavdodliifummuarsngliium Rersanddaeiaam
FUUET RATIRUNINETIH 4,750 W vouad
Und (g and, 2546) adnlsfian Tuaowuduad
FuderffinrusinunsisarsnglWdumitsziuaa
Windiu 10° Tuand 8 Sebivsuuidainfanwuenaln
yaemmsusaaAniunelusad Juodels
srothu SoduwadimmuiiluAnydnvaenalnfugu
MENENARIDIAIINEIUNIUEYS  LapRaTsnnTT
wWasnulasfianssnnrsieuvesouluingniiu
s wasnTIvFauUTNIMNTTasaxvoawanlnL s
distumeluead davintsiisuifiouauuansted
Wndusznihusadunfivaswaditdituniuans e
i lWifidusdledrantlalunisaSunanalnyssainn
FunuanTimsadd ndessly

—#— Resistant cells

—&— pomal cells

g
§ 80
ks
£ 60
=
3
5 40
3
20 -
0 T T
0 10° 10°*

Glutosinate concentrations (M)

Figure 1 Growth response of normal (M) and resistant (¢) cells o glufosinate determined 10 days

after treatment. The vertical bars represent = S.E. of 3 replications.
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Table 1 Inhibition of 50% (I_) of normal and resistant cells to glufosinate determined at 10 days afier

treatiment.

Types of cell

ISD (M)

Normal cells
Resistant cetls

Resistance index?

7.5 x 10* + 0.058Y
2.5 x 105 + 0.096
333

II'I

., ¥ standard error (SE) represents the average of three replicates

¥ Resistance index = L, value of resistant cell/ | vatue of normal cell

nsinfenssnuasieulutingnfiv Swsina

fipsannnalnnmiansussansnalidiumas
Tugudenaiewosweulusingmfiu Suisa n3s
Fond1 GS Taoazludmhldfansazanuonlde
(NH) naluy defiuadenisdansizinnocfilu-
naaafiu  mlufantsairelusfiuesefivdoludg
(Awa, 2545) Tuntsmmassil SoviinnsAnufianssn
vasoulel GS TesRarsaninuisuudasianiss
vaueuluiluwaddndenfuarisadiisiniumivans
flszeziian 3, 5, 7, 10 uar 14 4 wisonldiuans
Wy AfenTTfnrsanzasvesoulmi GS {specific
enzyme aclivity) Us9lwadniuaT (herbicide-
free resistant cells) Fuwilinunninluvaduni
(herbicide-free normal cells) fi 5 §9 14 Ju
(it 2) ndnfe huwadfidmiuasiisisening
96.93-37.07 Inlasluasiafiafinulussiu daninndnlu
wadunAfiagluene 86.07-38.10 Tnlasluasefiadniy
Tusiiy Tuvafitanssnvanaulsd s Twwadi
fivunudts Cherbicide-treated resistant cells) waz
wadunA (herbicide-treated normal cells) uwans1a
fuodoufiulédn Taowanwsi 7 Sundeenldzuas
AonTsnaoaulint GS wssadfifimunuaNTiAwan
ninwadund Fofidn 47.05 way 38.10 lulatlua
sofiaandulusiiu  aandrdiu faR1suAAYEl
ATHAUIMTUETUDIAGTAF U MRA AT 1.23 win
WBNBAAUNA TodemndoafuAuiiAINATINIUENT
nufiuasyTinebnsaddndosfisuniuans nefdn

swnnduvadund 333 win wufganuesaavainuedn
(Vetiverzizanioides Nash) fiimmuaninalwdiun
finwudindine 10° Tuan$ wudn Asnsmweaenlyd GS
Tuwadfisunuansidindu 2 winvesvadund
(Prasertsongskun e al, 2002) 3MNHANIINARDY
audiuldinfanssnveaeulud GS Tuwadfisinunu
arsfonnnihuaadun® wanedn wadisnmuanss
nsusudnDuwuulineuauan (less sensitivity) 6inaT
foilibignsudalasansngludiom  donavinlvivuast
Fmuasamnsnidinegreananaiyivlalalu
anmwildFuars Twnfilwaduniifinnsmauaua s
amnnnin Segndudeuacliansnioniyduladaluld
Fadonmldennisiwadunifioléfuarsluud
finvnssnveaulud GS visoninlwvadfisinmwans
prvsuinlylein dnvanalnuasAarmeimuansiu
wadhuden farwdeadeddagasdudumisfians
WiviWARSeN Garget site) ngluiy ndafa wulat
GS fduoulvttun1s$aad huawluduasdunid
Tulasianluguuenludle i lfawradiuenladsly
Tilunsasronsaezilungaafiuld datiu (Honrw
Faraurnanduluntsosuraiiieadunalnuagain
Fruntuats  FawanaTRsuIUIHIN S aTan
vasuonluflediAnduntglulaadfiduniuaisty
Fusausaly
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175 5 &—ne Herbicide-free normal cells
N —&— . .
= 150 Herbicide-free resistant cells
> & 125 bR - .
Z a Herbicide-treated resistant cells
S "o 100 —¥—n1
§ £ Herbicide-treated normal cells
E 75 4
=
50 -
25
0 T T T | L T T T T T * 1
3 5, 7 10 14

Times after treatment {days)

Figure 2 Effect of glufosinate at concentration of 10° M on GS activity in herbicide-free normal

cells (¢), herbicide-free resistant cells (B), herbicide-treated normal cells (x} and

herbicide-treated resistant cells (A) determined at 3, 5, 7, 10 and 14 days after treatment.

The vertical bars represent £ S.E. of 4 replications.

MTIATIERYSHIMINsazanrdanbniiy

HowadRuldfuasngiMfumuds arsly
Fudanrsvinsnesiaulu GS bifinnsasanaey
wonluifiomehuiloovasiio wofinsazanaglu
sedfuge aznelifiansdodfeufisen light reaction T
NsEUUNIFUATIERAg LS T lUBR DR AaUGATeN
lipid peroxidation nisluiBaduuad Bunald

i o

Lﬁmﬁagnﬁ'\ma gonalududanszuauns dAnysinee
meluiir Fo nazvruniswigleluanwitlduasuay
nszuadntsforTsidioonas  Tufigafvfiazanoly
(Hess, 2000 n13dnuluadell Fovinasiersan
Usununsazanveauanlu e luuadidivuniuas
WARATIFIUMLETT @ 3, 5, 7, 10 uaz 14 Jundenis
$ua1s wudn lwwaddndoauni (herbicide-free
normal celis) ﬁU%mmmaqm‘sa:auLwﬂHLﬂaﬁau
NIRRT as (herbicide-free resistant cells)
Taofl 7 Su A7 1144.85 was 1500.73 Radninsanin
vmitinga aadady witiowwadléiFuaanglndumil
ANdRgL 10° lnans wudn Usinnueensasan
wolufisluiwadung (herbicide-treated normal cells)

r

fivanniuadifunuans (herbicide-treated

resistant cells) lpguTunauussnisazanuanlaiioly
wadUndfiFn 1882.82 fadnsusanTinimilnan uousf
ARG U TAY 1559.46 Sadniusanuinwin
anfi 7 Numdeanldiuars (i 3) azudiulsian
Usnnnwestanlafiofiaranluuadffiunuasfisn
tiosndnwadund 121 wit wiwdoiiulunisdaw
Usnauntsazanvasuod ndfisTuvaddaivdaod
simmmiananglfumiersdadu 107 Tvand wuidn
Tuwadunafidnanninadfidiuniuals 15 i
(Pornprom ef al., 2000b) waeal¥iiiui Woiradfy
Tasuarsnglidumudy ibiRulsdannimiwenlsils
lilumsa$onTeasiilungmfvdioldld SovinlHidn
nsasanvosuanluflonteluisadiiy Wofinsazas
yasuanlnflotfssaniu  delvitfaufisen lipid
peroxidation figunaluvianzudiannbeiuuad Tnof
waduead nTorfisinmiuansvenansoinisléFudiv
Yooninwadung dewanisveasefendnadl Haw
Weadisafunisdnunfianssnuaaeulyd ¢S Tudingdiu
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Figure 3 Effect of glufosinate at conceniration of 10° M on ammonia accumulation in herbicide-free

normal cells (#), herbicide-free resistant cells (B), herbicide-treated normal cells (x) and

herbicide-treated resistant cells (A) determined at 3, 5, 7, 10 and 14 day+ after treatment.

The vertical bars represent & S.E. of 4 replications.
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Evaluation of Major Seed Storage Protein Composition during

Embryogenesis in High Protein Soybean (Glycine max L.) Lines

15ums Soovnily' Aszdnh ASTAY was HALUAR WIATIATYT'
Narin Ruangpanit' Peerasak Srinives’ and Sutkhet Nakasathien'

Abstract

Negative correlation between seed yield and protein content in soybean is still a major
impediment to be overcome in breeding to improve seed protein content. In the past couple of years,
Legume Research and Development Project of Kasetsart University developed: high protein lines
using pedigree selection resulted in 5 pure lines, namely (G8891/G7945)-38-3-2-5 (K5), (K2xK5)-11,
(K2xK5)-9, (K4xK2)-1 and (NS1xK5)-4. However, amino acid composition of 75 and 115 subunits in
globulin seed storage protein could reflect protein quality of a soybean genotype. The objective of this
experiment was 1o evaluate the seed storage protein composition aiming for unique characteristics of
the above improved high protein lines compared to those of 2 commercial; Nakhon Sawan 1 (N51), and
SukhoThai2 (SK2), a Thai local variety; Pakchong (Pk), and 4 introduced high protein varieties, namely
Danbaek from Korea and G8891, G7945 and TG 1547 (K2) from AVRDC, Taiwan.The seed were sown in
outdoor pots. Flowers were tagged at full bloom stage and pods were collected at 15, 30, 45 and 60 days
after flowering (DAF). Seed storage protein composition was analyzed using SDS-PAGE. At 15 DAF,
the 7S subunit was detected prior to the 11S subunit. Both subunits gradually increased and reached
their maximum deposition at 45 DAF and then decrease slightly after the seed attained maturity at
60 DAF. The ratios of 115/ 78 were classified into two ranges, greater than 3.0 in NS1, Danbaek, (G8891/
G7945)-38-3-2-5, G889, TG1547, (K2xK5)-9, (K2xK5)-11, (NS1xK5)-4 and (K4xK2)-1, and less than 3.0 in
SK2, Pakchong (PC) and G7945. Ar 60 DAF, 115/7S ratio of NS1 showed the highest value of 3.51 due
to the lowest percentage of 73, while G7945 demonstrated lowest 118/75 ratio of 2.48. In addition, the
high protein soybean line (G8891/G7945)-38-2-5 could subsequently maintain the high 118775 ratio. The
nutritional value of this line is thus considered higher than the other high protein lines. The results from
preliminary study can be used as the basis for ilnproﬁng seed protein composition aiming at high

quality protein in concomitant with the effort to increase seed yield.

Keywords: Soybean, Day after flowering, Storage protein, Embryogenesis, Globulin
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suiLSsauTzwiandatuyBnalusivlufamdsaiudymidwylunaufuuseiugiamdes
Tifisrnadusiiugs Tubitfdnen lassnsdaainngidonasianniudfunssgaianm dngdonuasanans
Ieimunaneiudinmaclusiiugs IneldisnsAndanuuutiuninusy 1 I Gaumdios 5 anowud Ae (G8891/G7945)-
38-3-2-5 (K5), (K2xK5)-9, (K2xK5)-11, (K4xK2)-1 uaz (NS1xKs)4 WshuaranbundromBasdnivajitiu
Tusdrlnaydusudszneusiaolusiiveiia 11S uar 78 defiavAvsznouvaensmaeziiluiiuandoiy Soilifinoeo
valnwnantsfisneiu Jagussasduasniamaaesiunisil oussdesdusznovailushuasamdn wisuifiou
sevieaeiugiamdoolusiiugs fAond1n Musugnensdn 2 Wieg Tiud wasaisafl (vs1) fugluie2 (SK2)
oy Uantes uasiudTUIANGeanAaUTmA 4 Wug fio Wufinml Danbaek AUWigann AVRDC 3
Ao G8891, G7945 uar TG1547 (K2) lasuandumaoynsiuglunszanendlinatouds Aathononduvdes
sonsdpanu AN iuiadwedafiony 15 30 45 uaz 60 Tumdevinesnman dundaililuwdasdacengun
rTimaedusznavveslusiuszanluninlngds SDS-PAGE HA0IAN1TMARBIMMUINIIMEI0ENAARIMEDY
919 15 Fumdesanaen (Ui 75 gnatredusnrdeulusiiu 115 Tusiwie 2 siiafasfsdusutosziugegn
flog 45 Tumdensenman wazszanasdntipeilowdaunfiong 60 Jundeaneanaen Adadmsving 118
uaz 7$ (118/78) awrsodalfiu 2 ngude ngufifidnannds 3.0 dun Wuuasaissd 1 (NSL), Danbaek,
(G8891/G7945)-38-2-5 (K5), G8891, TG1547 (K2), (K2xK5)-9, (K2xK5)-11, (NS1xK5)-4 uaz (K4xK2)-1 fiu
ngnftlioonds 3.0 Tdud glavio2, vnves waz G7945 wudniug NSL fieng 60 Funianesnmanfidrdnd
sewitalusiiu 115/75 gafige winiu 3.51 ievanfidnyinsasanvaslusiiu 75 Tufadaufidooiian Twunefiriug
67945 fANdnan 11/7S sfiganiaiu 2.48 wenandiowuin Sawdesaeviudlusiiugs (G8891/G7945)-38-
2-5 fiendad o 115/75 fige waiouiuimdssmeruglusiugeiugdu navnmadnelunfafiawnsald
Drtisyarug it Wyd miuuiuugeseiusznovisslusiivazantusdn Wolladundosifianinminudiv
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wug
4

- a P-
HHANA mﬂg\ﬁ]u

A1
famaae (Glycine max (L) Merr] fufiy  (Duseduszney wiu winlofiu uazfmadu fige du

o e o e o .. o= - . .
wWIgivfid dyuesszivdlve diosanndadiamies  B-conglycinin (AAINMTIMEINUVEY O, o UAZ
sfiussnulusiukanivinSuseduszneuiias (Smith  B-subunits  HUFaaninasfiludifitasfidused

LTl

and Circle, 1972) lagfiofifuslusiivlumbngonin  UsEnauisn (Gayler and Sykes, 1981) fistiudndu

fuasznativfindy Taoiadouszaindooar 38-40
Trenfwifnupaisdaun (Liu, 1997) Sedenlddingau
TunszuruntsulssuiBundnfodio mnsuyuduas
am3dad  irliSnnaunisusinadawmdseialan
smbouszmalnegeduyn®  lusivazanvanlumén
uvdas Aa Inaydu (Globulin) feusznaudie glycinin
(118 globulin) Yszxudagas 50 yalusBiuhavng
(Derbyshire et al, 1976 uar Nielsen et al, 1989)
uaz B-conglycinin (7S globulin) FoftusznuFooar
18 vaalysiiuifonum glycinin Wilanaiiusznaudioe
acidic (40 kD) uay basidic (20 kD) fedionsiaiu
fovuseladalnd wazfiviununteeziluiifidamas

szwing 118/75 annsnveiifiquinwianadmie
Tnaunisveedundasls fesenninailudvaas
yiiatidunsapzfilufisniin Sovefinaniodunionin
vounBaiast 1wy AT TR ILHTY uasRNAMEaNTR
nebFadiMmAie (emulsification) TunAriudUsTLM
U wiadn s (Michael and Bewley, 2000) 4o
msUfuleiugiamdadbiiguamislnunstigedu
vlalaonaiaSrnolusiunda 115 wazaatSnno
Tussiveiia 75
ArHnegNiumM I FuUsugamda ol
Ysualushuuaruandagofinunmansuda  uss
guaTsafidity Ao andiiudnisausininenanan
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pasUinalusin wafioddofidnszauaruduie
Tunavemndamdsslifivsinnlusiuuarnandafie
wilutirandmansTeiiinmn (Li and Burton, 2002
uar Wehrmann et al, 1987)

Tuuszalve flasemsuiuuseigiamang
Tifunnnlusiufigensiousd 2536 dadndvgjecli
33n1sdatRonsuuailin (conventional breeding)
adnunl (2540) 18nsdadanuuudiuiiny Tz @
NgNuENADT (single crosses) uavanuang (double
Ccrosses) Tﬁmuﬁuﬁ:u%qw% (pure line) ffUTHaulushiu
Sowaz 50.4-52.7 Hogeniniugnienisdnfiviesar 9.0
Taowafs udlvinaudee Fodiu alilEdmaoedis
Tushuuasnardriigoin TnuFusaugRvaindale
dunalomefuaisingt Guafl uariugrians woe
msadelushuazanunin mu‘ié’aﬁfﬁaﬁﬁ’mqﬂssmﬁ
tRaRnuAnENTRva U sAuE aRvAnlug 1N 1 TREM
winludumdoearoruglusiiugs Wisuieuiuiug
numsfuaziudiudosluuszmdlnedafiuiinn
Tustiuiien W oyafiléinuduusslonilulasons

L

Uuugeiuginmioswacssinalvesisly

gunIninazisnig

NsNAADYLLNTZAYS

Wugiumaeeildlunimaaoefiionsn 12
anoud Ifuivuglusiugeannguiifouanimuiy
dniawfis (AVRDC) linTu 4 ¥ugho (G8891/G7945)-
38-2-5 w30 K5, TG1547 w3D K2, G8891 uar G7945

WU w'mn17ﬁ1'ﬁm¥mj'§\1ﬁué‘[manmﬁmm'smwm 2

3
1
Wug Ap WuguAsadTeA 1 (NS uaswudqluvio 2 (SK2)
Wu§ (K2xK5)-9, (K2xK5)-11, (K4xK2)-1 uas
(NSIxK5)-4 Wudfadios léud wuguindas (PC)
wamWug Danbaek Lﬂuﬁ’uﬁ:TU‘sﬁuﬁnmnm:mﬂmeﬁ
ihudavesduvdoais 12 argwugunnzindalu
nazamzwdaitudly 05 mM CaSO, uniigoumpd
267 @ Wwan 72 we. anthwimnsdrsuanaslu
nszanetue 13 47 melfaninunndonosineii
o gudidenarwmuidudnuaienw (TVRDC)
WM IMEATINUATANERS Ineuniiuwenay Soudn
uATUEH sowsitFouinan G wienes 2546

aitarsiuSinalulamauionun (Toral nitrogen
analysis)
dundadundosudazaroiudiun wasi
Tumsaildilasiavvionnalags Kieldahl method
(AOAC, 1990) wdrdwanmnlafidualusiv lag
wosifudlusdiy = Usnanilulamauionna x 6.25
v usivazanlumba
Wiiedmdafiiulugeigrieg fs 15
30 45 uar 60 Jumdsanssnman uualagld
Tulmsiaumar afelusalagiitiines (0.03M Tris-HC,
pH 80. 0.05M NaN) Tudfada 1 10 iwiin :
Usny) AefdliTiaamaitaoun 60 wnfi awnfuuen
slafudunn Taomsmpawisefiaameda 12000 sou
sowfi Winan 10 il TauSanaaadinduuas
TusAunaialdlag33 Bradford assay (Robertson
et al, 1997) uarl¥ Bovine Serum Albumin (BSA)
Wiuesgu vinlusfudlldTidsanw (denaturation)
fagUvivas (0.5 M Tris-HCt pH 6.8, 10% SDS, 20%
glycerol, 2% [B-mercaptoethanol war bromphenol
blue) Tudmdau 1 : 1 Teeusnies Twivdeadunan
10 W (Nakasathien, et al, 2000) :maniilumnseh
Tag53 SDS-PAGE Tu 12.5% polyacrylamide gel #78
w309 Hoefer SE 600 {lutian 6-7 ux. a1t daiaa
Aléludiandinuarséiond Coomassie staining solution
(0.25% Coomassie R-250, 50% Methanol uaz 10%
Acetic acid) USams 100 Hasewaa dhwnat 1 91lue
wiad19taading destaining solution (50% Methanol
was 10% Acetic acid) USnwT 100 Haddrssolaa
adaar 1w $wou 7 ade winhluimasinainu
WinpsuaulusBuusiazuiiade Image Master Software
{Amersham Bioscience)

N32BNUULNTNAADINAZATIATIZANATF

TNUHUNTINAGDILUY
Randomized Design (CRD) 417% 3 11 ¥in1s
s whdoyaneainl drolusensn SAS (Stadstical

Completely

Analysis Systems) version 6.12
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wisanaanmen fnisairelusiuazanviia 7S nau
uiin 11S (gﬂﬁ 2a) Ingazifiannsazans o, of- subunit
Tuain 15-17 Fumdaesnsan vouz@i B-subunit e
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et al, 1981 war Gayler and Sykes,1981) WU
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(115/75) ingedulugasang 15 Fu aufls 30 Fu
(3UM 2b) uacfiFgegniiony 45 fu wfissonfidadn
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Tusfin 75 arfign (qUA 2a) Foluszesti damdies
wiazaoNudfuSinunsaraniysiuneasviin uay
fndan 115/78 umnsineiuagefiod Aty (s d 1)
TagWuguntas NS1 uay (K2xK5)-11 #idadmnns
zanuaalUsiu 11S fige uasfidndunsazanvodluséiu
75 fivin vinlitmdasii 3 aeWugidndm 115/7S g
dawSoufiouiunug K2 uaz G889l iaudmatny
vuladiniiviefieng 60 Jumdeanesnaen SaTins
winvaalusiin 115 vaedamBasusiazaneugozana

K5 (K2 x K§)9

350

25.0

15.4

14.4

&
o

(Pakchong)

dm 78 exfidmdunisazanintu ¥ilAY 115/75 an
ansznnierar 13 lawnfo Waouifufiony 45 Tu
fiotu flang 45 Nwlolugsanghddydonnsimng
Tnsunisupsindaiumwdos  smieiefimdodng
SLEENINIULANT FefidmTimsazanyaalusiu 118
anay uilUsAuEER 75 SR msasaniiiRsiiv Sogu
flony 60 Tundsaneanaan Wuguntas Foidn 115/
7S AaRAYBEWHINT MDY 45 Tu fo Favas 38 dmwug
NS1 amanipedosas 8 (M13wfl 1) wAfuraiowug
18ud K5, SK2, TG1547 uaz G889l ilAndndu 115/
78 Rourany 30 Tundseanaen AouineAei (AT
1) {Bulum e wwea Shuttuck-Eiden way Beachy
(1985) TealutiraEnusnuaan1swemmdn (15-36 Tu
wiseanmon) nsadlusiulusdaeciiniulsineiag
windenmiudaTimsasasvadlusiiuwie 2 vilavrhou
Fromaft (Wilson, 1987) Boudirfiony 60 Fu usdaz
maﬁ’uafbiﬁm'mu,mnﬁi'mﬁ’w'aau%mm'n'ﬁﬁ:au 118, 75
uay 115/7S usiasnsndangumsAdndmusa 11S/75
1ifiu 2 nda Ao nguifidnd naennda 3.0 Tun Wag
NS1, Danbaek, (G8891/G7945)-38-2-5 wia K5, G8891,
TG1547 wiie K2, (K2xK5)-9, (K2xK5)-11, (NS1xK5)-

Pakchang
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Inheritance and AFLP Tagging of Leatlet Mutants in Mungbean
(Vigna radiata (L.) Wilczek) |

"Rudy Soehendi'?, Sontichai Chanprame',
Theerayut Toojinda' and Peerasak Srinives'*

ABSTRACT

Leaflet type is a canopy characteristic refated 10 light interception, thus modification of canopy
structure can alier seed yield. Two multiple leaflet mutants were obtained from gamma-rays irradiation
and used in studyin@ the mode of inheritance and tagging with AFLLP marker. The cross between large-
hepafoliate leaflet with small-pentafoliate leaflet mutants gave all F, plants with normal trifoliate leaflets.
The F. plants scgregated in a 9:3:3:1 rauo of large-trifoliate: large-heptafoliate: small-pentafoliate:
small-heptafohale plan;s, suggesting that the genes controlling leaflet size and leaflet number were
independent loci. The gene symbols Nyn, and Nyn; were proposed to control leaflet number. Since
there was no plant found with large-pentafoliate leaflets, it was hypothesized that the N; allele expressed
pleiotropic effect on both leaftel number and leaflet size. Thus the genotypes of the aboveé-mentioned F»
could be assigned as N;_Na_, in;Na_, Ny_tigny, and nyn nyn,, respectively. Another possibility was that
there was another locus with §and 5 alleles controlling the leaflet size and tightly linked with N, and 15,
respectively. There were 3 AFLP markers linked to number of leaflets per feaf and all of them corresponded
to the N; allele of the small-pentafoliate parent.

Key words: Vigna radiata, mungbean, inheritance, leaflet mutant, AFLP marker

INTRODUCTION traditional cultivars and low management inputs
by most farmers. However, there is a rather limited
Mungbean (Vigna radiata (L.) Wilczek) genetic variation in the existing mungbean
15 a wadely-grown, short-duration gramn legume

crop in South and Southeast Asia. It is an important

germplasm to boost up mungbean yield by plant
breeder. An alternative is 1o create genetic variation

source of inexpensive protein in most Asian diets
and a significant component of various cropping
systems. However, the average yields in the
farmers’ fields are still low, ranging between 500
to 800 kg/ha. One reason is due to the use of

W
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throught mutagenesis.

Several types of multifoliate leaflet
mutant have been found in legume crops and
express a potential in altering grain yield. Dwivedi
and Singh {(1985) reported that narrow leaf
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character in mungbean appears o be coverned by
two recessive genes svimbolized by af, and nlfs,
Bhadra (1991) reported that a nine-foliate leatlet
character was monogenic recessive 10 normal
trifohate leaf. He proposed the svmbols 1f and 7/
for the penes regulaning these twao characters.

Molecular markers can be used 1o tap
eenes controlling traits of inerestand 1o form e
a partial linkage group. This is parncular(y useful
as @ starting point in conslructing a more
informative molecular linkage group fu
mungbean ¢rop that molecular marker technology
1s at the beginning stage. The AFLP marker was
chosen in this study because of 115 excellent
reproducitnhty. which was essential if screening
protocols were (0 be established (Jones et af.. 1993:
Matthes er al., 1998). AFLP can screen a large
number of loci for polymorphism and
simultaneousty detects a greater number of DNA
markers than any other polymerase chain reaction
based detection system (Vos i al., 1995). Linkage
map has recently been developed in some crops
including genus Vigna (Tomooka er al., 2002,
Sonua er af.. 2006).

The objectives of this cxperiment were:
1) 1o study the inhertance of multifoliate leaflet
mutants it mungbean, and 2) to identify AFLP

S Sen o3 367

markers assocrated with the mwlnfolate leaflel

character
MATERIALS AND METHODS

Inheritance of multifoliate leaflets
Plant materials

A cross was made between 1wo parental
lines. one with targe-heptafohiate leaflets (L-7)
and the other with small-pentafolinie leafers (5-
5) during early rainy scason 2002 m Kascisart
University, Kamphaeng Saen Campus. The L-7
parent was a BC, progeny having the mosi popular
Thai cultivar'Kamphaeng Saen 17 as the recurrent
parent and the large-heptafoliale leaflet mutant
(V5926) from AVRDC - the World Vegelable
Center, Taiwan as the donor parent (Kowsurat e/
al.. 1999). The 5-5 parent was a new mutant line
obtatned from gamma-rays irradiation of F, sced
from a cross between the cultivated *Chai Nat 367
with the wild mungbean "TC 1966 (Srinives ¢/
al., 2000). The leaflet size of this mutant was only
about }/5 of the normal one (Fig. 1), The §-5 was
used as the paternal plant since it had purple
hypocotyl which was a dominant characier for
identifying the true F hybrid from crossing with
the green hypocotyl L-7, used as the maternal

Figure 1

Leaflet tvpes of mungbean progenies derived from the cross between L-7 and S-5.
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plant. The ¥, sceds were sown and harvested
individually and four Fy plants with the highest
number of F;secds were grown in the field to form
F, families. Ficld mapagement of the Irials
followed Lhe optimum recommended practices
advocaled by Park (1978). The number of F; plan(s
were recorded according to leaflet number (3, 3,
and 7). and leaflet size (large and small).

Genetic data analysis

The number of F; plants was tested againt
a 3:1 ratio for segregation in a single locus and
9:3:3: 1 for 2 independent loci using the Chi-square
(x2) goodness-of-fit test suggested by Mather
{1951). The heterogeneity among the 4 F families
were also lested accordingly.

Tagging of multifoliate leaflet genes using AFLP
markers
Extraction of recombinant inbred lines

From F, and on, the normal tnfoliate
leaflet plants were individualtly harvested each
time until Fs where four families each with four
phenctypes (normal-trifoliate, large-heptafoliate,
small-pentafoliate, and small-heptalotiale) were
finally obtained. The 16 mungbean lines were
considered isogenic lines in regard Lo leallet
number, bul uniform in the genetic background
(93.75 % the same 1n each family).

AFLP marker analysis

Young cxpanded leaves from 3 plants
each of the 16 isogenic mungbean lines and their
parents were collected for DNA extraction using
the modified CTAB method of Doyle and Doyle
(1987). Two hundred nanograms of genomic DNA
from each line was digested and ligated
simultaneously in a total volume of 30wl at 37 °C
over night. The genomic DNA was digested with
10U EcoRl! and 10U Msel (Fermentaz INC.,
Maryland, USA), while ligation required adaplers
of 5 pmol of EcoRI and 50 pmol of Msel.

Preamplification (PCR 1) was performed

in a total volume of 10 pl containing | pt of the
10-fold dilution ligated INA fragments. 0.5 ul
cach of EcoRl and Msel primers wilh one selective
nucleotide (5 uM), 1 pl of 10x buffer, 0.6 Wl of
MgCl, (25 mM), 2ul of ANTP ((1 mM) and 0.2 ul
of Tag DNA polymerase (Fermentaz INC.,
Marytand, USA) (5U7 ul). The PCR procedure
followed initial denawration step at 94 °C for 2
min, 20 cycles of denaturation at 94 °C for 30 s,
anneating at 56 °C for 30 s and cxtension a1 72 °C
for 60 s, then incubated at 72 °C for S min as the
final extension. The PCR | product was diluted
10-fold and used as the templaie for selective
amplification (PCR 11). The PCR 1l procedure
began with denaturation step at 94 °C for 2 min,
12 cycles of denaturation at 94 °C for 30 s,
annealing at 65 °C for 30 s (less 0.7 °C per cycle
after the first cycle), extension at 72 °C for 60 s,
denaturation for 24 cyctes at 94 °C for 30 s,
annealing at 56 °C for 30 s, extension at 72 °C
for60 s, followed by the final exiension at 72 °C
for 2 min.

The PCR Il products were loaded on 4.5
% denaluring polyacrylamide gel with [x TBE at
60 W for 80 min. DNA fragments were detected
by silver staining method as described by Promega
Corp., USA. Different DNA fragments amplified
with cach primer were trealed as discrete
charactlers and numbered sequentially. Genotypes
were scored for the presence (1) or absence (0) of
each fragment. A single factor analysis of varniance
was carried out to identify the association between
leafler types and AFLP markers using Proc
ANGVA (SAS Inst., 1999),

RESULTS AND DISCUSSION

All the F| from L-7 x S-5 were trifoliate
leaflet planis, suggested that there were at least 2
loci of gene controlling the leaflet number.
Assuming thal the L-7 and S-5 carried the
genotype nyn NN, and NN ran, respectively, the
F) should have the genotype N yr Nono. There was
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no large-pentafoliate plant (L-3) found among the
plants segregating from F, to Fs. Instead, there
were only 4 classes of leaflel number and size,
viz. large-trifoliate. large-heptafoliate. small-
pentafoliate, and small-heplafoliate. The numbers
of plants in different leaflet classes from each |,
family were tested against a 9:3:3;1 mtio of the
respective phenotvpes N;_No_, mymyNs_ N;_nyn,,
and nnn,n, (Table 1). The x?-test resulis
supported the hypothesis that there were 2 loci of
gene controlling number of leaflet. The combined
data did not deviate significantly from the 9:3:3:1
ratio. Heterogeneity among the families were not
significant, revealing that the segregation of this
traits among the F, families agreed well with each
other. With this model of gene action, the N, allele
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should have a pleiotropic effect on leaflet size so
that the plants with N,_ and n;n; phenotypes
always have large and small leaflets regardless of
leaflet number. The x2-1est for the goodness-of: fit
of 3 large: 1 small leaflct planis as supposedly
controlled by the n; locus is given in Table 2. The
test results supported that the a, locus also
conditioned leaflet size in all of the tested families.
‘The N, allele dictated normal-trifoliate at the
present of N; but showed pentafoliate in N;_nn;,,
whereas n;n; genotypes expressed heptafoliate
regardless of the genotypes in #, locus (Table 1).
Another possibility with less likely was that the
n; locus was tightly linked with the third locus
{say s} controlling the leaflet size. With the latter
hypothesis the S allele attached to the N, atlele so

Table 1 Chi squarc test for independence (9:3:3:1 ratio) between the n; and n, alleles controlling
Icaflet number in 4 F; mungbean families from the cross between L-7 and S-5 parents.

Family No. of plants :
N L-7 S-5 S-7 Total ) Prob
S NN mmNel Npmmy  mpmon,
1 117 44 42 23 226 6.448 0.10-0.05
2 64 21 27 12 124 3.627 0.50 - 0.30
3 172 47 41 17 277 4.460 0.30-0.20
4 82 24 20 8 134 1.695 0.80 - 0.70
C Toal 435" 136 130 T 60 761 " a86 | 030-0.20
"""""""""""""""""""""""""""" 11424 030-020

Helerogencity (9 df)

Table 2 Chi-square test for goodness-of-fit against a 3:1 ratio for leaflet size (large vs small) as
supposedly controlled by the n, locus  in 4 F, mungbean families from the cross between L-

7 and S-5 parcnts.

Family No. of ptantsd/ oy Prob
N, nyn;

1 161 65 1.705 0.20-0.10

2 85 39 2753 0.10 - 0.05

3 219 58 2437 0.20-0.10

4 106 28 1.204 0.30-0.20
R 0 I + ) E 190~ T 0000 <099
Heterogeneity (380 8099 005-00t

L No. of plants with large leaflets (V,_} was obtained from N and 1.-7; those with  small leaflets (n,4,) were from 5-5 and 5-7.
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tight that they always co-segregated so that the
respective genotvpes for the targe-trifoliate, large-
heptafoliate. small-pentafoliate, and small-
heptafoliate should be N;_N, §_. minyN, S_.
N;_nansss, and npnpgn,ss, respectively. The
theoretical genotype Ny_nn,S_ (supposedly
showing large-pentafoliate leaflet) was not found
in this study. due to no crossing over occurred
between Ny and S.

The ¥, population segregated into a
0:3:3:1 rauio in [eaflet size and number. indicating
that each character was controlled by a separate
locus of genes. A gene action with epistatic
expression was proposed for alleles controfling
leaflet number. N;_ gave trifoliate leaf upon the
presc.nce of N,_ genotype, but gave pentafohate
leaflct at the presence of nyn,. Whereas nn;,
expressed heptafoliate regatdless the presence of
N,_ or nyn,. The previous study reported by
Sripisut and Srinives (1986) indicated that Jobed
and 1rifoliate leaflets were dominant over normal

and muliple leaflets. Each trait was governed by -

a single locus of gene on different chromosomes.
Chhabra (1990) observed that trifoliate (normal)
trait was monogenically dominant over
pentafohiate in mungbean. Thus it was clear that
the small heptafoliate (with the proposed genctic
symbol ﬁ;n sznz) mutant allele in this study was
not the same as those previously reported.

AFLP marker associated with leaflet characters
Atotal of 180 primer combinations were
evaluated for detection of polymorphism between
-7 and §-5 parental genotypes. Amplification was
observed and 94 primer pairs showed
polymorphism between them. From 94 primer
combinations, 47 of them showed clear and sharp
bands and thus used for amplifying the fragments
of the 16 isogenic lines. Tweaty primer pairs could
distinguish between the parents and between the
isogenic lines and produced 56 polymorohic DNA

bands.
© The results of single factor analysis of

variance showed that a total of 15 AFLP markers
significant]ly associated with leaflet size and leallet
number (Table 3). The size of detected fragiments
range from 82-413 bp’ There were 12 markers
associated with leaflet size. 10 of them were
contributed from Py (L-7) alleles. the other 2
markers. viz. ACT_AGC and GCC_ACA!1 were
from Pa (5-5) alleles. For the number of leaflets
perleaf. 3 markers were contribuied from P
alleles.

Three markers, AAA_CTT3,
ACG_CACI1, and GCC_ACT3. showed
association wiih the genes controlling leaflet
number. Marker AAA_CTT3 was from P, allele,
white ACG_CACI and GCC_ACT3 were from
Py alleles. The marker AAA_CTT3 was likely
linked with N, allele. while the markers
ACG_CACI and GCC_ACT3 were linked with
n;. However. the markers did not correspond 1o
leaflet size (Table 3), revealing that the genes
controlling leaflet size and n; locus were tocated
on different chromosomes or probably on the same
chromosome but far in distance {> 50 ¢M).
Although a set of AFLP markers has been
identified to link with leaflet number and leaflet
size, more investigation on their map distance is
still needed to be further explored.

CONCLUSION

Crossing between 7 large leaftet (L-7)
and 5 small feaflet (§-3) mungbean mutants
resulted in the normal-trifoliate (N) F,. The F,
could be classified into number of leaflets per leaf
and leaflet size with large-trifoliate (N;_N;_),
small-pentafoliate (N;_nn;), large-heptafoliate
(nyrN;_), and small-heptafoliate (n;m,mn,) at the
dihybrid ratio of 9:3:3:1. The {inding was thus
evident that leaflet number character was
controlled by n; and ny loci of gencs. However,
all 3 AFLP markers associated with leaflet number
in this study corresponded to n; locus only. The n;
locus could have a plelotropic effect upon the

o
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Table 3 A single factor analysis of variance showing association of AFLP markers with leaflet size

and leaflet number.

Leaflet size Leaflet number
(N, L-7vs5-5,8-7) (N,S-5vs -7, 8-7)
Line no. Marker Marker Allele mean Prob Allele mean Prob
size (bp) P, P, P, P,
I AAA_CAG2  200-249 0.70 0.17 0.04 - - -
2 AAA_CAG3  151-200 0.70 0.17 0.04 - . -
3 AAA_CTAI 200-249 0.80 0.00 <0.01] - - -
4 AAA_CTT2  200-249 0.88 0.13 < 0.01 - - -
5 AAA_CTT3 82-100 - - - 0.17 0.7 0.04
6 ACG_CACI 200-249 - - - 0.22 0.86 0.01
7 ACG_CAG4  311-413 1.00 0.18 <0.01 - - -
8 ACG_CAGI 151-200 1.00 0.10 <0.01 - - -
9 ACG_CAG2  151-200 1.00 0.30 < 0.0l - Lo -
10 ACT_ACG 151-200 0.86 0.27 0.01 - - -
11 ACT_AGC 200 0.33 0.83 0.05 - - -
12 CAG_ACG3 100-118 0.73 0.17 0.03 - - -
13 CT_AAT 100-118 0.86 0.27 0.01 - - -
14 GCC_ACAI 151-200 0.30 1.60 <001 - Lo -
15 GCC_ACT3  200-249 - - - 0.27 086  0.0!

leaflet size such that the N; allele controlled large
leaflet size as well. Another hypothesis was that
the n; locus might be closely linked with the s locus
so that there was no progenies with large
pentaloliate leaflet (hypothetically carrying
N;_n;n:S_ genotype).
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Molecular Marker Analysis of Days to Flowering
in Vegetable Soybean (Glycine max (L.) Merrill)

Pornpan Ponprorﬁpaii !, Sirikul Wasee?, Theerayut Toojinda’,
Jun Abe*, Sontichai Chanprame"* and Peerasak Srinives®*

ABSTRACT

Days to floweririg (DTF) in_Vvegetable Soybean is-an impontant reproductive character of
agronomic interest. This trait is useful for developing vegetable soybean cultivars with desirable flowering
date, and cventually harvesting date. The objective of this study was (o identify simple sequence repeat
(SSR) markers associating with quantitative trait loci (QTL) for DTF in recombinant inbred lines (RILs)
derived from the cross between the vegetable soybean cultivar *AGS292’ and the grain soybean line
(G8891x(G7945-31-3-5-5) or ‘K3" grown in two environments. The SSR allele size profiling of the
parents were analyzed with 162 markers to identify their polymorphism. The analysis was assayed for
linkage relationships of DTF in a sub-population of 92 RILs. Molecular marker analysis of 63 polymorphic
SSR markers revealed that at least two major and nineteen minor QTL were involved in controlling
DTF. The QTL near SSR markers (Satt132 and Satt431) in moiecular linkage group (MLG) § had the
greatest effcet on DTE These results suggested that the putative QTL for DTF might be population-
specific as indicated by different genomic region that control the same trait in different mapping
populations. The QTL found in this study could facilitate vepetable soybean brecders in performing
marker-assisted selection (MAS) as early as in the seed!ing stage to improve vegetable soybean cultivars
with desirable flowering date. : :

Key words: vegetable soybean, Glycine max, days to flowering, quantitative trait loci, simple sequence
repeat, marker-assisted selection

- INTRODUCTION Korea, and Taiwan have historically been major

producers and consumers of vegetable soybean

Vegetable soybean, Glycine max (L.} (Shanmugasundaram and Yan, 2004). Days to

Merr. is a large-seeded, slightly sweet type of  flowering (DTF) isa major trait to be considered
soybean harvested while pods are stili green, by the farmers growing végetablc soybean. The
uéuall& at the Rg growth stage. Japan, China, culiivars with too short flowerning date do not
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accumulate sufficient photosynthates to produce
high quality seed, especially in a large-seeded
cultivar. However, the cultivars with toc long
flowering dates require more days until harvesting

and thus they are not suitable for farming systems

in tropical countries. Flowering time (days to R|)
and maturity (days to Rg) in soybean have been
reported to be highly correlated (Mansur et al.,
1996: Off er al., 1999). Tasma et al. (2001)
reported that the numbers of days to flowering and
maturity in field soybean were useful for
developing soybean cultivars with wider
geographical adaptation.

Several QTL associated with DTF have
been previously mapped on different molecular
linkage groups in soybean. The investigation of
QTL conducted in a single environment may lead
to underestimating the number of QTL influencing
a trait. It is also possible 1o have environmentally
sensitive QTL, meaning that expression of these
QTL will occur only under certain environments.
Palerson ef gl. (1991) suggesied thal, in such a
case, the experiment conducted to identify QTL
should be done in the location where these
environmental conditions were satisfied. Lee et
al. (1996) suggested that the phenotypic data for
quantitative trait should be collected over a range
of locations from within the base population of
environments toidentify putative QTL.

Since most vegelable soybean breeding
projects belong to privale companies, no
publication on an important reproductive character
study is publicly available so far. The objective of
this study was to identify SSR markers associating
with QTL for DTF of a RIL population derived
from the cross between 2 contrasting parents, viz.
vegelable soybean cultivar *AGS292’ and the grain
soybean experimental line ‘K37,

MATERIALS AND METHODS

Plant materials
A population of recombinant inbred lines

(RILs) was obtained from a cross between two
contrasting sovbcan lines *AGS292" and ‘K3’.
They were markedly different in terms of
nutritional contentin the seed, as well as flowering
date. ‘AGS292’ was a popular vegetable soybean
cultivar with large seed and high sugar content. It
was a pure line selected from the Japanese cultivar
*Taishoshiroge” by AVRDC - the World Vegetable
Center, Taiwan. The experimental ling (G8891/
(7945-31-3-5-3) or ‘K3’ was a small-sceded grain
soybean with high-protein content and had longer
flowering date than vegetable soybean cultivar
*AGS292°. It was a pure line derived by pedigree
sclection from the cross between ‘G8891° and
‘7945’ (both are from collection of AVRDC) by
the soybean brecding project of Kascisart
University, Thailand. The resulting progenies from
the AGS8292xK3 cross were advanced by a single
seed descent method from F, plants until 190 F,.4
se¢ds were obtained. This population was
considered as a RIL population to be grown and
evaluated for DT'F in the field in iwo seasons.

Field observation )

The trait data of the parents and their RIL
population were observed in 2 trials in the field
during the late rainy season (August - November
2004) and dry season (November 2004 - February
2005) at Kasetsart University, Kamphaeng Saen
Campus, Nakhon Pathom Provinee, Thailand. The
treatments were sown in single row plot each of
5.0 m long, with 0.60 m spacing between rows
and 0.30 m between plants. Three seeds were sown
in each hill and the scedlings were thinned down
1o 1 planv/hill at 10-14 days after germination. Each
entry was replicated twice in a randomized
compicte block design. Days to flowering was
observed as the number of days from planting until
a plant in the plot had an open first {lower (R,
stage as described by Fehr er al., 1971).

Parental survey for marker polymorphism
SSR allcle size profiling analysis of the
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parents was carried out at the Laboratory of Plant
Genctics and Evolution, Hokkaido Universily
using a DNA sequencer with 93 fluorescent-label
primers following the method used by Abe et al.
(2002). In addition, 69 none-label SSR primers
were screened for polymorphism between the
parents in this study. A total of 162 SSR loci were
selected to survey the parents from an integrated
soybean linkage map (Cregan eral., 1999) in order
to roughly cover 20 ML.Gs. The marker loci were
considered for SSR analysis based on their allele

size profile. The allele sizes with atleast 8 base™ ™

pair difference between the parents were chosen
for SSR analysis in high resolution agarose
(Cregan and Quigley, 1997). DNA was extracted
from young leaves sampled from 20 parentat plants
following the method described by Doyle and
Doyle (1990). The PCR reaction mixture contained
30 ng of total genomic DNA, 0.25 uM of 5" and 3°
end primers, 200 uM of each dNTP, 0.5 units of
Tag polymerase (TaKaRa, Japan), and tx PCR
buffer (10 mM Tris-HCIL,.pH 8.3; 50 mM KCl; 1.5
mM MgCl,) for a total volume of 20 ul. The PCR
reactions were performed with a GeneAmp PCR
System 9700 (Perkin Elmer/Applied Biosystems,
Foster City, CA, USA) using the foliowing
program: 32 cycles at 94°C for 30 sec, 48°C for
30 sec, and 6$°C for 30 sec. Following the
amplifications, 1.5 ul of 6-FAM-labeled, 4.0 ul of
HEX-lIabeled, and 2.0 pl of NED-labeted PCR
products weré combined and brought to a lotal
volume of 20 ul by adding distilled water. An
aliquot (1.5 pul) of the mixed PCR products
combined wiih a loading buffer (1.5 ul) containing
a ROX-labeled internal size standard (GeneScan-
500) was denatured at 95°C for 5 min and then
loaded and separated using an ABI 377 sequencer
(Perkin Elmer/Applied Biosystems, Foster City,
CA, USA). GeneScan software (version 3.1) was
used to visualize the SSR variants and to estimate
their sizes.

SSR analysis in RIL sub-population

Out of 190 individual RiLs, the SSR
analysis was assayed in a sub-population by
randomizing 92 individual RILs, DNA was
extracied from young ieaves from individual plant
of the subpopulation following the modified

* method described by Rogers and Bendich (1994).

The PCR reactions were performed as described
in the parental survey, except for that none label
primers were used. PCR cycling was performed
in a MJ PTC-100 Programmabte Thermal
Controller. All PCR products were electrophoresed
in 3-4% agarose gel. The gel was runin 0.5x TBE
buffer at 100 V for 45 minutes, stained with
ethidium bromide, visualized ander UV source,
and photographed using Vilber Lourma TCX-20-
M Gel Doc 2000 (Vilber Lourma, Cedex 1,
France). - : :
The RILs were scored based on marker
genotypes of the parents. The RILs that possessed
homozygous alleles derived from the vegetable
soybean cultivar ‘ AGS292 were scored as A, the
ones that possessed homozygous alleles from grain
soybean experimental line ‘K3" were scored as B,
and the ones that possessed heterozygous alicles
derived from both parents were scored as H.

Data analysis

Trait mean, normality index, and analysis
of variance of DTF was determined using
Statistical Analysis Systems version 6.12 (SAS
Institute, 1990). Narrow-sense heritability was
calculated from the variance component estimates
based on plot basis according to Fehr (1987). Since
the RILs were homozygous genetically, the
dominant genetic variation (02)) could be
neglected and the total genelic variance was
considered comprising only additive genetic
variation (g%,). Thus, the heritability estimated
from the RIL population was a narrow-scnsc one
and could be determined from the formula.

B2 = G2 (02 + (0% de) + (0P re)]

Where A2 represents heritability, o, is



576 Kasetsart 1. (Nat. Sci.) 40(3)

the genotypic variance component. o?,, is the
genolype x cavironment vanation, o7, is the
experimental error variance, r is the number of
replications, and e is the number of environments.
Observed frequencies at marker loci were used {0
calculate 2 values to test for goodness-of-fit
against the expected Mendelian ratio. Single-factor
analysis of variance (SF-ANOVA) was used to
associate polymorphic markers with DTF (SAS
Institute, 1990}. Significant marker loci associated
with DTF was identified when a marker at an
individual environment was significantat P< 0.05
across two environments. Significant marker loci
were combined in 2 multiple-locus regression
model (REG) to determine their combined effect.
Interval mapping was not used because individual
Iinkagé groups were not fully saturated and many
markers were unlinked (Lander and Boltstein,
1989). Two-way analysis of variance was used to
test for digenic interactions between markers
significantly associated with DTF.

RESULTS

Variation of DTF in the RILs

Mean, standard deviation, range, and
parental values for DTF are presented in Table 1.
DTF of the vegetable soybean cultivar ‘AGS292”
was earlier than.that of ‘K3 in both environments,
with the averages of 25 vs 42 and 27 vs 40 days in
the late rainy and dry seasons, respectively. While
in the RIL population, DTF ranged from 26 to 38
days in the late rainy and from 26 to 40 days in

dry seasons. The caperimental average of DTF in
both seasons were 31 and 33 days, respectively,
while that in the RIL population ranged from 26
10 39 days, with the mean falling between the two
parents. The average of DTF over two
environments were 26 days for *AGS292’ and 41
days for ‘K3’ (Table 1).

The frequency distributions of DTF
among the 190 R1Ls, averaged over two seasons
were continuous (Figure 1), indicating that the trait
was quantitatively inherited. Normality test of trait
frequency distribution based on W-test method
(Shapiro and Wilk, 1965) showed that the
observations were normally distributed (P> 0.10).

Narrow-sense heritability estimates

Narrow-sense heritability was estimated
using variance components from <he analysis of
the RIL population in each season as well as
combined analysis and presented in Table L. The
heritable values for DTF in the Jate rainy and dry
seasons were 94.2 and 91.6% respectively. While
the combined estimate over both scasons was low
(29.1%). This was the casc because of significant
interaction detected between genotypes and the
growing seasons (data not shown).

SSR analysis in RIL sub-population

The expected ratios of marker
phenotypes were 1:1 in the RIL populations. Most
of the marker loci mapped in the 92 RlLs
corresponded with Medelian segregation of 1:3.
However, there were 11 marker loci in MLG A2

Table 1 Range and Mean=SD of days to flowering of 190 soybean RILs and their parents grown in the
late rainy and dry seasons of 2004, and combined over seasons. The narrow-scnse heritabilities

were presented in the right column.

Secason RIL Parents H*V
Range Mean AGS292 ‘K3 (%)

Late rainy 26-38 31+2.58 25 42 94.2
Dry season 26-40 33+3.04 27 40 16
Combined 26-39 324261 26 4] 29.1

¥ Herability in the narrow-sense
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Days to flower

Figure 1 Frequency distribution of days to flowering in 190 RlLs averaged across seasons. Mean
parental values of *AGS5292’ and ‘K3 are indicated by arrows.

(Satt341 and Sant589), MLG C2 (8an277, Satt307,
and Sat316), MLG DI1b+W (Sat_069), MLG F
{Sat425), MLG G (Sau394), MLG J (Satt132),
MLG L (Satt166) and MLG O (Sati477) that
showed significant deviation from their expected
ratios (data not shown).

QTLs associated with days te flowering

Based on SF-ANOVA, ten marker loci
were identified as being associated with DTF in
the combined analysis (Table 2). They were
located on five independent MLGs (A2, D1b+W,
J, L., and O). Five markers were assigned on MLG
DIb+W, two markers on MLG ), while the rest
three markers on MLG A2, L. and O werc not
linked with the other markers. However, eleven
marker loci on MLG D1a+Q, D1b+W, D2, E, G,
H and 1 were not identified in the combined
analysis. Seven (Saf_135, Satt189, Satt350,
Satt132, Satt431, Sau229, and Sati262) of twenty-
one marker loci were significant in two
environments. Fourteen marker loci, viz. Sart187
Satt184, Sattl41, Saudi2, Saus506, Satt604,

Sat1458, Saud86, Sau230, Satt288, Sans68,
Sat_105, Sau(49 and Satt354 were each detected
in only one environment. The marker loci
tndividually explained 4.5 10 26.6% of the
phenotypic variation for DTF combined over
seasons. Multiple-locus regression identified six
markers that were significantly associated with
DTF in the late rainy season 2004 {Table 3). Four
of the seven marker loci contnbuted 4.4 1026.0 %
of the variation after accounting for the other
marker loci in the model and together explained
51.6% of the total variation for DTF combined
across seasons. The grain soybean experimental
line *K3” contributed alleles for ionger flowering
date at ten marker loci (Satt187, Sat_135, Satt141,
Satt189, Satt350, Satt412, Sait132, Sand3l,
Saut229, and Sati262) (Table 2), while the
vegetable soybean cultivar * AGS292" contributed
alleles for shorter flowering date at the same loct.

DISCUSSION

In this experiment, DTF in a single
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season was highly heritable. The heritability
reduced shightly when the combined data across 2
experimental seasons were used. This is the case

in the tropical countries where vegetable soybcan

can be grown two seasons per year. The
environmental difference belween two seasons in
the tropic is normally higher than that in the

temperate countries where the crop is grownina -

relatively fixed date of ptanting and environmental
regimes each year. From the results of this study,
it is recommended that vegetable soybean grown
in the tropic be selected particularly for the

intended growing season. A superior selection
method is a single seed descent across wel and
dry seasons. Selection for disease resistance and
some qualitative characters can be done from
earlier generations to reduce the number of RILs
for more intensive selection in the later
generations. Then, vegetable soybean lines with
desirable flowering date in each season can be
identified later.

Days 10 flowering of vegeiablc soybean
is an important trait that affects directly 1o the other
agronomic (raits, including grain quality, There

Table 2 Marker loci significantly associated with days to flowering (DTF) of 92 soybean RlLs from
the cross between ‘AGS292" and *K3° grown in late rainy and dry seasons 2004/2003, and

combined over seasons.

Locis MLG V Environment

Combined

Rainy 04 Dry 0405 P RZ{%) Allelic mean (DTR) ¥
P R{%) P RY(%) AGS292 K3

Saul87 A2 NS¥ 0.0463 42 00401 45 3L 324
Sat184  Dla:Q 00279 5.2 NS NS
Sa_i35 DIb+W 00135 65 00414 45 00175 61 312 32.7
Saldl  DIb+W 00238 59 NS 0021 55 310 325
Sawi89 DIW 00267 55 00413 46 00242 56 312 32.0
Sa3s0  DIb+W 00200 65 00404 48 00200 63 3Ll 326
Sadl2  DIb+W  0.0084 7.6 NS 00173 63 310 325
Saus06  Dib+sW 00290 52 NS NS
Sau604  DIb+W 00476 42 NS NS
Saudsg D2 0.0361 48 NS NS
Sata86 D2 00115 68 NS NS
Sau230 E 00122 67 NS NS
Sau288 G 0.0320 55 NS NS
Sausé8  H 00215 57 NS NS
Sat_105 1 0.0317 5.1 NS NS
Saug49 | 00193 6. NS NS
Sauisd 1 00241 58 NS NS
Sawiz2  J 00004 128 00001 139 0.0001 151 304 32.8
Satd43l ) <0001 188 <0001 274 <0001 266 304 ., 334
Sau229 L 00033 931 0004) g9 0.0021 102 308 32.7
Sa262 O 00167 63 00317 5.1 00163 64 312 32.7

¥ Molecular linkage grou;ﬁ
¥Days to flowering
¥ Non-significant
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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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(1982) éiafl

Chlorophyll a content

= (-2.99A  +12.64A ) Vol/ (X Area’'100)
Chlorophyll b content

= (23.26A - 5.60A ) Vol/ (X Area’100)
Total chlorophyll content
‘= (20.27A +7.04A_) Vol/ (X'Area 100)

Chlorophyll a content
= Usuwraslsfadie (n/85.an)

Chlorophyll & content

i

Usnuadalsiadt (n/ms.a)
Total chlorophyll content
= USiunaslsfadiouun (n./A3.08H.)

A, = Mmaganduudiinaeniade 647
WIMIHAS

A, = fnsganduuddiininenaBu 664
wilues

Vol = uSww3 DMF filiiain (wa)

X = dadmunaiasns

Area = wuiwehilufiliadn (asam)

%
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denature i 94° . 15 i .annealing # 60°u. 30
Junfi extension # 72° %. 60 Fundi w29 U
nAnmafildnufisonsgni@esivas 10 vin udnh
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soaando 830 uarliviu AfEundnsedufluln
fimunusantsvesmin 1, 2 uaz 3 A1eWug
sy washinvuovAmBinadelinawesilungs
flulndfiuaasainisdaunasnanisyinsiaman

wanviRassiiafitgadafusigouess Chowdhury

et al. (2002) fiwuiAdoanneariiefii (anagiudu

finuanAwETIIM Bl AT thAaluimEss

OPH-02
1250

anlwaaddond1n Tuifundos 16 aeiug wui

=

ABD
Aa o e = o d a
PILHDIUTHIATIITUN LD IR LB ULDNLNA

awrinfaiienfuiinmausslsasnhdald 13
AwAug ua:‘lﬁwmﬂ%‘amuﬂmﬂuﬁ’uﬁ:ﬂauuaﬁﬂiﬂﬁ

1WA wsluntavnaseaseil Inswe$ E-ACT/M-CTA -

TiamnsodanendlulnifiasefuiTulwifnunuse
n'ﬁmmmqmﬁn‘lunsjuﬁuﬁ:mnﬂsxmﬂé’ﬂmﬁﬂmu
By dwdw RAUOud wazlng Tasunnanewus
TaenuTulnfiasenuflulnd 41, 33. 49, 2 waz 2 9n
64, 40, 59, 6 uaz 4 a1eWuS AU agralaiinae T
nukauidualunguiugiuantoinssauuasionts
Vs mmEnInUTTmASHnfidom #aUTud wazlne
dusnorugainismvadudiouasdniu nouwouiiBme
Tunsjuﬁu,ﬁﬁammﬁiauuasiamwmmqmén Fmm
2 97 17 @1gWUg uaz 1 970 10 dewud awddu
awngiinuuouiiduevaslwaweifilungnanoriugs
douuaron1 TR Mman  orudmwizendeiuia
1160('1"’1tﬁﬂ"n\"mU‘i:mﬂmmﬂ"lﬁﬁﬁuﬁm%'\é}mﬁn
WlnbifinnsAndanamssinei wisunsaSooaiia

ar

* . ) oo v s o
‘U"Inn"l‘i“ﬁNﬂJ'\Nﬁui:“Qﬁﬂﬂuﬁ‘"“uﬂ quﬂUWHQﬁﬂaullﬂ

afiansuansududmlatlulan (crossing over)
sewiradasmnaluianaiuiuld wisenaiinannsi
m“’s’aqwmsﬂmaqaﬁﬁ'nu'\i"um:éiﬂﬁ’uﬁLﬁutatﬂmmu
Wlifiarseaiaadoulumifauouiiiue
wnaud) Insmod E-ACT/M-CTA wuuoufifuta
Tuiugiuananimsdauusisnsuasgminduiu
3 90 45 @eWu§ (A 1) dalwases E-acc/
M-CTG (fiauaudidualungsfilulnifiseunasants

= s v - p= |
ANASIAMANIHIL 11 9N 45 @UNWUg & an 1)

dladnwaudiudizwinensiiauazlhiiauoy
Aidulunguiugimumiudaniviasiamaniaeis
multiple regression analysis wud1 lwswes E-ACT/
M-CTA @wsaldodurgarnudsiiuuaeilulndi
ugAdoan (phenofypic variation explained) Tu
wowugnimnli 45:37% Twwnillnswed E-acc/
M-CTG awnToldioduremsusiulfifios 22.59%
uame TiuFuugeugannsaldiniued E-ACT/
M-CTA Tunsfruanidiovugnsndinunusentsvia
squfinldirouded

dnlwiies E-CAG/M-TAC way E-CGT/
M-CTG Sisngdl (2543) 1w 2wingindify
HufinIuANAHEIUUDABNTIVIAGIAEN @ TH1TA
Aouonthulwlyeadavignimfisaunssienisuinsin
wlnlditiion 19 way 30 aewu§ Jedndu 42.2% waz
67% BEIRU (T 4 wasnwdl 5) nidieugns T
AUTAYENTUIASIRMANT IR OMNA 45 @neWug
vanoniidawunauidueanlwnmaineaadiuglulm]
ﬁwumurrian'ﬁmﬂmﬁlmﬁnﬁ’m']u 126 waz 105 21N
VanuA 196 atewug (5wl 1 Feuaseliiiuia
TW7mes E-CAG/M-TAC uay E-CGT/M-CTG @150
TiaauenWluindfivunuuazdouuasion15v16570
wanlfitiosnn WawSsuifiouiulnsmes E-ACT/
M-CTA uar E-ACC/M-CTG

Tuourpam Wi Nes E-ACT/M-CTA
wwdsuiwirfaswinshuanafifiniuduwzse
Fnuaurimuusan 1 TInesRmAn 13end sequence
characterized amplified region (SCAR) sl
ATz B i asnn Iaeiien
wauFBumeidmiusifuarumuniusansvasemnan
#i lannniamsnvaaudislnimes E-ACT/M-CTA
FRTITERUIE  Uanovedeedinvuasdduiuany
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AR 1 Smumeiugikansenisviumn (T) uassouus (S) sensvnasmman lasnsTauinnnaslafiad
wazSmuEIeTu§AnULOURI BmaTedlnsNeS E-ACC/M-CTG fiu E-ACT/M-CTA firnéaging
fudufauanAamm uaslvawes E-CGT/M- CTG u E-CAG/M-TAC fimusagindifudu
ATUANADIHEAULBRANITYASRMAN Tudorugnssuiudiordmau 241 awniug an 17 UsznA

5
H
4
H
4

Snnuawiginuuouiiusvatusiazliwased ,
dwuit uszma . Wlulmd E-ACC/M-CTG  E-ACT/M-CTA E-CAG/M-TAG E-CGT/M-CTG X
1 nMu T=1 o - 1 1
7 S5=1 - - 1 1 ]
2 A UANET T=1 1 - 1 - ;
3 NWE T=2 2 1 2 2 ;
4 T T=1 1 1 - - B ;
5 Téiviu T=3 2 3 .2 2 *
6 Ty T=4 2 2 -3 3
=2 - - .2 2
7 - luS3e S=1 - - : . 1
Unfignu . T=9 9 9 3 4 f
9 RV T T=6 5 3 5 4
S=2 1 - 1 :
10 auigawsnn T=2 1 1 1 1 1
=1 - - 1 1
11 onflaay T=64 43 41 42 22
S=8 1 - 4 .
12 GRE(TZE{EL] T=1 - 1 1 1 ;
- S=2 1 - - 1
13 dongqy =1 1 1 1 1 ’
14 Swdie T=40 27 33 24 25 ‘
S5=17 3 2 5 10
15 Sulativiie T=1 1 1 1 1
16 By T=59 46 49 37 32
5=10 5 1 5 5 !
17 83n T=2 1 2 2 1 ;
5 T-196 143 148 126 105
S=45 11 : 3 19 30

T = MM WASNITVIAS VAN S = Sauuasion1TUIAGIAMEN
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anuSuusseniasaony 13

gnﬁmmuﬁ'ti‘lu EcoRl adapter war Msel adapter
sanantanhdduwan fnnasnuuulwssefinilng
owogedoyamaiugnaan eadalnaweluadly
g1 AMIENM 1824 wa ane 5 vosRiBuie
Wadaedas Halldianufisen PCR aziitios 1 marker
f9uNI10790 | Fevsimunsivoufisecdaiden
sagnadiudnaunn wiemsdmBananwuiivimiu
AanIumsmAn lulazunsvwnalng

s

INMIAnwLReAaunaoWudi o7
wumruazdautasantuasnvan luiiiarugns Ty
$uou 241 dovug wui Iwswed E-ACT/M-CTA
uaz E-ACC/M-CTG swnsavlifinuaufidwaiv
aeudynituianusaimaniae 3w dangw uaz
ulafidieimmiusionisvinoiamin udlwawesis
saafinuouiidueiuatoiudmumuldbinnmnais
wudanuTsmadinafidon Sudly waziviu lag
Inswied E-ACT/M-CTA swnsnoduisaiwussiu
vesAIMuUisnIIAs gmanludergna sl
nilnsiwed E-ACC/M-CTG dnulnsined E-CAG/M-
TAC uar E-CGT/M-CTG $efiznuswin finau

w oW ot o

WusiufuinruanaNdauLaian151As HIMEN

2t

fiuszavdnlunisdadanaionudsauusannids

1

1

=

4

ugniTnfidnunluaTati
AIBUAN

u'\uﬁﬁﬂfﬂﬁ%’uﬂuﬁﬁuﬁqumn (1) dmineu
nRIUATUAYUN TN (2) AUGWUGIAINTINUAY
waluladfinmuviasnd (3) dnineuAnznITanis
FIDWMIUIA (4) TuFAn Inendy M IendainyasAansd
wazr (5) Audwmalulagfinminyns 1o do
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Partial Genetic Map and Molecular Markers Linking to Fresh Pericarp
Color and Seed Coat Color of Bambara Groundnut

37z grsudmiaty' AavAna ASTHVAT Ssgvs diuat’ uavaulde Junfiusy’

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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UNARED

nerwanSslunsaniugimde il mnsednviugnssslunsdieveadneardwdaninan
wazdiovinudald Taoldanuaniaf 2 Afianmasnandssswined g TVsu 11 uas TVsu 1061 3mu
81 éu uazlfinfoomnolnana AFLP S1iou 193 1afpamino SSR 51 oy uasISSR 34 wiaomny
Anriniafeomnabuanafifeslosivansnuzsnanlagisnsonand K frzdunimedululs 0.01 Siaei
nguRvAnsuazaiuanfilasaluudusiomildlusuns MAPMAKER/EXP 3.0b uasssysuwmlovasfiy
fremsdnndagldlusunsy MQTL wudr anwnsaaindgsdednald 2 ngnain 18 wiaaneluana
sunluszeing 2139 cM laofitrdoounoliana AFLP AC/AGG WanluaiudnuaesGontinanfiizeunsing
nninnimasduiuminedy 12 oM dudnvazdeiuudadunifidumisagznitaadoung
lutana AFLP TAC/CAA2 uaz AAA/GTC1 lagamindumisvasBunanaisdninsoniaSoanng TAC/CAA2

sz 6 oM uasnuinaieaminslinana ISSR vM27 ianlosegiuinwar Bariuminduaegiao

A

0 .
ar o

0mie (bambara groundnut) tfufiv
diploid #fidwulrslalon 2n = 22 1Buléde
Inerandin Voandzeia subterranea (L) Thouars.
sionfinrTdaswunimi iGadu Vigna subterranca
(L) Verdc. wazdinnsdausnsaniiiu 2 ngunugnig
WONWANGRT Ao Vigna subterranea var. spontanea
dmIuimTonudln uaz Vigna subterraiiea var.
subterranea dmiuwWuguan (Linnemann, 1987)
fiowntinil NTANEINSAENEAGNYIIENIIWUGNTTN
Tudwmouaznrmimwemitu bismnsoiila dasann
Thawsanandiwszninaiuguioaoiugsine 16
FodumalRbiflasonmuiuuseiugimdalaonisuan
daiugingLuii (Goli, 1997) sion INCO-DC (2002)
uaz Massawe ef al. (2003) 31e9miieAdmdnTvee
Tasen1s BAMFOOD Tunnsmasiugsznineimda
wWuduanuazsninewuduaniuiugun  viliawnsa
AMyINTIAGNDANIONLENTTH LA TaTIUEWATY
fudnveadmisengnds F, Aldannisuansewing
WudUuudugn (Basu er al, 2003) usiluvouiii
Filiwuinfinainaueurdituvesimefifinsna e
F5zunzAoes (2548) uAr Suwanprasert ef al. (2006)
wumailaneaugimsefi e sidudnrinanda
genini8n1suaslasonis BAMFOOD wamiinng
AnvnrsineneadnwasiuBoningn  difevindn
ity uazgunsolu Tagluntanasazwinadug Tvsu
1061 war Tvsu 11 Feawrsodnwrdioyaldionn

-

Uszynigu F, dwau ‘81 siw wudt dnsuziUden
Hnasfunuasdolnninfivdacain  dragnaluan
Faotulios 1 eumisiiiivbaszrei Tuefeiidoléd
Anwifiuadoamneluaga AFLP, SSR uay ISSR #
WonlewAudnwairfiufeniinanuasdiborinnén
wazfimussumisyssfudsnduuunufilaslalyx
vadm lavendomaiin bulk segregant analysis
Foazawnsolinbudeyadossin Tunsadrourniitu
vpuimiTisaysoissly

gunsaluaziBny

Uszansnla luntsdne

Ygnéiu F, dwou 81 du fildannisuan
Wudrsnieanewug Tvsu 11 deiwfandnandyin

Woknudadung Fuaiewud TVsu 1061 defitud@aniin

Hinouny WofumindmBaonty Tundamioniuais
Wugvo-us Wetufindnsnsfiuaasaanuasfiusitogne
Tuain DNA
n13dia DNA
tﬁﬁﬁmtjw'lua'aumnawﬁ'uﬁ:ﬁa-uﬁ
uazvszyng F, Tuszesfuddudnng uondusiosiu
dwiuiluain DNA ualulfidunvandoniululasiou
WAl winana DNA & 38nsua9 Lambrides et al.
(2000) m':"mﬁauqmmwua:ﬂ%’undwmﬁm‘iu'[ﬁtﬁu
10 wlunFssiolulasans dwmiuldlunminugRsen Per

dhint
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niarvwaTssmnsnanafidenlesivanvas
fraule

asrawnaissnnsluanafiifonlooiy
dnvuzdBanihaauasdidofuidn  faromaiia
bulk segregant analysis aM438n13999 Michelmore
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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2. Fnenanaasuryas

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

1192 ¢M

T 38 U 1 NS - RUMGUS 2550

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.



2. Inpneasinuas

77 38 @il 1 uns1A% - QUMYUS 2550-

ucruflaslulovwan 47

39750

124 ar

(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
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wuguaswugnisntunisdieveadnumuzui
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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
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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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gunIniuaz3snIs

nsdnrmaetabulauazisvenniauaziin

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
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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.
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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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wafnoa niawnBe 15 fiaddns fidmsnasina 0.4
fiadanTAoufi  venialwAnoanainAsdniifie
2 ueduea nssundio 10 NaBBAs Tomouke asaod
finBodaeihndu 2 fadBes uaznios ETNMALAREYS
Ao 0.05 uefuoa nIAafiin Ao uea udminau
40 : 60 N799 1@FN analytical column (reverse-phase
C-18 column prevail 5 fm, 250 x 4.6 mm) ¢
wandoudl AdaviniTlva 0.3 faddaT sound
ATIEIUM 15 uHsiaf9g1 Ag evaporative light
scattering detector (Alltech ELSD 2000) tiwafili
wFouiunsmaesgu deafrolasidarsazars
}mguluiAenlvien

) o -
NTTIATIZHNIGEDE

© uANuANTvEIUS I MNaaHD TaanHA
Tundavoadonugnamia 250 aeu§ naasunts
nyztouvuUnduarAulAmeatifinneg (&
Auady (mean) daufooiuuniasgu (standard
deviation, SD) AN (skewness) A27HlAY
(kurtosis) wazdnUTzAnSAMHUUTUTM (coefficient
of variation, CV) ﬁﬁmmmﬂ'rmﬁ'uﬁ'uﬁ‘::wi'ig 2 ilod
PNANUTERNSANTHAUS (1)

HALAZ I

FIE

USuvisanefamuatusdnvesfonug-
mrmiadion 250 @1eWug @wrsouanues Ambioen
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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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NITANBIAIIHENNUGTTEMI10UTN T
Woavaauiiasag Tundn Avdnwoemoiuls ve
Usznstududenite 10 anowug Idkasanisil 3
ueiiloannuSsnnilnianveavesa uwaznsalninazi
ANduSTudnes iy Bt TsUTMNTA
Iwanldennisdvnmain uinulvanveareda
FahusanaansalnAnumasnusTudnunsduy
uit liusunnilvsvneadeYanAwIMAg inTzaz
&A1y wansimsisinudt nalvRnfiandius
meuINfuUSaweanaFaramnalundn ( = 0.98)
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=
fitfgvorgifuifeafdaiusnouanivuinim

Woavadd ofiuvid (r = 0.87) AT udunaNNg
fivoavoTaotunislunda fnihfiatuaumaieny
vaseulwilunszuviunsmaueddn (Ren1919%y
wulauazwrmnsafind L itinesiu

B

ATNUUTUTIM WYesUIHIMETUSENaY
voaraFaluindnvaaiowugnisudndofiuinne
fazlfiduumaeiugnisniomsuiuugeiug udneos
aend1a  TesilnufuugeiudRuansalddnuos
USauaavesaionualuméa ifeuiuyednsns
Usmunsalvanls  iwszdnuasivasofiandiuglu
NWUINGY UaENTIAT RIS MDA FmIwHR
gwmrTmildiaraon s wandorilfisnetissntn
MyRATITRUSHMNTAIHEN

ATUBURAM

mu’i%’aﬁlﬁ%’unwﬁﬁuﬂgumn (1) eud
walula8fnmneas Tagsulsziineslasenisdas
tudafdnwiwazddoarvivaiuladfinanineas
nroldlasenisWmundufedneivazide  a1un
Ingamanfuazivalulad nizvsndnuidnig ()
yuaivaISorriuTuindny sz Donlszann

2548 TaufimIngndo anIng 1 HgInenIAIRT 90013
JAATISUUTEHIMNIINANITU  FTOUATHRINILYY
HWTIMETABNYRTAERT (3) '-Iﬂ‘son'ﬁﬁ'uqmamiuﬂ:
mMsvuugaiugfialinszga -tadwmiudssmalne
dninerunasyuaivayunaside (4 lasenis
walulad@nimifansimuiugiadeslng
AudiugIAInTsHwazwAluladfinmurond
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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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B LA A b ‘UV[ﬁﬂ%iEl . - v -

LA 2R T Miraied - P S . .

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
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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
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.
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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.
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BifinmTaurimusEUY photosystem 11 @Taanysnl uamslitiudin Aufifluuuy opaque fusz@ndnw
Al reaction center agluanmiBiaudndl (oxidized Tunnilfussrnifviifludifongd fuavinlia
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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




6 ' NU Science Jounal 2007; 4( 1)

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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