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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.

Acknowledgements

A Roval Golden Jubilee PhD Programme Grant 10 author C. S. and 2
Basic Rescarch Grant from the Thailand Research Fund to author P S. are
gratefully acknowledged. We thank the following organisations for providing
germplasm used in the study: the Australian Plam Genetic Resources
[nformation Service, Queensiand, Australia; the National Botanic Garden of
Belgivm, Meise, Belgium; the Intemnational Center for Tropical Agriculture
{C1AT), Colombia; the Leibniz [nstitute of Plant Genetics and Crop Plant
Research {IPK), Gatersleben, Germany; the International Board for Plant
Genetic Resource, Rome, ltaly; the National Institute of Agrobiological
Science, Tsukuba, Japan; the World Vegetable Center (AVRDC), Taiwan,
China; Chai Nat Field Crops Research Centre, Chai Nat, Thailand; National
Center for Genetic Engineering and Biotechnology, Kasetsart University,
Kampaeng Saen, Thailand; and the National Plant Germplasm System,
United Siates Department of Agriculture, USA.

References

Arora RK, Nayar ER (1984) ‘Wild relatives of crop plants in Iadia.
NBPGR Scientific Monograph No. 7." (Nationa) Bureau of Plant Genetic
Resources: New Delhi)

Bisht IS, Bhatl KV, Lakhangpaul §, Latha M, Jayan PK, Biswas BK, Singh AK
(2005) Diversity and genetic resources of wild Figna species in India.
Generic Resources and Crop Evolution 52, 53-68.
doi: 10.£007/510722-005-0286-0

Buckler E, Thornsberry J, Kresovich S {2001) Molecular diversity, structure
and demestication of grasses. Generical Research 77, 213-218.
doi; 10,101 7/S0016672301005158

Chaitieng B, Kaga A, Tomeoka N, Isemura T, Kuroda Y, Vaughan DA
(2006) Development of a black gram [ Migna mungo (L.) Hepper] linkage
map and its comparison with an azuki bean [Figna angularis (Willd.)
QOhwi and Chashi] linkage map. Theeretical and Applied Genetics 113,
1261-1269. doi: 10.1007/500122-006-0380-5

Frankel OH, Brown ADH (1984) Current plant genetic resources—a critical
appraisal. In ‘Genetics: new frontiers. Vol. IV™. pp. [-11. (Oxford and
IBH publishing: New Dethi, India}

Fuller DQ, Harvey EL (2006) The archacology of Indian pulses:
identification, processing and evidence for cukivation. Emvironmental
archaeology 11, 219-246.

Gepts P {2004) Crop domestication as a long-term selection experiment.
Plant Breeding Reviews 24, |44,

Goudet J (2002) FSTAT, a program to estimate and test gene
diversities and fxation indices. Versions 2.93.2. Available ai
hitp-/fwww2.unil ch/popgen/softwares/fstat.htm

Gwag J-G, Chung J-W, Chung H-K, Lee J-H, Ma K-H, Dixit A,
Park Y-J, Cho E-G, Kim T8, Lee S-H (2006) Characterisation
of new microsatellite markers in mung bean, Vigna radiata (L.)
Muolecular Ecology Notes 6, 1132-1134.
doi: 10.1111/].1471-8286.2006.01461 .



Mungbean diversity

Han OK, Kaga A, Isernura T, Wang XW, Tomooka N, Vaughan DA (2005)
A genetic linkage map for azuki bean [ Vigna angularis (Willd.) Ohwi &
Ohashi]. Theoretical and Applied Genetics 111, 1278-1287.
doi: £0.1007/500122-005-0046-8

Kaga A, Vaughan DA, Tomooka N (2004) Molecular markers in Vigna
tmprovement: understanding and using gene pools. In ‘Biclechnology
in agriculture and forestry. Molecular markers systems. Vol 55°.
(Eds H Lorz, G Wenzel) pp. 171-187. (Springer-Verlag: Berlin)

Kojima Y.Ebana K, Fukuoka §, Napamine T, Kawase M (20035) Development
of an RFLP-based rice diversity research set of germplasm. Breeding
Science 55, 431-440. doi: 10.1270/jsbbs.55.431

Kumar SV, Tan G, Quah C, Yusoff K (2002) Isclation of microsatellite
markers in mungbean, Figna radiata. Molecular Ecology Notes T,96-98.
doi: 10.1046/3.1471-8286.2002.00158 x

Langella O, Chikhi L, Beaumomt MA (200i) LEA (likelihood-based
estimation of admixture): a program to simultancously estimate
admixture and the time since admixture. Melecidar Ecology Notes 1,
357-358. doi: 10.1046/).147)-8278.2001.00099.x

Lawn RJ, Cotrelt A (1988) Wild mungbean and its relatives in Australia.
Biologist (Columbus, Ohio) 35, 267-273.

Lawn RJ, Watkinson AR (2002) Habitats, morphological diversity and
distribution of the genus Mgna Savi in Australia. Austratian Journal
of Agricultural Research 53, 1305-1316. doi: 10.1071/AR02065

Lawn RJ, Rebetzke GJ (2006) Vanation among Australia accessions of the
wild mungbean (Vigna radiata ssp. sublobata) for traits of agronomic,
adaplive, or taxonomic interest. Australian Journal of Agriculeral
Research 57, 119-132. doi: 10.1071/AR05215

Lin K (2602) Power marker: a powerful software fore marker data analysis.
Available at http:/fwww.powermarker.net

Nei M, Tajima F, Tateno Y (1983) Accuracy of estimated phylogenetic tree
from molecular data. Journal of Melecutar Evolution 19, 153-170,
doi: 10.1007/BF02300753

Phansak P, Taylor PWJ, Mengkolporn O (2005) Genetic diversity in yardlong
bean {Vigna unguiculata spp. sesquipedalis) and related Vigna species
using sequence tagged microsatellite site analysis. Scientia Horticulturae
106, 137-146. doi: 10.1016/).5cienta.2005.03.010

. Pochlman JM (1991} ‘The mungbean.’ {Westview Press: Boulder, CO)

Puchooa D (2004) A simple, rapid and efficient method for the extraction of
penomic DNA from lychee (Litchi chinensis Sonn.) African Journal of
Riotechnatogy 3, 253-255.

Rebetzke GJ, Lawn RJ (2006a) Adaptive responses of wild mungbean(Vigna
radiata ssp. sublobata) to photo-thermal environment. |. Phenology.
Australian Journal of Agricultural Research 57, 917-928.
doi: 10.107 1/AR05357

Reberzke GJ, Lawn RJ (2006b) Adaptive responses of wild mungbean
(Vigna radiata ssp. sublobata)to photo-thermal environment. I[. Growth,
biomass, and secd yield. Australion Journal of Agricultural Research 57,
928-937.

Rebetzke GJ, Lawn RJ (2006c) Root and shoot attributes of indigenous
perennial accessions of wild mungbean (Vigna radiata ssp. sublobata).
Australian Journal of Agricultural Research 57, 791-799.
doi: 10,107 /AROS163

Australian fournal of Botany 847

Rohlf F} (2001) Comparative methods for the analysis of continuous
variables genomic interpretations. Evolution 55, 2143-2160.

Saravanakumar P, Kaga A, Tomooka N, Vaughan DA (2004) AFLP and
RAPD analyses of intra- and ‘nterspecific varation in some Vigna
snbgenus Ceratotropis (Leguminosae) species. Austrafian Journal of
Botany 52, 417424, doi: 10.1071/MBT03091

Smartt J (1990) *Grain legumes: evolution and pgenetic resources.”
{Cambridge University Press: UK)

Tomooka N, Lairungreang C, Nakeeraks F, Egawa Y, Thavarasook C (1992)
Center of gene diversity and dissernination pathways in mung bean
deduced from seed protein electrophoresis. Theoretical and Applied
Generics B3, 289-293. doi: 10.1007/BF00224273

Tomooka N, Vaughan DA, Moss H, Maxted N (2002} ‘The Asian
Vigna: genus Vigna subgenus Cermtotropis genetic resources.” (Kluwer
Academic Publishers: Dordrecht, The Netherlands)

Tomooka N, Vaughan DA, Kaga A (2005) Mungbean [Vigna radiaia (L.)
Witczek]. In ‘Genetic resources, chromosome engineering, and crop
improvernent volume 1. Grain legumes’. (Eds R Singh PJ Jauhar)
Pp- 325-345. (Taylor and Francis: Boca Raton, FL)

Tompoka N, Kaga A, Vaughan DA (20068} The Asian Vigna
(Vigna subgenus Ceraiotropis. In ‘Plant genome, bicdiversity and
evolution. Phancrograms (Angiosperms, Dicotyledons). Vol. I, Part C'.
{Eds AK Sharma, A Sharma) pp. 87-126. (Science Publishers: Enfield,
NH} ) )

Tomooka N, Abe K, Vaughan DA, Kaga A, isemura T, Kuroda Y
(2006b) Conservation of legume — symbiotic rhizobia genetic diversity
in East Timor, 2005. Crop collection reports. National Institute of
Agrobielogical Sciences. Available at http//www.gene affrc.go jp/plant/
publications.htmi [ Verified 7 October 2007].

Vaughan DA, Kaga A, Kambuou R, Poafa J, Tomooka N (2006} Report of
a collaborative multi-crop and crop wild relatives collection mission
in Papua New Guinca: focus genera Manihot, Metroxylon, Oryza
and Vigna. 12-25th June 2005. Crop collection reports. National
Institute of Agrobiological Sciences Availabie at hitp/fwww.gene affrc.
go.jp/plant/publications.html [Verified 7 October 2007].

Wang XW, Kaga A, Tomooka N, Vaughan DA (2004} The development of
SSR markers by a new method in plants and their applicanon to gene
flow studies in azuki bean [ Vigna anguiaris (Wiilld.) Ohwi and Ohashi).
Theoretical and Applied Genetics 109, 352-360.

Weir BS (1996) ‘Genetic data analysis Il: methods for discrete population
genetic data.’ (Sinauer Associates, Sunderland, MA}

Zhu Q, Zheng X, Luo [, Gaut BS, Ge S (2007) Muhilocus analysis
of nucleotide variation of Oryza sativa and its wild relatives: severe
boutleneck during domestication of rice. Molecular Biofogy and
Evolution 24, 875-888. doi: 10.1093/molbev/msm005

Manuscript received 4 June 2007, accepted 27 August 2007

Appendices 1-3 are available as Accessory Publications on the web

Appendix 1. Accession number and origin of mungbean complex samples analysed (accessions selected for core collection are highlighted)

Appendix 2.

Histograms of allelic frequency of loci per primer in wild, intermediate and cultivated mungbean samples

Appendix 3. Principal coordinate analysis of all mungbean complex samples analysed

http:/fwww.publish.csiro.au/journals/ajb



|dentification of Parental Mungbean Lines

Bl

for Production of Hybrid Varieties -

Chen Xin', Worawit Sorajjapinur?, Sanan Reiwthongchun? and Peerasak Srinives®

Reprinted from CHIANG MAI UNIVERSITY JOURNAL
Vol. 2 No. 2 May-August 2003
PP. 97-105



Yig U3 V0

Identification of Parental Mungbean Lines for Production
of Hybrid Varieties

Chen Xin', Worawit Serajjapinun®, Sanan Reiwthongchum? and Peerasak Srinives®

nstitute of Industrial Crops, Jiangsu Academy of Agricultural Sciences, Nanjing, Jiangsu,
China

’Asian Regional Center - Asian Vegetable Research and Development Center, Kasetsart
University, Kamphaeng Saen, Nakhon Pathom 73140, Thailand

*Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen,
Nakhon Pathom 73140, Thailand

*Corresponding author. E-mail: agrpss(@ku.ac.th

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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(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.
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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

sensmvuy
‘YnAaga
ATIARLEDNS 1 naaaﬁﬂumﬂuﬂﬁinaTﬂajmw'fu'i.,ﬂumflumaau,muaaﬂ Tﬂmﬁmsam taaatuawa
wm‘nmmaaqwuﬁ 9. 4 mmsmmm‘imnatﬂuuﬁaazﬂm'mshu hypocoty’l -uaanmaau ua':mlthuﬂumaa
umuaazl ua..ﬂmaan‘iwLnﬂtﬁumaamwn'mmcma'{wajtwa EREEE StE:thse selectlon Tumwmwmam MB
tmaamnam MS. +ARfiengas BS) mﬂuaaﬂuu NAA 10 fianSusiodns Al pH 5.7 ua.,TeiﬂﬁnaTﬂmun'lu

v iR aud 1070 89 10° Tvans wuin 't'm*ﬁmmm'lmnﬂtflumaawmumuﬂqﬂé’luivavﬂ'nuwmm
10*’ Tnans Tea'tmum‘lunﬁﬂmaanu’m 350 i mumnwaam'mmumua"mﬁu 50 mwaamaammaaqﬂnﬂ

L

' ﬁuﬂw‘in‘fﬂaﬁ%"m‘mman"ﬁ"tn"':m‘i M ANGAUNYAIAERT TR IUHIUAY HATUTH 73140,
! Center for Agricultural Blotechnology, Kasetsart-University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand.
mmmmﬂmw ARISIITBAT HUTIMENADINEATAIERS g A unIuay UATUSH 73140,

i Depamnent of Agronomy Faculty of Agnculture hasetsart Umvetsxty Kamphaeng Saen Campu.s Nakhon Pathom 73 140

Thailand.
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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
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numuvau MS (Murashlge and Skoog 1962) vm

1968)
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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
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10,107, " 10°%,
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FaBaansadeuiuanof WTuaTuTEduAT LN
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nyARlGanradfnginsanag lsluaisnglidioum
ﬁﬁﬂﬂi«,ﬁuﬁu 10% Tva¥ uirdowaddendnludes
asluamsmaditduansngINGiumiifszduadadia
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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)_
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NIMAadsARRMMDRR 4 asAnvatfiod lag
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3$aﬂ1luﬂndaﬁqm1aqﬁ' 25 avAnvaiod W 15" Wil
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figomgf 4 avAwatfioa  Wansazateladnuuly
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Bradford
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vdnnnUBaaenlsi GS activity lasimie
Wlulasiuans/Aadniulusiu (umol/ mg prorem)
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.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
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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.



mseuudfaoionssy 159

2. InEFasIYas

i 36 aUyil 34 WoMAY - Bowi 2548

_-'—x"‘na'maloeﬂs

res:stant celts

: @
I w0
6.
‘(:‘7 .
g &
, ©
S :
i o= 80
=
e
"
3 40-
: O
R o0
“ 0

Figure 2 Growth response.curve. of giufosmatevtreated normal and reswtant soybean ceils to various
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replications.
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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.
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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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A ACA/ACC3-ACC/AATY 49 11.74 28.1
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F ACA/ATA4-ACA/CAC3 19.8 7.08 18.4
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Alteration of Glutamine Synthetase Activity and Ammonia Accumulation of

Glufosinate-Resistant in a Selected Mungbean Cell Line

afinen wra' uaznaAna Wsnsvs’

Athitaya Pengnual' and Tosapon Pornprom’

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

' audinaluladfianimneas i iverdnnuasanand  monuaiiuwauan SomTauasugn 73140

! Center for Agricuitural Biotechnology, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand.
U privniuleun Aoinees dunouan suine doineniddai  Inewaiunsuau SowiRuanige 73140

! Dept. of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsant University, Nakhon Pathom 73140, Thailand.



224 MsuByUUYIOFINSSY Vi 36 @vuf 5-6 AU - BUNAY 2548 2. INYUTIFASINYAS

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
azfiulddn Tunnswdsuwvasianssnvaaoulud GS
waslBnunsasanynsuanlaufiofifiatuludumio
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2. T ngasLNas

figsngindimeansufiforlunimitans Garget site)
melugadfy awnsalilunisadursnalnuaanan
drummatluaioiudiuad dudosiidumauans
nalwdumlinisAnuiuafetlazdiuliin armsumm
AoaringInGuumluaddnboniufianvauiei
BRI TIWEAsUUURMISNTEUINN AT Iy
fumdafiansvinufizenigluisennishiansunnm
uanavasfisnssnvadtanuled GS uazuInam
wonlaiiofiazannighusadnuidn fumvarsuadi
efifanssnvaaeula? GS wnndwwadund 1.23 uin
i 7 1 wisanldFuas wans it luwaddnden
fif a1 TN TIUEsULUaIANTIHNI TV WD
wuled GS Tesfinsufudmnnndweaduni Fafiu
wuuldrouauasioas Sevinlinsiuaadafislulely
nsdaeszsiansussnovduniglulasiavuosisadi

Fumuarsiiuldlémnirlusadund  feozdiuldann

ol v

Ussnawanisazanuenlifioniglusadfidiumau
ansfAdsoniwadunEildfuans 1.21 uin Fod
w Uinfifianainisosendiauaziaiidvlela
Andv wameliiiudn Tums@nundnusoisiugiumig
Fuafludunisfuansuiidovesasiu  frau
ioadaviunalnvesarmdnmnluuadiudeasio
arsngludom Fedioyadilit aunsmilulivsslomi
TunauFuuseudiv sazszuumandaiido smly
BoamrsatsidusviiognaniialuntTeduienalimia
Fuafivosiiviiswunuarsiiaisiu venawil 1wad
fldannidadandona anntailuldlumsfou
Fnwuzviedtuiugatansuasfalaanalufai
Funmasmdaiviasaly

~¥— Herbicide-treated narmal cells
£~ Herbicide-treated resistant cells
B Herbicide-free resistant cells

*— Herbicide-free normal cells

3000 4
[
g = 2500 -
5 D
3 o
E "2 2000 -
e 3
s 2
& 1500 -
c [@)]
g o
£ £ 1000 - .
<

500 -

0 T T T N L T T T 1 i
3 5 7 10 14

Times after treatment{days})

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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e dlafunsaiuayuainaniuide
uazWeHU I Ingnfoinynsanaas gudinalulad
Famminuas Tageuussninmaslasenisdeuiifin
Anvuazifoarvamaluladdanminens nold
Tasonstinfinuas dioawinedanstasnalulad
dninouAnENIINNTEANANYY nTEnTAnE1ENIT
wazlrsamsiugrdaduaznisuuusoiugavlinszna
ddmiviszmalne dwinanosuaiuaunisidy

LanNa1591999

Aqgeyrimad 83uiug. 2546. madAmBaniugdoasinu
warsisafuRvngindum. inoafivug
Usiyanlnamingndeinwasanans.

dufles w2546, nsdsmBeniuiinalwagnuas
Fruniused angMdium.  Angfiwug
Usuoulv, avinendoineasanans.
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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
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- 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

panaziaTo

o

Wamn T Tussnsaslusivasanlndnd
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wlavangrney uanaliiuldfogui 1 wdaeng 15 Tu
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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
nsasasdiowdniiony 22 unmdseanaan (Goldberg
et al, 1981 war Gayler and Sykes,1981) WU
nvsafrslusfnazaiy 2 ufinesunnsiei Tasfiong
30 Yu Tusiusiia 115 HdndmvsaniTacaningoiiu
aturns dnlusiuadia 75 fdmdrunsasaniivin
Fudvondn vliddadausswinaluseuh 2 wila
(115/75) ingedulugasang 15 Fu aufls 30 Fu
(3UM 2b) uacfiFgegniiony 45 fu wfissonfidadn
nsazanlusfiu 1S gofige Tuuasfidgadunsazan
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

nrasolusBuacanlumdaiindos 3 Wug Tutunanswanusandasaus 15 Tuniainaonsan (DAF) uly 60 Su
wianoenaan vasiimBasmowudlusiugs (G8891/G7945)-38-2-5 wia K5 &newug (K2xKS)-9 uazWuguiniag
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4 uay (K4xK2)-1 uaznguiifiandadnaioonit 3.00 léiud
wudgludie 2 vniee waz G7945 (3Uf 3) lastug
G7945 fiuSamluadiugefioiooar 50.60 usflen
dadruuoalusiiv 115/7S afigavindu 248 i
Wisufouifuaewud TG1547 (K2) uar NSI Gofl
USanculusiiuan winffu¥eoay 3876 uax 39.21 mu

a1 usilAdndauvaclusiv 115/75 gofie 3.09 uas
3.51 MANANEU (@137 1) uanafsandnwusniau

—-— 115 &8-7S
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Day After Flowering (DAF)

sewnaimnadusinfuaasmelnunaisuseiaimass
weNIMTHIWUIENUG (G88O1/G7945)-38-2-5 3B
Ks fifousanalushugefigaioas 53.08 Rodel
dadmoe 115/7S gednine Aafidnviiy 3.20 was
Tt anewug lushuge (G8891/G7945)-38-2-5 w3
K5 awiiaenuuzandaiudninauiind ald e
wWisufsuiiuaewuslusiugouiladus

The 115/7S ratio
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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.
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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
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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.



364 Kascisart 1. ¢Nat. Sciy 4083

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



Kasetsart J. (Nat. Sci.) 40({3)

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)
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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
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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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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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