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Abstract

The Project on Promotion of Legume Cultivars Research and Development
Team has conducted research based on the farmers’ problems in order to produce and
train high quality plant breeders. The breeders should have knowledge and ability to
integrate conventional plant breeding with biotechnology and mutation breeding, using
soybean, mungbean, and ricebean as the model plants. The research priority was
emphasized on the problems that can eventually be solved through the methods
involving plant genetics and breeding. Firstly, a plant population was developed by
hybridization between 2 parental lines. Their F|, F,, backcross progenies, or pure lines
were employed to study on inheritance of the target traits such as yield, resistance to
pests and diseases, nutritional quality, etc. Then the plant breeder can apply the

knowledge to improve the crops.

During the past 3 years, there were 7 M.S. students and 1 Ph.D. student
graduated from the project. There were still 21 more students studying and graduating.
Eight of them were M.S. students, thirteen were Ph.D. students. The project has
produced many research outputs. One included new breeding lines derived from
mutation technique as well as from parental crosses. The other included a body of
useful knowledge that can be transformed into presentations and publications. The
project prepared 13 presentations in 8 national meetings, 21 presentations in 2 project
meetings, and 5 presentations in 4 international meetings. We also disseminated the
knowledge 2 times each through the radio and television, organized 3 special seminars

by international scientists, and published 14 papers in international journals.
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Executive Summary

Project Code: RTA/14/2543

Project Title : Project on Promotion of Legume Cultivar Research and

Development Team

Project Duration. November 2000 - September 2003

Project Objectives : To produce and train high caliber researchers on plant
genetics and breeding using soybean, mungbean, and ricebean as the model plants.
The research ontputs in the form of body of knowledge can be published in
internationally recognized journals. Those in the form of breeding lines can be

used either by the fellow researchers or the farmers growing these legumes.

Methodology : Six researchers and some 15 graduate students jointly set the
priorty of problems on production of soybean, mungbean, and rice bean that can be
solved through research and development in genetics and breeding. The
techniques used began from hybridization between legume lines with diverse traits.
Then their F|, F,, backcross progenies, or derived pure lines were used to study on
inheritance of the target traits such as yield, yield components, resistance to pests
and diseases, other agronomic characters, nutritional quality, etc. This required
detail study in the field as well as in the physiological and/cr biochemical
laboratory. The data were used in statistical analyses to test for significance of

treatment difference or correlations between traits, etc.
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Project Outputs :
1. Producing and training researchers with high caliber in plant genetics
and breeding.

1.1 The project invited 5 newly Ph.D. graduated faculty members to
conduct and make progress in research. This reflected to the promotion among the
project members themselves. The project leader was promoted from professor 10
to professor 11. One assistant professor was promoted to associate professor, while
one lecturer was promoted to assistant professor.

1.2 There were 7 M.S. graduates and one Ph.D. graduate completed
their degrees during the project period. Among them, one M.S. graduate is still
working with the project, two are working in international seed companies, one is
working with the Royal Project Foundation, one is working with an intemational
agricultural research center, one went back to the original government office, while
the last one has been awarded a scholarship to pursue her Ph.D. study with the
project.

1.3 There were 2 former research assistants in the project. One is
working with a Thai private company, the other is working toward an M.S. in the
project.

2. Knowledge in plant genetics and breeding and plant matenals
developed were reflected as followed :

2.1 Presented 13 papers in 8 national meetings

2.2 Presented 21 articles in 2 project meetings

2.3 Presented 5 papers in 4 international meetings

2.4 Disseminated project knowledge to the public twice through the
radio and the twice through the television

2.5 Invited international scientists to give 3 lectures to staff and students
2.6 Published 14 papers in internationally recognized journals.
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of the 12" Annual Meeting of the Thai Society for Biotechnology. 1-3 Novembexi 2000, Felix

Hotel, Kanchana Buri, Thailand.
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® P Tanya, P. Sonives, B.K. Ha, J.5. Bac and S.H. Lee. Evaluation of genetic
Relationship among soybean genotypes from diverse genetic bases. pp 101-116. fn Proceeding of
the National Soybean Research Conference VIII. 28-29 August 2001. Pomping Hotel, Chiang
Mai.
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® Jirawat Sanitchon, Peerasak Srinives, Apichart Vanavichit, Sontichai Chanprame,
Theerayuth Toojinda, Kanokpomn Trivitayakom, V.N. Njiti and 0. Myers. Microsatellite markers
Jinked to sudden death syndrome resistance in soybean. pp 259-267. in Proceedings of the

National Soybean Research Conference VIII. 28-29 August 2001. Pornping Holel, Chiang Mai.
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2.6 sutszuinnsinnmansiazann Tuladudalssmalng A3ad 28. 2426 g1y
2545, muitlsyauuiendasng nqamwa. 185uSuydu invited speaker 1 1304 &3 (enens
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®  Peerasak Srinives. 2002. Biotechnology used in Plant Breeding. pp (48) In
Extended abstract, 28" Congress on Science and Technology of Thailand., 24-26 October 2002.

Queen Sirikit National Convention Center, Bangkok.
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® Tosapon Pomprom and Peerasak Srinives muﬂ{%"m Glufosinate-Resistant
Soybean : Biochemical Basis and Negative Cross-Resistance.

® Sontichail Chanprame muaﬁ'm Progress on Biotechnology of Soybean.

® Worawit Sorajjapinun, Sanun Reiwthongchum, Peerasak Srinives and Meisaku
Koizumi mum’?m The Possibility of Grafting Mungbean (Vigna radiata) and Blackgram
(Vigna mungo) on Sweet P(ﬁato (Ipomoea batatas).

® On-uma Rungnoi and Peerasak Srinives Lﬁum?m Inheritance of Waxy Leaf
Mutant in Mungbean.

® Surapong Prasitwattanaseree and Pecrasak Srinives 1T 1 © l?ﬂ 3 Correlation of
some Qualitative Characters with Yield and Yield Components in Soybean [Glycine max
(L.} Merr.].

® Potjamarn Suraninpong, Sontichai Chanprame, Hyeon-Je Cho, Jack M.
Widholm and Aree Waranyuwat 1o/ Y EJL?EN Agrobacterium-mediated Transformation System
in Mungbean (Vigna radiata (L.) Wilczek).

® Patcharin  Tanya, Peerasak Srinives , Theerayuth Toojinda, Apichart
Van_avichit, Kassinee Siithiwong, Bo-Keun Ha, Jeong-Suk Bae and Suk-Ha Lee lﬂumém
Evaluation of Genetic Relationship among Soybean Genotypes from Diverse Genetic Bases.

® Suriyon Suparb, Peerasak Srinives, Panie Tongpamnak, Worawit Sorajjapinun
and Sanun Reiwthongchum L&Y ‘LI@L%EN Inheritance of Seed Storability in Soybean (Glycine
max (L.) Merrili).



10

® Sukhumaporn Sriphadet, Peerasak Srinives, Rangsarid Kaveeta, and Srisuk
Poonpolgul muaﬁ"m Genetics of the Resistance to Phytophthora sojae in Soybean (Glycine
max (L.) Merrill),

® Chatnapa Khomarwut, Sontichai Chanprame, Peerasak Srinives and Julapak
Chunwongse Lﬁu’i)l‘éﬂ\i Tissue Culture for Gene Transfer in Mungbean (Vigrna radiata (L.)
Wilczek).

® Piyaporn Phansak, Paul Taylor, Peerasak Srinives and Orarat Mongkolpomn
Lfrum’i"*m Genetic Diversity in 15 Yardlong Bean Accessions Revealed by RAPD

Analysis.

12 nsdumnseiaes Safuminnduduelni eaffesd s.Gueln sudreud o-11
wuany 2546 Tasans IEiuaeNanuMALIILIL 15 1504 uazma [maes 2 (504 Faii
(lanmIsuuUY 11)

® Jjirawat Sanitchon, Apichart Vanavichit, Sontichai Chanprame, Theerayut
Toojinda and Peerasak Srinives mum‘%"m Microsatellite Markers Linked to Sudden Death
Syndrome Resistance in Soybean.

® Witith Chai-arree and Helmut Herzog Laum?m High Temperature Sensitivity of
Chiorophyll Fluorescence in some Pulse Legume Species.

® Urai Chalee, Peerasak Srinives, Rungsarit Kaveeta and Sontichai Chanprame
i um’%‘m Measurement of Leaf Response to Calcareous Soil in Mungbean,

® Kiriya Sungthoungwises, Sontichai Chanprame and Sermsiri Chanprame 1840
G'"m Plantlets Regeneration from Stylosanthes hamata Callus.

® Pivaporn Phansak, Pauw! Taylor and Orarat Mongkolpom L’CT‘HE]L?EN Molecular
Study of Genetic Diversity in Yardlong Bean (Vigna unguiculata (L.) Walp. ssp. sesquipedalis
Verdc.) and Related Vigna species.

® Uraiwan Munwien, Peerasak Srinives, fulapark Chunwongse and Sontichai
Chanprame muaﬁ"m Inheritance of Epicotyl, Seed Coat and Hilum Colors and Flowering Date
in Ricebean (Vigna umbellata (Thunb.) Ohwi & Ohashi).

® Kumala Oleuy, Tarika Yimram, Worwit Sorajjapinun and Peerasak Srinives lefH©

15949 Inheritance of Black Seed and White Pod in Mungbean (Vigna radiara ( L.) Wilczek).
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® Prakit Somta and Peerasak Srinives 1814 ‘El!."?f)x‘l Interspecific Hybridization among
Three Asian Vigna species.

® Jira Suwanprasert, Peerasak Srinives, Theerayut Toonjinda and Sontichai
Chanprame 2l um’i‘m Hybridization Techniques in Bambara Groundnut and the Phenotypes of F,
and F,.

® Patcharin Tanya, Suk-Ha Lee, Apichart Vanavichit, Theerayut Toojinda, and
Peerasak Srinives T U B L?EN Use of Molecular Markers for Gene Mapping with Application to
Nedulation Gene in Soybean.

® Sirimk Sarawanecyaruk, Kanjana Saetiew, Sontichai Chanprame and Sermsiri
Chanprame $871 E)L"?EN Determinétion of In Vitro Antibiotic Resistance for Gene Transformation
in Stylosanthes hamata.

® Suriyon Suparb, Panie Tongpamnak, Worawit Sorajjapinun, Sanun
Reiwthongchum, and Peerasak Srinives 1T U L? 29 A Study on Traits Related to Seed Quality
with the Application to Selection for Seed Storability in Soybean.

® Chanida Ammaranan, Prakit Somta, Tarka Yimram and N. S, Talekar y&f U4 'EJL?EN
The Efficacy of Artificial Substrates on Oviposition of Two Bruchid Species
(Coleoptera:Bruchidae).

® Chontira Sangsiri, Worawit Sorajjapinun and Peerasak Srinives & 4 EJL??J»‘J Effect
of Gamma Radiation on Mutation of Parents, F, and F, Mungbean.

® Tarika Yimram,Worawit Sorajjapinun, Sanun Reiwthongchum and Peerasak
Srinives 1T W ® Lé‘ 8 4 Grafting Bambara Groundnut, Blackgram, Mungbean, Rice Bean and

Soybean Scions on Blackgram and Rice Bean Root Stocks.

4, malavweranulumsdssymninma

4.1 W mihlnsins1@sudgy Idtuanenaulunisdszyuilse§13lues The Korean
Society of Crop Science 35 3195Uf 11-12 Wqun1A 2544 & UNIINUIFY Dankook 10
Cheonan 1@t The Korean Society of Crop Science Lfluﬁaaﬂﬁﬁ%ﬁhuﬂlﬁffqéu Taviuausna
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® Peerasak Srinives. Field crop research and development in Thailand. Korean J.
Crop Sci. 46 (Suppl. 1) : ix-x.

® Peerasak Srinives and Warunee Somanus. Identification of AFLP marker linked to
genes controlling iron deficiency tolerance in mungbean by bulked segregant analysis. Korean J.

Crop Sci. 46 (Suppl. 1) : 61.

42 wrtasvewa wininy Iesumsmiuayuvin and. dumslasinisg Ididunely
émﬂﬁzﬂgumﬁmms The 18" Asian-Pacific Weed Science Society (APWSS) Conference
st eTuR 28 ngumAn §e 2 gy 2544 o ngeilnds dszmemmsadglsznaiu
”lé’fﬁuﬂuawmm lL%"EN ﬁa‘f(mﬂmmuu [3)

® Tosapon Pormnprom and Peerasak Srinives. Glufosinate-resistant soybean
biochemical basis and negative cross-resistance. Paper presented at The 18" APWSS

Conference. 28 May - 2 June 2001. Beijing, P.R. China.

43 vt Iasams1dsudglhivauenasulumsdszyy The 4" National Mungbean
Workshop  531euft 7-10 fugneu 2544 o equmds dssmaarsisaiylsznnsiu
Tat Asian Regional Center — Asian Vegetable Research and Development Center (ARC -
AVRDC) ifiudfponin1gsiwliedu ninauonany 1 Fee fail (enmisiy 14)

® Peerasak Srinives, Worawif Sorajjapinun and Meisaku Koizumi., Mungbean
breeding research at ARC-AVRDC/KU. pp 81-89. fn Industrial Development and Technology

Utilization of Mungbean in China. 7-10 September 2001. Nanjing City, P.R. China.

4.4 ¥ lasems 185uFg1ddsaualszqu IAEA/RCA Project Co-ordination Meeting
on "Enhancement of Genetic Diversity in Food, Pulses, and Qil Crops and Establishment of
Mutant Germplasm Network” 5¥n3193uft 18-22 fluiau 2545 w nyailnfs dssmemsisn
';g‘d 215U 1A International Atomic Energy Agency (IAEA) LAY China Atomic Energy

. o 1 ] n‘;r 4: 4 g qy
Authority Wlufoanarldownsdu Ilaueraa 1153 Aeil (onasuuy 1s)



®  Peerasak Srnives, Napaporn Hual-alai, On-uma Rungnoi and Semjat Kowsurat™
Utilization of Induced Mutants in Mungbean Genetic and Breeding. Paper presented 'éEl "ﬂ:!e +=
IAEA/RCA Project Co-ordination Meeting on "Enhancement of Genetic Diversity in Food,
Pulses, and Oil Crops and Establishment of Mutant Germplasm Network". 18-22 March 2002,

Beijing, China. (Mimeo. 8 p.)
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® Dr. Victor Raboy, Research Geneticist, USDA, University of Idaho ﬂﬂ‘s'jjﬂwﬁm
ussmaﬁmm’é’aq “Genetics, Breeding and Evaluation of Low Phytic Acid Soybean” ’3"14“7% 28
QU 2545

® Aas.Rszing Al USSUITRIANISE “RAPD Markers Linked to Resistance
to Downy Mildew Disease in Soybean” Suii o NINGIAY 2545

® Professor Robert Lawn 970 James Cook University DOTIATIAY YT 3010 ALITDq
“The Cooperative Research Center Program and its Role in Higher Education in Australia” 5’14‘17"'!

18 /AIAY 2545
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® Professor Dr. Ralph E. Whitesides 910 Utah State University, Salt Lake City
ﬁwé“gam?m UISUIWRIFNISDY “Effective Agricultural Extension and Technology Transfer

Systems” Ut 18 uUAUT 2546

6. MIARNWIUNTNIITMIININMTIZALUINBIA
Tusou 3 Dk Tasams IgaRuAraam luNIasndnmaszAusIUITNA 390

14 1504 ﬁ'af‘:(mﬂmsuuu 16)

® A K. Chowdhury, P. Srinives, P. Tongpamnak and P. Saksoong. Identification of
cultivars of vegetable soybeans [Glycine max (L.) Merr.] by RAPD markers. SABRAO J. Breed
& Gen (2000) ; 32 (2) : 63-72.

® Tossapon Pornprom, Srisom Surawattananon and Peerasak Srinives. Differential
tolerance of soybean genotypes to glufosinate. SABRAO J. Breed & Gen (2000) ; 32(2) : 73-80.

® A K. Chowdhury, P. Srinives, P. Tongpamnak and P. Saksoong. Genetic diversity
based on morphology and RAPD analysis in vegetable soybean. Korean J. Crop Sci. (2001) ;
46(2) : 112-120.

® D Tanya, P. Srinives, T. Toojinda, A. Vanavichit, Bo-Keun Ha, Jeong-Suk Bae,
Jung-Kyung Moon and Suk-Ha Lee. Evaluation of Genetic Diversity among Soybean Genotype
Using SSR and SNP. Korean J. Crop Sci. (2001) ; 46(4) : 334-340.

® G.S5.S. Khattak, M.A. Haq, M. Ashraf and P. Srinives. Combining ability in
mungbean (Vigna radiata (L.) Wilczek) I. Agronomic traits. Korean J. Crop Sci. (2001) ; 46(5) :
420-423.

® (.S.S. Khattak, M.A. Haq, M. Ashraf and P. Srinives. Combining ability in
mungbean (Vigna radiata (L.) Wilczek) 11. Traits related to indetemination. Korean J. Crop Sci.
(2001) ; 46(4) : 424-427.

® G. Khattak, M. Haq, M. Ashraf, P. Srinives and E. Marwat. Genetic analysis of
photoperiod-sensitivity, flowering and maturity response in mungbean (Vigna radiata (L.)
Wilczek). J. ISSAAS (2002); 7(2) : 31-36.

® A K. Chowdhury, P. Srinives, P. Tongpamnak and P. Saksoong. Characterization
and variation in RAPD marker profiles of exotic soybean (Giycine max (L.) Merr.) cultivars, I.

ISSAAS (2002); 7(2) 37-52.
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® A K. Chowdhury, P. Srinives, P. Saksoong and P. Tongpamnak. RAPD markers
linked to resistance to downy mildew disease in soybean. Euphytica (2002); 128 (1) : 55-60.
(Impact factor 0.692)

® AX. Chowdhury, P. Srnives, P. Tongpamnak, ?. Saksoong and P.
Chatwachirawong. Genetic relationship among exotic soybean introductions in Thailand :
consequence for varietal registration. Sci.Asia. (2002); 28 (3) : 227-239.

® Teera Somwang, Amnuay Yothasiri, Chawalit Hongprayoon, Achara Nuntagij,
Somsak Kotepong and Peerasak Srinives. Heritability of nodulation and N,-fixation efficiency in
soybean (Glycine max (L.) Merrill). Korean J. Breed. (2002); 34 (4) : 331-336.

® (G.S.S. Khattak, M.A. Haq, E.U.K. Marwat, M. Ashraf and P. Srinives. Heterosis
for seed yield and yield components in mungbean (Vigra radiata (L.) Wilczek). Sci.Asia. (2002);
28 (4) : 345-350.

® (G.S.S. Khattak, M. Ashsaf, M.A. Haq and P. Srinives. Genetic architecture of seed
yield and yield components in mungbean (Vigna radiata (L.} Wilczek). Trop. Agric. (Trinidad)
(2002); 79(4):260-264,

®  Sukhumapom Sriphadej, Rungsarid Kaveeta, Srisook Poonpolgul and Peerasak
Srinives. Inheritance of resistance and yield loss due to Phytophthora scjae in Soybean (Glycine

max). SABRAO J. Breed & Gen (2003); 35(1): 11-17.
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Development of a PCR Assay for Iron Deficiency @)
Tolerance in Mungbean (Vigna radiata (L) Wilczek)

Warunee Somanus’, Peerasak Srinives', Theerayut Toojinda’, Somvong Tragoonrung’, Apichart
Vanavichit', Suwit Wuthisuthimethavee®

! Department of Agronomy , Kasetsart University, Kamphaeng Saen, Nakhon Pathom 73140,

Thatland
2 National Center for Genetic Engineering and Biotechnology at Kasetsart University,
Kamphaeng Saen, Nakhon Pathom 73140, Thailand
3 DNA Technology Laboratory, National Center for Genetic Engineering and
Biotechnology at Kasetsart University, Kamphaeng Saen, Nakhon Pathom 73140,
Thailand

Mungbean is grown widely for human consumption in Asia, Africa, the
Americas and Australia 1t is an important source of protein in Asian diets. Soil
iron deficiency is a factor limiting growth and production of mungbean. The
problem is more pronounce when mungbean is sown on calcareous soils. The
ability to mobilize and absorb iron was reported to be a mechanism of resistance
to the deficiency. To date, genetic determinants of these mechanisms are not well
understood. However, the inhibitory action of the two loci model (13:3 F2 ratio)
has been proposed as a genetic model conditioning resistance to iron-deficient-
induced chlorosis in mungbean germplasm. To develop molecular markers tightly
linked to these two loci, the population of 150 recornbinant inbred lines (RILs)
developed from the cross between the tolerant cultivar ‘NMI10-i2 ¢ and the
susceptible cultivar ‘KPS1° was evaluated. Bulk segregant analysis was
implemented to identify the AFLP bands that are associated with resistance
phenotype. Eight AFLP bands from six primer combinations were significantly
different between the two DNA pools. These combinations were then used to
genotype the RILs population for QTL analysis. One resistance locus (id/)
located between the AFLP markers, CGTCTG and CAGTAC4, has been
identified. The CGTCTG marker was located approximately 2.9 ¢cM from id!/
while the CAGTAC4 marker was located approximately 3.0 ¢M on the other end.
These two AFLP loci were used to develop PCR based markers. These markers
can be immediately used for marker assisted selection (MAS) to improve the
selection of resistance to iron-deficiency chlorosis in mungbean breeding

programes.
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Effect of Gamma Radiation on Variation of Progenies from

Crosses between Cultivated and Wild Mungbeans
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Abstract

F, seed from the crosses V. radiata x V. radiata (wild), V. radiata (wild) x V. radiata, V. mungo

x V. mungo (wild), V. mungo (wild) x V. mungo were irradiated with 100, 200, 500 and 700 Gy of gamma
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rays. Quantitative response 1o irradition was found only in 1,000 seed weight of M, plants from the
blackgram crosses. In Ms generation, 20 mutant lines were isolated from the mungbean crosses and divided
into five groups, viz. short plant and dark-green leaf, dark-green leaf, multiple leaflet, waxy leaf and oval-
shaped seed. In preliminary yield trail, all mutant groups had lower plant height and number of seeds per
pod than parents. The short plant and dark-green leaf gave higher number of pods per plant, 1,000 seed
weight and grain yield than the parental group. The dark-green group had higher average number of seeds
per pod, 1,000 seed weight and grain yield than the multiple leaflet group, but lower in number of pods
per plant. The waxy leaf group had the lowest average of plant height, number of pods per plant, 1,000
seed weight and grain yield. Plant height difference among the dark-green leaf groups did not affect yield

and yield components.
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TuszozmanSuyAu1nTie vegetative TilosiFusmsiunauiouny uaz LAI mn’nmmm 3 lutoy
msmaaauwawamuadﬂuvﬂaamawuqnmwﬂﬂmn‘h WU wu'ﬁﬂmum 5 ngu ummmua“
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b . - . )l .
Tablel Bartlett's ¢ test for homogeneity of variances of some quantitative characters in 4 mungbean

crosses measured at M, to M, generations.

Cross M, My Mgy
1000 seed wt. Pods/plant  Seeds/pod 1000 seed wt. Plant ht.
CN 36 x TC 1966 322 816 [.15 8.73 2.30 7.42
TC 1966 x CN 36 3.85 8.37 3.58 2.97 3.96 5.15
PSL 2 x TC 2211 0.58 2.43 2.26 4.16 8.91 -
TC 2211 x PSL 2 9.64% 6.95 0.32 7.51 5.80 -

2 oxat 4 df = 9.49
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Table 2  Mean yield components between normal and multiple leaflet plants in M, lines of CN 36 x

TC 1966 and TC 1966 x CN 36 having mixture between normal and multiple leaflet plants.

Yield components CN 36 x TC 1966 TC 1966 x CN 36
Normal Multiple leaflet Normal Multiple leaflet
Pods/plant 21.0%a 16.1 b 21.6 a 168 b
Seeds/pod 128 ¢ 11.8 d 126 ¢ 116 d
1000 seed wi. (g) 50.6 e 48.7 f 494 e 458 f

* Means yield components of normal and multiple leaflet plants in each cross followed by different letters are significantly

different at P = .01 by F-test

Table 3 Average yield and yield components between seven mungbean groups in M, generation from

the cross CN 36 x TC 1966 and TC 1966 x CN 36.

Group Mean

Plant height  Pods/plant  Seeds/pod 1000 seed Yield

(cm) wi. (g) (g/plot)

Short plant, dark green leaves 65.4*f 19.2bc 12.3be 57.0b 493.3ab
Dark green leaf 75.4d 16.8cde 12.0bcd 57.4b 456.0ab
Multiple leaflets 81.5¢ 33.5a 11.0f 28.1e 217.3d
Waxy leaf 56.2g 7.6f - 12.4b 21.8f 48.6e
Oval-shaped seed 72.0e 17.0cd 11.6de 54.5¢ 332.3¢
Parent (CN 36, TC [966) 94.1b 14 9cde 13.4a 44.3d 326.8¢
Check 98.3a 22.6b 11.5def 64.2a 498 .5a

(CN 72, KPS [, KPS 2, PSL 2)

* Means of each character followed by different letters are significantly different at P== .05 by DMRT
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Matik, I. A. 1996. Improvement of mungbean (Vigna radiata L. Wilczek) through induced mutations and
molecular techniques, pp. 123-168. In Workshop on Induced Mutations and Molecular Techniques
for Crop Improvement, 12-14 March 1996. Bangkok, Thailand. ’
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Simple Sequence Repeat (SSR) Assay for Genetic Diversity

in Thai and Korean Soybean Varieties
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Simple Sequence Repeat (SSR) W38 Microsatellite L‘f'.‘lumﬂﬁﬂﬁmﬁammgmmhwed
mummawmnu cmwumﬂ 1-6 1@ waz l¥mais PCR (Polymerase Cham Reaction) mamuﬂsmm
DNA Tovosmatindi fio azean saaa TdmveunaRERuNsEAIL genome M SLAAIDONUD
allele LUUYNSINAU (codominant) FUANUUANAINTEN I homozygote QS heterozygole LD a1
polymorphism 4 Tumsimanurmnaeiazanuiiuissnadandosiuglne 13 Wuf fu
¥ufinmd 18 vug dumniin SSR TAu 20 primers H19HaNBuLfdouAnd IR fluorescence 1Az
Famsiased PCR product 43uimSea ABI 377 wlonfufludoyn 8 dnwme (phenotypes) Aid
wosiFudanusen ddy Faon Fuu suUiel ammuininveasudidu anugauaziwaudomis
wum genetic variation BE’J‘SW‘H'JN 0.54-0.82 uliging 20 SSR loct uawmmammumﬂu polymorphlc
mammaw primer VA 7.40 A genetic similarity coefﬁment ‘EJEIS“"H’JN 0.022-0.857 rmmammfma
dendrogram 1ao1¥1sunsn UPGMA enwsoutsnguuesiuidamiesldi ¢4 ngu

Abstract

Simple Sequence Repeat (SSR) or Microsatellite variation results from difference in the number

of 1-6 repeated nucleotide units in organisms. This technique is based on PCR (polymerase chain reaction)
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which is rapid, reliable, abundance, co-dominant, high heterozygosity, and high polymorphism. The aim
of this study was to examine genetic diversity in 13 Thai and 18 Korean soybean varieties with SSR marker
using 20 forward primers tagged with fluorescence allowing separation of bands in ABI 377 machine.
Variation in morphology was also determined in germination percentage, stem color, flower color,
pubescence color, pubescence density, leaf shape, average height, and number of nodes per plant. Genetic
diversity was found ranging from 0.54 to 0.82 in each of the 20 SSR loci, while the average number of
polymorphic alleles per locus was 7.40. The genetic similarity coefficient of these genotypes ranged from
0.022 to 0.857. The dendrogram, prepared on the basis of similarity matrix using UPGMA algorithm, could
separate the genotypes into 4 groups.

M

Usemalnouazimmdld19us: Tomfnndamdealuginuagiondadu s iud i whise
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llmi, IpumKumjung, Danwon, Duyu, Milyang, Songhak, IT 161471, IT 182307, IT 184222 MMy

Mudnyaiznadauguine (morphological traif) fig Lﬂaiwumﬂ’nman Fa1Au deon Fou Uiy
AMUHUMUUIDIVU mmmﬁnu uas Smmdemie
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MsaSa DNA Uag M3 SSR marker Ygndunfioaia 31 Wujlunszean insenld 2.3
sl Eudanoeagouldliunin yophitlizer Hgungil —so°s newillafadiowe Taodaunlas
DnSiune Keim uozame 1988 asnvaeuliwiafduei’ld 1nol$in50e F-4500 Fluorescence
Spectrophotometer W1 primer 20 YR ?}ﬁmsﬁﬂu@iaz tfluorescence ﬁﬁumﬂa 5, forward primer 7o 6-
FAM (?ﬂfwﬁu), HEX (F1907) uaz NED (f1md03) dudsuadituelasldmaiin PCR udnse
ﬁauﬂ?mmﬁ;gumﬁﬂﬁmnmiﬁ1 PCR (PCR product) A0 2 % agarose gel U1 PCR product ¥83 6-FAM,
HEX uay NED ffianuuandauesuiin allele msaufiu udnhliimszdusnuay DNA dronses
ABI 377 sunouddwe Iao191Usunsy GeneScan® Analysis 11 Genotyper software

mﬁmsvﬁ%a&a ST PIC (polymorphic information content) 910gAs PIC, = 1—Zpij2
Tao#t p Ao AnNave allele j Y93 marker i (Anderson, 1992) 91NM3 score band Tanl¥ 0 = dsng
nouddue | = hiUsinguoudidue waz 999 = Lﬁumanaﬂwﬂwmﬂ udnideyammiminay
WANUEWINIRUENTTH (genetic diversity) 1n0Tin51dA20TU51NTN NTSYS-pe version 2.0 (Rohlf,
1998) 03fuA? Jaccard s similarity coefficients uanih similarity ‘JJT:S'ﬂﬂ’cfiﬂﬂU‘l%Tﬂ‘mﬂiﬁ UPGMA

(unweighted pair-group method with arithmetric average)

o d
Hauaz oIt

TUN15A5 ADUATTUNAINHA TN SWUENTTY (genetic diversity) M50 unn Iaa lddnyae
‘ﬁﬂsmg (phenotype) lAvatedn¥aiz 1w aenfvdduine Maudyniudn wudhheafum
anuMiHuverutios Whunaw 1n lugdvendugyly wesirudnnusen (38-100) Anugdu
wossutanGs

#1UENYUZNIG genotype ﬁ’aagaﬁ"iﬁ’mn?amwgﬁﬁ’mﬂ?m ABI 377 31iftu usins primer
TH91uY polymorphic allels ﬁ&“lcf Satt 271 1% 3, Satt 187 1 4, Satt 038 I 5, Satt 196, Satt 177 uav
Satt 143 6, Satt 556, Satt253, Satt 294 Ly Satt 269 it 7, Satt 175, Satt 414, Satt 141, Satt 192 iy
Satt 146 1% 8, Satt 167 14a2 Satt 530 primer 11 9, Satt 445 primer 1% 10, Saut 59014 11, 1@z Satt
545 12 alleles A0 primer (locus) m%"mé’awmmuﬁ&‘lu polymorphic 7.40 HoUAD primer AU
genetic diversity W38 PIC agimm 0.54-0.82 Taufidundoindy 070

mmﬂnqnwuﬁmmaawm  aul4Tsunsy NTYSYS-pe 91FA genetic similarity Y731
0.022 - 0857 11U awrsouvaldeaniiu 4 ndu fio ngud 1 ummvmmaaawuﬁ"’lm loun a9, 1,
"0, 4, 9.5, BU. 1, YU, 60, W2, 1, 4. 1, 49, 35 udg ‘Bﬂi‘wuﬁ 1 ﬂfjlﬁ’l 2 Lﬂunquwuﬁmmaawmmma
uaaiﬂﬁ'qmﬁmﬁuﬁ'"lm 4 Wufhldsaunquane 1Aun Kumjung 2, Dajang, Sowon, Dukyu, Sunheuk,
Jangkyung, Doremi, Kumjungol, Keumkang, IImi, llpumKumjung, Danwon, Duyu, Milyang, Songhak, 9.
2, 7M. 1, @M. 2 uaz KUSL 20004 ngudi 3 dsznoudau IT 161471 fu IT 182307 daungudi 4 1un
lT184222muﬁuﬁwé’aﬁa‘flué’amﬁmﬁuﬁﬂmammﬁufrmiwﬁm‘suﬂaﬂdnmmfi’amﬁmﬁﬂuﬁ'uﬁﬂqn
(G. max) fUWUTIN (G. soja) D8 WFAIU tazansolFinaiia SSR ﬁﬁﬂmmmﬁ’uﬁuﬁmqﬁugﬂsw
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SYWTNEORUT A

aqy

JumsM genetic diversity voseoRugiannelavld SSR marker 1dr3ms1zvusNIBL
aguelunios ABI 377 Hidoyain score iouABUID 1AM genetic diversity W3 A1 PIC 0g3enin
0.54 4 0.82 ¥D4 1AAZ SSR loci naanmieyandmieidnTusunsy NTSYS-pe 1AM genetic
similarity 0g5¥MA1 0,022 9 0.857 WAEMUITOTANGN dendrogram yoiufiambosnnlszmne
Ionazmvale 4 ngu

Sl

KKU35
RM1
CM1
NSl

punian
KUSL20004
Kumjung?
Surtheuk

L 1T161471
IT182307

1T184222
rr[l‘ﬁrll]]_l_rrll[T]l]_fllj_\l]'rll'l_fllTll]_rll—ljll‘l'ifll\'\
000 0.10 0.19 a2% 038 043 A7 047 0716 0386
Coefficient

AWAR L A dendrogram of 13 Thai and 18 Korean soybean varteties created by using UPGMA based on
Jaccard's stmilarity coefficient computed from data matrix with 149 informative polymorphic

DNA bands generated by 20 microsatellite primers

MUD U

W
Ve lRTumsmivayuannTnsamsuSyguenmganiimn - vesdninnuneu
quVeuMsIte @n1), InsamsduasunguituuarWanwuiiyasenadd and., aaniuisuuas
WAULH I INNSUNYATAAAT 1AZ Division of Plant Science, College of Agriculture and Life

Science, Seoul National University, South Korea
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bulked segregant
n Identification of AFLP Marker Linked to Genes Controiling
r Iron Deficiency Tolerance in Mungbean by Bulked

Segregant Analysis

y3dl Tawlal Aszdnd eSfloml L ofd ssadieg'? muand asegaid qama duaed
ez Ssgns goum >
Warunee Sommanus', Peerasak Srinives', Apichart Vanavichit?, Somvong Tragoonrung:;‘ Julapark

Chunwongse4 and Theerayut Toojincla3 ’
unaaLe

aadsznns RIL ninmswaudiusenhaiug Kps1 dweuiedomsviamaman @ Tu'lni
AAil) ﬁum&ﬁuﬁ NM10-12 Fanummudensnamgwan @Tund aam Taoigauuy single seed
descent fausllsz N5 37 2 Taufadait 8 11 test cross Yszans RIL Ar0Ruf KPST ilszanns
RIL L@%QN test cross mﬁuﬂ"lﬂﬂgrmﬂfnaU“luﬂummsaﬁuﬂammmgﬂmﬂa Fatlymmana
nqudn danonlszng RIL oomilu 3 ngu Ao (1) nguiiuaasnumUmILs oM AT IRWEN
uazIngn test cross ﬁuammmwumu @anid wlnddly Aam uag aa) ) nﬁuﬁﬂumuﬂ'amﬁ
NAsman ualign st cross Maasnudoue ad1es I ndiy aan ) nquiinmasnny
aauuamamsmﬂﬁmmaﬂLm“"lwgncestcrossmmmmmaammmﬂmimﬂmﬂman(mﬂ'nmﬂublwﬂt’ﬂu
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AA# @304 pooled DNA 91nU55903 RIL 1o TR312H bulked segregant TauswRPuENguaz 15 81
yug awfrauenl3dudu  Sinsied AFLP @300@0uRmuAnA1ssndle pooled DNA WU
wiommeRiduenquiRedfusay 8 Mo AEITOHINAII@NAITEHINNGUEE U]
mmunazdeweld edinsed QTL mdumisweddy vt efsgniunioamnny CGT/CTG fiu
CAG/TACA Tpuiiszozr19910B1 2.9 Hay 3.0 M mwdrdn muiievaduiinuidubu A daudumis
weidy 1 danhivuluvaed  densmeuanduiuiszninensacs lidmilewmnmsiany
manfunanda wuh Ufduiuimaay weean iled e uianiomsnan lidanandnezanad

Abstract

The singe seed descent method was used for developing a recombinant inbred (RIL) population
(F8) from a cross between KPS! (a mungbean cultivar susceptible to iron deficiency with the expected
genotype AAii) and NM10-12 (a tolerant line with the expected genotype aall). KPSI was used as the
tester in test cross with the RIL population. All RILs and test cross progenies were planted in the Takhli
calcareous sotl sertes which is deficient of iron. The RILs were separated into 3 pools based on the
following: (1) tolerant RILs having tolerant test cross progenies (expected genotypes AAIl and aall), (2)
tolerant RILs with susceptible test cross progenies (expected genotype aaif), (3) susceptible RILs having
susceptible test cross pmgenie§ (expected genotype AAii). Bulked segregant analysis was used for
identifying markers linked to the genes controlling iron deficiency tolerance. Three DNA pools were
generated based on the criteria mentioned. Each pool contained 15 individual ptants which were identified
for their DNA banding patterns using Amplified Fragment Length Polymorphism (AFLP). Eight
polymorphic loci on the same linkage group differentiated the susceptible group from the tolerant group.
QTL analysis revealed the position of gene A flanked by CGT/CTG and CAG/TAC4 markers with the
distance of 2.9 and 3.0 cM, respectively, from the gene. The position of the other gene (I) was not found.
A negative correlation was observed between iron deficiency and yield indicated that reduction in mungbean

seed yield was associated with chlorosis due to iron deficiency.
A

60307 (Vigna radiata L. Wilczek) arulugjazIinandasimnlgnludiuiinasgman
= ar = a o [~ ; a 3 2 aa = 1
Audanusvaiuduiivssauilymmsnasigman iowndl p g9 MlBUFATovedwiiuaa mg

o = 1 a P [} a
manlugithalsy TomideRaaneznowfouiiugdifsliamnsol¥ld oSy, 2533) mqmin
s Yoo * 4 a = o S A des o
InyhididyRenszunumsasinas 1sWlad SuninivoiaondudaiiuTusduiiimanduesdtssnou
9/ & a ar

ILNTTAUNITAS AT ALA (S-amino-levulinic acid) FuflumsFudulumsdannzvinanlsfad ms
= & mlyw o ' <t 1 s & ) o a
Ay lasunman ldifisswelnadenuamvesnaslsilad laslufisszuanioimsamamiios wied
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L?Uﬂ’i? naalsase (chlorosis)

quam (2539) 3100UN ffaﬁmmuﬁuf{ “NM6-97 mag “NMI0-127  LEanny
pumuRensVIangMangs lavanununugnatunuaiu 2 ¢ Hlfisounviuding fvua
Wity 4 ez 1 e 7 Yumsueaesnuo A fldgndad 2 Tdanduesmeiumumuse
gouneiilu 133 msﬂ%’uﬂNﬁ’uﬁ'ﬁ"ﬁaﬂﬁmumw{emsmﬂﬁmmam‘f]mﬂmmwmﬁ'ﬂﬂ%’uﬂqa
g smmsﬂmaanﬂmm‘lwumﬂ’gn‘nnmmammuaiumsmﬂm@]man uazmﬁau‘lﬂﬂmqug
ety wﬂsammsﬂaaTwammmaanmummmnmqmau mslfinsemuuiidue (DNA
markers) ¥atlumsdaiien ﬁfluamﬁwuwmmiaaﬂi']ngmmmu"lﬂ mreianuiudigs awnse
vanEsdninavesanmaadenld Invadisnlizuianama 9w lumssadendndas
WY 18T DAA, 2538)

¢ ey
ginsninazitmsnaany

. 3190529703 recombinant iobred line (RIL) Iﬂaﬂﬁmau‘*fmszﬁzinﬁuﬁ KPS1 4
goueAemswamaiman GTulnll Aaiy  dueedug NM10-12 cﬁwumummwmmman
@Tunil aarp Ugnuuu single seed descent Fuilszansdai 2 (Fy) dlsgminsdah 8 (Fp

2. ¥ test cross Uszanns RIL egwgy Taoldwus kpst Wudmaaoy

3. dgnnasoulszying RIL 1as gn test cross '1uuﬂmmaﬂqﬁﬁﬂmmmwmmamﬁﬂ
fiquditoalsunsessd assvaousmsnan lsdaTao iz 1 —4‘Iﬂumuwuﬁmmuumﬂu
| (iidufuansoinisnas lsdman) Somoiuinumin dwmoiuiiiasmndud 2 — 4 @hud
ugrasemsane lsdm) sailuaniuisouie

4. fanguilszanns RIL Mnnanisdadenlumlamaney fu 3 ngu fe

(1) nguiinumudsmsuiasiaman uazign est cross AMumMuROMsMIATIAMEN
Famaifi3 ' ndidy Aal vaz aanr 3w Indimesd hisunsaueneenainfuld

@ aguinumudensvianamin ualdgn test coss RgouueRensvIATIGMEN
FamaniiS Tuindlify asi

(3) nqufisouedenInanIaman uazlign test cross iveuusdensnanIgman
Famea Tt iniiiu aai

5. afa@iduenn RIL udazmewus §969F CTAB buffer (Rogers and Bendich, 1994)

6. 374 pooled DNA Mo lF1ums AT IZHUDY bulked segregant (Michelmore HAzARY
1991) TowfaidonAiBulores RILs nguay 15 mwsug Nnuaasnguidadeniedu suwdiduie
meuiar 2 un. Tunasa@sdfiu

7. 352K AFLP efaidonuaudidunfinaainnuunndisszning pooled DNA @1
357 Vos wazamz (1995) 1aus’ld asmmeuuoudiSueiideinmsTinred 1ald5% silver stain
(Promega Corp, UsA) Wrziuudiu “0” delisnnguovddue wasldasuuudu “17 e
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8. Ansizh AFLP luilszang RIL 150 awiug Tﬂu“lcvﬂ"lwsmasWﬂmaaﬂ‘l@mnmi
iR bulked segregant asvaDULNLAB B RtaaInuLAnAIs snawoisianue Iiazuuwdy
“17 \do riL 3 Tulndmilouse uazTaznuudy “27 e rRIL H3TwIndmionl |

9. Fns1eH regression Vesdnvmzane lsHaiAAMINMIVIATIMAD UwATaImIGR

L?Jmaﬁgwnﬂﬁﬁmﬁaﬂ &pTalsunsy STATGRAPHICS m3panmivlauaaniodidymeadd uaash
oy (ink) agnuwugnsmwmmumm*ﬂumuﬂamwmmamaﬂ

10. Sanguaseamnudidumianua AaoTUsunsy MAPMAKER version 3.0b 191 LOD
(log of odd) = 5 IBTA) maximum distance = 30

1L Swsed OTL 4w ldsuny MOTL wiemihdinioanuelasylndiusumisvosdy
mniige uazifuszozviasila

12. 318319 correlation SEMINANYMEARD s TaazHanan a0 1150n33 STATGRAPHICS

HamMInaaeg

¥

HANITATIFOUINS DaNUAB D TINUALUANA 193211729 pooled DNA Tt 1 H11 2 Lawy
1 Sunvdidue 12 wisamng 10 10 §lwsives AuaaanuANMY 55113 pooled DNA 71 1 1
2 AU pooled DNA i 3 uaﬂf}amsq%ﬁﬁuﬂfawmmﬂ@hﬂuﬂswmﬁ RIL 150 e nwuindoanuy
Ao 31 AT0MINY MUTAINIUUANATY (polymorphic) 'swwmwmm Namﬁ’;mﬂw regression
f’uaqanymwﬂaaismauumawmamamamwm wuhd 8 wioaniny mmmwaammuﬂmﬂmm
@5197 1) Taoiasesnuny CGT/ICTG Toien coefficient of determination (R 2 famnsnefuudnuue
ﬂaaiirﬁﬁ”lﬂfqu@ 28.06% 70909NTAD IA30INNIW CAGTACS mwnaeiuield 25.53% uwash
maawmﬂmeummamumnmuaaa‘lﬂaﬂuuuﬂqa

waaﬂﬂamﬂsawmﬂmaumm 31 miawma WU 19 mimmnﬂmmmimmaﬂﬂ 3 ngu
Tﬂﬂﬂi@ﬂ’\q‘ui“’ﬂ mqmwm 2017 M fiszovinduvoumaziniesny 10.5 cM mw“mwm‘me
findafiga 293 oM Fnfunviige 42 oM miovmneaduelundud 2§ 8 1nSeammeinams
3859H regression uansnUFNRLEfUnYuzaas IsFaeditodifuie uaes shundesmug
nguIABIiues

AN IATEY QTL Wudmunuavestunie QTL finugueimsaas lsSmfvesiunis
1k ag‘sxw:iwm%"mwmu CGT/CTG uae CAG/TACA (Mw# 1) fiszexviiaiu 29 uaz 3.0 oM
uERY danBudnduyanilsdon s s sehdmiaeduiinude fu A oannide
foaniTulnilvoslssains RIL 150 a1ofuf finsreaoudasd uniodninn CGT/CTG 1az CAG/
TAC4 Wud (1) Uszwns RIL 30 eowufin Iuindmiloudviuiin uadd Tulnduaaany
mumudsnsasgmin ueash RIL lupguiiheeiS T indidy Aall meiidaia aa mileu
AuWutug (AAi (2) Yszns RIL 58 mewugis W lniimiousvaeviuine uazif Tulnimiou
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MR 1 950nmINUAR U ILARIAIIMIANAIIEHTIN pooled DNA Uasf1 R? AUADLIATBINUY
-~ ar d 4 -]
13 awnsneieanusUsmludnvazaae lsdaioannmsniasigman
i Marker NM10-12 KPSl Pooled DNA Pooled Pooled Contributing Coefficient of
1 DNA 2 DNA 3 allele determination
uR (AAIL aall)  (aaii) (AAI) (R2,%)
7
ACC/ATG4 1 0 0 1 NM10-12 19.5] #%
AC/TGA 1 0 0 1 NMI10-12 17.04 **
D CAG/TACI 1 0 1 1 0 NM10-12 8.81 **
CAG/TACY 0 1 0 0 1 NM10-12 25,53 **
n CGT/CTG 0 | 0 0 1 NMI0-12  28.06 **
GA/AGGS 1 0 1 1 0 NMI10-12 19.62 **
S GA/AGGS 0] 1 0 0 1 NM10-12 20.61 #*
GA/ACT?Z 0] 1 0] 0 1 NM10-12 18.08 #*
-« visddyfssauanuthildld oo
1
- 60
7 . Chlorosis SIM
.
18 7
S
n 40
. )
N s ]
15 a
. Q 20 -]
31 - |
12.8 sCIM
7 - 9.1 SIM
N L s —— N ‘ i it rrr N
u Y lsﬁl—rrﬂ'_l_r\.‘lf_fm TIHUWITI]TJI]T!WI}IU]TJl\ul\”jli
o2L FE 2 9 < 2 c F
. RIS (NN N
Eﬁfﬁ S % S S 38 o 3 S g S
15 groupl groupl group3
i o 1] v GII Qv a =73 A = o/ =1
ff‘ MWD 1 UAAIAIMUIYDUATOINUIY AFLP AdUWUSAY OTL peak #toFinodnumzaas sde
Tasn15e1ua SIM 9.1 Laga1 sCIM 12.8
v AUTWWUTHO (aall) iwutu uanedl RIL Tunguiluwe it Tulndidly aall nae aaii 91208030 aa
< ar a ) I . &Iyd ' ]
8 miouiumeiugre uazaziiuldiiuou RILunguiilundszana 2 whwes RIL unguusn
i Hatinse T3 Tulndl 2 noududueg 3) Yszanns RIL 41 awiug 33 Tuindimdouduiutuine:
N Ty Indmieufuiugiol naeedin RIL Tunguidinind Aai ms1efidada a4 mieuiu @)
ar Ay ) Qs A % T =5
W dsgans RIL 12 modug 35 Tulnddndunnmsasiasoudapunssauudnan waziillu
H Inilmifoufumeiuine maduia crossing over serAsmuntsvaBuivsumwauniomuod

S
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o §au RIL “luﬂ:im'fﬁﬁu"lwﬂﬁﬁ]u"lﬂvlé’fmuuuu (AAIL aall a2 aai) 0z BENIUENDEN
nnAu 1R (5) wu RIL 1 enowuy m‘iu‘lw{lmuaunumuwqummnﬂluylﬂﬂmuauﬁuwumm A9
P8 double crossing over TuySnasmimeduiumuniouaismnedid uie es

nansas s LanFURU TSz ensaae TsFaturanAenud fduiusmeay uaaah
Fofusuuaasemnas lsdmitsnnmsvniangminnandnezana

apl

| aunsaindenintaminiiueusase i sudnuazane lsdaiifianinms
nanamanld 3oy Badaaylu linkage group (REITU

2. MAMIATIVAOUAUHUI0ITU TAMIIATIZY QTL  WURIMNUIUBIDUNGIA LN
fy egseuunieaninudidue COT/CTG fu CAG/TACH luszusiie 2.9 uag 3.0 oM AwWMAy

3. sumdavestufinufie Bu 4 At linudumisoddu 1

4. MnHaM SRR anduiuiseniseimsnae lsFatunandanut Dfduiuimeay
Aoy wenatt diefadonaaeinsane lsdmiismnmsvianaman HOKANITanaT

AVBUAM

i dsumsmivayuan  sonfudfsuasdaunudaminndonyasmend uas
AN NUNBINUAUUTYUMTIY (T7N7)

PNE1ID1DY

auaey ATENETY LAz BNTA 155WITAT. 2538, DNA fingerprinting UayMsUszgna 19, W. 10-14
Tu Laﬂm'sﬂssﬂﬁmmsﬁ’nnmmﬁmnﬁﬁmﬁuQﬂssuﬁmm::msﬁwmﬁ’uﬁdw. 12-13 figuivy
2538, w1 INduma Tu Tadegsuns, uATHaaw.

Cgumen unimid 2539, msAnuInItieneadnuazsadateIinumudemsnagang ugady
a1ngd. IngtiwuiUSygnIn, sminedoineasemans, njanma,

By Aoadusual. 2533, Auvenlsznalng. madadgiing umInndunyasmand, ngannd. 651 .
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szduAruwlslsumausnsseasdaiing1s 5 Wug tnald RAPDs uaz
microsatellites
Level of polymorphisms in five accessions of yard long bean revealed by
RAPDs and microsatellites

ar o ar =y 2 - ar o 3 - w 1
eewg WusAna Paul Taylor WITANRA ATUHLVIAU WRLDTTAU HIARWS
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Evaluation of Genetic Relationship among Soybean

Genotypes from Diverse Genelic Bases

P. Tanya, P. Srinives, B.K. Ha, J.S. Bae, and S H. Lee

Dept. of Agronomy, Kasetsart Univ., Kamphaeng Saen, Nakhon Pathom 73140, Thailand

Abstract

Two different types of molecular markers, SSR and SNPs, were used to measure
genetic diversity among five Korean, eight Thai, and three wild soybeans. For SSR
analysis, a total of 20 markers were surveyed to detect polymarphisms. For SNP analysis,
four primers were designed from consensus sequence regions on disease r-esistance
protein homalog genes, and used to amplify the genomic region. The PCR products were
sequenced. A number of palymorphic SSR and SNP bands were scored on all genotypes
and their genetic similarity measured. Clustering analysis was performed independently on
both types of markers. Clustering based on SSR markers separated the genolypes into
three main groups originated from Korea, Thailand, and wild soybeans. On the other hand,
'wo main groups were classified using SNP analysis. It seemed that SSR was more
informative than SNPs in this study. This may be due to the fact that SNPs was survé')'fed on
the smaller genomic region than SSR. Grouping based on the combined data of both
markers revealed similar results to that of SNPs rather than that of SSR. This might be due
to the fact that more loci from SNPs were considered to measure genetic relatedness than

those from the SSR,

Key word : soybean, simple sequence repeat, SSR, single nucleotide polymorphisms,

SNPs

Introduction

Tne genus Glycine consists of two subgenera, i.e. Glycine and Soja. Glycine max (L.) Merr.

and G. soja Sieb. & Zucc, belong 1o Soja subgenus. G. max is the cultivated soybean

while G. sojz s its wild progeniter. Soybean (Glycine max (L.) Merrill} is an important crop
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as a source of protein and oil. Charles and Morse (1923) reported that the origin of-.
soybean is in China, Manchuria and Korea. The conclusion came from the fact that
soybean was domesticated around the 11" century B.C. in the eastern half of north China
and extended to central and south China, as well as peninsular Korea in the first century
AD. After 15" to 16" century, soybean was brought into many countries, including
Thailand, Japan, indonesia, the Philippines, Vietnam, Mélaysia. Myanmar, Nepal and north
India (Hymowitz, 1990).

Molecular markers have become new tools to heip plant breeders save time and
labor in identifying genotypes in most plant breeding steps, including introduction,
selection and certification. Among them, Simple Sequence Repeat (SSR), aiso. known as
microsatellite or Short Tandem Repeat (STR) or Simple Sequence Length Polymorphisms
(S8SLPs) is a repeated nucleotide sequence of 2-7 base pair units. Repeatabitity of
fragment resulted from slippage in replication (Schidtterer and Tautz, 1992) and unequal
crossover (Smith, 19786). This method has many advantages such as rapid, reliable (Diwan
and Cregan, 1997), abundance (Lagercrantz et al., 1993), co-dominant (Akkaya ef af.,
1992), high heterozygosity (Powell et al, 1996), and high polymorphism (Akkaya et al.,
1995). The SSR technigue uses PCR to amplify DNA fragments by repeated cycles of DNA
denaturing, annealing and extension using DNA polymerase enzyme. The resulting DNA
was separated by banding on gel (Akkaya et al., 1992).

SSR have been used in the construction of genetic linkage map of human (Gyapay
et al., 1994), mouse (Dietrich et al., 1994), fruit fly (Schidtterer et al., 1997), soybean
{Shoemaker et al., 1992; Morgante, 1994; Akkaya ef &/, 1995; Maughan et al., 1995), rice
(Temnykh et al., 2000), corn (Taramino and Tingey, 1996) and sorghum (Taramino et al.,
1997}, in DNA fingerprint of soybean (Yanagisawa et al., 1994; Diwan and Cregan, 1997},
in tag DNA of coconut (Teulat et al., 2000), in pedigree analysis of soybean (Diwan and
Cregan, 1997) and barley (Russell et al., 19397), in genetic identification in barley {Russell
et al., 1997), in genetic diversity of rice {(Cho et al., 2000}, barley (Struss and Plieske,

1998), wheat (Prasad et a/., 2000)
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SNPs is the single base variation between two otherwise identifical DNA se‘dﬁence.
Brookas .1999) reported that SNPs was single base pair positions in genomic DNA at
which aiiferent sequence alternatives (alleles) exist in normal individuals in natural
populations. SNPs was the powerful tool and the most frequent type of variation in the
human genome (Wang et al., 1998). This technology allows greater number of tests to be
run al a significantly lower cost than with existing technology. This technology has
applicaton in genome sequencing, SNP identification and typing, screening for
genetically-linked diseases, identification of genetic drug targets, screening for individuals
for potential drug side effects, gene cloning, screening potential tissue donors, screening
cancer cells for genes conferring chemotherapy resistance, typing pathogenic and
antibiotic resistant bacteria, forensics and pharmacogenomics. This technique had more
aavantace than markers such as isozymes, RFLP. RAPD, or SSR, including very large
number of polymorphic loci, loci distributed throughout the genome, marker present within
coding regions, introns and regions that flank genes, simple and unambiguous assay
technigues, high levels of polymorphism in the population, stable Mendelian inheritance
and fow ievels of spontaneous mutation (Brown, 1999)

The objective of this study was to evaluate genetic relationship among soybean
genotypes from diverse genetic bases, i.e. from Korean, Thailand and wild soybean (G.

sojay).

Materials and Methods
Plant materiais
Eight Thai, 5 Korean and 3 wild soybeans were used in this study (Table 1). Several
paramelers were evaivated such as flower color, stem color, pubescence color, leaf
shape, plant height, number of nodes, and color of seed coat in the experimenta!l field of

Seoul National University, Suwon, Korea during the summer of 2000,
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Table 1. Name list of soybean varieties used - evaluation of their genetic relationship.

Soybean genotypes Qrigin Sci. name
Sowon, Jangkyung. Keumkang. Songhak Korea Glycine max

(T161477, 17182307, 17184222 Korea Glycine soja

SJ1, 8J2, SJ5, Sukhothai 1 {ST1), Chiang Mai 1 {CM1),

KIUSL20004, Chakkrabhandhu 1 (CKP1), Thailand  Glycine max

Rajamangkala 1 (RM1)

DNA isolation

Total genomic DNA was isolated from urfolded leaflets and kept in fyophillizer at -
50 °C. DNA was extracted using medified protocols of Keim ef al. (1988). Five fo six
pieces of lyophilizer were taken into 96-well plate containing a single steel BB. By the use
of a res,crocal saw, the soybean tissue was puiverized, then 700ul CTAB was added into
each well and taken {0 a shaker-incubator at 225 rpm, and 65 °C for 35 min. Chloroform:
isoamyl (24:1) was added at 600ul into the piate and taken into the shaker-incubator at 24
°C for 10 min, then centrifuged in Eppendrof 5804 at 4,000 rpm for 30 min. Cold
isopropanol was added at 420ul inlo each well of new 96-well plate and the supefnatant
was transfered 3 times. In each time, 200 ut of the supernatant was taken to new plate and
brought te refrigerator for 15 min. Plate was spun in Eppendrof 5804 at 4,000 rpm for 20
min. The supernatant was added with 500 ul 70% ethanol to each well of plate and kept on
shaker-incubator at 24 °C for 10-15 min then centrifuged one more time. Supernatant was
poured and incubated at 37 °C for 15 min then resuspended each well by 300 ul TE
puffer. shaked at 225 rpm for 1 cday and kept i refrigerator. DNA concentration was

measured using F-4500 Fluorescence Spectrophoiometer.

Simple Sequence Repeat (SSR)

Twenty of the fluorescent 5-end forward primers (Table 2) were labeled with either

B-FAM (blue), NED (yellow} and HEX (green) (PE-ABI, Foster City, CA). DNA amplification
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was proceeded in genomic DNA at the concentration of 10ng/ul, 10x buffer, 2 5mM of
each nucleotide, 5 units of Tag DNA polymerase, 20mM MgCl, and 5pM Primer Mix, with
32 cycies of 25 s of denaturation at 94°C, 25 s of annealing at 46°C and 25 s of extension
at 68°C on PCT-100™ Thermal Controller {(MJ research, Watertown, Mass). Then PCR
product was examined in 2 % agarose gel.

Two ul each of the PCR products of 6-FAM, NED, HEX which had different allele
size were loaded in the same gel lane. Then 4ul of cocktail consisted of 110ul Formamide
deionized, 55ul lcading buffer, 15ut Genscan 500 (500XL) were added to 1.5ul of each
combined PCR product. Combined PCR product was loaded and separated in ABI Prism®

® .
377 (AB-PEC, Foster City, CA), analyzed allele size by GeneScan Analysis. software,

®
version 2.1.1(AB-PEC, Foster City, CA) and Genotyper  software, version 2.0 (AB-PEC,
Foster City, CA)

alable 2. Primers used in the SSR analysis.

- Locus Fluorescent Linkage Locus Flyorescent Linkage
Label Group Label Group
Satt 175 6-FAM M Salt 196 HEX K
carala 6-FAM J Satl 253 HEX H
Sat 559 5-FAM g2 Salt 146 NED F
Salt 550 6-FAM M Sau 177 NED A2
Satt 141 6-FAM Dib+w | Satt 530 NED N
Sati 545 B-FAM A Salt 143 NED L
Saii 192 6-FAM H | Sall 445 NED
Sa-ll 269 6-FAM F Satt 038 NED G
Satl 187 HEX A2 Satt 294 NED C1
Sau 167 HEX K Satt 271 NED Dib+wW

Single Nucleotide Polymarphisms (SNPs)

Primers were designed frcm consensus sequence regions on disease resistance
protein homolog genes such as N gene of tobacco, L6 gene of flax, RPM1, and RPS2
genes of aralbudopsis, Xa21 gene of rice, and Plo, and Cf-9 genes of tomato (Tabie 3).

Genomic DNA was amplified with designed orimers. Alleles of different sizes, obtained by

»amplification of SRGAS, SRGAB, SRGAY and SRGAS8 were cloned and sequenced after
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carrying out amplification reactions. The cloning process was based on the T/A cloning
method (Clark 1988; Mead et al. 1999). The ligation reaction was carried out at 14°C
overnight in 10 ul with 4 Units of T4 DNA ligase (Clonetech Lab., Inc.), 50 ng of the plasmid
vector pT-Adv (Clontech Lab., Inc.) in 1x reaction buffer (6 mM Tris-HCI pH 7.6, 6 mM
MgClL,, 5 mM NaCi, 2 mM of DTT, 1 mg/ml BSA, 7 mM B-mercaptoethanol. 1 mM
spermidine, and 0.1 mM ATP). The ligation mixture was transformed into £. cofi TOP10F
competent cells and the recombinant clones were screened for inserts on LB plates with
color selection. The plasmid DNA was isolated from white colonies and grown in LB broth.
Plasmids were prepared according to the standard protocol using Qiagen columns
(Qiagen, Hiden, Germany) from 5 mi cultures. The DNA was sequenced on an ABI prism
BigDye terminators (Perkin-Elmer Biosystems, Foster City, CA) according to the
manufacturer's instructions (Perkin-Elmer Biosystems, Foster City, CA). The sequences of
. the amplified and cloned products were aligned using the CLUSTAL W (1.60) multiple

'fl'alignment package (Thompson et al. 1994).

Data analysis

Allelic polymorphic information content was calculated using the formula PIC, = T—Epuz.
Where p, is the frequency of the j allele for marker i (Anderson, 1992). The data were used
lo analyzed genelic diersily from scoring the bands of each SSR loci and sequence data
by O = absent and 1 = present indicating the corresponding band and nucleotide. Each
b.and was then treated as a unit character and pair-wise genetic similarity coefficients
among cultivars were quantified based on Jaccard's coefficient = a/(n-d) using NTSYS-pc
software (Rohlf, 1998). The cluster method was carried out by the unweighted pair-group

method with arithmetic mean (UPGMA) (Sokal & Michener, 1958).

106



L a , e Do - .
T‘mnum&‘m:‘quﬁomﬂmummmﬁﬂﬁ 8 4uh 28-29 Bavnau 2544 AFoln

Table 3 Primers selecied from consensus sequence regions on disease resistance protein

homolog genes used in SNP detection.

Primer code Forward primer(5'—3') Reverse primer{(5'—3")

SRGAS TGCTAGAAAAGTCTATGAAG TCAATCATTTCTTTGCACAA
SRGA6 AGCCAAAGCCATCTACAGT  AACTACATTTCTTGCAAGT
SRGA7 AGTTTATAATTCCATTGCT CCGAAGCATAAGTTGCTG
SRGAS AGCGAGAGTTGTATTTAAG AGCCACTTTTGACAACTGC
Results

Morphological variation
The imporiance of genetic diversity relies on the varianl parameters used in
separating different characters. [n this study, the qualitative characters were stem color
1(SC) flower color (FC}, putyescence color (PC), pubescence densily (PD), and I.eaf shape
- (LS), some quantitative were average height (AH) and average node {AN) {Table 4). Three
Korean varieties (Jangkyung, Keumkang and Songhak) had green stem, others were
purple stem. Since the gene confrelling colors of stem and flower is the same logus it is
n precictable that when the stem of soybean is green the flower is white, and when the stem

is pucple the flower is also purple. Two Thai varieties Sukhothai (ST 1) and Chiang Mai (CM

1} and the three Korean varieties were while pubescence, while the others were brown

pubescence at main stem. Rajamangkala 1 (RM 1) and Kumjung 2 had dense
pubescence. ST1 was the best in germination, while IT 182307 and IT 184222 gave the
least germination, probably due to high hard seed percentage. They also had different leaf

shape (rhomboid-lanceolate) while the other varieties were either lanceolate or ovate.
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Table 4 Morphotogical traits of 16 soybean accessions used in this study.

- No. Varieties %G sC FC PC LS FPD AH - AN
name {cm) {cm)
k 1 S 60 Purpte Purple Brown Cval Sparse 13 5
2 S42 60 Purple Purple Brown Lanceolale Sparse 13 5
3 5J5 56 Purple Purple Brawn Oval Sparse 14 4
4 571 B2 Purple Purpie White Lanceolale Sparse 11 5
5 CM1 48 Purple Purple White Oval Sparse 12 4
& KUSL 20004 76 Purple Purple Brown Oval Sparse 9 4
7 R 1 57 Purple Purple Brown Oval Dense 13 . 5
8 CKP1 34 Purple Purple Brown Oval Sparse ] 2
9 Kumijung 2 76 Purple Purple Brown Oval Dense’ [ 3
10 Sowon 83 Purple Purple White Lanceolale Normat 8 3
11 Jangkyung 86 Green White White Oval Normal 10 3
; 12 Keumkang 60 Green White Brown Qval Normal 8 3
: = 3 Songhak 72 Green White White Ovai Normal 11 4
14 IT 161471 62 - Purple Purple Brown Rhomboid Sparse 5 2
- - lanceolate
i5 IT 182307 10 Purpie Purple Brown Rhomboid Sparse 8 3
- ~lanceolate
16 iT 184222 10 Purple purpte Brown Qval Sparse 4 2

%G= % germination; SC= stem colar; FC= flower color; FC= pubescence color; LS= leaf shape; PD= pubescence

densily; AH= average height; AN= average node {AH and AN were recorded 30 days after planting)

AL_Jtomated sizing of SSR and SNP DNA polymorphisms

For DNA amplification, twenty microsatellite fluorescent 5-end forward primers
were used as summarized in Table 5. The total of 149 alleles were detected from 20
primers. The number of alieles per focus ranged from 3 to 9, with an average of 6.65
alleles. The maximum number of alleles were obtained from Satt 445, Satt 167 and Satt
590. Satt 271 gave as low as 3 alleles per locus, while Satt 187 gave 4 alleles, Satt 038,
Satt 143 and Satt 196 gave 5 alleles each, Satt141, Satt 177 and Satt 192 gave 6 alleles
each, Salt 146, Satt 253. Satt 289, Satt 294, Satt 530 and Satt 556 gave 7 alleles each, Satt

. 175, Satt 414, and Satt 545 gave 8 alleles each, Satf 167, Satt 445 and Satt 590 gave 9
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alleles each. Gene diversity or PIC values were found ranging from 0.48 1o 0.85 across all
20 SSR loci with the mean value of 0.72.

- After sequencing, the fragment of DNA products from the primers SRGAS, SRGABG,
SRGA7 and SRGAB had the sizes of 400, 400, 400 ang 312 bp, respectively. They were
aligned using CLUSTAL W and presented in Fig. 1. The numbper of polymorphisms in SNPs

were 263 paositions that appeared {o have different base pairs.

Table 5. Allele number, size range and gene diversity of 20 fiuorescent labeled SSR loci in

8 Thai, 5 Korean and 3 wild soybeans.

Locus Fluorescent ) Linkage Cultivar genotypes

label group Aliele size No. of PIC~
range (bp) afieles

San 175 6-FAM M 143-183 8 0.70
3 Satl 414 ) 6-FAM J 266-313 8 0.80
5 .'}Slall 556 6-FAM B2 163-211 7 0.73
¥ Sau 590 6-FAM Y 263-340 9 0.80
Satt 141 &-FAM D1b+w 148-201 6 0.65
Satt 545 6-FAM Al 155-203 8 0.81
Sai 192 §-TAM H 234-264 &} 0.68
San 63 6-FAM £ 160-345 - 7 0.70
San 187 HEX A2 243-280 4 n.62
Satt 167 HEX K 235-273 9 0.85
Sat 196 HEX K 178-205 5 0.70
Sall 253 HEX H 130-175 7 0.74
Sall 146 NED F 287-320 7 0.70
Salt 177 NED A2 105-131 6 0.75
Sat1 530 NED N 215-241 7 0.83
Sait 143 NED L 235.276 5 0.69
Satt 445 NED O 162-228 9 0.79
Sall 038 NED G 157-184 5 0.64
Satt 294 NED C1 252-296 7 0.80
San 271 NED D1b+w 112121 3 0.48
Mean 6.65 0.72
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CA’ITAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAG-GAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGCCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCY
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
0 CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
] CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
12 CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
13 CATTAGAGAGGTCTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
4 CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCG
I3 CATTAGAGAGGTGTCTAAGACAAATGGCTTAGTTCATATTCAAAAGGAACTTTCTAATCT
16 CATTAGAGAGGTGTCTAAGACAAATGGCITAGTTCATATTCAAAAGGAACTTTCTAATCT
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Figure 1. Aligment of the base sequence using CLUSTAL W of 8 Thali, 5 Korean and 3 wild

soybeans; 1=58J1,2=842,3=8J54=8T1,5=CM1,6=KUSL 20004, 7=RM 1,8
,=r CKP 1,9 = Kumjung 2, 10 = Sowon, 11 = Jangkyung, 12 = Keumkang, 13 = Songhak,
{44 = 1T161471, 15 = (782307, and 16 = 1T184222.

Clustering of the soybean genotypes

The dendrograms prepared through cluster ‘analysis using SSR and SNPs are
shown in Fig 2 and 3. For SSR marker, the genotypes can be grouped into four clusters
{(Fig. 2). cluster | with 5 genotypes (SJ 1, SJ 5, CKP 1, RM 1 and CM 1), cluster !} with 7
genotypes (ST 1, SJ 2, Keumkang, Songhak, Sowon, KUSL 20004, Kumjung 2 and
Jaﬁgkyung), ciuster Il with 2 wild genotypes (IT 161471 and IT 182307), and cluster iV
contains a solitary wild genotype, 1T 184222, SNPs separated these soybeans into eight
ctuster {Fig. 3), cluster I with 5 genotypes (SJ 1, SJ 2, Jangkyung, Keumkang and RM 1),
cluster It with 5 genotypes (SJ 5, ST 1, IT 184222, Songhak and IT 182307}, while group Nl
to Vil were clustered based on one genotype each of the rests. Integration of the binary
data from both -markers revealed that the new grouping followed the trend of SNP

clustering (Fig. 4).
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