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INTRODUCTION

Glycinemax (L.) Merrill isrecognized as one of
themost important grain legumeintheworldintermsof
total production and international tradel. It is
animportant source of protein and oil. Thousands of
breeding linesandhundreds of ditecultivarsare devel-
oped yearly in Glycinemax (L.) Merrill hybridization
programmesover theworld. The devel oping of these
breeding linesincreased genetic uniformity intheframe
of Glycine max (L.) Merrill. Therefore, the genetic
basis of thesereleased cultivarsisrather narrow. To
widen the genetic basis of these cultivars, wemust in-
troduce new sources of genetic variation. To do this,
criteriafor parental stock sel ection need to be consid-
ered not only by agronomicvaue, butasofromthepoint
of view of their genetic dissimilarity. Therefore, the
eva uation ofgenetic variation in Glycine max (L.)
Merrill isavery important task not only for population
genetics but also for plantbreeders. The study of ge-
netic variation hasfalenwithin population geneticswhich
hasfocused on analyzing, measuring and partitioning
genetic. Thegenetic variation can beana yzed by agro-
nomic and biochemical traits, and molecular marker
polymorphisms. Itsana ysis enabl es estimation of the
mating system and monitoring of genetic changes caused
by factorsaffecting the reproductive biology of aspe-
cies. Utilization of exotic germplasmfor characteristics
such as disease resistance or agronomic traitsisthe
ultimategoa of assessnggeneticdiversty inplant crops
including Glycinemax (L.) Merrill.

ORIGINAND DIVERSIFICATION CENTER

Scholars generally agreethat cultivated soybean
(Glycinemax) hasoriginated inthe easternhdf of North
Chinainthedeventh century B.C. or perhapsabit ear-
liert23, 1t isbelieved onworld wide scal e that soybean
has been domesti cated from theannual wild soybean
Glycinesoja Sieb.et Zucc. Chinaistheoriginand di-
versfication center of the cultivated soybean. Thiswas
inferred from many studies based on old Chinese
literature,the geographic distribution of thewild ances-
tral species, thelevelsand types of geneticdiversity of
soybean varieties and the archeol ogical evidence?49,
Thereare many evidencesthat Chinaistheoriginand
main center ofdiversity of soybean. Theseevidenceare
(1) soybean hasbeen found in unearthed artifacts; (2)
soybeans cultivated in different countriesintheworld
wereintroduced directly or indirectly from Ching; (3)
thedigtribution of G sojain Chinaisthemost extensive
intermsof thenumbersand diversty of types; (4) China
hasthe earliest written records of soybeancultivation,
about 4500 years ago;and (5) the pronunciation of the
word of soybeanin many countriesisabout thesameas
the Chinese ‘Shu’; for instance, it is pronounced ‘soya’
inEngland, ‘soy’ in the USA and in other languages.

Thescholarshavedifferent viewpointsontheorigi-
nal areas of soybean domestication. Oneof theseviews
isthe theorythat soybean originated from northeast
China?, being based on theobservationsthat thereare
large numbersof soybean varietiesthat possess ‘primi-
tive’ characteristics,such as small black soybean
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germplasm that extensvely distributed in thelower and
middlereachesof theyd low river North provinces. The
second viewpoint isthat soybean cultivationoriginated
in South Chind®. The scholarswho adopted thistheory
based there evidences on the wide distribution of
wildsoybean inthisarea, extensive presencesof primi-
tive soybean varieties such asNidou,Maliao Dou, Xiao
Huangdou, and the cl oserel atedness between cultivated
soybeansin southernChina, to wild soybeansin genetic
terms based on botanical traits, biochemical and mo-
lecular markerg™®. Inthethird theory, it hasbeenthought
that the origin of soybean wasthe eastern part of north-
ern China(i.e. thelowerreachesthe Yellow River),
Theevidencesfor histhought are the sameblooming
datesfor both wild soybean and cultivated soybean at
35°N, confirming thatcultivated soybean varieties may
have been derived from local wild soybean at
around35°N. In addition, the protein content of culti-
vated soybeaniscloseto that of wild soybeanat 34—
35°N. The fourth theory stated that the cultivated soy-
beans have multiple origing®. The evidencesfor that
postulation are (1) theancientsof both South and North
used local wild soybeanasfood and did not domesti-
cated wild soy-beansinto cultivated ones; (2) the oc-
currenceand the successful cultivation ofboth wild soy-
bean and cultivated soybeanin different regionsacross
China; and (3) thegeographica distribution of theshort-
day character of wild soybean indicatesthe possibility
of multipleoriginsof cultivatedsoybean.

EVALUATION OFGENETICDIVERSTY
AT THEBIOCHEMICAL LEVEL

The genetic markers have made eval uation of the
geneticandenvironmenta componentsof variationmore
accurate. The biochemical markers are ones of the
interestingmeasures of genetic diversity. They include
protein techniques and isozymes!'®l, The
prote ntechniquesare practica and reliablemethodsfor
cultivars and speci esidentification becauseseed stor-
ageproteinsarelargely independent of environmenta
fluctuation>?4, They arelessexpensive ascompared
to DNAmarkers. SDS-PAGE is one of these tech-
niques, widely used to describe seed proteindiversity
of crop germplasmiz>3¢, SDS-PAGER*¥"38 and dis-
continuous polyacrylamide s ab gel e ectrophoresig®
were used very successfully in evaluating the genetic

diversity andidentifying soybean (Glycinemax) cultivars.
Malik et a.*9 evaluated thegeneticvariationin 92 ac-
onsof soybean collected from fivedifferent geo-
graphica regionsusing the el ectrophoretic patterns of
seed proteins. The accessions from various
sourcesdiffered congiderably, indicating thet thereisno
definiterel ationship between geneticdiversity and geo-
graphic diversity. Similar results were reported by
Ghafoor et a.[?%, Based on the results of Ghafoor et
a " and Malik et a.*¥, SDS-PAGE cannot beused
for identification of various genotypesof wild soybean
at theintra-specific level ,because some of the acces-
sonsthat differed onthe basisof characterization and
evd uationexhibited S milar banding patterns. However,
it might be used successfully to study interrather than
intra-specific variation 154044 2-D eectrophoresiscan
be used to characterize the genotypes exhibitedsimilar
banding patterng®.

Allozyme markers have been used in soybean to
evaluate genetic diversity in accessionsfrom diverse
geographic regiong®>¥, wild soybean innatural popu-
lations from China, Japan and South K ored”#, and
Asian soybean popul ationg***, From ananaysisof the
Kunitz trypsininhibitor (Ti) and beta-amylaseisozyme
(Spl=Amy3),Hymowitz & Kaizumd? defined seven
soybean germplasm poolsinAsia: (1) northeastChina
andthe USSR, (2) centra and south China, (3) Korea,
(4) Japan, (5) Taiwan and southAsia, (6) north India
and Nepal and (7) central India. Hirataet a.* com-
pared thegenetic variation at 16 isozymeof 781 Japa-
nese access onswith the genetic variations of 158K o-
rean and 94 Chineseaccess ons, detectinganumber of
region-specific ale esthatdiscriminated Japanesefrom
Chineseaccessions. The presenceof dleesspecificto
theJapanese popul ation suggested that the present Japa-
nese soybean popul ation was not solelyasubset of the
Chinesepopulation.

EVALUATION OFGENETICDIVERSTY
USING MOLECULAR MARKERS

Introduction

The soybean genomeiscons sting of around 1115
M bp, much smdler than the genomesofmaizeand bar-
ley, but larger than the genomes of rice and
Arabidopsig*l. Soybeanisatetraploid plant, evolved
from adiploid ancestor (n=11), wentaneuploid |oss
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(n=10), followed by polyploidization (n=20) and
diploidization (chromosomepairing behavior)“3. Asa
result of polyploidization soybean has as gnificant per-
centageof internd duplicated regionsdistributed among
itschromosomes. Sequencediversity in cultivated soy-
beanisreatively low compared toother species|ead-
ingtoamgor challengein theimprovement of thisim-
portant crop. Toefficiently broaden the genetic base of
modern soybean cultivars, wehaveadetaled insghtinto
genetic diversity of soybean germplasm. Suchinsight
could beachieved throughmol ecul ar characterization
using DNA markers, whicharemoreinformative, sable
andreliable, compared to pedigree analysisand tradi-
tionally used morphol ogical markers. Thegenetic mark-
ersincludeRFLP, RAPD, SSR andAFLPmarkerswere
used to probe thegeneti c differencesbetweenwild and
cultivated soybeansor for theorigin anddissemination
of soybeans*34#, These studieshave reveded higher
levelsof geneticdiversity inwild soybean.

RFLP (Restriction Fragment Length Polymor-
phism)

Thisanaysisexploitsvariationin theoccurrence of
restriction sitesin genomic sequenceshybridizingto a
cloned probe. Origindly, RFLPanalys srequired South-
ern blotting andhybridi zation, making themethod fairly
dow andlaborious. Thistechniqueisdtill usedtogenerate
“anchor’ markers, used by many scholars to make
consensusrecombinationamaps, thoughitisoftenimple-
mented with the polymerase chain reaction (PCR) to
generatethe polymorphic fragmentg*d.

Chung et d .19 evauated levelsof genetic diversity
in USDA soybean germplasm (107accessions), origi-
nated from six provincesin central China, usng RFLP
andysis. Theydetected significant genetic differentiation
among the six provinces (mean GST =0.133). These
resultssuggest that Chinesegermplasm onsfrom
variousregionsor provincesinthe USDA germplasm
collection could be used to enhance the genetic diver-
sty of USCultivars.

AFL P (Amplified Fragment L ength Polymor phism)

AFLP isan anonymous marker method, detects
restriction stesby amplifyingasubset of dlthesitesfor
agiven enzymepair in the genome by PCR between
ligated adapters. To someextent, it like RFL P detects
single nucleotide polymorphisms (SNPs) at restriction
sites. Udeet a . andlyzed thegenetic diversity within

> Rey/ew

and between Asian and NorthAmeri can soybean culti-
varsby AFLP They found that theaveragegeneticdis-
tance betweenthe North American soybean cultivars
and the Chinese cultivars was 8.5% and between
theNorth American soybean cultivarsand the Japanese
cultivarswas 8.9%, but the Chinesesoybean was not
completely separated from the Japanese soybean. They
al so reved ed thatJapanese cultivars may congtitutea
genetically distinct source of useful genes for
yie dimprovement.

RAPD (Random Amplified Polymor phic DNA)

RAPD andysisusesconserved or general primers
that amplify from many anonymoussitesthroughout the
genome. It isindeed rapid, and need only short primers
of randomsequence, but suffersfrom low polymorphism
information content (PIC), poor correlation with other
marker data, and problemsin reproducibility dueto the
low annedingtemperaturesin thereactions.

Thegeneticdiversity in thewild soybean popula-
tionsfrom the Far East region of Russiawas anayzed
using RAPD markerg®Y. Theresultsobtai ned suggest
that genetically different groups of wild soybean have
activedeve opment, level of polymorphismwassignifi-
cantly higher than in the cultivated soybean,
andgeographically isolated subpopul ations showed
maximum distancefrom themainpopul ation of wild soy-
bean. Thehighlevd of polymorphism betweenthewild
andcultivated soybean accessionswas al so reported
by Kanazawaet a.*2 intheir study onsoybean acces-
sionsfromthe Far East usng RAPD profilesof mito-
chondrial and chloroplastDNA. Pham Thi Be Tu et
a .5, Aneta ™ confirmed theresults of K anazawaet
al .52 and Seitovaet a .54 in terms of the high genetic
variation betweenthewild and cultivated soybean ac-
cessions. They adso found that thediversity of G soja
washigher thanthat of G max; and environmental fac-
torsmay play important rolesin soybeanevol ution. Fur-
thermore, they reveal ed that accessions within each
speciestend to form subclustersthat arein agreement
with their geographical origins, demonstrating that
anextensive geographica genetic differentiation exists
in both species. Consequently, it wasindicated that geo-
graphical differentiation playsakey roleinthegenetic
differentiation ofboth wild and cultivated soybeans. The
relationship between geographical differentiationand
genetic diversity appeared in the work of Chen &
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Nelson®™ who identifiedsignificant genetic differences
between soybean accessions collected from
differentprovincesin China. Their dataprovided pro-
nounced evidencethat primitive cultivarsofChinawere
generaly genetically isolated inrelatively small geo-
graphical areas. Similarresultswereobtained by Li &
Nelsoni“d intheir study on soybean accessionsfrom8
provincesin Chinausing acore set of RAPD primers
with high polymorphism in soybean®!. Onthecontrary,
Brown-Guediraet a [ did not find anassociation be-
tween origin and RAPD markersamong soybean lines
of moremodernorigin. Itislikely that these genotypes
have been dispersed by human intervention from the
areasof actud origin. Therd ationship between genetic
differentiation and origin of 120 soybean accessions
fromJapan, South K oreaand Chinawaseva uated with
RAPDS*!, They foundthat the Japanese and South
K orean populationswere more similar to each other,
whereashoth were genetically distinct fromthe Chinese
population, suggesting that the S. K oreanand Japanese
gene poolsmight beprobably derived fromarelatively
few introductionsfrom China. Li et a .1 compared the
geneticdiversity of ancestral cultivarsof theN. Ameri-
can (18) aswell asthe Chinese soybean germplasm
pools(32) using RAPD markers,the N. American an-
cestorshaveadightly lower level of genetic diversity.
Cluster andysesgeneraly separated thetwo gene pools.
In particular, agreat genetic variability wasdetected
between theancestors of northern U.S. and Canadian
soybeans and the Chineseancestors.

Chowdhury et a.%8 examined thelevel of genetic
smilarity among forty-e ght soybeancultivarsimported
out of their country Thalland usng DNA (RAPD) mark-
ers. Theyfoundhighleve of geneticamilaritiesbetween
these cultivars. Cluster andlysisof theobtaineddatadas-
sfied the48 cultivarsintofour groupsat 0.57 smilarity
scale, even though thecultivarsare morphologicaly or
geographically very close. Comparing
agronomicperformance and RAPD analysisviaden-
drogram, atotd of 11 cultivarscan beuseful tosoybean
breedersin Thailand who want to utilize geneticaly di-
verseintroductionsinsoybean improvement. Baranek
et a.5¥ evaluated the genetic diversity within 19soy-
bean genotypesincluded inthe Czech Nationa Collec-
tion of Soybean Genotypes byRAPD method. The
polymorphism among the studied genotypeswas 46%.
Presentedresultsenablethesd ection of geneticdly dis-

tinctindividuas. Suchinformation may beuseful to breed-
erswillingto usegenetically diverseintroductionsin
Soybean improvementprocess.

SSRs (Simple sequence repeats)

SSRsmolecular markershave been widely applied
in the genetic diversity studies of thesoybean
germplasmi#8&-&4. The advantagesof SSR over other
typesof molecular markersarethat they are abundant,
haveahighleve of polymorphism, arecodominant, can
beeasily detected with PCR and typicaly haveaknown
positioninthegenome. High levelsof polymorphismat
SSR loci have been reported for both the numberof
aleles per locusand the gene diversityl46:6061.65661,

Wang et al.[*® used 40 SSR primer pairsto study
genetic variability in 40 soybeanaccessonsof cultivars,
landraces and wild soybeans collected from China.
Theseresultsindicated that wild soybeansand landraces
possessed gregter dldicdiverdty than cultivarsand might
contain alelesnot present in the cultivarswhich can
strengthen furtherconservation and utilization. The
UPGMA (Unweighted Pair Group Method
withArithmetic) resultsa so exhibited that wild soybean
was of moreabundant genetic diversitythan cultivars.

A total of 2,758 accessions of Korean soybean
landraceswere profiled and eval uated forgenetic struc-
tureusing six SSR loci®. Theaccessionswithin col-
lectionswerecl assfied based on their traditiona uses
such as sauce soybean (SA), sprouted soybean
(SP),soybean for cooking with rice (SCR), and oth-
ers-threedifferent Korean Glycine maxcollectionsand
for groups distinguished by their usage, such as SA,
SP, and SCR. Nei’saverage genetic diversity ranged
from 0.68t0 0.70 acrossthree collections, and 0.64 to
0.69across the usage groups. The average between-
group differentiation (Gst) was 0.9 amongcollections,
and 4.1 among the usage groups. Thesimilar average
diversity among threecollectionsimpliesthat thegenetic
background of thethree collectionswasquite similar
orthat therewere alarge number of duplicate acces-
sionsinthreecollections®. Thesdection fromthefour
groups classified based upon usage may be a useful
waly tosel ect accessionsfor developing aK orean soy-
bean landrace corecollection at the RDA genebank.

Hudcovicovaet d . andlyzed dldicprofilesat 18
SSR loci of 67 soybean genotypesofvariousorigins.
Six only of SSR markersdifferentiated all 67 geno-
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types each from otherssuccessfully. Guan et a [ in-
vestigated the genetic relationship between 205
Chinesesoybean accessionsthat represent the seven
different soybean ecotypes and 39 Japanesesoybean
accessionsfromvariousregionsusing46 SSRodi. Clus-
ter analysiswith UPGM A separated the Chinese ac-
onsfrom Japanese access ons, suggesting that soy-
bean inthesetwo countriesform different genepools. It
aso showedthat (1) onsfrom Chinahavemore
genetic diversity than those from Japan, (2) studied
germplasmwasdivided into threedistinct groups, “cor-
responding to Japanese soybean, Northern Chinasoy-
bean, SouthernChinasoybean and amixed groupin
which most accessionswerefrom central China”’, and
(3) Japanese accessionshad more closerel ationship
with Chinese northeast spring andsouthern spring
ecotypes. Thisstudy providesinterestinginsightsinto
further utilization of Japanese soybean in Chinese soy-
bean breeding.

Abeet a @ andyzeddldic profilesat 20 SSRoci
of 131 accessionsintroduced from Asian countries.
UPGMA-cluster analysisclearly separated the Japa-
nese from the Chineseaccessi ons, suggesting that the
Japanese and Chinese populations formed
differentgermplasm pools; showed that K orean acces-
sonsweredistributedin both germplasmpool s, whereas
most of the accessionsfrom south/central and south-
east Asawerederivedfrom the Chinesepool; indicated
that genetic diversity in the southeast and south/
central Asian populationswasrelatively high; and ex-
hibited the absence of region-specific clustersin the
southeast and south/central Asian populations. Therela
tively high genetic diversityand the absence of region-
specific clusters in the southeast and south/central
Asianpopulations suggested that soybean inthese ar-
eas has been introduced repeatedly andindependently
from the diverse Chinese germplasm pool. Therefore
thetwo germplasmpool s can be used as exotic genetic
resources to enlarge the genetic bases of the
respectiveA s an soybean populations.

Chotiyarnwong et a [ eval uated the genetic di-
versity of 160 Thai indigenous andrecommended soy-
bean varietiesby examining thelength polymorphism of
aleles found in18 SSR loci from different linkage
groups. UPGMA-Cluster analysis and
principa component analysis (PCA) separated Thai in-
digenousvarietiesfrom recommended soybeanvarieties.

> Rey/ew

However, the genetic differentiation between theindig-
enous and recommendedsoybean varietieswassmall.

Shi et al.[" performed genetic diversity and asso-
ciation analysisamong 105 food-gradesoybean geno-
typesusing 65 simple sequencerepeat (SSR) markers
distributed on 20soybean chromosomes. Based on the
SSR marker data, the 105 soybean genotypes
weredividedintofour dusterswith six sub-groups. Thir-
teen SSR markersdigtributed on 11chromosomeswere
identified to be s gnificantly associated with oil content
and 19 SSRmarkersdistributed on 14 chromosomes
with protein content. Twelve of the SSR markerswere
associated with both proteinand oil QTL. A negative
correl ation was obtai nedbetween protein and oil con-
tent.

Mimuraet a.[™M investigated SSR diversity in 130
vegetabl e soybean accessionsincluding 107 from Ja-
pan, 10 from Chinaand 12 from the United States.
Eighteen of the 130accessionswereoutliers, and the
rest of the accessionswere grouped into nine clusters.
Themgjority of food-grade soybean cultivarswerere-
leased from Japan and South Korea becauseof the
market availability and demands. However, the genetic
diversity of South Koreafood-grade soybean remains
unreported™,

Nguyen et d . used 20 genomic SSR and 10 EST-
SSR SSRto explorethegeneticdiversity in ons
of soybean fromdifferent regionsof theworld. These-
lection of thethirty SSR primer-pairswas based on their
distribution onthe 20 geneticlinkagegroups of soybean,
ontheir trinucl eotide repetition unit and on their poly-
morphism informationcontent. All analyzed loci were
polymorphic. A low correl ation between SSR and EST-
SSRdatawas observed, thus genomic SSR and EST-
SSR markersarerequired for an appropriateanalysis
of genetic diversity in soybean. They observed high
genetic diversity whichallowed theformation of five
groups and several subgroups. They also observed a
moderaterel ationship between genetic divergenceand
geographicoriginof ons.

Xieet d [ anadyzed genetic diversity of 158 Chi-
nesesummer soybean germplasm, fromthe primary core
collection of G max using 67 SSRoci. TheHuanghuai
and Southernsummer germplasmweredifferentinthe
specificdldes, aldic-frequenciesand pairwisegenetic
smilarities. UPGMA cluster analysisbased onthesmi-
larity dataclearly separatedthe Huanghuai from South-
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ern summer soybean access ons, suggesting that they
weredifferent genepools. Thedataindicated that Chi-
nese Huanghuai and Southern summersoybean
germplasm can be used to enlarge genetic basis for
devel oping elite summersoybean cultivarsby exchang-
ingtheir germplasm.

Mogt diversity studieson cultivated soybean pub-
lished by now havefocused on NorthAmericants®7184
Asianl#8e0626473 gqvel| as South American'™ soybean
germplasm. Insevera studiesonly afew genotypes of
European origin have been represented among
germplasm studied“®¢747l, Baranek etal > eval uated
genetic diversity of 19 Glycine max accessionsfrom
the Czech National Collection using RAPD markers.
Recently, Tavaud-Pirra et al.['? evaluated SSR
diversityof 350 cultivated soybean genotypesincluding
185 accessions from INRA soybean
collectionoriginating from various European countries
and 32 cultivarsand recent breeding linesrepresenting
the geneticimprovement of soybean in Western Eu-
ropefrom 1950 to 2000.

They found the genetic diversity of European ac-
cessionsto be comparablewith those of theAsian ac-
cessionsfrom the INRA collection, whereasthe ge-
netic diversity observed inEuropean breeding lineswas
significantly lower. Breeding material and registered
soybeancultivarsin southeast European countriesare
strongly linked to Western breedingprograms, prima-
rilyintheUSA and Canada. Thereislittlerdiableinfor-
mation regardingthe source of germplasm introduction,
its pedigree and breeding schemes applied. Conse-
guently, use of these genotypesin making crossesto
devel op further breeding cyclescan result in aninsuffi-
cientlevel of genetic variability. Assessing the genetic
diversity of thisgermplasma genomic DNA level would
complement the knowl edge on the Europeansoybean
gene pool (germplasm) and facilitate the utilization of
the resources fromsoutheastern Europe by soybean
breeders. Ristova et al.l”® therefore assess
geneticdiversity and relationshipsof 23 soybean geno-
typesrepresenting severa independentbreeding sources
from southeastern Europe and five plant introductions
from WesternEurope and Canadausing 20 SSR mark-
ers. Cluster anaysisclearly separated al genotypesfrom
each other assigning them into three major clusters,
which largely corresponded totheir origin. Results of
clustering weremainly in accordancewith the known

pedigrees.
EST (Expressed Sequence Tags)

The useof functional molecular markers, such as
those developed from EST allowsdirectaccesstothe
population diversity in genesof agronomicinterest that
they represent codingsequences, facilitating the asso-
ciation between genotype and phenotype. Nelson
andShoemaker™ identified approximately 45,000 po-
tential gene sequences(pHaps) fromEST sequencesof
Williams/Williams 82, aninbred genotype of soybean
(Glycinemax L.Merr.) using aredundancy criterionto
identify reproducible sequence differences
betweenrelated geneswithin genefamilies. Andysisof
these sequencesrevea ed single basesubstitutions and
singlebaseindd sarethemost frequently observed form
of sequencevariation between geneswithinfamiliesin
the dataset. Genomic sequencing of selected
lociindicatesthat intron-likeintervening sequencesare
numerousand are gpproximatey 220 bpin length. Func-
tiona annotation of gene sequencesindicatesfunctiona
classficationsarenot randomly distributed among gene
familiescontainingfew or many genes. The dentification
of potential gene sequences (pHaps) from soybean al-
lowsthe scientist to get apicture of thegenomic history
of the organism aswell asto observetheevolutionary
fates of gene copiesinthishighly duplicated genome.
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