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ABSTRACT KEYWORDS
Soybean oil is used in many foods, industrial and fuel products, and Morphological characters;
soybean meal isincorporated into animal feed. The variationin the quality Cytological traits;
and quantity of these products is basically dependent on the genetic Protein content;
diversity of soybean germplasm, which was evolved from the dispersion Electrophoretic pattern;
of the cultivated soybean domesticated by the Chinese farmers. The | sozymes.

dispersion of soybean germplasm was affected by many factorsincluding
regional adaptation and selection. A wide range of markers have been
used for evaluating the genetic diversity of the cultivated and wild relative
of soybean extends from morphological charactersto molecular ones. In
this review we focused on morphological, cytological and biochemical
markers. Soybean accessions from different collections exhibited awide
range of phenotypic variation for morphological and yield traits. This
variation was successful in determining: (1) the gene pool of different
collections of accessions, and (2) genotypes that tolerate drought stress
and other stresswhich isthe major factor that limiting soybean yield. The
variation in genome size was pronounced in Chinese germplasm col lected
from diverse geographic locations. It hasbeen ranged from 40 to 0%. This
wide range is highly reproducible. SDS-PAGE was efficiently used for
identification of various genotypes of wild soybean at theinter- and intra-
specific levels. Allozyme markers have been used in soybean to evaluate
genetic diversity in accessions from diverse geographic regions and the
alleles specific to regional population.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION cent of the human population directly or indirectly de-

pendsintheir living on agriculture. Unfortunatly, food

Thegenesaretheblueprint of thegenetic material  production ispopulation driven, that is, aswe produce
that trand atesinto products. The plant breedingisone = morefood, the human popul ation becomeslarger and
of traditional waysthat transfer genestoyieldimprove-  thedemand for increased yield creates an open spiral
ment that feedsthe expanding human populations. Ge-  of greater impact ontheland¥. Germplasmisthesource
netically improved plant crops supply food for most  of the genetic potentid of living organisms, including
humans, animalsand other organisms. About 60 per-  plantsand animas. Thegenetic variationsingermplasm
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alowsplant cropsincluding soybeanto adapt to changing
environmenta conditions. However, no oneindividua
of any plant speciescontainsal thegenetic diversity of
that species. That ismeanthat thetotal geneticdiversity
isrepresented only in popul ations made up of many
individuals grown along the distribution range of the
species. What isknown the genepool of the species.
Thegenetic potentia represented in agenepool isthe
foundation for our crop plants in agriculture. Any
degredation for the diversity of any plant crops nar-
rows community’s scope to respond to new problems
and opportunities?. Theproblemsweexcept tofacein
futurearenew plant diseases or pests, climatic change
dueto the greenhouse effect, and soforth. Therefore,
the conservation of genetic resources of plant crops
including soybean must be on thetop agendaof polyciy
makers, agriculturists, scholarsand non governmental
organization around theworld.

SOYBEAN CLASSIFICATION

There aretwo subgenera under the genus, Gly-
cineWilld.: Glycineand Soja. The subgenus, Soja
(Moench) F.J. Herm., includes the cultivated soy-
bean, Glycine max (L.) Merr., and the wild soy-
bean, Glycine soja Sieb. & Zucc. Both speciesare
annual. Glycine sojaisthewild ancestor of Glycine
max and grows wild in each of China, Japan, Ko-
rea, Taiwan and Russia®. The subgenus Glycine
consistsof at least 16 wild perennia species: for ex-
ample, Glycine canescens F.J. Herm. and G.
tomentella Hayata, both found in Australia and
Papua New Guined“. Beside G. max and G. soja
in subgenus Soja, thereis G. graciliswhichisan
intermediate form, first proposed as anew species
by, Thisform has numerous characteristics between
G. max and G. soja. Based on datafrom morphol-
ogy'®, cytogeneticd”, phytoal exing®, restriction en-
donuclease fragment analysis of mitochondrial
DNAE, ribosomal RNA!, chloroplast DNA™ and
sequencesfromthe I TS (internal transcribed spacer)
region of nuclear ribosomal DNA!3, G maxand G
soja form the primary gene pool for the cultivated
soybean. Sexual compatibility providesdirect evi-
dence of the genomic relationship between these
species. Singh and Hymowitz!*® conducted
pachytene chromosome analysisof fertile F1 hybrids

between.
ORIGIN

Soybeanisoriginated in Chinaand hasbeen planted
for over 3000 years. It has been grown in Koreaand
Japan for more than 2,000 years. These three coun-
triesarethus considered as major sources of soybean
germplasm. It was domesticated in Koreaand Japan
fromthewild annual speciesGlycine soja.

At onetimeit wasthought that G, graciliswould
have animportant rolein determiningtheorigin of G
max. Fukudd suggested that differentiation fromthe
wildtothecultivated formsinvolved G gracilisinthe
following manner: G soja- G gracilis- G max. How-
ever, Hymowitz!*® pointed out that G. gracilis, rather
than being anintermediate step from G sojato G max,
might actually be ahybridization product of G. max
and G soja. Thishypothesiswas supported by Broich
and Palmer*® based on the results from the study of
frequency and distribution of 101oci among G max, G
sojaand G gracilis. Thedistribution of Gsojaislim-
ited to China, Japan, Korea and the Far East area of
Russiain East Asia. The evidencesthat Chinaisthe
origin and main center of diversity of soybean are(1)
thedistribution of Gsojain Chinaisthemost extensive
intermsof thenumbersand diversity of types, (2) China
hasthe earliest written records of soybean cultivation,
about 4500 years ago; (3) soybean hasbeenfoundin
unearthed artifacts; (4) soybeanscultivated in different
countriesin theworld wereintroduced directly or indi-
rectly from China; and (5) the pronunciation of theword
of soybean in many countriesisabout thesame asthe
Chinese ‘Shu’; for instance, it is pronounced ‘soya’ in
England, ‘soy’ inthe USA, and in other languages. Al-
though, the origin of soybean cultivation may be Ching,
scholarshavedifferent viewpointson theorigina areas
of soybean domesti cati onf141517-20],

GERMPLASM CHARACTERIZATION

Germplasm characterization isanimportant opera:
tion for agene bank. Thevalue of the germplasm col-
lection dependsupontheavailability of informationrela
tiveto theaccess ons. Morphologica, agronomic, bio-
chemica and molecular traitsaswell asreactionto bi-
otic and abiotic stresses that are known to be in the
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individual accessionsincreasetheimportance of the
germplasm. Moreover, systematic description leadsto
amoreefficient useof germplasminthecollection

Char acterization of soybean germplasm based on
mor phological traits

Asweknow, phenotypic traits are controlled by
genesand affected by environment, but large numbers
of accessions can adapt to environments. The pheno-
typic datahas more polymorphismingenetic diversity
and reved genetic variation indirectly. Onthe contrary,
themolecular datareved genetic variationdirectly, but
fewer markershavelesspolymorphism. Itisvery diffi-
cult to obtain molecular datafor alarge number of ac-
cessionsthat has enough polymorphism to show the
genetic diversity of germplasm. So, themorphological
traitsarethe suitable and practical toolsfor studying
the genetic diversity on large numbers of accessions.
Variation in shapeof plants hasawaysbeen animpor-
tant meansof (1) distinguishingindividuds, (2) control-
ling seed production; and (3) identifying the negative
traitsthose effectson yield, the genetic diversity cen-
tersof annual wild soybean and the soybean linesresis-
tance to pod shatter, drought, pests or disease??2,
The studied soybean germplasm exhibited awiderange
of phenotypicvariationfor yieldtraits. It a so showed
that soybean devel oping stages had close association
withagronomictraitsaswell asyield and yield compo-
nents.

Thegeneticvariabilityin 131 access onsof edamame
soybeans (the Japanese namefor atype of vegetable
soybean esten at theimmature R6 stage) was analyzed
using phenotypictraitse. g. maturity information, testa
color, and 100-seed weight for breeding new edamame
linesresistanceto pod shatter?®, The 131 accessions
include 108 Japanese edamame, 11 Chinese maodou,
8WSU breedinglines, 2USedamameand2USgrain
soybeans. Theobtained resultsindicated that Edamame
genetic diversty wasgenerdly clustered around matu-
rity groupsandtestacolor. It wasa so reported that the
genetic diversity among the Japanese edamame culti-
varswas narrow, compared to Chinese maodou; Japa:
nese edamame and Chinese maodou soybeans may
havedifferent genetic pools.

Soybean genotypes, which exhibit genetic diversity
inroot system developmental plasticity inresponseto
water deficitsin order to enablephysiologica and ge-
netic analyses of the regul atory mechanismsinvolved,

> Rey/ew

wereidentified?. These genotypescantoleraedrought
stresswhichisthemajor factor that limiting soybean
yield. Theresultsshowed substantial genetic diversity
inthe capacity for increased lateral root devel opment
(number and total length of roots produced) andinthe
responses of overall root and shoot growth under wa-
ter deficit conditions.

Pod shapeisone of theimportant descriptorsfor
eval uating soybean genetic resources®®?4, Truong et
al.1* tested the appli cability of €liptic Fourier method
for eva uating genetic diversity of pod shapein 20 soy-
bean (Glycinemax L. Merrill) genotypes. They con-
cluded that principal component scoresbasedondlip-
tic Fourier descriptorsyied seemed to beuseful inquan-
titative parametersnot only for eval uating soybean pod
shapein asoybean breeding program but also for de-
scribing pod shapefor eva uating soybean germplasm.

The genetic diversity was eval uated for genotypes
of soybean based ontheyield-related traitd??2. It has
been reported that differencesamong genotypesfor al
thecharacterswerehighly sgnificant andthegrainyied
waspositively and sgnificantly correlated with number
of pods per plant. The selection for the character had
positivedirect effect onyield. However, sometraitshad
negativedirect effectson yield, such astheleaf area,
first pod height, daysto 50% flowering, daysto flow-
ering completion, daysto maturity, plant height, oil con-
tent and protein content. Rgjput et al .'?¥ observed con-
Siderablegenetic variability among 36 diverse soybean
varietiesfor plant height, podsplant* and grainyield
plant™, exhibiting high heritability and genetic advance
for pods plant™* and branches plant, and suggesting
intensive sdectionfor thesecharacterstoincreaseyield.
Mehetreet al.[* showed highly significant differences
among the genotypesfor theeight yield rel ated traits.
Thegenotypesweregroupedintoten clusters. Theclus-
ter pattern reveal ed that there was no association be-
tween genetic diversity and geographic distribution.
Vollmann et al . conducted field experimentsto study
thevariationsin different genotypes of soybean and re-
veded that grainyield and environmenta variationshad
more effects on seed sizethan daysto flowering, days
to maturity, and oil content. It wasa so noted that envi-
ronmenta covariatesof grainyield and protein content
werehighly positively correlated.

Bhartiya et al .*! studied genetic divergence for
yield and different yield contributing traitsin 282 black
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soybean accessions collected from different eco geo-
graphic regionsof theworld. Based on non-hierarchi-
cd eudideandugter andyssal access onsweregrouped
into 9dugters, indicating high geneticvariability anong
theaccessions. Cluster 1 showed minimum meanvaue
for daysto 50% flowering, plant height and daysto
maturity. Sothiscluster can bevery useful to develop
early maturing genotypes. Cluster IX exhibited maxi-
mum mean va uefor pod length, 100 seed weight and
seed yield per plant. So, fromyield point of view, this
cluster can beused to develop highyielding aswell as
high grainweight genotypes. Inter cluster distancewas
found maximum between cluster IV and IX. Hence
genotypesfromtheseclusterscan beusedin hybridiza-
tion to get desirabl e recombinants. AccessionsVBS
25,VBS48from cluster VIl and VBS161, VBS152
from cluster V111 found as exceptionally superior do-
nor which can beusedin multiple crossing programmes
to get transgressive segregantsfor desirabletraits.

Tyagi and Sethi®? estimated the genetic distance
for 40 genotypes of soybean collected from different
states of Indiaand abroad using D2 statistics. These
genotypesweregrouped into six clusters. Theanaysis
further indicated that the genotypes of common geo-
graphicd origin or samelocation weregroupedinto dif-
ferent dusters, suggesting alack of rel ationship between
genetic and geographica diversity. Thehighest inter-
cluster distancewas observed between Il and 1V fol-
lowed by Il and VI may serve aspotential parentsfor
hybridization.

Khan et d .= estimated the genetic variability in 20
different soybean genotypesusing agronomictraits. The
resultsof analysisreveded that al the characterswere
sgnificantly affected dueto various soybean genotypes.
The genotypes Zane, Black hack, Bragg and Menlin
remained the best among 20 lines studied in term of
bearing pods, high grainwt and yield production. It was
suggested that these superior linesmay befocused and
involved infuturebreeding programmefor devel opment
of new highyielding soybean varieties.

Char acterization of soybean germplasm based on
karyological traits

Genetic diversity based on genomesizeamong and
within plant species has been well documentedinthe
literature®*1, Thevariation was pronounced in Chi-
nese germplasm collected from diverse geographiclo-

cations. It was attributed to the environmental fac-
tord®*, cdl size, minimum generationtime, cdll divi-
sion rateand growth rate“®44 and polypoid species, in
specieswith large seeds, and habitstype“2.

Reportsof genomesize variationinsoybean [Gly-
cine max (L.)] have ranged from 40 to 0%/, This
widerangeishighly reproducibleand hasresulted in
doubtsof theexistenceof intra-specific DNA variation
insoybean. Rayburn et al .[“! determined genomesize
of 18 soybean lines, selected onthebasisof diversity
of origin, by flow cytometry. They found that genome
Szevaridion between theselineswasa gpproximately
4%. Thisamount of DNA variationislower than was
originaly reported“-4, Doerschug et al [“! isthefirst
to determinegenomesize of soybean, upon examining
11 soybean lines, reporting over a40% variationin
nuclear DNA content. Graham et al .“®! observed a
15% variaion among soybean cultivarswhile Rayburn
et al.®% reported a 12% variation among 90 Chinese
soybeanintroductions. Chung et al.*? observed among
12 soybean strains a 4.6% DNA content variation.
Yamamotaand Nagato™ stated about 60% variation,
while Hammatt et al .* reported that the variation of
genomesizein 14 different Glycine speciesfrom dif-
ferent partsof theworld wasapproximately 58%. These
resultsindicated that the variability between DNA con-
tent wasvaried between thedifferent scholars. Thewide
variation in genomesi ze between soybean germplasm
makes these accessions good candidatesfor crop im-
provement.

Greilhuber and Obermayer™ reinvestigated thege-
nomesizeof cultivarsreported al.15-fold difference
in genomes ze between them and apositive corraion
of genome size and maturity group, using DAPI and
ethidium bromideflow cytometry and Feulgen densito-
metry. Their anadysisreved ed no reproducible genome
szedifferencesbetween these cultivarswiththistech-
nique and correlation with maturity group wasnot con-
firmed. The previoudy claimed statistica significance
of such acorrelation wasfound to result fromonly one
exceedingly low DNA vaueof anearly maturing culti-
var, which, accordingtotheir data, isnot different from
theothers. Furthermoreten accessions(fiveallegedly
ranking high and fivelow) werereinvestigated for ge-
nomesizeusing propidiumiodideflow cytometry and
Feulgen densitometry®2. Using flow cytometry, the
maximum difference between accessionswas 1.018-
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fold (non-significant); thedifference betweenthemeans
of thehigh-ranking and low-ranking group was 1.002-
fold (non-significant). With Feulgen densitometry, the
maximum difference between accessionswas 1.034-
fold (non-significantcant). Thisdatasuggest genomesize
constancy, confirming the previous one, in terms of
cytometric evidence, for the Chinese soybean acces-
sonsinquestion. Likewise, noreasonableevidencewas
obtained for adifference between Chineseand Ameri-
can soybeans.

Xu et al.® investigated the DNA density of the
embryo, cotyledon, and seed coat of each soybeanfrom
15 soybean cultivars, and evaluated the impacts of
variationsof tissue DNA densty and nuclear DNA con-
tent in soybean lineson GM O quantification. There-
sults have shown that DNA densitiesand DNA quan-
tity ratiosamong the varioustissues of soybean aresig-
nificantly different from each other and haveinsgnifi-
cant influenceon thetransgeni c copy number and there-
foreon GM O quantification. Nuclear DNA content of
soybeanisdifferent from cultivar to cultivar. Results
show that variation of nuclear DNA content in soybean
lines hasagreat impact onthe accurate determination
of GMO. In some extreme situations, the deviation
amplitude canreach 26%, whichisintolerablefor ac-
curate determination.

Characterization of soybean germplasm based on
biochemical traits

The genetic markers have made possibleamore
accurate eval uation of the genetic and environmental
componentsof variation. Thebiochemicd markersare
ones of theinteresting measures of genetic diversity.
Theyincludeproteintechniquesandisozymes. Thepro-
tein techniquesare practical and reliable methodsfor
cultivars and speciesidentification because seed stor-
ageproteinsarelargely independent of environmenta
fluctuation®®", They arelessexpensive ascompared
to DNA Genetic markers. SDS-PAGE isoneof these
techniques, widely used to describe seed protein di-
versity of crop germplasmi®®l, Genetic diversity and
the pattern of variation in soybean germplasm havebeen
eval uated with seed proteind®", SDS-PAGE!" and
discontinuous polyacrylamided ab gdl dectrophoresid ™
" were used very successfully in eva uating the genetic
diversity and identifying soybean (Glycinemax) culti-
vars. Malik et al .[®¥ evauated the genetic variationin
92 accessions of soybean collected from five different
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geographica regionsus ngthed ectrophoretic patterns
of seed proteins. The accessionsfrom various sources
differed congderably, indicating that thereisno definite
relationship between genetic diversity and geographic
diversity. Similar resultswerereported by (Ghafoor et
al.[™. Salimi et all™® assayed the genetic variation of
seed protein by SDS-PAGE for 19 genotypes of soy-
bean (Glycine max). Theresultsof factor analysisfor
SDS-PAGE revealed that 5 independent factors ex-
plained 78.018% of variationsin the studied genotypes.
The construced dendrogram classified the eva uated
genotypesinto 7 groups. Onthebasisof SDS-PAGE,
20 reproducible bands were used for analysis of the
genetic diversity in the eval uated genotypes. 60% of
these bandswere polymorphic, indicating the success-
ful useof SDS-PAGE in assayingthegenetic diversity
in soybean germplasm.

Based ontheresultsof Barakat and Malik et al .and
Sdimi et d.[®7671, SDS-PAGE can be used effeciently
for identification of various genotypes of wild soybean
at theinter and intra-specificlevel §78%2, 2-D electro-
phoresis can be used to characterizethe genotypes ex-
hibited similar banding patterng®&4,

Allozyme markers have been used in soybean to
evduategendicdiversty inaccessonsfromdiversegeo-
graphicregiong®®, inwild soybeanin natura popula
tionsfrom China, Japan and South Kored®°!, andin
Asian soybean populationg®2*4, From an analysis of
theKunitztrypsininhibitor (Ti) and beta-amylaseisozyme
(1 = Amy3),%5% defined seven soybean germplasm
poolsinAsia: (1) northeast Chinaand the USSR, (2)
central and south China, (3) Korea, (4) Japan, (5) Tai-
wan and southAsi a, (6) north Indiaand Nepal and (7)
central India. Hirata et al.[®¥ compared the genetic
variation at 16 isozyme of 781 Japanese accessions
with the genetic variations of 158 Koren and 94 Chi-
nese access ons, detecting anumber of region-specific
aleesthat discriminated Japanesefrom Chineseac-
cessions. The presence of aleles specificto the Japa
nese population suggested that the present Japanese
soybean popul ation was not solely asubset of the Chi-
nese population.

Vaentini® used polymorphismlevelsin“- and p-
edteraseloci fromlesf tissuesof Brazilian soybean cul-
tivarsfor theandysisof population genetic diversity and
sructure, and to investigate rel ati onships between con-
ventiona and geneticaly modified cultivars. Thegenetic



282

Morphological, cytological and biochemical characterization of soybean germplasm

RRBS, 8(7) 2014

Review

basis of the conventional cultivars was found to be

broader than that of genetically modified cultivars.

Higher geneticidentity was detected between plants of

conventiona and genetically modified cultivars.
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