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ABSTRACT KEYWORDS
Eighteen L. inconspicuous accessions were evaluated for variationsin 100 seeds weight;
100 seeds weight, seed proteins content, and electrophoretic patterns Protein content;
of the seed proteins. The 100 seeds weight and seed proteins content SDS/PAGE;
ranged between 0.885 gto 1.995 g and 147 mg/g seed meal to 109 mg/g Cluster analysis;
seed meal respectively, exhibiting areasonable genetic diversity for these Principal coordinate analysis.

traits. The variation between the seed size of these accessions was
attributed to the devel opment process and the environmental condition
to which the mother plant is exposed, whereasthe variation in total seed
proteins content may be due to genotype and/or seasonal influences.
Interestingly, there is no correlation between seed proteins content and
100 seeds weight indicating that the two traits are genetically
independent. The variation in the electrophoretic pattern located in the
regions of the gel contain the bands with mol ecular weight more than 98
KD, heavy subunitsof alpha-lathyrin subunits and bands with molecular
weight around 70KD. Multivariate analysis of SDS-PAGE data showed
reasonabl e genetic variability among the accessions and alow variability
among the accessions of the same region. It also showed that the
accessions collected from Turkey were distributed between more than
on cluster, indicating rel atively high variation in the genetic diversity of
these accessions. Moreover, it revealed there is no relation between
genetic diversity and geographic distribution. The separation of all
accessions on the first principal coordinate analysis indicated a good
association between accessions which was probably attributed to
parallel evolution. Based on genetic diversity between these accessions,
improvement through simple selection for these traitsis possible.
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INTRODUCTION

L. inconspicuous belongs to genus Lathyrus, a
member of thetribe Vicieae (Fabaceae, Papilionoidese).
Itisannud autogamous herbaceousplants. It hasabroad
distributional over theworldin Europe, NorthAmerica,
Asia, tropical East Africa and temperate South
Americal. Themain center of diversity isthe eastern
Mediterranean region, with smaller centersin North and
South Americad. L. inconspicuous has agronomic
importanceasforage plant.

To establishment corecollections, facilitateefficient
sampling and utilize germplasm and select desirable
genotypes to be used in breeding programs, knowl-
edgeof genetic variationisauseful tool to achievea
good breeding program for useful agronomic traits.
There areagood collections of L. inconspicuousin
numbersof genebanks, for example USDA Germplasm
and ICARDA Germplasm. However, there were spo-
radic studieson the characterization of L. inconspicu-
ous, although it is an important forage or fodder in
drought-stricken, rain-fed areaswhere soil quaity is
poor and extreme environmental conditions prevail®,
“Despite it’s tolerance to drought it is not affected by
excessiveranfall and can begrown onland subject to
flooding**.

Characterization of germplasm using morphol ogi-
cd, biochemica and molecular markersisvery impor-
tant to plant breeders to make use the collected
germplasm of any plant species. Therefore, thegenetic
markersincluding biochemica markersreceived agreet
attentioninthelast decades™™.. Thisattention wasat-
tributed to theincreased recognition of germplasmre-
sourcesin theimprovement of the croplands. Storage
proteins asbiochemical marker isuseful for screening
germplasm withtheminimum cost intimeand |abor*®
2, Thequalitativetraits of the seed proteins obtained
by dlectrophores shave been successfully usedto evalu-
ate the genetic variation among the accessions of the
wild and cultivated species?3. Sodium dodecyl sul-
phate polyacrylamidegel eectrophoresis(SDSPAGE)
isamong the biochemical techniquesthat areused on
wide scaleduetoitssimplicity and effectivenessfor
describing thegenetic structure of theaccessionsof wild
and cultivated plant species. Seed storage proteinshave
been used as genetic markersinidentifying variation
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among thetaxaof each species; screening the purity of
the ever expanding number of cultivars; establishing
genomerel ationships, exploiting theimportant traits of
landracesand wild relativesto provideincreasing crop
production and stabilizing yied®+*1, and using infor-
mation on genetic diversity to make decisionsregard-
ing selection of superior genotypesfor improvement yied
of plantsthrough breeding. Protein electrophoresisis
considered a reliable, practical and reproducible
method because seed storage proteinsarethethird hand
copy of genomic DNA and largely independent of en-
vironmentd fluctuationg®4,

Asfarisknown, thereisno study on the character-
ization of L. inconspicuous accessions. Such study is
considered asthefirst practical effort toward building
an applicable breeding program to improve the agro-
nomictraitsof thisinterested crop, especidly inlands
subject to drought and flooding. In thisstressful envi-
ronment, thisplant prevailsand can be used asforage
or afodder for theanimal stocksof thepeoplelivingin
theselands. Therefore, the present study wasinitiated
to study genetic variation in accessions of L. incon-
spicuous on the basis of 100-seeds weight, protein
content of the seed and SDS-PAGE markers.

MATERIALAND METHODS

Plant material

Thedesgnated germplasm of Lathyrusinconspicu-
ousthat used in thisstudy included 18 different acces-
sionsdistributed world wide. They wereobtained from
thenternationd Center for Agricultural ResearchinThe
DryAreasICARDA, Aleppo, Syria.

Methods
Seed protein extraction

The seed med obtained from acomposite sample
of 18-20 dehuled seeds for each accession. Each
samplewas prepared by grinding cotyledonsto flour;
thetota crude proteinswereextracted using 0.125Tris
/Borate pH 8.9 with 2%6SDS (Ratio 1:10 w/v).

Protein analysis

Total seed proteinswerequantitatively estimatedin
each sample by the method of Bradford“. Thefinal
concentration wasadjusted to 20 pg/ul protein in sample
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buffer. The extracts were denaturated in 2X sample
buffer (1M Tris/Hcl pH = 6.8, 2%SDS, 20% glyceral,
0.02% BPB, 5% 2-Mercapto-Ethanol), and heated at
100 °C for 4 minutes. One dimentional SDS-PAGE
was performed according to themethod of Lammd it
using 17% Polyacrylamidegd. Thegd wasstained with
Coomeassieblueand visudizedinwhitefluorescent light.
Phosphorylase b (98 KDa), ovaabumin (43 KDa),
Carbonic anhydrase (28.35KDa) and -lactoglobulin
(18.85 KDa) wereused as marker proteins.

Data analysis

The Band identification was based on
el ecrtophoretic mohility and by numeroussideby side
comparisons of proteins extracts. The estimation of
genetic diversity within and among the sampleswas
based on 38 reproducibly scored bandsidentifiedin
thezonesof highest variation of protein profile (ranging
from 110t015 KD). Thegenetic diversity among the
access onswas eva uated by Jaccard similarity index,
cluster analysisand factor analysis. Theanaysiswas
performed using the frequencies of scored bandscal-
culated for the accessions. A dendrogram was con-
structed through theAveragelinkage-joiningrule, using
the soft ware package (SY STAT 0 for WINDOWS
VERSION 7.0 COPYRIGHT © 1997, SPSS INC.

RESULTS

Generdly, theaccessions of L. inconspi cuous ex-
hibited wide genetic diversity for 100 seeds weight.
Moreover, thevariationin 100 seedsweight wasvery
evident for the seeds collected from the same country
(TABLE 1). For examplein Turkey, it wasvaried be-
tween 1.995ginAntakyato 0.674 gin Urfa InSyria,
thevariation was not suchwide asin Turkey; it was
ranged between 1.828 gin Tartousand 0.885 gin Dam-
ascus.

Therelationshipsbetweentotd proteinscontent and
100-seedsweight of L. inconspicuousgermplasmis
presented in Figure 1. Thedistribution of the pointsin-
dicatesclearly areverserelationship between protein
content and 100-seedsweight. Nevertheless, it may be
noticed that thetotal protei ns content of the seed meals
tendsto belessvariablefor medianvauesof 100-seeds
weight.

Thetotal seed proteinsof theaccessionsof L. in-
conspicuouswere separated by SDS/PAGE under re-
ducing conditions(Figure 2). The patternsof the bands
obtained werevaried for the all the examined the ac-
ons. Thesedifferencesweremost marked amongst
theproteinswith molecular weightsranged between 110

TABLE 1: Accession number, origin and total weight of 100 seeds of accessionsof L. inconspicuus

NO. speciesname Accession Origin Wtof  Concentration of No of
A L.inconspicuus 65037 TUR, Diyarbakir 1.481 130 30
B L.nconspicuus 65038  TUR, Sirt 1.738 123 28
C L.inconspicuus 65048 IRN, Lorestan 1.932 121 29
D L.inconspicuus 65054 IRN, East Azerbaijan 1.433 118 29
E L.inconspicuus 65077 AUS 1.494 125 27
F L.inconspicuus 65282 SYR, Homs 1.702 127 25
G L.inconspicuus 65436 SYR, Alepppo 1.684 139 25
H L.inconspicuus 65508 SYR, Idlib 1.559 140.5 26
I L.inconspicuus 65579 SYR, Sweida 1.345 132 26
J L.inconspicuus 65627 SYR, Damascus 0.885 147 26
K L.inconspicuus 65638 SYR, Tartous 1.828 119 26
L L.inconspicuus 65679 TUR, Ankara 1.296 142 26
M L.inconspicuus 65739 TUR, Antakya 1.995 109 28
N L.inconspicuus 65847 TUR, Izmir 1.896 124 27
O L.inconspicuus 65866 TUR, Gaziantep 1.155 134 27
P L.inconspicuus 65913 TUR, Urfa 0.674 130 28
Q L.inconspicuus 65935 TUR, K.Maras 1.225 132 26
R L.inconspic 65951  TUR, Adiyaman 1.880 124 27
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Figurel: Regression line showingtherelationshipsamong
protein content and 100-seedsweight of 18 of L. inconspiuus
L. accessions

K Da(theweight of thehigh molecular weight abumin)
and 43 KDa. Thevariation located in the bandswith
molecular weight morethan 98 KD, theheavy subunits
of dpha-lathyrin subunitsand the areawith molecular
weight around 70K D. The el ectrophoretic patterns of
thetotal seed proteinsof theaccessionscollected from
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Figure2: Electrophorogram produced by SDSPAGE analysis
of seed proteinsof accessionsof L. inconspiuusL.

Damascus and Tartousin Syriaand Ankarain Turkey
were unique and very characteristic. The number of
protein bandsin the el ectrophoregram of the studied
access onsranged between 25 and 30 bands. (TABLE
1), with atota of thirty six bandsfrom eighteen acces-
sions and molecular weights ranged from 110 to 10
KDa(Figure2).

Jaccard’s similarity coefficients were based on the
data of SDS/PAGE profiles of the evaluated acces-
sions(TABLE 2). It ranged from 100.00 (between an
accessonfromLorestaninlran and EastAzerbaijanin

TABLE 2: Jaccard binary similarity coefficients between accessionsof L. inconspiuus.

A B C D E F G H I J K L M N 0] P Q R
A 100
B 0.82 1.00
C 093 088 1.00
D 093 088 100 1.00
E 082 076 088 0.88 1.00
F 069 084 074 0.74 084 1.00
G 069 084 074 074 062 0.78 1.00
H 061 076 066 0.66 066 0.84 0.84 1.00
I 057 073 062 062 062 0.78 0.78 095 1.00
J 052 071 058 058 059 078 0.78 0.83 0.78 1.00
K 048 066 054 054 054 0.73 0.73 0.78 0.84 0.72 1.00
L 039 059 046 046 059 0.78 0.60 0.72 0.78 0.77 0.61 1.00
M 069 076 075 0.75 064 0.73 0.73 066 0.73 0.71 0.66 710. 1.00
N 060 082 068 0.68 057 079 0.79 0.72 0.68 0.77 0.72 0.65 0.82 1.00
O 069 088 075 075 0.64 084 084 0.78 0.73 071 0.78 059 0.76 0.94 1.00
P 033 057 042 042 032 056 0.60 048 044 040 048 028 045 062 0.69 1.00
Q 065 083 071 071 059 0.78 0.78 0.72 0.67 065 0.72 054 071 0.89 094 0.77 1.00
R 056 052 050 050 040 050 050 043 050 035 054 035 0.64 057 0.64 045 0.72 1.00
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Iran) t0 0.697 (between two access onsfrom Diyarbakir 0.25+
inTurkey and Damascusin Syria). It wasnoticed that
the correlation between accessionswas closeto 0.7. 0.20
Thisindicated the closerd ationshi psbetweentheeva u-
ated accessions, though they are collected from differ- 2 015
ent country. § '
The dendrogram produced from electrophoretic g c8
dataof thetotal seed protein extractsof the eva uated A 0.10+
accessions, using Euclidean distance matrix on average e T e T
linkage shows8 clustersby drawingahorizonta lines 0.05-
at 0.08 distances (Figure 3). Clusters 1, 2, 3 and 8 % %
contain one accession each. Theaccessions collected 0.0
from Turkey wereincludedintheclusters1, 4 and 5. SOO0zZEr00sMNORI T
Theaccessionscollected from theother countrieswere G ; S o N Q
quit homogenousand the access ons of these countries s = g8 g = s =
were cometogether inacluster. 2 2 §_> ® g ®

Thematrix of eigenvectorsand valuesof theprinci- _ . N
. . Figure 3: Dendrogram showing the genetic r elationships
pal components (PCs) reS‘_JI ting from electrophoretic among of 16 accessionsof L. inconspiuusL . based on genetic
dataof thetotal seed proteins(TABLE 3) showsthat  gistance of SOS/PAGE. Horizontal axisindicatesgenetic
the protein datainfluencing 82.875% of thevariability  distanceat 0.07

TABLE 3: Origin, matrix of eigenvectorsand valuesof theprincipal componentsfor protein data of L. inconspiuusL.
accessions

Principal components

Species Accession (1G) Origin C1 o2
A L.inconspicuus 65037 TUR, Diyarbakir 0.802 -0.564
B L.inconspicuus 65038 TUR, Siirt 0.802 -0.564
C L.inconspicuus 65048 IRN, Lorestan 0.802 -0.564
D L.inconspicuus 65054 IRN, East Azerbaijan 0.802 -0.564
E L.inconspicuus 65077 AUS 0.878 -0.091
F L.inconspicuus 65282 SYR, Homs 0.901 0.190
G L.inconspicuus 65436 SYR, Alepppo 0.871 0.146
H L.inconspicuus 65508 SYR, Idlib 0.855 0.325
I L.inconspicuus 65579 SYR, Sweida 0.835 0.376
J L.inconspicuus 65627 SYR, Damascus 0.795 0.400
K L.inconspicuus 65638 SYR, Tartous 0.782 0.373
L L.inconspicuus 65679 TUR, Ankara 0.695 0.487
M L.inconspicuus 65739 TUR, Antakya 0.838 0.119
N L.inconspicuus 65847 TUR, Izmir 0.867 0.205
0] L.inconspicuus 65866 TUR, Gaziantep 0.913 0.113
P L.inconspicuus 65913 TUR, Urfa 0.600 -0.174
Q L.inconspicuus 65935 TUR, K.Maras 0.889 -0.183
R L.inconspicuus 65951 TUR, Adiyaman 0.781 -0.081
Variance Explained by Components 12.114 2.261
Percent of Total Variance Explained 67.300 12.564
Accumulated Eigenvectors 67.300 79.864
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accumulated up to thefirst two components. All the
studied access onswere separated on thefirst principal
component.

DISCUSSION

Genetic variation in L. inconspi cuous represents
the heritabl e variation within and between accessions
of thisspecies. The pool of genetic diversity withinac-
cessionsof thisspeciesisthebasisfor salection aswell
asfor plant improvement. A better understanding of
genetic diversity anditsdistributioninthe access ons of
L. inconspicuousisessentia for itsconservation and
utilization. It will enhance our knowledge and under-
standing of thetaxonomy, origin and evolution of L.
iNconspicUoUS.

In the present investigation, areasonable genetic
variation wasobserved for 100-seedsweight, and seed
proteins content and el ectrophoretic patterns (SDS-
PAGE) of 18 accessionsof L. inconspicuous. Thege-
netic variability of thesetraitsreveal ed that improve-
ment through simple selection for thesetraitsis pos-
sible, particularly if we broaden the genetic basefrom
diverse habitatsto includemost of the genetic determi-
nantsof atrait of interest (i.e. productivity, diseasere-
sistance, abiotic stresstolerance, and/or quality)“&+4,

Itiswell established that seed weight reflectsare-
lation between seed size and seed number. The seed-
ling surviva increasesconstantly with increasing seed
szé*. However, itisuseful to consider whether aplant
canvary itsposition intherel ation between seed size
and seed number in responseto environmental condi-
tionsor /and if seed sizeissoldy agenetictrait™. The
suggestion that seed sizeissolely agenetictrait was
reported inthe study of Lopeset d.Y on genetic con-
trol of cowpea seed sizes, where they found that the
mid-parenta vaueand theadditiveeffect werethemore
important genetic parametersfor the determination of
the seed character. However, thesize of theseed isthe
result of thegrowth of thediploid embryo, thetriploid
endosperm, and thediploid maternal ovule€>%3, The
control and coordination of these growthsare under
geneticregulation. When the paternal genomeisinex-
cess, seed growth ispromoted, and conversely, excess
of thematernal genomeresultsin smaller seeds. This
confirmed thefinding that thevariation of theseed size
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among different popul ations of the specieswasattrib-
uted to the devel opment processor thelifecycle of the
plant!d. However thisdeve opment processvariation
may itself enhancefitness. Thevariationinseed Sizein
anindividua plant makesthe plant more ableto adapt
toachangingenvironment. In other context, it was stated
that seed sizeaswell asseed germination characteris-
ticsmay vary with theenvironmenta conditiontowhich
themother plantisexposed. In conclusion, seedsizeis
geneticaly and environmentally controlled .

The seed protein content in the studied accessions
varied between 109 mg/g seed meal in accession num-
ber IG65739 from Antakyain Turkey to 147 mg/g seed
medl inaccession number |G 65627from Damascusin
Syria. Itisvery interesting to noticethat the accession
that showed thelowest quantity of thetotal seed pro-
teinswasthe accession that exhibited highest weight of
100 seedsand nearly viceversa. Thisclearly indicated
thereverserelationship between protein content and
100-seedsweight. Thisconclusion wasin agreement
withthe previousworksof Saxenaet al.*% and Kaushik
etal ., [twasfound that investigated accessionsof L.
Inconspicuous had sgnificant variationin protein con-
tent. Thisvariation wasattributed to environmenta fac-
tors such as geographical area, elevation, season of
collecting, and annual precipitation, temperature, soil
fertility and/or genotypesvariation(4’:+ %,

Ingeneral, each accession gave aspecific dectro-
phoretic pattern except the two accessions collected
from Iran, exhibited anidentica e ectrophoretic pat-
tern. Thedifferencein 100-seed weight and total pro-
tein content of these accessionsindicated that they are
not genetically identical (identical duplicate). Thesug-
gestion that these two accessions may bederived from
thesameorigina population that are mixturesof lines
with differing genotypefrequencies, or random mating
populationswiththesamedldesbut differingaleefre-
quencies, asreported by Theo et a.* can not stand
up, because the two accessionswere collected from
two different provinces far apart from each other
(Lorestan and East Azerbaijan). However, their resem-
blanceintheé ectrophoretic patterns can beinterpreted
inthelight of thefact that thesimilarity inthemolecular
welght of two protein bands does not always mean that
thetwo bandsareidentica becausetheamino acid se-
guences of these bands may bedifferent, and inturn
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their coding genes are different tool®%¥%, The
electrophoregam of SDS/PAGE andyzed under reduc-
ing conditions, exhibited that variation between thedif-
ferent accessionslocated in the bandswith molecular
weight morethan 98 KD, thebandsmight includehigher
molecular weight dbumin'>, the heavy subunitsof a-
phalathyrin subunitd® 9 and theareawith molecular
weight around 70K D. It can be noticed that the two
subunitsof y-lathyrin, 24 kda(major albumin) and 20
kda (lectin) showed no variation between thedifferent
access ong®0sl,

Theresultsof cluster analysi sbased of SDSPAGE
under reduction conditionsindicated that genetic diver-
sity between Turkish, Syrian, Iranian and Australian
accessionsisquitelarge. It showed that Turkish acces-
sionsarecloser to both Syrian and Iranian accessions
whichthey arerelatively moredistant from each other.
On the basis of these results, it is clear that crosses
between the Iranian and Syrian accessionscould cre-
aemoregendicvariability than crossesbetween Turkish
and those gene pools. Thedistribution of Turkish ac-
cessi ons between more than one clusters showed that
genetic diversity and geographic distribution werein-
dependent of each other and no definiterelationship
existed between genetic diversity and geographic di-
versity. SDS-PAGE analyzed under reduction condi-
tionsrevea ed that thetotal amount of variability ac-
counted for the first two principal components was
82.875%. All accessionswere separated on thefirst
principal component, representing 75.624 % of theto-
tal variability. Thispercentageindicated that theacces-
sions show agood association, due, probably, to par-
ald evolution. Thevariability withintheinvestigated
accessionshased on SDSPAGE, 100 seed weight, and
quantitativeand qualitativetraits of thetotal seed pro-
teinsisassociated with the expression of the genome.
However, to expressal thevariability of L. inconspicu-
ous gene pools, more studies for more and detailed
agronomic, biochemical and molecular traitsonawide
range of access onscovering widegeographica regions
arerecommended.
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