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ABSTRACT KEYWORDS
Eighteen L. inconspicuous accessions were evaluated for variations in 100 Seedsweight;
100 seeds weight, seed proteins content, and electrophoretic patterns of Protein content;
the seed proteins. The 100 seedswei ght and seed proteins content ranged SDS/PAGE;
between 0.885 g to 1.995 g and 147 mg/g seed meal to 109 mg/g seed meal Cluster analysis;
respectively, exhibiting a reasonable genetic diversity for these traits. Principa coordinateanalyss.

The variation between the seed size of these accessions was attributed to
the development process and the environmental condition to which the
mother plant is exposed, whereas the variation in total seed proteins
content may be due to genotype and/or seasonal influences. Interestingly,
thereisno correlation between seed proteins content and 100 seeds weight
indicating that the two traits are genetically independent. Thevariationin
the electrophoretic pattern located in the regions of the gel contain the
bands with molecular weight more than 98 KD, heavy subunits of alpha-
lathyrin subunits and bands with molecular weight around 70KD.
Multivariate analysis of SDS-PAGE data showed reasonable genetic
variability among the accessions and a low variability among the
accessions of the sameregion. It also showed that the accessions collected
from Turkey were distributed between more than on cluster, indicating
relatively 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
accessionswhich 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 thetribeVicieae (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 Americad3. L. inconspicuous has agronomic
importanceasforage plant.

To establishment corecollections, facilitateefficient
sampling and utilize germplasm and select desirable
genotypes to be used in breeding programs,
knowledge of genetic variation is a useful tool to
achieveagood breeding program for useful agronomic
traits Thereareagood collectionsof L. inconspicuous
in numbers of gene banks; for example USDA
Germplasm and ICARDA Germplasm. However, there
were sporadic studies on the characterization of L.
inconspicuous, althoughit isan important forage or
fodder in drought-stricken, rain-fed areaswhere soil
quality ispoor and extreme environmental conditions
prevail®. “Despite it’s tolerance to drought it is not
affected by excessiverainfall and can be grown on
land subject to flooding*©..

Characterization of germplasmusingmorphologicd,
biochemical and molecular markersisvery important
to plant breedersto make usethe collected germplasm
of any plant species. Therefore, the genetic markers
including biochemica markersreceived agreet attention
inthelast decaded™Y. Thisattention wasattributed to
theincreased recognition of germplasm resourcesinthe
improvement of the croplands. Storage proteins as
biochemica marker isuseful for screening germplasm
with the minimum cost in time and labor('>*2, The
qualitative traits of the seed proteins obtained by
electrophores shave been successfully used to evauate
the geneti c variation among the accessions of thewild
and cultivated specied®314, Sodium dodecyl sulphate
polyacrylamide gel electrophoresis(SDS/PAGE) is
among thebiochemica techniquesthat areused onwide
scdeduetoitsamplicity and effectivenessfor describing
the genetic structure of the accessions of wild and
cultivated plant species. Seed storage proteins have
been used as genetic markersinidentifying variation
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among thetaxaof each species; screeningthe purity of
the ever expanding number of cultivars; establishing
genomerd ationshi ps, exploiting theimportant traits of
landracesand wild relativesto provideincreasing crop
production and stabilizing yield*>®, and using
information on genetic diversity to make decisions
regarding selection of superior genotypes for
improvement yield of plantsthrough breeding. Protein
electrophoresisisconsidered ardliable, practical and
reproduci ble method because seed storageproteinsare
the third hand copy of genomic DNA and largely
independent of environmentd fluctuationg?®#,

As far is known, there is no study on the
characterization of L. inconspicuousaccessions. Such
study isconsidered asthefirst practical effort toward
building an gpplicable breeding program toimprovethe
agronomictraitsof thisinterested crop, especialyin
lands subject to drought and flooding. Inthis stressful
environment, this plant prevails and can be used as
forage or afodder for theanimal stocksof the people
livingintheselands. Therefore, the present sudy was
initiated to study genetic variationin accessionsof L.
inconspicuousonthebasisof 100-seedsweight, protein
content of the seed and SDS-PAGE markers.

MATERIALAND METHODS

Plant material

The designated germplasm of Lathyrus
inconspicuous that used in this study included 18
different accessionsdistributed world wide. They were
obtained from theInternational Center for Agricultural
Researchin The Dry Areas|CARDA, Aleppo, Syria.

Methods
Seed protein extraction

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

Protein analysis

Totd seed proteinswerequantitatively estimatedin
each sample by the method of Bradford®?. Thefinal
concentration wasadj usted to 20 g/l 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 Lammel it
using 17% Polyacrylamidegd. Thege wasstainedwith
Coomeassieblueand visudizedinwhitefluorescent light.
Phosphorylase b (98 KDa), ovaabumin (43 KDa),
Carbonic anhydrase (28.35KDa) and 3-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
the zonesof highest variation of protein profile (ranging
from 110t015 KD). Thegenetic diversity among the
access onswas eva uated by Jaccard similarity index,
cluster analysisand factor andysis. Theanalysiswas
performed using the frequencies of scored bands
calculated for the accessions. A dendrogram was
constructed through theAverage linkage-joining rul e,
using the soft ware package (SY STAT 0O for

WINDOWSVERSION 7.0 COPYRIGHT © 1997,
SPSS INC.

RESULTS

Generally, the accessions of L. inconspicuous
exhibited widegenetic diversity for 100 seedsweight.
Moreover, thevariationin 100 seedsweight wasvery
evident for the seeds coll ected from the same country
(TABLE 1). For example in Turkey, it was varied
between 1.995ginAntakyato 0.674ginUrfa In Syria,
the variation was not such wide asin Turkey; it was
ranged between 1.828 g in Tartous and 0.885 g in
Damascus.

Thereationshipsbetweentotd proteinscontent and
100-seedsweight of L. inconspicuousgermplasmis
presented in Figure 1. The distribution of the points
indicatesclearly areversere aionship 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.

The total seed proteins of the accessions of L.
inconspi cuous were separated by SDS/PAGE under
reducing conditions(F gure2). Thepaternsof thebands

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

NO. species name Accession Origin Wt of  Concentration No of
A L.inconspicuus 65037 TUR, Diyarbakir 1.481 130 30
B L.inconspicuus 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
| 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
(@] 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.inconspicuus 65951 TUR, Adiyaman 1.880 124 27
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Figure 1: Regression lineshowing ther elationshipsamong
protein content and 100-seedsweight of 18 of L. inconspiuus
L. accessions
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weight dbumin) and 43 KDa. Thevariationlocatedin
the bandswith molecular weight morethan 98 KD, the
heavy subunitsof a pha-lathyrin subunitsandthe area
with molecular weight around 70KD. The
electrophoretic patterns of thetotal seed proteins of
the accessions collected from Damascus and Tartous
in Syriaand Ankarain Turkey were unique and very
characteristic. The number of protein bands in the
electrophoregram of the studied accessions ranged
between 25 and 30 bands. (TABLE 1), with atotal of
thirty Six bandsfrom e ghteen accessionsand molecular
weightsranged from 110to 10 KDa(Figure2).
Jaccard’s similarity coefficients were based on the
dataof SDS/PAGE profilesof theeva uated accessions
(TABLE 2). It ranged from 100.00 (between an
accessonfromLorestanin Iran and East Azerbaijanin
Iran) t0 0.697 (between two access onsfrom Diyarbakir
inTurkey and Damascusin Syrid). It wasnoticed that
the correl ation between accessionswas closeto 0.7.
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Figure?2: Electrophorogram produced by SDSPAGE analysisof seed proteinsof accessionsof L. inconspiuusL .

obtained were varied for the al the examined the
accessions. These differences were most marked
amongst the proteinswith molecul ar wei ghtsranged
between 110 KDa (the weight of the high molecular

ziogecﬁnofoyy C—

This indicated the close relationships between the
eval uated accessions, though they are collected from
different country.

The dendrogram produced from electrophoretic
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TABLE 2: Jaccard binary similarity coefficients between accessionsof L. inconspiuus.

A B C D E F G H | J K L M N O P Q R
A 1.00
B 082 1.00
C 093 088 1.00
D 093 088 100 1.00
E 082 076 088 0.88 1.00
F 069 084 074 074 0.84 1.00
G 069 084 074 074 062 0.78 1.00
H 061 076 0.66 066 066 084 084 1.00
I 057 073 062 062 062 078 0.78 0.95 1.00
J 052 071 058 058 059 078 0.78 0.83 0.78 1.00
K 048 066 054 054 054 073 073 078 084 0.72 1.00
L 039 059 046 046 059 078 0.60 072 0.78 077 0.61 1.00
M 069 07 075 075 064 073 073 066 0.73 071 0.66 710. 1.00
N 060 082 068 0.68 057 079 079 072 068 077 072 0.65 0.82 1.00
O 069 088 075 075 064 084 084 078 073 071 078 059 0.76 0.94 1.00
P 033 057 042 042 032 056 060 048 044 040 048 028 045 062 0.69 1.00
Q 065 083 071 071 059 0.78 078 0.72 067 065 072 054 071 0.89 094 0.77 1.00
R 056 052 050 050 040 050 050 043 050 035 054 035 064 057 064 045 072 1.00

dataof thetotal seed protein extractsof theeva uated
accessions, using Euclidean distance matrix on average
linkage shows8 clustersby drawingahorizonta lines
at 0.08 distances (Figure 3). Clusters 1, 2, 3 and 8
contain one accessi on each. The accessions collected
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Figure 3: Dendrogram showing the genetic r elationships
among of 16 accessions of L. inconspiuus L. based on ge-
netic distance of SDS/PAGE. Horizontal axisindicatesge-
netic

from Turkey wereincluded intheclusters 1, 4 and 5.
Theaccessionscollected from theother countrieswere
quit homogenousand theaccess ons of these countries
werecometogether inacluster.

Thematrix of e genvectorsand vauesof theprincipa
components (PCs) resulting from e ectrophoretic data
of thetotal seed proteins (TABLE 3) showsthat the
protein data influencing 82.875% of the variability
accumulated up to thefirst two components. All the
studied access onswere separated on thefirst principal
component..

DISCUSSION

Genetic variationin L. inconspicuous represents
the heritable variation within and between access ons
of this species. The pool of genetic diversity within
accessions of thisspeciesisthebasisfor selection as
well asfor plant improvement. A better understanding
of geneticdiversity anditsdistributionin theaccessons
of L. inconspicuousisessentia for itsconservation and
utilization. It will enhance our knowledge and
understanding of thetaxonomy, origin and evol ution of
L. inconspicuous.

Inthe present investigation, areasonable genetic
variaionwasobserved for 100-seedsweight, and seed
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accessions
. . . Principal components
Species Accession (1G) Origin
C1 C2

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

proteins content and el ectrophoretic patterns (SDS-
PAGE) of 18 accessions of L. inconspicuous. The
genetic variability of these traits revealed that
improvement through smpleselectionfor thesetraitsis
possible, particularly if we broaden the genetic base
from diverse habitats to include most of the genetic
determinants of atrait of interest (i.e. productivity,
disease resistance, a biotic stress tolerance, and/or
quality)27,

It iswell established that seed weight reflects a
relation between seed size and seed number. The
seedling survival increases constantly with increasing
seed sizé?, However, it isuseful to consider whether
aplant canvary itspostionin therel ation between seed
size and seed number in response to environmental
conditionsor /andif seed sizeissoldly agenetic traiti??.
Thesuggestion that seed sizeissolely agenetic trait
wasreported in thestudy of Lopeset a.* on genetic
control of cowpea seed sizes, where they found that
themid-parentd valueand the additive effect werethe

moreimportant genetic parametersfor thedetermination
of the seed character. However, thesize of theseed is
theresult of thegrowth of thediploidembryo, thetriploid
endosperm, and theiploid maternd ovul€®Y, Thecontrol
and coordination of these growths are under genetic
regulation. When the paternal genomeisin excess, seed
growth is promoted, and conversely, excess of the
maternd genomeresultsinsmaler seeds. Thisconfirmed
thefinding that the variation of the seed size among
different populations of the specieswasattributed to
the devel opment processor thelifecycleof the plant™.
However thisdeve opment processvariation may itself
enhancefitness. Thevaridioninseed 9zeinanindividud
plant makesthe plant more ableto adapt to achanging
environment. In other context, it was stated that seed
Szeaswdl asseed germination characteristicsmay vary
with theenvironmenta condition to which the mother
plant isexposed. In conclusion, seed sizeisgeneticaly
and environmentally controlled?.

The seed protein content in the studied accessions
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varied between 109 mg/g seed med in access on number
1G65739 from Antakyain Turkey to 147 mg/g seed
medl inaccess on number |G 65627 from Damascusin
Syria. Itisvery interesting to noticethat theaccession
that showed thel owest quantity of thetota seed proteins
wastheaccess on that exhibited highest weight of 100
seedsand nearly viceversa. Thisclearly indicated the
reverserelationship between protein content and 100-
seedsweight. Thisconclusion wasin agreement with
the previousworksof Saxenaet a.*2 and Kaushik et
al ., Itwasfound that investigated accessionsof L.
incongpicuoushad Sgnificant variationin protein content.
Thisvariationwasattributed to environmental factors
such as geographical area, elevation, season of
collecting, and annua precipitation, temperature, soil
fertility and/or genotypesvariation/23+3,

In general, each accession gave a specific
electrophoretic pattern except the two accessions
collected from Iran, exhibited anidenticd dectrophoretic
pattern. The differencein 100-seed weight and total
protein content of these accessionsindicated that they
arenot geneticalyidentical (identical duplicate). The
suggestion that these two accessions may be derived
from the same origina population that are mixtures of
lineswith differing genotype frequencies, or random
mating populationswiththesameadleesbut differing
aldefrequencies, asreported by Theo et al.* can not
stand up, because the two accessionswere collected
from two different provincesfar apart from each other
(Lorestan and East Azerbaijan). However, their
resemblance in the el ectrophoretic patterns can be
interpretedinthelight of thefact that thesmilarity inthe
molecular weight of two protein bandsdoesnot dways
mean that thetwo bandsareidentica becausetheamino
acid sequences of thesebands may bedifferent, andin
turn their coding genes are different tool®1°?2, The
electrophoregam of SDS/PAGE analyzed under
reducing conditions, exhibited that variation between
the different accessions located in the bands with
molecular weight more than 98 KD, the bands might
include higher molecular weight albumin®?, theheavy
subunitsof aphalathyrin subunits®% and theareawith
molecular weight around 70K D. It can be noticed that
thetwo subunits of y-lathyrin, 24 kda(major abumin)
and 20 kda (lectin) showed no variation between the
different ons.

Theresultsof cluster analysisbased of SDS/PAGE
under reduction conditions indicated that genetic
diversity between Turkish, Syrian, Iranianand Austrdian
accessions is quite large. It showed that Turkish
accessions are closer to both Syrian and Iranian
accessonswhichthey arerelatively moredistant from
each other. Onthebasis of theseresults, it isclear that
crosesbetween thelranian and Syrian accessionscould
create more genetic variability than crosses between
Turkishandthosegenepools Thedistribution of Turkish
access ons between morethan oneclustersshowed that
genetic diversity and geographic distribution were
independent of each other and no definiterel ationship
existed between genetic diversity and geographic
diversity. SDS-PAGE analyzed under reduction
conditionsrevea ed that thetotal amount of variability
accounted for thefirst two principa componentswas
82.875%. All accessionswere separated on thefirst
principa component, representing 75.624 % of thetota
variability. Thispercentageindicated that theaccessons
show a good association, due, probably, to paralel
evolution. The variability within the investigated
accessionsbased on SDS/PAGE, 100 seed weight, and
quantitativeand quditativetratsof thetotd seed proteins
is associated with the expression of the genome.
However, to express all the variability of L.
Inconspi cuous gene pool s, more studiesfor moreand
detailed agronomic, biochemical and molecular traits
on a wide range of accessions covering wide
geographical regionsarerecommended.

ACKNOWLEDGEMENT

The authors thank the International Center for
Agricultural Research in The Dry Areas ICARDA,
Aleppo, Syria for providing seeds of Lathyrus
I NCONSPI CUOUS access ONS.

REFERENCES

[1] D.J.Goyder; The genus Lathyrus.-In A.Kaul,
D.Combes (Eds); Lathyrus and lathyrism Third
Whorled Medical Research Foundation.New York,
3-7, (1986).

[2] EK.Kupicha; Notesfromthe Royal Botanic Garden
Edinburgh, 41, 209-244 (1983).

[3] V.S.Pamer, A.K.Kaul, PS.Spencer; In: P.Spencer

—— %iogecﬁnofo_qy

A udian Jounnil



312

FULL PAPER o

Genetic variability in accession of Lathyrus inconspicuous

BTAIJ, 7(8) 2013

(Ed); The Grass Pea: Threat and Promise.Proc. of

the International Network for the Improvement of

Lathyrus sativus and the Eradication of Lathyrism,

Third World Medical Research Foundation, New

York, 219-223 (1989).

A.K.Kaul, M.Q.Islam, A.Hamid, In: A.K.Kaul,

D.Combes (Eds); Lathyrus and Lathyrism Third

World Medical Research Foundation, New York,

130-141 (1986).

K.L.Rathod; In: P.Spencer (Ed); The Grass Pea:

Threat and Promise.Proc. of the International

Network for the Improvement of Lathyrus sativus

and the Eradication of Lathyrism, Third World

Medica Research Foundation, New York, 219-223

(1989).

C.Campbdll, R.B.Mehra, S.K.Agrawal, Y.Z.Chen,

A.M.Abd, El.Moneim, H.I.T.Kawagja, C.R.Yadav,

J.U.Tay, W.A.Araya; Euphytica, 73, 167-175

(1994).

M.A.Karam, R.H.Sammour, M.F.Ahmed,

F.M.Ashour, L.M.El.Sadek; Journa of UnionArab

Biology, 9, 269-279 (1999).

M.A.Karam, Y.S.Moris, R.H.Sammour, R.M.Ali;

Assessment of genetic relationshipswithin Brassica

rapa subspecies based on isozyme Polymorphism.

Proc. 6" Edtion Int.Con.Biol.Sci., 6, 22-28 (2010).

[9] R.HSammour; Journal of Agronomy and Crop
Science, 159, 282-286 (1987).

[10] R.H.Sammour; Botanica.Bulletin of Academica
Sinica, 38, 171-177.

[11] R.H.Sammour, S.A.Radan, M.Mira; Research and
Review of Bioscience, 6, 351-360 (2012).

[12] R.H.Sammour, A.E.Z.Mustafa; Research and
Review of Bioscience, 7, 19-26 (2013).

[13] A.A.Elham, A.El.Hady, A.Atef, A.Haiba,
R.Nagwa, A.El.Hamid, A.Aida; Journal of
American Science, 6, 434-441 (2010).

[14] K.Vishwanath, K.P.R.Prasanna, H.M.Pallivi,
Rajendra Prasad, S.Ramegowda, P.J.Devaraju,
T.V.Ananthararayanan; Research Journal of
Agricultural Sciences, 2, 8-12 (2011).

[15] R.H.Sammour; Plant Breeding, 104, 196-201
(1989).

[16] R.H.Sammour; Folia Geobotanica et Phytota-
xonomica, 26, 95-100 (1991).

[17] R.H.Sammour, M.A.Hamoud, A.S.Haidar;
Cytologia, 56, 289-291 (1991).

[18] R.H.Sammour; Fedds Repertorium, 103, 555-557
(1992).

[4]

[5]

[6]

[7]

(8]

[19] Journal of Agronomy and Crop Science, 160, 271-
276 (1988).

[20] R.H.Sammour; Egyptian Journal of Botany, 33,
169-174 (1990).

[21] R.H.Sammour; Feddes Repertorium, 105, 191-196
(1994).

[22] R.H.Sammour, M.A.Hamoud, A.S.Haidar, A.Badr;
Feddes Repertorium, 104, 251-257 (1993).

[23] R.H.Sammour; Acta Agronomica Hungarica, 55,
131-147 (2007).

[24] M.M .Bradford; Analytical Biochemistry, 72, 248
254 (1976).

[25] U.K.Lammeli; Nature, 227, 680-685 (1970).

[26] R.H.Sammour, A.E.Z.Mustafa, S.Badr, W.Tahr;
Germplasm.Acta.Agric.Slovenica., 88, 33-43
(2007).

[27] A.Ghafoor, M.Arshad; Journal of Botany, 40, 2307-
2313 (2008).

[28] L.A.Turnbull, L.Santamaria, T.Martorell, J.Rallo,
A.Hector; Biology Letters, 22, 397-400 (2006).

[29] R.H.Sammour, A.E.Z.Mustafa, S.Badr, W.Tahr;
Acta Botanica Croatica, 66, 1-13 (2007).

[30] F.D.Lopes, R.F.Gomes, F.F.Filho; ScientiaAgricola,
60, 315-318 (2003).

[31] V.Sundaresan; Proceeding of National Academia
of Science USA, 102, 17887-17888 (2005).

[32] K.B.Saxena, D.GFaris, U.Singh, R.V.Kumar; Plant
Foods for Human Nutrition, 36, 335-340 (1987).

[33] N.Kaushik, K.Kumar, S.Kumar, N.Kaushik, S.Roy;
Geneticsand Plant Breeding, 31, 497-502 (2007).

[34] S.K.Ries, E.H.Everson; Agronomy Journal, 65,
884-886 (1973).

[35] J.Vollmann, C.N.Fritz, T.L.H.Wagentrist,
P.Ruckenbauer; Journal of the Science Food and
Agriculture, 80, 1300-1306 (2000).

[36] J.L.Theo, T.J.L.Van Hintum, H.Knuffer; Genetic
Resourcesand Crop Evolution, 42, 127-133 (1995).

[37] R.H.Sammour; Ph.D. thesis, Tanta University,
Tanta, Egypt, (1985).

[38] M.J.Rosa, R.B.Ferreira; Storage proteins from
Lathyrus sativus seeds. Journal of Agriculture and
Food Chemistry, 48, 5432-5439 (2000).

[39] R.H.Sammour; Turk J.Bot., 29, 177-184 (2005).

[40] R.H.Sammour; Plant Var.Seeds, 12, 11-21 (1999).

[41] R.H.Sammour; M.A.Hamoud, S.A.A.Allg;
Botanica.Bulletin of Academica Sinica, 34, 37-42
(1993).

ng'ogecﬁnofo_qy C—
e Tudian oanadl



