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ABSTRACT

Grass pea (Lathyrus sativus L.) isfood, feed and fodder crop. The total acreage of grass peais estimated at 1.50
million hawith annual production of 1.20 million ton. Lathyrus sativus has extensive tolerance of drought, water-
logging and poor semiarid soils; resistance to insects and pests. The crop originated in the Balkan Peninsula. It
favours self-pollination. However, there have been indications that some out crossing occursin the species (from
9.8 to 27.8%). The seeds of L. sativus provide a source of protein and carbohydrate that are able to sustain life
during periods of famine when other food is unavailable. However, the presence of neuro-toxic ODAP in the
different partsof the plant islimiting the use of thiscrop. A study of genetic diversity and itsrelation to geographical
diversity may contribute information about the center of diversity and origin of domestication of acultivated crop.
The genetic variation can be exploited in breeding programmes aimed at crop improvement. Vast arrays of analyses
are used worldwide to estimate genetic variability. L. sativus shows great morphological variation, especially in
vegetative characters such as leaf length, while floral characters are much less variable. L. sativus ecotypes are
classified on the basis of flower color, marking on pods, and size and color of seeds, which in many cases is
connected with their geographical distribution. These characteristics, aswell asyield and also nutritional traits of
seeds have been estimated to describe the great variability of accessions of both, L. sativus and L. cicera.
Cytological investigations have shown that the basic chromosome number of x = 7 is constant throughout the
genus and that most of the species are diploid, with polyploidy as rare exceptions. Despite this stability in
chromosome number, large variations in chromosome size have played an important role in the evolution of
Lathyrus species. SDS-PAGE analysis of reduced seed globulins of |athyrus species showed intra-specific variation
dueto individual variation and/or differences among accessions. It has been repotted that SDS-PAGE of albumins
and globulins of different grass pea even of the same geographic origin, have variation in number, width and
intensity of bands, concluding that geographical origin does not influence specific seed protein contents and its
polymorphism. In grass pea, the literature on both genetic diversity and intra and inter-specific-relationships
among collections based on the electrophoretic analysis of isoenzyme s quite poor. Molecular markersincluding
AFLPs, RFLP, RAPD, ISSR and EST-SSRs have proved to be useful for assessing genetic rel ationships, taxonomic
and phylogenetic relationships within and between the sections and the species of the genus Lathyrus.
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INTRODUCTION Lathyrussativusisan annua leguminouscrop cul-

tivated throughout the arid regions of the Near East,

Grass pea (Lathyrus sativus L.) isafood, feed NorthAfrica,West Asia and Indian subcontinent, Ching,
and fodder crop belongingto thefamily Leguminosae  and grown onasmall scalein South America, Canada
(= Fabacese), subfamily Papilionoideae, tribe Vicieae. and Middle East for animal or human consumption(23,
Itisplacedinthesection Lathyrusalongwith 33 other  Thetotd acreage of grasspeaisestimated at 1.50 mil-
speciest, lion hawith annua production of 1.20 millionton, with
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0.92 million hain South Asiaand 0.63 million hain
Sub-Saharan Africad®. Its area has significantly de-
creased in Indiaand Nepal, Following the ban of its
cultivation by governmentg?.

L. sativushasanumber of advantageoushbiologica
and agronomic characters, namely extensivetolerance
of drought, water-logging and poor semiarid soils, re-
ggancetoinsectsand pests; nitrogenfixation; highgrain-
yielding capacity and high protein content of its seed®.
Thishasmadeit apopular cropin subsistencefarming
in certain developing countries that have extreme
westher conditiong®.

Itisgrownmainly for foodin India, Bangladesh,
Nepd , Pakistan and Ethiopia, and for feed and fodder
inother countries™. Thousands of breeding linesare
developed yearly in Lathyrus sativusL. hybridization
programmesover theworld. The devel oping of these
breeding linesincreased genetic uniformity intheframe
of LathyrussativusL. Therefore, the genetic basis of
thesereleased cultivarsisrather narrow. Towidenthe
genetic basisof thesecultivars, we must introduce new
sources of genetic variation. Todothis, criteriafor pa
rental stock selection need to be considered not only
by agronomic vaue, but also fromthe point of view of
their genetic dissmilarity. Therefore, theeva uation of
geneticvariationin LathyrussativusL. isavery im-
portant task not only for population genetics but a so
for plant breeders. The study of genetic variation has
fallen within population geneticswhich hasfocused on
analyzing, measuring and partitioning genetic. Thege-
netic variation can beanayzed by agronomic and bio-
chemicd traits, and molecular marker polymorphisms.
Itsandys senablesestimation of themating systemand
monitoring of genetic changes caused by factorsaffect-
ing thereproductive biology of aspecies. Utilization of
exotic germplasm for characteristics such as disease
resistanceor agronomictratsistheultimategod of as-
sessing genetic diversity in plant crops including
Lathyrus sativus L.

ORIGINAND GEOGRAPHICAL
DISTRIBUTION

It has been reported by several authors that the
origin of L. sativuswasunknown asit wasthought that
thenaturd distribution had been completely obscured
by cultivation, evenin southwest and central Asia, its

presumed centre of origin®®. However, it isnow sug-
gested that the crop originated in the Balkan Peninsula.
Therearereportsof wild L. sativusin lrag® but itis
not clear if theseareindeed wild or escapesfrom culti-
vation. Asreported by Jackson and Yunus*®, some of
theearliest archaeol ogica evidence comesfrom Jarmo,
in Iragi Kurdistan, dated at 8000 BC. Remains of
Lathyrus specieshave been found at Ali Kosh (9500-
7600 BC) and TepeSadz (7500-5700 BC) in Iran and
areamong the most common foods recorded at these
Sted!¥. AtAzmaskaMoghila, in Bulgaria, remainsdated
at ca. 7000 BC have been tentatively identified asL.
ciceral’¥. Remains of L. sativus also have been re-
ported in India dating back to 2000-1500 BC by
Saraswat!? who indi cated the possibility of diffusion
of thecrop fromWest Asia. Vavil ovi*® described two
separate centers of origin of the crop. One was the
Centra Asiatic centrewhichincludesnorthwest India,
Afghanistan, the Republicsof Tgjikistan and Uzbekistan
and western Tian-Shan. The second wastheAbyssin-
ian centre. Inaddition, Vavilov noted trendsin diversity
smilar tothosefoundin other pulses, such aslentilsand
broad beans, inthat smaller-seeded formswerefound
in southern and south west Asia, whereas around the
Mediterraneanregion, dmost al werehighly cultivated
formswith largewhite seeds and flowerg™.

Chowdhury and Slinkard® suggested that the Near
East and North Africaregionsincluded the most vari-
ability forisozymesysems, which canindicatethegrass
peaareaof origin.

All grasspealinesappear to divideinto two geo-
graphical groups: one group derivesfromthe Indian
subcontinent and another from the M editerranean/Eu-
ropean region, which typically hashigher yieldsand
larger seedd™®. There are now widely distributed
throughout Eurasia, North America, temperate South
Americaand Eagt Africawithasmall amount being cul-
tivatedinAustraid™.

BREEDING SYSTEM

Theflord biology of L. sativusissuchthat it favours
sdlf-pollination. However, there have been indications
that some out crossing occursin the species, whichis
dependent on environmental or genetical factors. The
extent of natural out crossingthat can occurin L. sativus
has been aconcern of severd plant breedersover the
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past 10 years. Rahman et al .7, in astudy using four
flower coloursfor whichthe geneticswereknown, found
out crossing from 9.8t0 27.8%. Thiswas determined
by planting red, whiteand pink (all recessiveto blue)
flowered linesand then surrounding them with ablue-
flowered line, the blueflower being dominant. Eva ua-
tion of theflower colour of individua plantswasused
to computethe out crossing that occurred between lines
based onnatural pollinating mechanisms. It did not at-
tempt to determinethe amount of pollination that oc-
curred withinthe genotypes.

It is not known if wind or insects are the major
vector inthetransfer of pollen, which canrapidly in-
creasethe heterogeneity in different populations.

Malesterility has been reported in many plant spe-
ciesbut hasonly been reported to alimited amount in
L. sativus. Thefirst report of male sterility was by
Srivastivaand Somayajulu®®, inwhich they found that
some plants had reduced stamens and the anthers did
not produce pollen. No seed set was observed on
sdlfing these plantsa though open-pollination gavegood
seed set. Quader™, inastudy involving 40 serileplants
and 40 pollinator lines, found that 26 pollinator lines
produced sterileplants.

SEEDAND ODAPCHARACTERISTICS

Theseed of L. sativus provideasourceof protein
and carbohydrate that are ableto sustain life during
periodsof faminewhen other foodisunavailablé?. In
fact, these seedshave good protein content (relatively
richinlysine) and ahighleve of polyunsaturated faity
acidg?. Seedscontain 18.2-34.6%, 0.6% fat, 58.2%
carbohydrate (about 35% starch)i?2?3. The seedsa so
contain 1.5% sucrose, 6.8% pentosans, 3.6% phytin,
1.5%lignin, 6.69% a bumin, 1.5% prolamine, 13.3%
globulin, and 3.8% glutelin. The essentia amino acids
are (in mg per 16 grams of nitrogen): arginine 7.85,
higtidine2.51, leucine6.57, isoleucine6.59, lysne6.94,
methionine 0.38, phenylaanine4.14, threonine 2.34,
tryptophane0.40, and valine 4.68 (like other cool sea-
son foodlegumes, grass peaaredeficient inmethionine
and tryptophane)!.

Theharmful potentia of grasspeadependency was
known to ancient Hindus and to Hippocrates (460
377 BC)?, Physiciansfrom ancient Greecea so knew
of the disease and warned against the danger of eating
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grassped?.. Centurieslater, in 1671, Duke George of
Wurttemberg banned consumption of Lathyrusflourin
hisprincipality because of itsability paralyzethelegs,
an edict that was subsequently twice enforced by his
successor Leopold in 1705 and 1714281, Cantani(?"
coined the namelatirismo (lathyrism) to describethe
disease. Outbreaksof neurol athyrism occurred through-
out Europe, northern Africa, the Middle East,
Afganisthan, and Indiaduring the 18th, 19th and 20th
centuries. TheLathyrism problemisarisingfromthe
over-consumption of ODAP neurotoxin®, In particu-
lar, B-diamino-propionic acid (B-ODAP), neurotoxic
secondary metabolite, isanon-proteinaminoacidwhich
causesheurolathyrism; thispathol ogy appearswhenthis
moleculeisingestedinlarge quantitiesover athree-to-
four month’s period®.

Environmental factors such asdrought, zinc defi-
ciency, iron oversupply and the presence of heavy met-
asinthesoil can considerably increasethelevel of -
ODAPintheseedsgrowninfarmers’ fields as com-
pared to moreoptimal experimental fieldst®. Flower
and seed coat colour could be useful genetic markers
for identifying lineswith low neurotoxin content(Y,
Dahiya® reported that genotypes with light cream
colour seed contained low neurotoxin content. But
Quader et al.BY reported that white-flowered plants
had increased toxin compared with blue-flowered plants.

GENETICDIVERSITY

Geneticvariationisdefined asthevariation of indi-
vidual genotypeswithinand among species. Itisim-
portant trait for long term survival of speciesand en-
ables apopul ation to adapt to new conditions brought
by environmental change®. Genetic diversity playsa
very important rolein surviva and adaptability of agpe-
ciesbecausewhen speci€’s environment changes, slight
genevariations are necessary to produce changesin
the organisms’ anatomy that enables it to adapt and
survive. A speciesthat has alarge degree of genetic
diversty amongitspopulationwill havemorevariations
fromwhichto choosethefit dleles. Increasein genetic
diversity isalso essential for aspeciesto evolve. Spe-
ciesthat havevery littlegenetic variation area agreat
risk. With very little genevariation within the species,
hed thy reproduction becomesincreasingly difficult, and
offspring often deal with similar problemsto those of
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inbreeding.

It isreved ed that plant specieswith different breed-
ing systems, seed dispersal mechanisms, geographic
rangesand lifeformstended to maintain different mean
levelsof genetic diversity within their popul ationg®4.
I nterspecific comparisons between species demon-
strated that genetic distance statisticswere generally
predictiveof phylogeneticrel ationships. For example,
progenitor-derived species pairs tended to be more
genetically distinct than populationswithin speciesbut
lessgenetically distinct than well-defined congeners™!.
Hamrick?! and Lovel essand Hamrick®" used severa
life history and ecological traitsto determinewhether
interpopulation genetic heterogeneity wasrel ated to the
gpecies’ characteristics. They found that life form, geo-
graphic range, breeding system and taxonomi c status
had significant effects on the partitioning of genetic di-
versty withinand among plant populations.

A study of geneticdiversity and itsrelationto geo-
graphica diversity may contributeinformation about the
center of diversity and origin of domestication of acul-
tivated crop. Issues, likewhether or not genetic varia-
tionisbeinglost with progressvedomestication or how
thevariationisdistributed among populations, can be
addressed by astudy of genetic diversity®.

A mgor goa of genetic resourceconservationisto
conserve as wide arepresentation as possible of the
array of extant genetic variations of target taxd®. This
isirrespectiveof therelativefrequency of any geneor
linked genecomplex in germplasm. Satisfyingthisob-
jectiveisdependent in part on the efficiency of selec-
tion of speciesand location for the sampling of thege-
netic diversity. Most speciesdisplay acomplex of ge-
netic variationsalong their range of distribution. For
landraces, thisisafunction of speciescharacteristics,
such asbreeding system, migration and digpersad mecha
nisms, which determi nethe movement of genesamong
popul ationg*?; biotic pressure, for example, competi-
tion, predation and loca anthropogenicinfluenceand
bioti ¢ sel ection intensities determined by location™.

Genetic conservation strategiesareinitially con-
cerned withunderstanding of thegeneticvariationwithin
species and then by the geographical distribution of
genetic variation. Such astudy will increase sampling
efficiency for meeting geneti c resource management!*,

Estimation of genetic variability isbased on mor-
phologicd, cytologica, biochemica and molecular traits.

However, theestimation of genetic variability based on
morphological and cytologica traitshasthe disadvan-
tages of being influenced by both environmental and
genetic factorsand may therefore not provide an accu-
rate measure*Y,

Geneticdiversity based on morphological traits

Morphologica variationin population hasbeen de-
scribed for characterscontrolled by asingleor multiple
gene systems. Thegreater of geneloci number that de-
termineatrait, the more continuousthe variation will
be. Theexpresson of quantitativetraitsisinfluenced by
theenvironment and thevariation patternin thesetraits
isgenerally considered to bethe result of both genetic
and environment attributes.

Highly heritable morphological traitssuch asleaf
color, flower color, seed color, and seed size were
among theearliest genetic markersusedin scientificin-
vestigationsand aretill in usein germplasm manage-
ment(“2, L. sativus showsgreat morphological varia-
tion, especially in vegetative characters such as | eaf
length, whileflora charactersare muchlessvariabl€™.

L. sativus ecotypes are classified on the basis of
flower color, marking on pods, and sizeand color of
seeds, which in many casesisconnected with their geo-
graphical distribution. Thesecharacteristics, aswell as
yield and dso nutritiond traits of seedshave been esti-
mated to describethegreat variability of accessions of
both, L. sativus and L. cicera®l.

L. sativusisahighly variable speciesin terms of
seed weightsand flowers color'?, Seed weight herita-
bility estimateshave been reported®. Thefeaturethat
differentiated theaccession linesunder study the most
was seed size. Large-seed forms weretypical of the
Mediterranean region (Italy and Spain), medium-seed
for thelinesfrom northern France and Germany, and
the smallest seed was characteristic of the Polish culti-
vars. The weight of 100 seeds of some of the large
seeded Italian lines exceeded 40 g, and the value of
that trait in the Polish cultivars did not exceed 15 g
Seed weight and total seed protein have shown posi-
tivecorreationin L.sativug*. Theenvironment exerts
astrong effect on the mean seed weight of grass pea,
andtheeffect isstronger as seed weight increases. The
outsized variance of extra-large-seeded parents con-
tributespowerfully in dropping the estimatesof the ge-
notypic varianceand heritability7.

Sammour et al.*¥ evaluated sixty-six accessions
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representing ei ghteen species of the genus Lathyrus
collected from different geographic regionsfor varia-
tionsof qudity traits (100 seedsweight, ash, total seed
proteinsand 3-(-N-oxayl)-L-2,3 diaminopropoinc acid
— ODAP contents). High variability of ODAP levels
was exhibited at both inter-specific and intra-specific
levels. Sammour et al [ eva uated eighteen grass pea
(LathyrussativusL .) accessions (donated from USDA
germplasm) collected from different geographical re-
gionsfor variations of seed weight, and seed protein
content. They found that environmenta factorsmay not
be most appropriatefor explaining variationsin seed
weight and inferred that Eastern Africasub-regionis
possibly anew center of origin of L. sativusdueto the
presence of small-seeded accessions. The dataalso
reveal ed that there were no correl ations between pro-
tein content and seed weight.

Sedehi et al B evaluated morphol ogical traits of
thegrasspealandraces. Analysisof varianceindicated
highly significant differences among 20 grass pea
landracesfor themorphologicd traits.

Lioi et al.’®Y assessed genetic rel ationshipsamong
13 grasspea(LathyrussativusL.) landracesmainly col-
lected in Southern Itdy using agronomictraits. Theag-
ronomic dataobtaned provided useful information for
the choi ce of the best grasspealandracesfor southern
Italianmargind aress.

Barikaet d.52 analyzed eleven onsof grass
pea(L. sativusL.) for seed storage proteins, 100 seeds
weight and protein content to measuregenetic varia-
tion. Frequency distribution of polypeptidebandsinL.
sativus L. has not shown clear correlation with seed
characteristics (seed weight, seed protein content) of
the studied accessions.

Geneticdiversity based on karyological traits

Cytological investigationshave shown that theba-
sic chromosome number of x = 7 isconstant through-
out the genusand that most of the speciesarediploid,
with polyploidy asrare exceptiond®*4. Despitethis
gability inchromosomenumber, largevariationsinchro-
mosome size have played animportant roleintheevo-
lution of Lathyrus specieswhich areassociated witha
fourfold variationin 2C nuclear DNA amount>57,

Many karyotypic studies have been performed on
Old World members of Lathyrus, but thereisapau-
city of datafor American species, with the karyotypes
of only five South American entitiesdescribed sofar™.
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Fromtheavailableinformation, anumber of conflicting
observations havearisen. Someauthorsclamthat, in
addition to the numerical constancy, Lathyrusspecies
display morphologica uniformity of chromosomesand
homogeneous karyotype arrangement(>®, However,
othershavefound enough interspecific karyotypedif-
ferencesto alow Speciescharacterization®. Suchdis-
crepancy was a so observed at theinfraspecific leve,
mainly in the widely studied L. odoratus L. and L.
sativus L.1°1,

B chromosomesareadditiond passengersfoundin
thekaryotypesof about 15% of eukaryotespecies. They
arebest understood as genome parasitesexpl oiting the
host genome because of their transmission advantage,
and arefrequently del eteriousfor theorganism carrying
them(62%, Thesignificance of B chromosomesisto be
found in their wide spread occurrencein hundreds of
flowering plants, and d so ingymnospermsand in some
lower formssuch asferns, bryophytesand fungi (they
aread so commonin animalss, including mammals)[4,
Owingtotheir particular properties, B chromosomes
have been used to € ucidate the function of post-trans-
lationd histonemodifications, such ashissoneH3 phos-
phorylation’®! and methylation(ss-,

L. sativus has satelliteschromosomesin some ac-
cessions. Satellite numbers varied between 1 to 2
pairs.5,

Geneticdiversity based on biochemical traits

A.Proteins(SDS-PAGE)

Sodium dodecy! sulfate polyacrylamide gel elec-
trophoresis (SDSPAGE) isthe most widely used ana-
lytical method to resol ve separate componentsof apro-
teinmixture. Itisamost obligatory to assessthe purity
of aproteinthrough an e ectrophoretic method. SDS-
PAGE smultaneoudy exploitsdifferencesin molecular
sizetoresolveproteinsdiffering by aslittleas1%in
their dectrophoreticmobility throughthege matrix. The
techniqueisasoapowerful tool for estimating themo-
lecular weights of proteing®® 7, The successof SDS-
PAGE asan indispensabletool in protein analysishas
been attributed to threeinnovationsthat permitted the
correlation of electrophoretic mobility withaprotein’s
molecular masg™ .,

Sodium dodecyl sul phate polyacrylamidegel eec-
trophoresis (SDS-PAGE) of seed storage proteinshas
provenas mpleand effectivemethod for distinguishing
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among cultivarsof thelargely cross-fertilized pasture
grasses and legumes despite their highinnate genetic
variability™. Similar techniques have been used very
extensively for cultivar identificationin breeding crops
but to alesser extent for thedifferentiation of cultivars
of out breeding species®#, Seed protein el ectrophore-
sshasasobecomeauseful tool inevolutionary studies
to determine speciesrelationships. The seed protein
profilesreflect gendtic affinitieswithinataxon and even
between different biological entitieg®l.

Thevalidity of seed protein e ectrophoresis apart
from morphologica traitsasapowerful tool for cultivar
identification, solving taxonomicand evol utionary prob-
lemsand studying genetic diversity“659,

SDS-PAGE (Sodium Dodecyl Sulphate
Polyacrilamide Gel El ectrophoresis) haveprovided vdid
evidencefor detectingintraspecific variation and as-
sessing interspecific relationshipg®?. Many studies
based on the e ectrophoretic analysis of seed proteins
have been used to examine genetic variability and sys-
tematic problemsin severd legumessuch asthegenus
Astragalug®, genus Lupini®, genus Pisunm®!, genus
Lathyrust®®8 genus Onobrychis®®, genus
Phaseolus®! and genus Vicial®.

Sodium dodecyl sulphate-polyacrylamidegel eec-
trophoresis of reduced seed globulins covered
Lathyrussativus, L. amphicarpos, L. blepharicarpus,
L. cicera, L. gorgoni, L. marmoratus, L.
pseudociceraand L. stenophyllus. Thisstudy showed
intraspecific variation duetoindividua variaion and/or
differencesamong accessions and species showed to
bedistantly related taxaexcept for therather closdly
adliedL. ciceraand L. marmoratug® .,

A few groups have studied in genotype specificity,
inter-specificvariaion, and genetic diverdity inrelation
to geographica origin among accession of L.sativa by
meansof seed storage protein; globulins, abumin, tota
seed proteing®*°Y, They showed that SDS-PAGE of
albuminsand globulinsof different grass peaeven of
the same geographic origin, have variationin number,
width andintensity of bands, concluding that geographi-
ca origin doesnot influence specific seed protein con-
tentsand its polymorphism. Sammour et al . eval u-
ated eighteen grass pea (Lathyrus sativusL.) acces-
sons(donated from USDA germplasm) collected from
different geographica regionsfor variationsof seed pro-
teinsanadyss. Multivariateanaysis(cluster and factor

analysis) based on protein analysisdatashowed ahigh
genetic variability anong the accessions of different
geographical regionsand alow variability among the
access onsof thesameregion.

B. Isozymes

Isozymesweredefined asstructurdly different mo-
lecular formsof anenzymewith, quditatively, thesame
catayticfunction. Isozynesoriginatethroughaminoacid
alteration, which cause changesin net charge, or the
gpatid sructure (conformation) of theenzymemolecules
and dso, therefore, their e ectrophoretic mobility. After
specificganing, theisozymeprofileof individud samples
can be observed! 799293,

Isozyme anaysisisquick and effective method for
thedetermination of genetic diversity®*!, |sozymesare
used as genetic markersto observe the recombination
and segregation of linked qualitative and quantitative
characteristicg®%l,

Thed ectrophoretic anaysisof isoenzymevariation
has proved to be particularly useful in defining more
precisely thesize and structure of genetic diversity in
the genepoolsof different grain legumes®. Ingrass
pea, theliterature on both genetic diversity and intra
and interspecific-reaionshipsamong collectionsisquite
poor[lOO,lOl] .

Somework hasbeen published about the variabil-
ity affecting L. sativug102102,

Yunusand Jackson.[** a so observed the absence
of correlation of isozymeswith morphological datain
grasspea. Theabsenceof correl ation between markers
indicatesthat thereis no one best marker that can be
used for diversity study. Hence, itisimportant to study
diversity by using both morphological and molecular
markers. Similar results have been reported by many
authorsin other cropg1051%l,

Talukdar™” and Sammour et al .[*% investigated
genetic basisof different leaf esterase and root peroxi-
daseisozymes by anayzing their zymogram phenotypes
inselfed and intercrossed progenies of twoloca vari-
eties (used ascontrol) and threeinduced true breeding
dwarf mutant lines of grass pea (Lathyrus sativus
L.). Two non-al€dic genes, df1/df2 and df3 controlling
dwarfismin grasspeawereincluded inthepresent link-
age studieswith differentisozymeloci. Thedwarf mu-
tantscould be distinguished from oneanother and aso
from control varieties by the presence of unique
alozyme/scoded by allde/sindifferent loci.
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Geneticdiversity based on molecular traits

During last decades, molecular markershave proven
to be powerful tools for assessing genetic variation
within and among popul ations of plants. Severd crite-
riashould be considered in choosing molecular tech-
niquesfor genetic diversity studiesincluding thefollow-
ing: whether thetechniquesare highly reproduciblebe-
tween |laboratoriesand whether the datathat isgener-
ated can berdliably transferred; whether markersare
dominant or codominant, allowing homozygotesand
heterozygotesto be distingui shed; the amount of ge-
nomic sequenceinformation required; and whether the
markers detect highly polymorphic loci2%1, At
present, variousmolecular techniquesare availablefor
ng genetic diveraity in plantsincudingidentifica:
tion of amplified fragment length polymorphism (AFLP),
restricted fragment length polymorphism (RELP), in-
ternal transcribed spacer (ITS-1), random amplified
polymorphic DNA (RAPD) and microsatdlitesor inter
simple sequencerepedt (ISSR).

A.AFLP

Amplified Fragment Length Polymorphisms
(AFLPs) detect polymorphism at a great number of
loci, require no prior sequence knowledge and have
provedto beuseful for ng genetic relationships
among grasspea landraces3. Amplified Fragment
Length Polymorphism (AFLPs), aong with the mor-
phologic characterswereused to clarify thetaxonomic
and phylogenetic rel ationshipswithin and between the
sectionsand the species of the genus Lathyrug 3114,

Lioi et al.’®Y assessed genetic rel ationshipsamong
13 grasspea (Lathyrus sativus L.) landraces mainly
collectedin Southern Italy usng AFLPmarkers. AFLP
markers provided useful information on genetic varia:
tion and rel ationshipsamong landraces. Even though
thenumber of polymorphic fragmentsdetected by AFLP
techniquewaslow, it wassufficient to discriminateall
theaccessions.

B.RELP

At section level, Badr et al.'®¥ and Sammour &
Shanshoury!® examined systematic relationshipsin
Lathyrussect using RFLP and notethat dl treesclearly
show acloseréationship among onof thesame
species, confirming the monophyly of species exam-
ined.

Chtourou-Ghorbel et al.[*'% and Sammour*'” as-
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sessed the genetic diversity of five Lathyrus species
belonging to the Sect. Lathyrus and Clymenum. Re-
aultsindicated that L. sativusismoreclosely related to
L. cicera. Thisrelationship supports studies of mor-
phologica variationwhichidentified L. ciceraascdosdy
related to L. sativus. Thesetwo speciesmay bearesult
of hybridization or common ancestry. Someinterspe-
cific crosses between the two have been successful.

C.RAPD

Randomly Amplified Polymorphic DNA markers
(RAPDSs) havebeen widdy applied toinvestigate popu-
lation genetic sructures, diverstiesand distancesin plant
taxad8129  despite having somerestrictions - e.g. a
dominant nature which makesitimpossibleto distin-
guish homozygote and heterozygote genotypesat indi-
vidual loci. Inhighly inbred speciese.g. grasspeasthe
dominance effect of RAPD markersisminimal, and
monol ocus approachesfor RAPD dataaregenerally
cons dered appropriatefor measuring thegenetic struc-
tureof populationg®.

Random amplified polymorphicDNA (RAPD) isa
PCR-based technique which providesavirtualy un-
limited number of anonymous DNA markerg'?1122 As
such, it hasbeen promoted asan aternative technology
to allozymes and RFLPs. The RAPD markers have
found application in many fiel dsincluding assessment
of genetic diversity, linkage mapping™3, systematicg'24
and estimation of population genetic parameterd?127,

RAPD anaysisisaquick and easy techniquefor
examining genetic relationships; however, for estimat-
inginterspecificrelationshipsit hasbeen observed that
RAPD andyssmay belessrdiablethan RFLPandysis
duetothepaossibility of non-homology of RAPD prod-
uctsscored asidentical’®. However, resultsfromthe
analysisof thegenusLathyrususing RAPD analysis
concurred with variationsin morphologica characters,
as has been observed in other species'®*9 thus it
appearsthat RAPD andysis may be used successfully
in conjunction with othermoretraditional methodsto
study the evol utionary rel ationshipswithin the genus
Lathyrus and also to assist in classifying L. sativus
germpl asmiisLisy.

Chtourou-Ghorbel et al.[**% concluded that RAPDs
areequivalentto RFLPsin ngthegenetic diver-
sity of five Lathyrus species belonging to the Sect.
Lathyrusand Clymenum, in additionto their smplic-
ity and low costs.
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Nosrati et al .[**3 assessed the rel ati onship between
genetic similarity and larger geographical distance
among five accessions of selfing legume Lathyrus
sativus L. (grass peas, Fabaceae) using RAPDs by
including 10 randomly selected individuasfromeach
accession. Five primers produced 73 clear, reproduc-
ibleand scorable polymorphic bands. The percentage
polymorphic bandsranged from 20.6% in Germanto
60.3%inPolish ons. Therangeof Ne’s within-
accession genetic diversity was wide, ranging from
0.075in Germanto 0.25 in Polish accessions. Parti-
tioning of total genetic diversity by AMOVA indicated
76.44% genetic diversity among accessions and
23.56% within ons, indicatingthat L. sativusis
aselfing species. The shortest genetic distance was
detected between German and Iranian accessions
(0.202), whilethe greatest genetic distancewasreveaed
between Iranian and Polish accessions (0.5102), indi-
cating that in selfing species genetic similarity among
onsisnot correlated with geographicd distance.

Barikaet al.®2 applied randomly amplified poly-
morphic DNA (RAPD) techniqueto assessthe genetic
variability among five sel ected genotypes of grasspea.
A total of 257 loci wereamplified of which 159 were
polymorphicincluding 57 genotype-specific unique
bands. M gjority ampliconswere shared by most of the
genotypeswhichindicated avery narrow genetic gap
between them. Theinvestigation showed that though all
the genotypes of grasspeawere of apparently ssimilar
morphol ogy there exists polymorphism at the mol ecu-
lar leve, which can beexploitedin breeding programmes
aimed at cropimprovement.

Sedehi et al.[% (2008) evaluated the genetic di-
versity of 20 grass pealandracesfrom various|oca-
tionsin Iranusing 32 RAPD and ISJ primers. Average
of polymorphism percentage of RAPD primerswas
73.9%.among used primers, 12 random primersshowed
polymorphism.

D. ISSR

Among molecular markers, the inter simple se-
quence repeats (1SSRs) have been successfully applied
in many crop specied®*1¥ To date, fewer than 40
microsatellite (S mplesequencerepesat [ SSR]) markers
have been published for grasspea, and only 17 of them
were characterized for size polymorphism{*#l,

Belaid et al™" have used the ISSR markers as
toolsfor ng genetic variation and determining the

rel ationshipsamong different popul ationsfrom awide
rangeof geographica origins, representing L. sativus,L.
ciceraand L. ochrusof thegenusLathyrus. Thedata
provideevidenceof alarge genetic diversty amongand
withinthetested populations.

Lioi et al.[5Y assessed genetic rel ationshipsamong
13 grasspea (Lathyrus sativus L..) landraces mainly
collected in Southern Italy using SSR markers. SSR
markersprovided useful information on genetic varia-
tion and relationshipsamong landraces. Theuseof SSR
to detect polymorphic sitesin grasspea showed that
most landraceswere clearly grouped in two sub-clus-
ters. Onecomprised two landracesfrommost northern
locdlities, whileall the other landraceswere clustered
together at avery narrow genetic distance.

D. EST-SSR

Shiferaw et al [**8 evd uated genetic variation among
and withinthe populations 320 genotypes of Ethiopian
grasspeacollected from different geographical regions
of Ethiopia, by 21 Expressed sequencetagged (EST),
and 19 EST-SSR markers. Out of the21 STSmarkers
11 gave RAPD-like profiles, and 10 gave monomor-
phic bandswhich were converted to CAPS markers.
Fromthetotal markersanayzed 7 RAPD-like, 6 CAPS
and 8 EST-SSRs showed polymorphism among and
within ons.

Sun et a.[** characterized 24 grasspeaaccess ons
from worl dwide sourcesfor size polymorphismusing
three hundred EST—simple sequence repeat (SSR)
primer pairsandloci. Among them 139 SSR loci pro-
duced no PCR product, 117 SSR loci weremonomor-
phic, and 44 SSR |oci were polymorphic. Themean
number of allelesper locusranged fromtwoto 11. The
observed heterozygosity and expected heterozygosity
ranged from 0.000 to 1.000 and 0.042 to 0.836, re-

Spectively.
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