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ABSTRACT KEYWORDS
For many years, cultivars with narrow morphological deviations were SDS-PAGE;
evauated using traditional field plot techniques. Thistechniqueistedious Isozyme analysis;
and time consuming. Furthermore, the morphological characters do not Genetic diversity;
guarantee the correct determination, because they are unstable and Poaceae;
influenced by environmental conditions,. The advent of biochemical L eguminosae;
markers makes more exact identification possible. In addition, the Solanaceag;
biochemical techniques are rapid, accurate and dependable. The Compositea.

biochemical cultivar identificationisuseful to ensure the genetic purity of
plant cultivars and their parental linesin commercial seed production of
hybrids, aid for identification and characterization of diversity in crop
cultivarsand their wild varieties, analyze phylogenetic rel ationship of the
accessions, asses the geographical origin of germplasm, describe a new
cultivar, and speed up distinctness, uniformity, stability (DUS) test for
candidate cultivar. It is also useful for the registration of new varieties,
and plant variety rights applications. In this review, | made a survey for
biochemical cultivar identification in the plant families: Poaceae,
Leguminosae, Solanaceae, Compositea, Euphorbiaceae, Citraceae,
Elaeagnaceae, Palmaea, Brassicaceae, Fagaceae, and Apiaceaeinterms
of the reproducibility of the techniques and their wide applications.
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INTRODUCTION

For many years, cultivarswith narrow morphol ogi-
cal deviationswereevauated with referencetoyield
and quaity™3, using traditional field plot techniques.
However, theidentificationwith thistechniqueistedious
and time consuming. Furthermore, themorphol ogical
characters may be unstableand influenced by environ-
mental conditiong*™. Therefore, cultivarsdid not guar-
anteethe correct determination. Because of that, bio-
chemical and molecular markerswere used for culti-
varsidentification to achievemoreexact identification®

12 Electrophoretic analysisof proteinsand isoenzyme
offersan efficient and cost effective method towards
cultivar identificationand varietd purity testsin seeds
lotg**18, Theandysisof theseed proteinsandisozymes
by polyacrylamide gel electrophoresis (SDS-PAGE
and A-PAGE) istherapid, accurate and dependable
technique. Thetechniqueisuseful to ensurethe genetic
purity of plant cultivarsand their parental linesin com-
mercia seed production of hybrids. SDS-PAGE and
A-PAGE aremost economical smpleand extensively
usad biochemicd techniquesfor anayssof cultivar iden-
tification. Asseed storage proteinsarelargely indepen-


mailto:rsammour@ksu.edu.sa

348

Cultivars identification based on biochemical markers

RRBS, 8(9) 2014

Review

dent of environmental fluctuation, their profilingusing
SDS-PAGE technology isparticularly considered asa
cong stent tool for economic characterization of plant
cultivard?™29, The e ectrophoretic protein profilesand
their high stability and independence of theecological
conditionswere used as cultivar markerg?-22,

Analysisof seed storage proteinsprovideaid for
identification and characterization of diversity in crop
cultivarsandtheir wild varitiesand phylogenetic rela
tionship of the accessiong?24. Polymorphismin seed
storage protei ns hasbeen associ ated with geographical
originof germplasmi#2, Cultivar identificationisuse-
ful for describinganew cultivar, testing genotype purity
and speeding up-diginctnessuniformity ability (DUS)
test for candidate cultivar?”?. It isal so useful for the
registration of new varieties, pedigreeanaysisstudied
and plant variety rightsapplications.

A-PAGE and SDS-PAGE andysishave been used
widdy for cultivar identificationin many plant families.
Inthisreview, wewill focuson cultivar identification
using biochemical techniquesin different plant families.

Family poaceae

The Poaceaeisoneof thelargest angiosperm fami-
lieswith approximately10 000 species®. Wheat (Triti-
cumaestivumL.) seed-storage proteinsrepresent an
important source of food and energy. IntheU.S., ker-
nelswithinwheat classestraditionally havehad uniform
phenotypic characteristics. Thosefeatures denoted the
whest class, thereby predicting its end-use and qual -
ity!??l. Changesin breeding and marketing have made
thissystem obsol ete. Absol ute numbers of varietiesas
well asthe proportion of those utilizing wide crosses
haveincreased variation within classes, and multiple
bi otypes are more common. Because of the number of
whest varietiesthat may possibly begrown, using ker-
nel characteristicscan nolonger bemuch successful in
predicting wheat class. Researchersthereforearein-
creasingly using biochemical methods of PAGE and
HPLCto“fingerprint” gliadin or glutenin proteins, which
may identify varietiesandindicate quality. These meth-
odsmay beused to help identify and sel ect genotypes
and varietieswith good quality characteristics, to ana-
lyze mixturesand varieties having kernd swith hetero-
geneous biotypes, and to ensurevarieta purity. Plant
breeders can also usefingerprinting for plant varietal
protection and hybrid analys g3

A comparativestudy of total grainprotein wascar-

ried out by SDS-PAGE to characterizethe differences
between and within two species of wheat (Triticum
aestivum and Triticum durum) represented by 12
cultivarg®. The densitometric profile data of the
polypeptides showed an obviousvariation in the num-
ber and position of bandsfrom one cultivar to another.
Cladigicandys sshowed that thefour cultivarsbe onging
to species T. aestivum separated earlier in evolution-
ary history, and can berecognized from therest of the
cultivarswhich belong to species T. durum.

For more accurateidentification of breeding mate-
rid, highmolecular we ght glutenin subunits(HMW-GS)
haveso far been used for whest cultivar identification.
However, HMW-GS can often not distinguish between
cultivarsfor itsoverestimation of molecular massand
incorrect identification of HMW-GSduetoitslow reso-
lution®. Therefore, Labuschagne and Maarteng™®!
compared HMW-GS, low molecular weight glutenin
subunits (LMW-GS) for whest cultivar identification.
Fivecommercia wheat cultivarswere analyzed using
the abovetwo methods. The HMW-GSfailedtodis-
tinguish between thefive cultivars. LMW-GS’ could
clearly distinguish between the cultivars, but banding
pattern interpretation wasmore complicated than for
HMW-GS. They concluded that HMW-GS should be
usedfor initia cultivar identification, asitissmpleand
reliable. Wherethey fail to distinguish between culti-
vars, the LMW-GS should beused for fina identifica-
tion.

Separation of proteinsaccording to their solubility
by Osborne®™ iswidely used for the characterization
of seed proteinsand their subsequent SDSPAGE can
be suitabletool for variety identification®. Although
Osborne protein fractionation isknown and has been
often used for amost one century, many studies pro-
claim, that bounders among protein fractionsare not
sharp and method isinfluenced by temperature, time of
extraction and intensity of shaking. It wasfound that
HMW glutenin zonesare passing to the pattern of glia-
dins and also mutual overlapping between LMW
gluteninsand el ectrophoretic pattern of afa, betaand
gammagliadinsin conditions of the SDS-PAGE!®.
Whenceit follows, that acons derable part of next pro-
teinfractions(globulins, gliadinsand glutenin) werein-
cludedinthisalbumin fraction. Changesin protein pat-
tern can beinfluenced by external factorse.g. cultiva-
tion of spelt cultivarsin conditionsof low and high sul-
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phur leve inthesoil or using of reducing detergentse.g.
dithiotreitol asextraction buffert®.

Low-molecul ar-weight glutenin subunit (LMW-GS)
compositionincommonwhesat isoneof thecritical de-
terminants of gluten properties. However, the nomen-
clature of Glu-3 encoding LMW-GSs has not been
consistent among laboratories, dueto the complexity
of the LMW-GSsand the distinct separation methods
used by different researchers. It isvery important to
unify thenomenclature systemsin current use, tofacili-
tatethe sharing of information about the effects of indi-
viduad LMW-GSon gluten properties. Therefore, Ikeda
et al.[*% analyzed 103 cultivars (having various Glu-
A3, Glu-B3and Glu-D3 aldesfromArgentina, China,
France, Japan and Mexico) using 1D SDS-PAGE and
2D andyses. They found differencesin nomenclature
particularly for Glu-A3 and Glu-B3, including new Glu-
3aldesamonglaboratories. They proposed anew list
of standard cultivarsrepresenting Glu-3 alleles.

A-PAGE and SDS-PAGE have been applied to
characterize 38 durum wheat varietiesand 12 bread
wheat varieties. Number of bandsresulted by applying
thefirst method (A-PAGE) was 13 polymorphic bands,
while 12 HMW- GS (high molecul ar wheat glutenin
subunits) have been resulted by applying SDSPAGE.
Datawere combined together (25 polymorphic bands)
to ca culatethe genetic smilarities between studied in-
dividua susing Jaccard’s coefficient followed by setting
up the cluster analysis using Unweighted-Pair Group
average Method with Arithmetic mean (UPGMA)
method“l. Theva ueof genetic diversity was 56% be-
tween durumwhegt varieties, whilethesamevauewas
increased to reach 100% in the bread wheat varieties.
Dendogram for al 50 genotypes showed aseparation
of bread wheat varietiesin asub cluster whichisdis-
tinct from the sub cluster containing the bread wheat
vaidies.

Genetic variation was studied on HMW-Gs in
twelve common wheat varietiesusing SDS-PAGE“2.
Each variety contained arange of two to five subunits
and 14 different glutenin subunit patternswere observed
in hexaploid wheats. Based on SDS-PAGE data, the
average of smilarity coefficient was0.525. Thisindi-
cated high variation between varieties.

Wheat grainsof thirteen varietieswere collected
from different ecologica regionsof Iran. Thevariability
of seed storage-proteins was analyzed by SDS-
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PAGE“!, Based on the dataof high molecular weight
(HMW) and low mol ecular weight (LM W) gluten sub-
unit bands, cluster analysis was performed and
Jaccard,,s similarity index (JSI) was calculated. It was
concluded that SDS-PAGE analysis of wheat en-
dosperm proteinisuseful for eva uation of genetic vari-
ability and cultivarsidentification that helpin wheat
breeding program.

Thebiochemical characteristicsand phylogenetic
relationshipsof ten populationsof Triticumturgidum
ssp. Dicoecum Schrank in Italy were assessed .
Analysisof the Glu-1A locus, which resulted activein
al populations considered reved ed four different mo-
bility profiles, Four combination of HMWG subunits
encoded by GI-1B were identified while A-PAGE
analysisof gliadin fractionsdisclosed from onetofive
genotype. Thisanalysisindicatessthat the T. turgidum
ssp. Dicoccum Schrank considered arelesssuited for
the preparation of pastaand bread. Varitiesmore suit-
ablefor these commodities could be obtained by se-
lection or through crosseswith appropriate varities of
durumwhest.

Thegenetic diversity of the seed storage proteins
(Glutenin and Gliadin) was assessed among 24 whesat
genotypes ((14) durum wheats and (10) bread wheats)
using A-PAGE and SDS-PAGE™!. In durm wheats,
Jorjet, kechek, sham9 and kahlahadbarecognized by
gammad45 and subunits (17+18) that had positive ef-
fect on thedough. In bread wheats, Abozec, Sham10,
Doma32058, Doma32457, Domad, Bohoth8 have
good technol ogy characteristics dueto that have sub-
units(5+10). Thisdateare useful in breeding programs
toimprovequality by selecting of the best genotypes.

Spelt wheat

Thepolymorphismlevel inthree spelt wheat culti-
vars(Hercule, Altgold and Rouquin), three new-breed-
ers’ spelt lines (H92.27, H92.28 and M92.20 (origi-
nated from hybridization between spelt and common
whest) and reference common whegt cultivar waseva u-
ated using theeectrophoretic profilesof seed dbumins
and globulins, gliadins, glutenins, glutening“®, Entire
evaluation of all four-marker systems showed differ-
ences between common whest cultivar and spelt culti-
varsand spelt breeders’ lines. Also significant differ-
encesbetween old spelt cultivars (Hercule, Altgold and
Rouquin) and new spelt breeders’ lines were found.
The seed storage proteins (gliadinsand glutenins) were
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themost used marker system for wheat and spelt iden-
tification. Albuminsand globulinswere used only mar-
ginally. Theesteraseisozymeswereonly important for
the spelt cultivarsidentification*. The seed storage
protensareassociaed with agriculturaly Sgnificant traits
andthey areusedinalega protection of cultivarg#4,
Canadian authorsfoundthe basi c differentiating regions
of spdlt gliadins, inwhichthe heaviest group of omega
gliadins (100-113 kDa) and higher number of alpha
gliadin bandsare absent in comparison with common
wheat®, German authors constructed ideal speltglia-
din pattern, wherethe heaviest group of omegagliadins
was al so absent, in comparison with common whest,
and additiondly on the basisof A-PAGE anaysesthey
described anew D-zone of bands, located between
omegaand gammagliadins. That D-zonewasnot found
in common whest!d.

Buckwheat

Four buckwheat varieties ‘Pyra’, ‘Spacinska I,
‘Kara-Dag’ and ‘Jana’ registered in the Czech Repub-
licwere evaluated by discontinuous SDS-PAGE el ec-
trophoresig™. Inthefour registered buckwheat variet-
ies 36 significant band positionsweredescribed. The
highest polymorphism of buckwhest proteinswasrep-
resented by bands with amol ecular weight of 30-60
kDa. No single specific bandsfor thetested varieties
were detected. The designated bandsshowed asimilar
frequency and coincidencein al varieties. In spite of
thisfact, varietd differencesin frequency and coinci-
dence of some designated bandswerefound among
thetested varieties. Sgnificant differencesin protenband
frequencies and their coincidences could serveasa
supplementa identification criterion, especialy insuch
cases when the el ectrophoretical analyses of bulked
samplesarenot sufficient.

Electrophoretical study of protein fractions (albu-
mins+ globulins, prolaminsandsumof gluteling) inSDS
PAGE conditionsand their quantification weretested
in eight varieties of common buckwheat and in two
tartary buckwheat accessiong®!. The e ectrophoretical
visudization showed asamainfractionabumins+ globu-
linswith highinter- and intra-varietal polymorphismin
tested varieties. Tartary buckwheat accessionsshowed
completely uniform eectrophoretica spectra. Alow gp-
pearanceof prolaminswasconfirmedinall tested vari-
eties (inclusivetartary buckwheat accessions). Spec-
trum of soluble glutelinsin common buckwheat was

characterized by lower frequency and intensity of pro-
tein bands. The high polymorphism of buckwhegt stor-
age protein providesgood presumption for itsutiliza-
tion asgenetic markers. Theinter- and intra-varietal
polymorphism of buckwheat storage protein was con-
firmed by several authorg®2%3,

Barley

SDS-PAGE was used to analyze the hordein
polypeptide patterns of Brazilian barley varieties (Hor-
deumwvulgare L.) and of two native species of Hor-
deumfrom southern Brazil (H. euclaston Steud. and
H. stenostachys Godr.)>. Twelve of the 14 varieties
examined showed intra-varietal polymorphism.
Phenograms using each seed as an operational taxo-
nomic unit (OTU) showed that the seedsfrom most
varietiesdid not form distinct clusters. Seedsfrom dif-
ferent plantsof the native speciesvaried considerably.
Themolecular weights of the hordein polypepti des of
thetwo native specieswerequitedifferent from those
of H. vulgare. Therewasagreater similarity between
the native speciesthan with H. vulgare, although H.
stenostachyswas dightly closer to the cultivated spe-
ciesthan H. euclaston

Biochemicd investigation of seven Egyptianbarley
cultivarswere performed using SDS-PAGE of both
water sol uble and water-non soluble seed storage pro-
teins under reducing conditions®. Twenty-four pro-
tein bandswere obtained from the SDS-PAGE of the
water soluble seed storage protein fraction, three out
of them were common whilethe other 21 were poly-
morphic. Theprotein profile of thebuffer soluble seed
storage protein fraction showed 28 protein bands, four
out of them were common and the other 24 were poly-
morphic. UPGMA denderogram depi cated wide ge-
neticdiversity among cultivars.

Horde nsextracted from dry grainsand green malt
of six two-rowed winter barley varieties (Angora,
Sladoran, Rodnik, Rex, Martin and Barun) separated
by SDS-PAGE and i sodl ectric focusing were used va
rietal discrimination®. Inall separation experiments
better resolution of proteinswasachievedwithdry grain
extracts, thanwith malt extracts. Angora, Sladoran and
Martin variety could bedistinguished from other variet-
iesby differencesin hordein patternsobtained by gra-
dientgd SDS-PAGE (8-18%T), andAngora, Sladoran,
Martin and Rodnik by isod ectricfocusingin pH gradi-
ent 5.5-8.5.
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Gendicvariation and rdaionshipsamongthirty four
barley cultivars (H. vulgare L.) improved in Turkey
were assessed by hordeing®™. Totally, 15 different
hordein patternswere observed among 34 cultivarsand
twelveof thesewerecultivar specific. Geneticsamilarity
(GS) calculated on hordein ranged from 0.52 to 1.00.
Cluster analyses based on hordein data showed that
mogt of thecultivarsareclosdy rd atedin geneticd point
of view. Thedendrogram of hordeinscouldn’t precisely
separatethe barley cultivars. Correspondenceanaysis
by using two marker systems showed that hordein data
werenot ableto performtodistinguish barley cultivars.
Some polymorphic and repeatable RAPDs markers
should beequi pped with morphol ogic markersin order
to identify candidate cultivarsand registered cultivars
beforeand after registration procedure.

Heisel et a.[5 identified fifty-five United States
barley cultivarsby SDS-PAGE patternsof thehordein
proteins. Theanalyzed cultivarsyielded 34 different
hordein patterns. Twenty-four cultivars gave unique
patterns, whereas each of theothersfell into oneof 10
groups, each of which comprised from two to seven
cultivars,

Oryza

One hundred and fifteen varieties (including culti-
varsand lines) with different ecotypesin japonicarice
(Oryza sativa L.) were analyzed for endosperm stor-
age proteinsby SDS-PAGE to estimatetheir genetic
diversity for the purposeof geneticimproving and vari-
ety identification®. Nineteen typesof profilewereiden-
tified according to 1) presence/absence of 65 kDa
bands, 2) stainingintensity of 70, 60, 57, 37-39, 22-
23,13 and 10 kDabands, 3) migration velocity of 35
kDa (a-4) and 4) band number at 57 kDa location.
UPGMA dendrogram based on the cluster anaysis of
genetic smilarity of the protein bands showed asmall
genetic variation among thetested materials, with the
similarity coefficientsvarying between 0.75 and 1.00.
However, studied at the similarity coefficient level of
0.894, threedistinct groupswereidentified from the
cluster andysisof thericevarieties. Thefirst groupin-
cluded eight varietieswith high amylose content, the
second group contai ned fifteen varietieswith high pro-
tein content, and the third group had the remaining
ninety-two varieties, which accounted for 80% of the
total materials. Clear relationship between ecotypes
distinguished by maturity and groupsreveaed by clus-
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ter analysiswasnot found inthisstudy. Only thegroup
of high amyloselinked with medium-maturity medium
japonica ecotype. The bands of 70 kDaand 65 kDa
can be used as protein markersto identify F1 seed pu-
rity of japonicahybrid rice Liuyanyou 422.

Eighteen traditional and improved basmati rice
(Oryza sativa L.) varities were studied for morpho-
logical descriptors, total soluble proteinsand isozymes
ashbiochemicd markersor determining distinctivefea
tured®. SDS PAGE for total soluble proteins and
isozymes andysisrevea ed moderate and moderateto
high degree of polymorphism respectively. UPGMA
andysisof combinedisozymedataof different enzymes
could discriminated| varitiesexcept Hangg fromKLS
24. It can be concludethat in situationswherethemor-
pho-physiologica DUSdescriptorsarenot ableto es-
tablish distinctivenessof avariety then biochemica and
molecular markers may be used as additiona or
complement descriptorsfor resol ving di stinctiveness of
basmati ricevarities.

Zeamays

Theabuminsand globulins of theinbred and hy-
brid corn (Zeamays) weredectrophrotically analyzed
on improved lactate— PGE!®Y. Each inbred or hyrid
had its own unique band pattern distinguishablefrom
theothersregarding asitsfingerprinting. The band pat-
ternof al kernel wasbasicaly similar tothat of all em-
bryo, except that of the endosperm showing lessbands
withweaker staining intensity. The band number of the
hybrid wasexactly equivaent to the number of thecom-
mon bands and the specific bands of thetwo parents.
Thisprocedure could be used in corn cultivar identifi-
cation and asatest for genetic purity.

Sorghum

Sorghum (Sorghumbicolor (L.)Moench) isanim-
portant cereal crop, asignificant dietary food for one-
third of world popul ation and principle source of en-
ergy, protein, vitaminsand minerals. Conventionally
Grow out Test isused to assay the purity of sorghum
hybrid seed | otson arepresentative sample of the seeds.
Grow out Test entailsalot of costintermsof locked-
up capitalsand problems of storage. Kovimandonand
Khon2 replaced the Grow out Test with biochemical
(protein) assays. In abiochemical assay, A-line(cyto-
plasmic male sterile), B-line (maintainer), R-line(re-
storer) and H-line (hybrid) have been screened by
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meansof protein markersfor polymorphisms. In addi-
tiontothis, eight open pollinated (pureline) varieties
have a so been screened by meansof protein polymor-
phisms. Electrophoretic protein profiles could be effi-
ciently used for distinguishing varieties, hybridsandits
parents and could be used as substitute of Grow out
Test. Biochemical test can also beused very efficiently,
ininvestigating phyl ogenetic rel ationshipsamong six
Sorghm genotypes®. A tota of 56 polypeptide bands
were scored of which 30 were polymorphic and 26
were monomorphic. Thesmilarity coefficientsamong
six genotypesranged from 0.500t00.900, indicating a
moderate genetic relationship.

Poa

P. pratensisisava uableplant which, under temper-
ateclimatic conditionscan beusedfor livestock feeding
(hay harvesting and grazing), lawn planting, and soil im-
provement. Tota seed Storage protenswereandyzed by
SDS-PAGE ingenotypesbe onging to three Poaspedies,
P.trivialisand Pangustifolia) collected from Turkey4.
Thedendrogrambased on proteindatawith UPGMA dus-
tering methodindicated alow intra-specificgenetic diver-
sty whileP. pratensisand P. trivialis genotypes stated
closer rel ation ascompared to P.angustifolia genotypes.
Thelowintra-specificgenetic diveraty inthethreespecies
confirmed the previouswork of Tamkoc and Ardlan’®4
whofoundalow geneticdiversty among 11 TurkishKen-
tucky bluegrass genotypes. It can beinferred that seed
dorageproten profilescould beuseful markersinthestud-
iesof geneticdiversity and genetic relationshipsof Poa
gpecies, and can be used to determinethe correct sarting
meaterid for plant breeding.

Avena

Oat genotypes exhibit valuable and reproducible
polymorphismintheavenin pattern. Avenin patternis
important toidentify oat genotypesand to usein breed-
ing programs. Dumlupinar et al.'® used SDS-PAGE
techniqueto identify 96 Turkish oat landraces (Avena
sativa L.) and three commercial cultivars (Checota,
Faikbey and Seydisehir) based on oat avenin protein
band numbersand molecular wei ghts. Results showed
ahigh polymorphism in avenin protein band numbers
and mol ecular weights of genotypes.

Festuca pratensisHuds

Fifty two accessions of Festuca pratensis Huds.
were analyzed using SDS-PA GE of seed proteinsto

detect geneti ¢ variation among ecotype popul ationg®®,
18 of which had been collected in Switzerland and 32
inBulgaria Thetwo cultivarsPreva and Cosmolit were
used asstandards. Cluster analysesand correspondence
analyses/scatter plot were used as statisti c approaches
for determining genetic diversity among individual
ecotypesand groups of ecotypes. El ectrophoretic spec-
traof proteinsshow clear differencesamong local ac-
cessonsinreationtother origin. In Swissecotypes 32
protein fragmentswere determined whereasin Bulgar-
ianlocal populationstheir number was 68. Each of the
two eco-groups possesses fragmentsthat appear in all
onsof thegroup. The number of monomorphic
bandswithin Bulgarian local ecotypesisfour whereas
their number in Swissecotypesis12. Four monomor-
phic bands appearing in all proteinogramsno differ-
ence of eco-groupswasidentified with Rm values of:
0.43,0.55, 0.58, 0.82. A higher level of protein band
polymorphism was proven in Bulgarian ecotypesin
comparison with Swiss ecotypes. Thirty seven poly-
morphic bandsoccurred exclusively inthe Bulgarian
local ecotypesand had afrequency of 0.03 or higher
whereaswithin Swissecotypeswas detected oneunique
protein fragment. SDS-PAGE “fingerprinting” is sug-
gested asafast and easy approach to differentiate .
pratens secotypesby their origin aswell for detection
of foregngermplasm for inclusonin breeding programs

Family leguminosae

Seed protein profilesof 47 accessonsbelongingto
eleven speciesand four tribes of grain legumeswere
anayzed by SDS-PAGE®" 7. All eleven specieswere
clearly recognizablefromther protein banding patterns,
but only Phaseolusvulgarisexpressed high intraspe-
cificvariations, followed by Lathyrussativus. Varia
tion among accessions of other specieswasvery lim-
ited. Cluster andlyss, after quantifying the protein bands,
using UPGMA procedure, showed phylogeneticrela
tionshipswhich werein agood concordancewith spe-
ciesclassfication based on morphologica characters.
Accessionsof tribeVicieaeformed onecluster (Micia
faba, Lens culinaris, Pisum sativum, Lathyrus
sativusand Miciaervilia) having nearly equa amounts
of three categoriesof polypeptide: high, moderateand
low molecular weight. The second cluster wasasmall
tribe of Cicereae (Cicer arietinumaccessions) having
moderate and |ow molecular weight polypeptides. Ac-
cessions of Phaseol eae tribe formed thethird cluster
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(Phaseolus vulgaris, Vigna unguiculata and Vigna
radiata), having predominantly high molecular weight
polypeptides. Finally, the more distinct tribe,
Aeschynomeneae (Arachis hypogaea accessions),
formed aseparate cluster exhibiting aspecial banding
pattern. A unique discrepancy was observed about
Glycine max, which belongs to Phaseol eae but was
clustered with Cicereae. To ascertain the extent of ge-
netic variation and itsgeographicd distribution, Asghar
et al.l" analyzed twenty-nine accessions of Cicer
arientimum (Chickpea) germplasmfor total seed pro-
tein profileusing SDS-PAGE. A considerablevariation
in protein banding pattern was observed whichwaslo-
calized to variousgeographical regions. Thealbumin
and globulinscomponents of the seed proteinsof nine
Egyptian cultivarsof Viciafabawereandyzed by SDS-
PAGE to measure genetic variation”>", The
electrophoregram showed identity profilefor each cul-
tivarssupportingthevalidity of € ectrophoresisof seed
protein componentsin cultivar identification. Principa
component andysisand duster andys sindicated higher
rolefor seed abuminsover seed globulinsin genetic
variationwithin Viciafabain Egypt

Forty-onewild typesand 41 cultivarsof common
bean (Phaseolus vulgaris) from Meso- and South
Americawerescreened for variability of phaseolin seed
protein using SDS/PAGE and two-dimensiond isoe ec-
tricfocusing SDS/PAGE®?. Wild accessionsfrom the
Andean region showed phaseolin typeswhich had not
been previoudy identifiedinwild materia fromthat re-
gion. Other wild accessionsfrom Argentinaexhibited
novel phaseolin patterns (‘Jujuy’) type, and one acces-
sonfromnorthern Peru exhibited anove phaseolintype
(‘Inca ‘) type. The ‘“H” and “C’ phaseolins, previously
identified only in cultivars, wereobservedin saverd wild
access ons,fromArgentina. Among cultivars, two mi-
nor variantsof the*“S” phaseolin type were identified.
The‘Sb” (‘S Brazil’) was characteristic of a limited
number of cultivarsfrom Brazil whereasthe ‘Sd” (‘S
Durango 222’) predominated in cultivars of the Mexi-
can centra highlands. Thedistribution of theprevioudy
described “B” phaseolin appeared to be larger than
formerly known asit extended not only in Colombia
but alsoin Central America. Itispossibleto correlate
the“Sb’, ‘Sd’, and ‘B” phaseolin types with certain
agronomictraits.

Abrus precatorius L. belongs family Fabaceae
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(Leguminosae), iscommonly known as Rosary pea.
DeBritto et al .BY investigated the genetic variation
among seven AbrusprecatoriusL. varietiesusng SDS-
PAGE analysis. Variationsaswell assimilaritieswere
observedin protein profile. Overall 56% of similarity
between varietieswas observed. Dendrogram showed
twomgor dudters. Varietieswhiteand red weregrouped
inonemagjor cluster and theremaining varietieswere
grouped with another mgjor cluster.

Thegenetic diversity within 60 Ghanaian cowpea
((Vigna unguicuulata (L.) Walp) germplasm was ex-
amined by SDS-PAGE techniques®84, Thisstudy was
carried out for the effective utilization of germplasm
collections(largdly locd landraces) for cropimprove-
ment that hasbeen hampered by theexistence of dupli-
catesand genetically redundant accessionswhich are
not noticeableby morphologica markers. Smilarity in-
dex and ssimplematching coefficient indicated ahigh
degree of homogeneity in banding patterns. The seed
protein data could be used, together with other data,
for theelimination of duplicate accessionsand for the
setting up of acore collection, to reduce maintenance
cost and ensureefficiency intheuseof thegermplasm.

Seed storage protein profilesof three germinated
horse gram (Macrotyloma sar-garhwalensis Gaur and
Dangwal) varietieswere analyzed by SDSPAGE®,
Genticdiversity of germinated horsegramwasevau-
ated by constructing the dendrogram for high molecu-
lar weight (HMW) and low molecular weight (LMW)
gluten subunit bands. In conclusion, SDS-PAGE of
germinated seed storage proteins can beeconomicaly
used to assess genetic variation and relation in
germplasm. Thespecific bandsof germinated seed Sor-
ageprotein profilesmay be used asmarkersfor identi-
fication of themutants/genctypes.

The genetic variation of seed protelnwas assayed
by SDS-PAGE for 19 genotypes of soybean (Glycine
max)&8l, 60% of the separated bands were poly-
morphic, exhibiting good genetic diversity between
genotypes. SDS-PAGE dataexplains%78.018 of the
total variation on thefirst fiveaxes. UPGMA dendro-
gram depi cted seven groups. The SDS-PAGE analy-
Ss
Family solanaceae

Tomato (Lycopersicon esculentumL.) isamem-
ber of thefamily Solanaceae and significant vegetable
crop of special economicimportanceinthe horticul-



354

Cultivars identification based on biochemical markers

RRBS, 8(9) 2014

Review

tural industry worldwide® Although the genus
Lycopersiconincludesafew species, itstaxonomy is
gtill questionableand phyl ogeny hasnot been completely
established®l. Tomato (Lycopersicon esculentum
Miller) is being grown universally. The existing
germplasmfromAzad Jammu & Kashmir, Pakisganwas
characterized morpho-genetically during theyear 2002-
2003 at Rawalakot, to determinethevariability among
the cultivarsand to identify some selectable markers
based on total seed protein profiles. The purpose of
theinvestigation wasto develop new varietiesbased
ongenetica variability anongthecultivarsand to docu-
ment the germplasm for futurerecord. Thetotal seed
proteins comparisonsbased on SDS-PAGE profiledid
not indicatevariability among the major bands, how-
ever some miner bandswerefound to bevariablein
termsof distancetraveledinthe gel®2.

Biochemica and molecular characterization of eight
tomato varietieswere carried out based on seed stor-
ageproteinse ectrophoresi S, Thed ectrophoretic pat-
tern of water soluble protein produced 4 monomorphic
bands, 6 polymorphic band and 3 unique bands. The
pattern of non soluble protein produced 9 bands, one
band isuniqueand considered apositive specific band
of tomaten cartago variety and the others are polymor-
phicbands. 37 bandsout of thetotal number werepoly-
morphic and 19 were unique. It could be concluded
from the dendrogram based on SDS-Proteinthat elec-
trophoretic analysisisimportant for geneticandysisand
indicate aconsiderable amount of genetic diversity be-
tween thedifferent studied varieties of Lycopersicon
esculentumL.

Florina® analyzed the protein profiles of tomato
seeds by SDS-PAGE method using 2 variants of ex-
traction solutionin order to obtain awider viewing of
tomato seed protein subunits. Analysis of protein pat-
ternsof 12 different samplesshowed no sgnificant quai-
tative differences between genotypes. Four
varieties)Pontica, Carisma, Siriana and Coralina)
showed a higher number of bands. Both extraction
methods haveled to the devel opment of several bands
located between 3 kDa and 142 kDain most geno-
types. Smdl quantitativedifferenceswereobservedin
thelevel of 90 kDaand 41 kDausing thefirst version
of solution extraction compared to the second one.
Anyway, ahighleved of homogeneity wasdetected with
both methods used.

Hasan et al.'* distingui sh fifty-four accessions of
cultivated and wild groups of eggplant (Solanum
melongena L.) and its nearest wild speciesby SDS-
PA GE of soluble seed proteins. Theresultsof € ectro-
phoretic banding patterns show that therewasagreat
ded of variation within and between groupsof eggplant
intermsof numbers, Sizes, positions, saningintengties
and presence or absence of protein bandsin the pro-
file, Thisvariation can be used for characterization and
identification of eggplant cultivars. Elongated fruit egg-
plant cultivarsexhibited nine common group-specific
bands which distinguish them from the other groups.
Meanwhile, agreat variability in seed protein profiles
wasdetected intheroundfruit typeand primitiveculti-
vars, weedy and wild groups of eggplant including the
truly wild S incanum, whichindicated that these groups
consist of diverse genotypes.

Solubleprotein pattern of seedsof ten chilli variet-
iesasobtained on SDS Polyacrylamide Gel Electro-
phoresis(SDS-PAGE) and | sodl ectric Focusing (IEF)
were used to identify thesevarieties®!. Qualitativeas
well asquantitative differencesin thebandswere ob-
tained. |sozymes study was also doneat two different
stagesi.e. at 7 and 14 daysafter germination (DAG) of
chilli seedlings. IEF wasfound to be moreeffectivefor
cultivar identification as compared to SDS-PAGE.
Isozymesstudy at 7 DAG of seedling proved better for
identification of different chilli cultivarsascomparedto
14 DAG. Inconclusion, electrophoretic techniquecan
beutilized efficiently for varietd identificationin Chilli.

Family compositea

Theidentification of sunflower hybrids KBSH-1,
TCSH-1, PKVSH-27, APSH-11 and DSH-1, their
parental linesand thevarieties, Morden, Surya, AK SF-
9, CO-2, CO-3, CO-4, GAUSF-15, NDSH-15 and
SS-56 was possible from the genotype specific inten-
sity of dark, light and medium bandsaswell astheir
relative position in the seed protein and i sozymes pro-
filesanalyzed by SDS-PAGE!®. Their characteriza-
tionsweredifficult through thetotal number of bands
and assevera of them were common inmorethan one

genotype.
Family euphorbiaceae
Jatropha curcas hasrecently comeinto prominence

as source of bio-diesel. This specieshas naturalized
stands spread across Chinaand dueto varied climatic
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conditionsislikely to haveahigh degreeof variability.
Biochemical and electrophoretic analysisin J. curcas
was studied in seven seed sources collected from Cen-
tra Himaayan zone®®. Considerabledifferencesinthe
quantity of individua polypeptidesasdisplayed by the
density of bands, wasfound among the seed sources.
Among all the seed source Ka achaunaand Saknidhar
had highest smilarity of 100% whereas Gandhari had
the lowest ranging from 42 to 57%. Cluster analysis
based on protein bands identified Saknidhar,
Kalachauna, Naithanaand Basnd in onegroup, Basnd
and Dhruvpur inanother group and Gandhari asadis-
tinct seed source. Five esteraseisoenzymesand 3 each
of acid phosphatase and peroxidase wererecordedin
the seed sources of which morevariation between seed
sources were in esterase than in rest two enzymes.
Kaachaunaand Dhruvpur had 100% similarity sharing
all the isoenzymes present whereas Sakanidhar and
Naithana a so had 100% similarity but had 1 isoen-
zymes of esterase lacking. As compared to esterase
and peroxidase the isoenzyme pattern of acid phos-
phatase was quitesimilar in al the seed sources of J.
curcasstudied here.

Family citraceae

Geneticdifferencesof 18 cultivarsand/or ecotypes
were detected by isozymes®. Fruitsand endosperms
of loquat cultivarsweretaken early inthemorning and
analyzedin the same day using PAGE for alcohol de-
hydrogenase (ADH), catechol oxidase (CO), glutamate
oxal oacetate transaminase (GOT), acide phosphatase
(HP), and peroxidase (PER). All enzymesystemswere
also anayzedintheleavesbut ADH wasnot detected
inthisplant tissue. Asaresult of thisexperiment, for
ADH, all cultivars had the same banding patternsin
fruits. Somebiotypeswithinthesamecultivarssuch as
Yuvarlak Cukurgobek and Tanaka had different band-
ing patternsof endosperm. In CO enzyme system ex-
tracted fromleaves, fruitsand endospermshad differ-
ent banding patterns. All cultivars had the same band-
ing of GOT in each of the plant tissue. But band pat-
ternschanged among tissues. InHP, three patternswere
observed inthe endosperm. Ontheother hand, leaves
and fruitsof loquat cultivarshad only oneisozyme pat-
tern with five bands. Therewere one banding pattern
with two bandsfor PER inloquat fruits, whilethree
distinct banding patternswere observed in endosperms
and leaves. Akko 1 and Akko 13 canbeeasily distin-

> Rey/ew

guished with PER isozymesof leaves, whereas Tanaka
and Yuvarlak Cukurgdbek had the same banding pat-
ternsfor PER inthe each of threeplant tissues. [sozy-
micdifferencesbetween cultivarssuggested that isozymes
may provideuseful markersfor cultivarsidentification
inloquet.

Family elaeagnaceae

Elaeagnusumbellata (Thunb.), commonly known
asautumnolive, belongsto thefamily Elaeagnaceae
andisnativetotheHima ayan regionsof Pakistan, Ching,
and Indiaandisalso foundin Koreaand Japan. The
seeds of 8 ecotypesfrom Azad Jammu and Kashmir,
Pakistan, wereandyzed for comparisonsof their rela
tionship and evol ution based on SDS-PAGE of total
seed proteind'®. Theresultsindicated that each au-
tumn olive popul ation can bedistinguished by their own
specific protein bandswith reference to amolecular
weight marker included in the gel. The dendrogram
based on computer package analysis indicated that
populaions having the samebase of originfal under 2
simultaneous groups. Thedistribution of the popula-
tionswasvariableirrespectiveof their physica location
asthe seeds of the plant may have been dispersed by
birdsfrom distant places. SDS-PAGE thus provided
vauableinformation for theidentification of popul aions
and could be utilized for population and varietalsdis-
crimination aswell as seed qudity test intrueto type
seed producing plants.

Family palmaea

Date palm (Phoenix dactylifra L.) is one of the
most important fruit cropsintheMiddle East. Little
knowledgeiscurrently available about the molecular
characterization of date pdm cultivars. Determination
of genetic variability and variety identificationin date
palm aretwo mag or importancein breeding programs,
characterization of germplasm, and conservation pur-
poses. Four varities in Saudi Arabia (Med300! bl,
Sugayl b1, Khalasbl and Sukkaribl) were analyzed
by SDS-PAGE and other molecular markers (RAPD
and ISSR)™%U, Protein markers showed inter-varieta
polymorphism. Cluster analysisby UPGMA grouped
thefour varitiesinto two clusters. Cluster A included
Sukkaribl and cluster B consisted of 3 other varities.
Sugay bl and Khalas b1 were the two most closely
rel ated varitiesamong thefour cultivarswith the highest
similarity value (0.85). Theaverage similarity among



356

Cultivars identification based on biochemical markers

RRBS, 8(9) 2014

Review

thefour cultivarswasabit morethan 55%. Thevarities
had narrow inter-varietd genetic diversity. Theresult of
theanalysis can be used for the sel ection of possible
parentsto generate mapping popul ations

Family brassicaceae

Seed protein profile and esteraseisoenzmewere
studiedinten onsof lemongrass[ Cymbopogon
flexuosus] collected from northeastern Indiabelonging
to two mgjor chemotypes— citral and geraniol rich es-
sential 0il™%2, Four esteraseisozyme bandswere ob-
served with Rmvaluesintherange of 0.394t0 0.798.
Amongthem onewith Rmvaue0.747 wasuniqueasit
was consistently present in al theaccessionsirrespec-
tiveof citral or geraniol rich chemotype. For seed pro-
tein, SDS-PAGE analysis of seven accessions (RLJ-
TC-1, RLJ}TC-4, RLJTC-5, RLJ}TC-8, RLJTC-
9, RLF}TC-10and OD-19) reveded atotal of 13 bands
among theaccessionsranginginthesizefrom21.5to
92.0kd. Six citral rich accessionsexhibitsvery smilar
seed protein profilewith 10 to 11 protein band each.
However, thegeraniol rich chemo-type RLJ-TC-8 ex-
hibit different profilewith only six highmolecular pro-
teins. Four seed proteinswith molecular weight 92.0,
86.0, 80.4 and 61.6 kd were consistently found in all
the chemotypesirrespective of citral or geraniol rich
and can be considered as marker for the species. Al-
though esteraseisozymesexhibited |ow polymorphism,
yet closesimilarity of isozymeand seed protein profile
can becons dered as evidence of genetic homogeneity
among theaccession of lemongrass.

Family fagaceae

Total seed proteins of four Quercus species ex-
tracted from bulked seed samples were analyzed by
modified SDS-PAGE in order to obtain additiona taxo-
nomically useful descriptord’®3, A totd of 7 dternative
protein bandswith different mobility rateswereidenti-
fied within amolecular weight range of 24 kDato 36
kDa. Quercusrobur L. and Q. petraea/Matt.fLeibl.
showed equa dectrophoregrams. Q. pubescensWilld.
can bediscriminated from Q. robur L. and Q. petraea/
Matt./Leibl. by itstwo additional bands. Q. rubral.
showed asignificantly different € ectrophoregramwith
completely nove protein bands).

Family apiaceae
Coriander (CoriandrumsativumL) isan annual

herb (2n=22), which belongsto thefamily Apiaceae
and generally grown inwinter sesasonasmaincropin
India. Singh et al.** evaluated SDS-PAGE asatool
for characterizing coriander varieties. The SDS-PAGE
el ectrophoresisof total soluble seed proteinsreveaed
atotal of 7 bandswith Rmvaueranging from0.347to
0.926. A polymorphism of 71.4% wasrecorded among
20 varietiesof coriander. The maximum dissimilarity
value was shown by Sindhu. Varietieslike Sadhana,
Sindhu, RCr-436 and RCr-684 were observed differ-
ent from therest of the coriander varieties whereas,
RCr-436 and RCr-684 could not bedifferentiated from
each other.

REFERENCES

V.Dvoragek, V.Curn, J.Moudry; Cereal
Res.Commun., 30, 187-193 (2002).

R.Guan, R.Chang, Y.Li, L.Wang, Z.Liu, L.Qiu;
Genet.Resour.Crop.Evol., 57, 229-242 (2010).
M.Wang, R.Z.Li, W.M.Yang, W.J.Du;
Afr.J.Biotechnol, 9, 4857-4866 (2010).
W.J.Goodrich, R.J.Cook, A.GMorgan; The ap-
plication of electrophoresis to the characteriza-
tion of cultivarsof Viciafaba L., Fabis Newsl et-
ter, 13, 8 (1985).

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

S.Badr, A.A.Mustafa, W.Tahr, R.H.Sammour;
Cytologia, 74, 101-111 (2009).

R.H.Sammour, M.A.Karam, L.M.El-Sadek; Pa-
kistan Journal of Biochemistry, 21, 29-35 (1988).
J.Cerny, A.Sasek; UZPI Praha, 50 (1998).
M.A .Hamoud, R.H.Sammour, S.A.Abdalla;
Sci.Int., Lahore, 6, 255-260 (1994).
R.H.Sammour; Journal of Islamic Academy of
Sciences, 4, 221-226 (1991).

R.H.Sammour; Folia Geobotanica et
Phytotaxonomica, 26, 95-100 (1991).
R.H.Sammour; Fedds Repertorium, 103, 555-557
(1992).

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

R.H.Sammour; Bot.Bull.Acad.Sci., 40, 121-126
(1999).

R.H.Sammour; FABIS Newsletter, 18, 30-32
(1987).

R.H.Sammour; Journa of Agronomy and Crop
Science, 160, 271-276 (1988).

R.H.Sammour; Plant Breeding, 104, 196-201

[1]
[2]
[3]
[4]

[5]
[6]
[7]

[8]
[9]

[10]
[11]
[12)
[13]
[14]
[15]
[16]

[17]



RRBS, 8(9) 2014

[18]
[19]

[20]
[21]
[22]
[23]
[24]

[23]

[26]
[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[33]

[36]

[37]

[38]

Reda H.Sammour

357

(1989).

R.H.Sammour; Egypt J.Bot., 33, 169-174 (1990).
R.H.Sammour; Bot.Bull.Acad.Sin., 38, 171-177
(1994).

R.H.Sammour, A.E.Z.Mustafa, S.Badr, W.Tahr;
ActaAgric.Slovenica, 88, 33-43 (2007).
R.H.Sammour, A.E.Z.Mustafa, S.Badr, W.Tahr;
Acta.Bot.Croat., 66, 1-13 (2007).
R.S.Sammour, S.A.Radwan, M.Mira; Research
and Review of Bioscience, 6, 351-360 (2012).
R.H.Sammour; Journal of Islamic Academy of
Science, 6, 1-6 (1993).

R.H.Sammour; ActaAgronomicaHungarica, 55,
131-147 (2007).

R.H.Sammour; Genetic Diversity and AlleleMin-
ing in Soybean Germplasm, In: Soybean, In: Dora
Krezhova (Ed); Soybean -Genetics and Novel
Techniques for Yield Enhancement, InTech.,
(2011).

R.H.Sammour; Journa of Agronomy and Crop
Science, 159, 282-286 (1987).

R.H.Sammour; Feddes Repertorium, 105, 283-
286 (1990).

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

GL.Lookhart, S.R.Bean; J. Agric.Food Chem., 48,
344-353 (2000).

M.A.Karam, R.H.Sammour, M.F.Ahmed,
F.M.Ashour, L.M.El-Sadek; J.Union Arab.Biol.,
9, 269-279 (1999).

R.H.Sammour; Thesis (Ph.D.), Ph D Thesis,
Tanta University, Tanta, Egypt, (1985).
R.H.Sammour; Plant Varieties and Seeds, 12, 11-
210 (1999).

M.F.Ahmed, M.A.Karam, L.M.EIl-Sadek,
R.H.Sammour; J.Fac.Sci., U.A.E. Univ,, 8, 127-
144 (1994b).

S.S.El-Akkad, S.S.E-A.El-Kariem; Egyptian
Journal of Biology, 4, 31-36 (2002).

L.Gao, W.Ma, J.Chen, K.Wang, J.Li, SWang,
F.Bekes, R.Appels, Y.Yan; JAgric.Food Chem.,
58, 2777-2786 (2010).

M.T.Labuschagne, H.Maartens; S.Afr.1.Plant
Sail, 15, 147-150 (1998).

T.B.Osborne; The proteins of the wheat
kernel.Carnegie Institute of Washington, Wash-
ington, DC. In: M .Kralova (Ed); (1991): Vybrané
metody chemické analyzy pud a rostlin- Studie
ESAV, &.12, Academia, Praha, 152 (1907).
E.S.M.Abdel-Aal, D.A.Salama, P.Hucl,

[39]

[40]

[41]

[42]
[43]
[44]

[45]

[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

[53]

[56]
[57]
[58]

[59]

> Review

F.W.Sosulski, W.Cao; J.Agric.Food Chem., 44,
2117-2123 (1996).

H.R.Kim, W.Bushuk; Cereal Chem., 72, 450-456
(1995).

T.M.lkeda, G.Branlard, R.J.Pefia, K.Takata,
L.Liu, Z.He, S.E.Lerner, M.A.Kolman,
H.Yoshida, W.J.Rogers; International collabora-
tion for unifying Glu-3 nomenclature systemsin
common wheat, (2008).

M.Mouaa, N.M.Ali, A.-R.Kahout, S.Ashtar;
Tishreen University Journal for Research and
Scientific Studies-Biological Sciences Series, 30,
202-217 (2008).

E.Zarghani, A.Imamjomeh; Trakia Journal of Sci-
ences, 9, 37-42 (2011).

M.Nemati, J.Bazdar, S.Hokmalipour;
Tech.J.Engin. & App.Sci., 2, 39-43 (2012).
G.Galterio, H.Hartings, S.Nardi, M.Motto;
J.Genet.and Breed., 54, 303-309 (2000).
L.M.Alnaddaf, M.Y.Mouadla, A.R.Kahout; Asian
Journal of Agricultural Sciences, 3, 506-515
(2011).

V.Dvoracek, V.Curn; Plant Soil Environ., 49, 99—
105 (2003).

V.Dvoracek, V.Curn, JMoudry; Rostl.Vyr., 47,
77-81 (2001).

S.Harsch, T.Giinter, Ch.I.Kling, B.Rozynek;
Theor.Appl.Genet., 94, 52-60 (1997).
H.Knoblochova, Z.Galova; Rostl.Vyr., 46, 255—
260 (2000).

P.Cepkova, V.Dvoracek; Fagopyrum, 23, 17-22
(2006).

V.Dvoracek, PCepkova; Agricultura Tropica Et
Ssbtropica, 39, 137-142 (2006).

S.Rogl, B.Javornik; Euphytica, 87, 111-117
(1996).

F.Zeller, H.Weishaeup, L.K.Hsam; Proc. 9"
Intl.Symp.Buckwheat at Prague, 195-201 (2004).
C.Echart-Almeida, S.Cavalli-Molina; Genetics
and Molecular Biology, 23(2), 425-433 (2000).
H.El Rabey, K.FAbdedllatif, Y.A.Khidr; Austra-
lian Journal of Basicand Applied Sciences, 3, 644-
651 (2009).

|.Strelec, E.Has-Schon, L.Vitale;
POLJOPRIVREDA, 17, 23-27 (2011).
H.Sipahi, T.Akar, M.A.Yildiz, |.Sayim; Turkish
Journal of Field Crops, 15, 108-113 (2010).
S.Heisel, D.M.Peterson, B.L.Jones; Cereal
Chem., 63, 500-505 (1986).

JWei-Dong, L.Na, H.De-Lin; Rice Science, 13,
85-92 (2006).



358

Cultivars identification based on biochemical markers

RRBS, 8(9) 2014

Review

[60]
[61]
[62]

[63]

[64]
[65]

[66]

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[73]
[76]
[77]
[78]
[79]
[80]
[81]

[82]

N.Patra, H.S.Chawla; Indian Journal of Biotech-
nology, 9, 371-377 (2010).

S.Tong-Ming, Z.Da-Hao, L.Yan; Acta Botanica
Sinica, 38, 599-604 (1996).

B.Kovimandon, Z.H.Khon; Bioscience Discov-
ery, 2, 151-154 (2011).

P.Sharmilal, N.Sarada Mani, PK.Ratan Kumar;
International Journal of Advanced Biotechnology
and Research, 4, 280-285 (2013).

A .Tamkoc, E.Arslan; Biotechnol.&
Biotechnol .Eq., 24, 1573-1576 (2010).
Z.Dumlupinar, T.Dokuyucu, A.Akkaya; Turkish
Journal of Field Crops, 16, 76-83 (2011).
S.D.Stoyanova, B.Boller, Y.K.Guteva,
S.A.Angdova Journa of Agricultural Scienceand
Technology, B1, 1176-1183 (2011).
M.Valizadeh; J.Agric.Sci.Technol., 3, 287-292
(2001).

R.H.Sammour, M.A.Hamoud; Sci.Inter., Lahore,
5, 85-88 (1993).

R.H.Sammour; Folia Geobotanica et
Phytotaxonomica, 26, 95-100 (1991).
R.H.Sammour, M.A.Hamoud, S.A.A.Allg;
Bot.Bull.Acad.Sin., 34, 37-42 (1993d).
R.H.Sammour; Feddes Repertorium, 105, 283-
286 (199%4a).

R.H.Sammour; Turk.J.Biol., 30, 207-215
(2006a).

R.H.Sammour; Turk.J.Biol., 30, 207-215
(2006b).

R.Asghar, T.Siddique, M.Afzal; Pakistan Journal
of Biological Sciences, 6, 1991-1995 (2003).
A.-L.M.A Mustafa; Pakistan Journal of Biologi-
cal Sciences, 10, 4204-4207 (2007).
R.H.Sammour; J.A.Gatehouse, J.Gilory,
D.Boulter; Planta, 161, 61-70, 198 (1984).
S.A.Radwan, S.Bader, M.Mira, R.H.Sammour;
ActaBotanicaHungarica, 54, 391408 (2012b).
R.H.Sammour, S.A.Radwans, A.El-Koly; Seed
Technology, 29, 50-59 (2007).

R.H.Sammour, A.R.El-Shanoshoury; Bot.Bull.
Academica Sinica, 23, 185-190 (1992).
R.L.Koenig, S.P.Singh, P.Gepts; Economic
Botany, 44, 50-60 (1990).

A.J.De Britto, PB.J.R.Kumar, D.H.S.Gracelin;
Current Biotica, 5, 263-269 (2011).
E.Y.R.Oppong-Konadu, 1.K.Akromah, Adu-
Dapaah, E.Okai; African Crop Science Journal,
13, 117-123 (2005).

[83]
[84]

[85]

[86]

[87]

[88]
[89]
[90]

[91]
[92]

[93]

[94]
[95]
[96]

[97]

[98]
[99]
[100]
[101]
[102]
[103]

[104]

R.H.Sammour; Turk.J.Bot., 29, 177-184 (2005).
M.A.Karam, Y.S.Moris, R.H.Sammour, R.M.Ali;
Proc. 6 Int.Con.Biol.Sci., 6, 22-28 (2010a).
PGPang, A.Afandil, R.Shefiqur, S.R.Kumar; In-
ternational Research Journa of Biological Sci-
ences, 1, 39-50 (2012).

S.Sdimi, A.R.Abdola; Intl.J. Agron.Plant.Prod., 4,
287-291 (2013).

A.R.El-Shanshoury, M .El-Sayed, R.H.Sammour,
W.EI-Shouny; Can.J.Microbiol., 41, 99-104
(1995).

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

C.He, V.Poysa, K.Yu; Theor.Appl.Genet., 106,
363-373 (2003).

X.F.Wang, R.Knoblauch, N.Leist; Seed
Sci.Technol., 28, 521-526 (2005).
S.JWarnock; Hort.Sci., 23, 669-673 (1988).
A.Fehmida, S.D.Ahmad; Sarhad J.Agric., 23,
313-318 (2007).

E.A.A.Abd El-Hady, A.A.A.Haiba, N.R.Abd EI-
Hamid, A.A.Rizkalla; Journal of American Sci-
ence, 6, 434-441 (2010).

F.Florina; Journal of Horticulture, Forestry and
Biotechnology, 16, 133-136 (2012).
S.M.Z.Hasan, M.L.Isal; Pertanika
J.Trap.Agric.Sci., 21, 113-122 (1998).
N.Litoriya, D.Kaur, N.J.Patel, J.G.Talati; Indian
J.Agric.Biochem., 23, 36-40 (2010).
C.S.Sathisha, P.Rajendra, S.Rame Gowda,
V.Anitalakshmi; Indian Journal of Plant Sciences,
1, 35-38 (2012).

K.C.Gairola, A.R.Nautiyal, P.Prasad;
Bull.Env.Pharmacol.Life Sci., 2, 20-27 (2012).
H.1.Uzun, i.Polat, S.Demir; Acta.Hort., 598, 173-
180 (2003).

S.D.Ahmad, S.M.Sabir, H.M.Saud, Y.Sal huddn;
Turk.J.Bial., 32, 31-35 (2008).

M.Abdulla, O.Gamal; AJCS, 4, 23-28 (2010).
A.Sarma, H.Sarma, GK.Han Dique, T.-R.C.-
D.Sarma, A.K.Han Dique; Herba Polonica, 57,
54-66 (2011).

S.Rogl, B.Javornik, T.Sinkovic, F.Batic; Phyton
(Horn, Austria), 36, 159-162 (1996).
R.K.Singh, S.S.Vermal, R.S.Meena, R.Kumar;
African Journa of Biotechnology, 12, 1189-1195
(2013).



