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ABSTRACT KEYWORDS
Some species of the genus Amaranthus are cultivated for their grains or Morphological traits;
leaves. Some othersare useful ascolorful ornamentals. The cropsarevery Cytological traits;
promising food crop in arid region, due to its resistance to heat, draught, |sozyme;
disease and pests. Genetic diversity studies for this genus are essential Electrophoretic pattern;
for providing information for propagation, domestication, and breeding RAPD:
programsas well as conservation of genetic resources. Therefore, this ISSRs;
review are devoted for evaluating the genetic diversity between wild and ITS,
cultivated species and assessing the evolutionary relationships between AFLP

the cultivated species and their putative species using wide array of avail-
able markers.. A wide morphological variability between Amaranthus spe-
ciesand different accessions of vegetable Amaranthuswas reported. This
variability was useful in cultivar improvement for agronomic traits. The
chromosome number for Amaranthus speciesis normally 2n=32 (n=16),
but occasionally it is 34 (n=17). It has been suggested that the gametic
number n=17 has originated from n=16 through trisomy. Karyotypes are
mainly comprised of many metacentric chromosomes and few submeta-
centric ones. Thereisavariation in chromosome size between Amaranthus
spp. and the accessions of each species. Based on cytological data, it was
proposed that A. hybridusis the putative ancestors of the cultivated ama-
ranths. Buffer extracts of seed storage proteins of taxa of Amaranthus
spp. analyzed on SDS-PAGE under reducing conditions divided
Amaranthus taxa into two groups; group with n=17 and the other group
with n=16, indicating the relation between the chromosome number and
the el ectrophoretic pattern. The el ectrophorectic patterns of the seed pro-
teins of amaranth species can be used to discriminate between Amaranthus
species. |sozymes markers showed low heterozygosity in the New World
populations of Amaranthus. A wide genetic distance was detected be-
tween crop and weed species. Allelesat several loci proved to be diagnos-
tic of the crop and weed groups. High levels of interspecific and intraspe-
cific variation werefound between Amaranthus spp using isozyme marker.
Biochemical and molecular data sets supported a monophyletic origin of
grain amaranths, with A. hybridus asthe common ancestor. The molecular
data showed genetic variation among and within the populations of
Amaranthus spp. and indicated that genetic diveristy within wild was
lower than grain species. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

The genus Amaranthus belongs to family
Amaranthaceae, includes about 75 species!!, some
of them being cultivated for morethan 5000 yearsfor
their grains (A.caudatus, A.cruentus and
A.hypochondriacus) or leaves (A.blitum, A.dubiusand
A.tricolor). Somespeciesare useful ascolorful orna-
menta $2. Amaranthus specieshavedifferent centres
of domesticationand origin, beingwiddy distributedin
North America (Canada, United States), Central
America(Mexico, Guatema d), and the South Ameri-
can Andes (Peru, Bolivia, Ecuador), where also the
greatest geneticdiversity isfound.

Thetaxonomy of the genus Amaranthushashbeen
confused by the extremely used range of phenotypic
plasticity among speciesand the possibleintrogression
and hybridization involving weedy and crop species?.
Amaranthusisoften difficult to characterize taxonomi-
cdly, duetothe similarity between thelarge number of
speciesand difficulty to seediagnostic parts, interme-
diate (hybrid) formsand the broad geographical distri-
bution, whichisthereason for many synonyms“. The
difficulty indigtinguishing Amaranthushybridsfrom non-
hybrids based on morphol ogical feature has contrib-
utedtothelack of informationinthisarea. Hybridiza:
tion among weedy Amaranthus is hypothesized to
adapt morequickly to cropping system. Littleisknown
about the genetic or evolutionary origin of grain
Amaranthus, and without such knowledge scientific
breeding, especialy making usebiotechnol ogical meth-
ods, isnot possible.

The cultivated Amaranthusisnot present in Egypt,
though they arecommercia cropsin many countriesof
theworld. Itisanimportant crop especialy amongthe
Aztecsof Mexico and the Incasof Peru®. Amaranthus
cruentusisawidespread traditional vegetablein all
countriesof tropical Africa. Grain Amaranthusispro-
duced commercialy inhot and dry areasof the United
States, Argentina and China. Ornamental types of
Amaranthus cruentus characterized by big bright-red
inflorescences can befrequently found intropica and
subtropical countried®. Amaranthus spp. can be used
ascommercia food colouring, asan dternativefor the
pigments from red beet (Beta vulgaris L.)"®. The
cropsarevery promising food cropinarid region, due
its resistance to heat, draught, disease and pests. In

addition, thenutritiond vaueof both theseedsand leaves
isexcellent. The importance of the crop to Egypt is
twofolds, dueto the shortage of grain production and
sufferingthemgjority of Egyptianterritory drought and
hedt.

Theobjectivesof thisreview areeva uating thege-
netic diversty betweenwild and cultivated speciesand
ng theevol utionary relationshipsbetween thecul-
tivated speciesand their putative speciesusing wide
array of availablemarkers.

Geneticdiversity

Genetic diversity isdefined asthevariation of in-
dividua genotypeswithinand among species. Itisim-
portant trait for long-term survival of speciesand en-
ables apopul ation to adapt to new conditions brought
by environmenta change. Itistheraw material per-
mitting speciesto adjust to achanging world, whether
these changes are due to natural or human factors.
Thegenetic profileof whole populationstypicaly var-
iesfrom placeto place across aspeciesrange. These
differences may arise astheresult of chance occur-
rences, such asthe genetic composition of dispersing
individualsthat create anew population (founder ef-
fect), or changesin allelefrequenciesthat result from
chance matingsin very small populations (genetic
drift)9, Differencesamong populationscandso arise
systematically, especidly if the environment in various
places exposesindividualsto different optimafor sur-
vival and reproduction (fitness). For theseand other
reasons, populations often divergefrom each other in
their genetic composition. Such divergenceisespe-
cially strong and rapid when thereislittle geneflow
among populations(e.g., limited dispersa of seedsor
pollen, or limited movement of animal sacross physi-
ographic barriers)'%. Over evolutionary time, such
among-popul ation genetic differences can accumulate
and result in the devel opment of anew species (allo-
patric speciation). Knowledge of theamount and dis-
tribution of genetic variabilitywithin aspeciesisvita
to plant breedersbecauseit isanimportant consider-
ation when selecting germplasm to beincludedina
breeding program. Also, it is helpful to geneticists
managing plant genetic resources and providesinfor-
mation for designingsampling protocol 1. So, genetic
diversity studiesare essentid for providinginforma
tion for propagation, domestication, and breeding pro-
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gramsaswell as conservation of genetic resourcesfor
plant species.

Genetic diversity can be analyzed within popula-
tion (intrapopul ation=amongindividuas), within spe-
cies (intra-specific= among popul ations) and among
species (inter-specific) levels. Measuring genetic di-
versity amsto reveal potentially useful variability by
screening afraction of all possible loci of the ge-
nome213, Thereare numerous methods availableto
achieve such aim. Their employment dependsonthe
typeof information required.

Estimationsof genetic variability arebased onmor-
phological, cytological, biochemical and molecular
traits. However, the estimation of genetic variability
based on morphol ogical and cytological traitshasthe
disadvantages of being influenced by both environ-
mental and genetic factorsand may therefore not pro-
vide an accurate measurel'.

Morphological traits

Morphologica variationin popul ationshasbeende-
scribed for characterscontrolled by asingleor multiple
gene systems. The greater of geneloci numbersthat
determineatrait, themore continuousthevariationwill
be'®, Theexpression of quantitativetraitsisinfluenced
by the environment and the variation pattern in these
traitsisgenerally considered to bethe result of both
genetic and environmentd attributes.

Themorphologicd traitshave been used by geneti-
cistsand evolutioniststo describegeneticvarigionwithin
and among populations of the same species, for ex-
ample, sessile 0ak*®!, Hordeumvulgar€*”, Lathyrus
sativus!t®20 | espedezal?!, Lactucal?>*! and
Amaranthug?+2,

Wu et al.® in astudy of 229 genotypesfrom 20
Amar anthus species observed wide variability which
wasuseful incultivar improvement for agronomictraits,
such asplant height, seed, stem and leaf color among
genotypeswithin the same speciesand among different
Amaranthus species. Similar results were also ob-
served by Xiao et al.[%827 intheevauation of different
onsof vegetable Amaranthus. Quditativechar-
actershavebeen used for plant description and mainly
influenced by theconsumers’ preferences, socio-eco-
nomic scenario and natural selection, They areaso
useful in separating varietiesespecially whentherange
of quantitative charactersislimited®,

Cytological study

Itiswell documented that each specieshasitsown
gpexificand constant di ploid chromosome complement.
Consequently, itisconsidered abasic taxonomic pa
rameter for fittingindividua sinto alogica hierarchy of
species, generaand higher categories, and of identify-
ingthem accordingtotheir positioninthishierarchy™,

Mulligan®® reported achromosome count of 2n=
32for A. albusfrom Indian Head. Thisisidentical to
that reported in Californiaby Heiser and Whitaker*2
and in other regionsof theworld. In contrast, Sharma
and Bani k! reported 2n= 34 from India.

The chromosome number for A.caudatus,
A.hipochondriacus, A.cruentus, and A.hybridus is
normally 2n=32, but occasiondly itis 34, j.e. these
speciesarediploidswith abasi c chromosome number
of 16 or 171, Among Amaranthus speciesand vari-
etiesstudied A. blitoides, A. cruentus, A. graecizans
and A. albus possessed 2n=2x=32 whilethe other spe-
ciespossessed 2n=2x=34, chromosome numbers sup-
porting the previous reports on these species®®. The
occurrence of two basic chromosome number of x=16
and 17 inasingle speciesand a so therole of aneup-
loidy in chromosome evolution of the genus
Amaranthus is awell-known fact. It has been sug-
gested that the gametic number n=17 has originated
from n=16 through trisomy®. Thecytologicd investi-
gation of 14 samples belong to 6 species of
Amaranthus (A.viridus L., A.sylvestris,
A.graeccizans, A. hypochondriacusL., A. cruentus
L., A.chlorostachysL.(hybridus) revealed that the ge-
nusisdiploid with 2n = 32 and 34. Karyotypes are
mainly comprised of many metacentric chromosomes
and few submetacentric ones. However, therehasbeen
anoticabl e variation among accessionsin the number
of chromosomesin each type. A.viriduscould bethe
most advanced speciesamongst dl theinvestigated taxa.
It exhibitsthediploid number 2n = 34 and the shortest
haploid genomelength with more Karyotypic activity,
concerning chromosomelength and centromeric posi-
tion, recorded among itsdifferent accessons. Thismight
have been produced as aresult of differencesinthe
degreeof chromatin condensation and/or chromosoma
changes such astranslocationsand pericentricinver-
song® ¥, Thesmdl| size of thechromosomes, together
withtheir unclear centromeres, hashampered adetailed
Karyotype analysig®*. The chromosome size in
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A.viridis L. was ranged from 0.47 to 0.80, in
A.sylvestris (Desf.)Vill was0.84, in A.graecizansL.
was ranged between 0.81 and 0.87, in A.
hypochondriacusL . was extended from 0.89t00.92,
in A.cruentus L. was between 0.78 and 1.04, and in
A.chlorostachysL. was 1.03.

Cytogenetic analysis of 12 populations of 10
Amaranthus L. (2n=32 and 34) showed a normal
meiosis forming manly bivalents in metaphase of
meiosisl™. A post pachytenediffuse stageoccurredin
all the species possibly as a means of adaptation to
adverse environmental conditions. ANOVA test re-
ved ed Sgnificant differencesin rd aivecytogenetic char-
acterigticsincluding chiasmafrequency and distribution
aswell aschromosome pairing among the studied spe-
cies, indicatingtheir genomic differences.

Some speciesof the genus Amar anthusare polyp-
loids (basic number x=8) and the hapl oid chromosome
number N=17 originated later by primary trisomy
(2n+1)“1, The evaluation of the chromosomeanaysis
of A. turicensishybrid (2n=34) showed that both pa-
rental species (A. cruentusand A. retroflexus) should
hybridize relatively easily. However, most of the
Amaranthushybridsexhibit relatively high leve of Seril-
ity whichwasd ready confirmed by Guptaand Gudul*2.

Most Amar anthus speci es have chromaosome num-
bersn =16 or n =17, but A. dubius is unusual for
having n = 32143, The grain Amaranthus are paleo-
allotetraploids, asindicated by observations of pairing
intheir hybridg*4. However, it was found that the
speciesA. retroflexus, A. cruentusand A. turicensis
have the same chromosome number 34. No higher
ploidy level wasdetected. The chromosomesof al spe-
ciesstudied uniform, short, and monotypic. No marked
differencesin chromosome counts and visual aspects
(length, centromere position) were observed.

Sauer®™ proposed the 3 weedy Amaranthus,
namely, A.powellii, A.hybridus and A.quitensis as
putative ancestors of the cultivated amaranths, namely,
A.hypochondriacus, A.cruentus and A.caudatusre-
spectively. This scheme has been refuted by Pal and
Khoshoo* on the basis of cytogenetic studies on
A.powellii and A. hypochondriacus sincethe 2 spe-
cieshavedifferent bas c chromosomenumbers(n=17
and n = 16 respectively) and sincethe hybrid between
thetwo was sterile. Further, they have a so suggested
that A. hybridusisthemorelikely ancestral speciesfor

A.hypochondriacus.
Biochemical traits

Proteins(SDS-PAGE)

Proteinsarethe post-transcriptiona and transla-
tiond productsof an organism’s DNA, and form struc-
turd and enzymeatic componentsof cdls. Their szeand
amino acidssequencearethedirect resultsof transcrip-
tion and trand ation of the nucl eotide sequencesof the
genes®. Hence, any observed variationin protein sys-
temsisconsidered asamirror for genetic variations,
specifically seed proteins, they reflect the genetic his-
tory of the speciensand do not affect with theenviron-
mentd fluctationg’.

Electrophoretic techniques have been widely used
asarapid and accurate test to identify and characterize
different cultivarsand genotypes of plants. Genotype
identification by electrophoretic protein fingerprinting
wasused to assessthe uniformity, purity and agronomic
meritg#849,

Sammourt® reported that Polyacrylamidegd tech-
niquesalow usto; (1) identify variationamongthetaxa
of each species, (2) screen the purity of the ever ex-
panding number of cultivars, (3) verify whether or not
two or moremorphologicaly identical accessioninthe
collection was also el ectrophoretically identical, (4)
exploit theimportant traits of landracesand wildrela
tivesto provideincreasing crop production and stabi-
lizingyidd.

Electrophoretic andysisof native or denatured seed
storage protei nswas used to provideinformation con-
cerning thegenetic variability, which represent asource
of informationfor ng genetic and taxonomicre-
lationshi psat the specieslevel and bel ow!92351-53],

Buffer extracts of seed storage proteinsof 44 taxa
of Amaranthus spp. were analyzed on SDS-PAGE
under reducing conditionsinwhich AmaranthusL. taxa
can bedivided into two groups. Group onewith basic
chromosome number x=17 and the other group with
basic chromosomenumber x=16*. Thisdataundoubtly
indicated the rel ation between the chromosome num-
ber and the e ectrophoretic pattern. Thedataal so con-
firm the separation of A.cruentusfrom A.hybridusand
A.sylvestris and A.sylvestris from A.Graecizans.

Zheleznov et al.> studied variation within genus
Amaranthususing SDS-PAGE and reported that (1)
therange of variation in protein content in seed both
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among wild and cultivated forms of Amaranthusis
rather wide, (2) Amaranthus seed proteinsare highly
nutritiveand, on thewhole, consist of easily digested
albumins and globulins (morethan 50% of total pro-
tein), 20.8% of akali-soluble proteins-glutelins, which
arecloseto albuminsand globulinsby their nutritive
value, and only of 12% of dkali-solubleproteinsprola-
mines that are poor in essential amino acids, (3) by
meansof polyacrylamidegd dectrophoress(buffer pH
—3.2) it was shown that the seed proteins of the stud-
ied amaranth speciesare heterogeneous and consist of
38 bands. By decreasing e ectrophoretic mobility these
bandswere conventional ly assigned to 4 zones, (4) the
study of e ectrophoretic patterns of seed proteinsisvery
promising for establishment of phylogenetic rdaionship
among the species of genus Amaranthus.

The SDS-PAGE of urea-soluble seed proteinsis
suitablefor distinguishing both speciesand cultivars of
Amaranthus. Samples of the seven speciesexamined
weredividedinto threegroups. By protein patternsA.
tricolor (leafy typeof Amaranthus) clearly differsfrom
other species. The study suggested acloser smilarity
between A.caudatus and A.cruentus speciesthan be-
tween the pairs of species A.hypochondriacus/
A.caudatus and A.hypochondriacus/A.cruentus. Only
dight differenceswere seen among cultivars, especidly
of grain amaranths. An eval uation of crossingrateon
thebasisof ectrophoregramsof urea-solubleproteins,
which were extracted from singular seedsis proposed
by Drzewiecki®!,

Thetaxonomic complexity inthegenus Amaranthus
was studied based on the seed protein profiles®l. A
range of peptidesvarying from 64 to 12 kDa, with a
larger number of protein bands observed between 25.1
and 12 kDa. The similarity analysis based on the SDS-
PAGE profilewasfound to baauseful character for
the discrimination of speciesin Amaranthus, except
for A.cruentus and A.hypochondriacus, for which a
hybrid popul ation wasfound.

The study of Janovskal®™ on the seed protein pro-
filesof 15 Amaranthusaccess onsfromtheCzech Gene
Bank using both SDS-PAGE and chip el ectrophoretic
profilesexhibited that (1) chip dectrophoretic technique
ishighly sensitiveand produceswider range of bands;
and (2) the obtai ned data confirmed the classification
of Amaranthus speciesstudied. Theanaysisof thetota
seed protteins used very efficiently to assessthe ge-
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netic differences in two grain populations of
Amar anthus retroflexus collected from field of the
MaizeResearch Ingtitute Zemun Polje, Serbid®”. It was
found that (1) two popul ations havedifferent protein
profile; (2) 18 protein fractionswere obtained by pro-
tenandyss, (3) thepopulaionsdiffered inthefour pro-
teinfractionsof different molecular weight; and the seed
protein el ectrophoresisareuseful for genetic determi-
nation of A.retroflexuspopulationsand identification
of biotypeswith atypica morphol ogy.

| sozymes

Isozymesweredefined asstructurdly different mo-
lecular formsof anenzymewith, quditatively, thesame
caayticfunction. Isozymesoriginatethroughaminoacid
dteration, which causechangesin net charge, or thespetiad
structure (conformation) of the enzyme moleculesand
a0, therefore, their eectrophoretic mobility. After spe-
aficganingtheisozymeprofileof individud samplescan
be observed®. Dataderived from el ectrophoreticgel's
cons stsof thenumber and relativemobilitiesof various
enzymeforms, whichwith gppropriate genetic anayses,
becometransformedinto singleor multi loci genotypes
for eachindividua™. Reasonsare many for the popu-
larity of eectrophoretic data, but foremost among these
isthat isozymesprovideaseriesof readily scored, sngle-
gene markers®. Enzymesthat are coded by different
dleesof adigtinct locus or those coded by separatel oci
frequently show different e ectrophoretic mohilities.

Allelefrequency dataare used to obtain anumber
of measureswhichinclude averageleve of heterozy-
gosity (which estimatesthe probability that two dleles
taken at random from the population are different), av-
eragelevd of polymorphism (whichisthecondition of
polymorphic gene and characters, wherethe polymor-
phic genehasat |east two dle esand polymorphic char-
acter hastwo or morequditatively distinct morphs) and
mean number of alelesper locug®.

Isozyme analysis has been used for over 60 years
for various purposesin biology, e.g., to delineate phy-
logenetic relaionships, estimate genetic variability and
taxonomy, identify cultivarsand genes, and study popu-
|ation geneticsand devel opmental biology9236Y, [t was
aso utilizedin plant genetic resourcesmanagement and
plant breeding. Furthermore, isozymesandysiswasusad
incontrol of breeding, estimation of outcrossing, testing
purity and in species delimitation and conserva-
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tion®26284, Final ly isozyme technique may be used by
plant breedersto generate, evauate, and select desired
genotypesin early sageof thebreeding program, which
savestime, money and efforts of the breederd®!.

World amaranthsa ongwith 21 weedy New World
populationswere assayed using nine enzymatic sys-
tems®. Inthe New World populations, heterozygosity
waslow, and polymorphicloci ranged from 0to 44%.
Diversity index H2 was partitioned into theintra- and
interpopul ation aswell astheinterspecific components
of variability. The crop versus weed genetic distances
wasthelargest, whereastheintra- and interpopul ation
componentsof H2 wereabout equa . Genetic structure
of all three species of the New World amaranths to-
gether can bedescribed asacollection of distinct popu-
lations, each more or |essaheterogeneous collection of
highly homozygousindividuas. TheNorth Indian popu-
lationsshowed relatively lessalozymevariability with
the most common alleles same as those of Mexican
landraces. Allelesat several loci proved to bediagnos-
tic of the crop and weed groups, and of thethreeindi-
vidual crop species. Genetic distances based on pooled
genefrequencies showed thethree crop speciesto be
generally moreclosely related than they wereto their
putative weedy progenitor species, respectively (with
the exception of the weed-crop pair A.quitensisand
A.caudatus). Thisimpliesasingledomestication event
involving A.hybridus asthe common ancestor rather
than three separate domesti cation events. Closesimi-
larity between A.caudatusand A.quitensismight have
resulted from transdomesti cation based on aweedy or
semi-domesti cated specieshaving migrated from Meso-
Americato South America. Some evidence of recent
introgression and/or segregation of crop-weed hybrids
between A.caudatusand A.retroflexusisavailablein
theform of rareindividual sin crop populationswith
crop alozyme genotypes except for asingle homozy-
gousweedy dlde.

Genetic variation and genetic relationships of ato-
tal of 23 speciesand 60 popul ationsof cultivated and
wild amaranths were performed using isozyme
marker’®l, High levelsof interspecific andintraspecific
variation werefound between theinvestigated species
and populations. 132 alleleswere detected for 15 en-
zymes. Totd genediversity for grainamaranthsand wild
specieswas0.39 and 0.72 respectively. The polymor-
phism assaysclarified therelationships of grain ama

ranths (A.caudatus, A.cruentus, A.hypochondriacus)
and their putative ancestors (A.hybridus, A.powellii,
and A.quitensis), and theresultspoint toward amono-
phyletic origin of thegrain amaranths. In addition, the
genetic diversity and rel ationships of other speciesof
amaranthswere determined.

Geneticdiversty and rdationshipsof 23 cultivated
and wild Amaranthus species were examined using
isozymemarker. Atotd of 301oci encoding 15 enzymes
wereresolved, and all were polymorphic at theinter-
specificlevel. Highlevelsof inter-accessiona genetic
diversity werefound within species, but genetic unifor-
mity was observed within most accessiong®’.

ludinaet al % examined the el ectrophoretic pat-
ternsof fiveisozymes systemsintotal, 52 populations
andtwo varieties(Cherginskii and Vaenting). Allozyme
variation of thismaterial waslow. Irrespective of spe-
ciesaffiliation, 26 populationsand two varietieswere
monomorphicfor fiveenzymes, adight polymorphism
of three, two, and one enzymeswasreveaed in three,
nine, and fourteen populations, respectively.

Molecular traits

During the last decades, molecular markershave
proven to be powerful toolsfor ng geneticvaria:
tion within and among populations of plants. Severa
criteriashoul d be considered in choosingmol ecul ar tech-
niquesfor genetic diversity studiesincluding thefollow-
ing: whether thetechniquesarehighly reproduciblebe-
tween |aboratoriesand whether the datathat isgener-
ated can bereliably transferred; whether markersare
dominant or codominant, allowing homozygotesand
heterozygotesto be distingui shed; the amount of ge-
nomic sequenceinformation required; and whether the
markersdetect highly polymorphicloci (Osmanetal.,
2003). At present, various molecular techniquesare
availablefor nggeneticdiversity inplantsinclud-
ingidentification of random amplified polymorphicDNA
(RAPD), amplified fragment length polymorphism
(AFLP), restricted fragment length polymorphism
(RFLP), internal transcribed spacer (ITS-1), and
microsatdl litesor inter smple sequencerepest (ISSR).

RAPD

RAPD isoneof themolecul ar techniquesused on
awidescaein geneticdiveraty. ThistechniqueisPCR-
based technique that uses short primers of arbitrary
sequencesto produce random amplification of DNA
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fragmentsfrom thegenomebeing studied®!. Thesefrag-
mentsvary in migration onthegel whenthey varyin
length. These arbitrary primers method yield at | east
severa genetic markers, which aregeneraly inherited
asdominant alees, whereasfragments absence gener-
ally isrecessive. Amplification products separated on
agarose gdl inthe presence of ethidium bromideand
visualized under ultra- violet light®. Theadvantages of
this method are many. Genetic analysiswith RAPD
markersisfast, lesstechnical, lessexpensiveand in-
volvesno radioactivity and hybridization. Also, RAPD
markersareusually scored asdominant alleles, since
theamplified DNA product ispresent in one parent but
absent from the other. For repositorieswith large col-
lections, thistechni querepresentsanimportant advance
towards detail ed characterization of individual acces-
sionsat themolecular levell™,

The RAPD technology finditsgreatest application
in detecting polymorphismsin the closely related or-
ganisms (low divergence) such asthosethat compose
aspeciescomplex, different populationsof asinglespe-
ciesor individua swithin apopulation®. RAPD has
proved to beagood genetic marker to assay and eval u-
atethegenetic diversity among speciesand evenamong
populations and individual s of the same species?®.

RAPD anaysisisapowerful tool for determining
inter- aswell asintra-species genetic rel ationships®.
Such studies have been carried out amongst wild and
cultivated species™, among self and cross-pollinated
species™ and even within germplasm of asingle spe-
cies™. Intheearlier study on Amaranthus, thegrain
Amaranthus germplasm was analysed by RAPDI™,
However, thisstudy did not assessinter-speciesrela
tionship.

The RAPD technique has been successfully used
for evaluating variation within plant accessonsand to
establish differencesamong linesof apparently closely
related populationsin germplasm collections, for ex-
ample, American chestnut™, barely!™, Pinus
longaeval™, strawberry(™, Trigonellal™, Morug®,
Orobanche®, Lactuca®, Curcumaspecies®, White
sapote’® and Amaranthug®l.

Mandal and Das’® demonstrated ahigh level of
genetic smilarity between A. hypochondriacusand A.
caudatuswhich supportsearlier RAPD anaytical ob-
servations of Chan and Sun’®”, The experiment was
conducted with eight decamer primers. Followingin-

> Rey/ew

terspecific hybridization andyssand the hybrid fertility
datait wasa so concluded that these two are the most
closely related pair in the grain Amaranthus species
groupi3. It isreasonableto suggest from the study of
smilarity/dissmilarity percent and RAPD datacluster-
ing through dendrogram that at least A.hypocho-
ndriacus and A.caudatus are expected to have acom-
mon progenitor.

Genetic diversity and relationships among six
Amaranthus speciesfrom eight phytogeographic re-
gionswereanalyzed using arandom amplified poly-
morphic DNA (RAPD) marker. RAPD primersyielded
atota of 262 amplicons, ranging from 250 to 3000 bp
insgzewithan averageof 13.1ampliconsper primer, of
which 254 amplicons(96.94%) were polymorphic. The
genetic s milarity coefficient anong dl the Amaranthus
speciesranged from 0.16 to 0.97 withamean similar-
ity coefficient of 0.56, indicating that variation existed
inthegeneticdiversity of different populationg®!.

RAPD resultstend to support acloser genetic re-
lationship between A.caudatus and A.hypocho-
ndriacus species®, the hybrid of A.edulis and
A.caudatus is clustered together with A.caudatus,
whilethe hybrid of A.hybriudsand A.hypochondriacus
isinthecluster of thelatter species. Thelow vauesof
genetic distance between these hybrids and other ac-
cessions of A.caudatus and A.hypochondriacus re-
spectively, indicated that these are not strongly differ-
entiated genetically®.

Genetic divergty and rdationshipsof 23 cultivated
and wild Amaranthus specieswere examined using
both isozyme and RAPD markers. More than 600
RAPD fragmentswere generated with 27 arbitrary 10-
base primers. On average, 39.9% of the RAPD frag-
mentswere polymorphicamong onswithineach
crop species, asmilar level of polymorphism (42.8%)
waspresent inthe putative progenitors, but much higher
levelsof polymorphismwerefound invegetable (51%)
and other wild species (69.5%). Theevolutionary rela
tionships between grain Amaranthus and their puta-
tive ancestorswereinvestigated, and both the RAPD
andisozymedata sets supported amonophyleticorigin
of grain amaranths, with A. hybridus asthe common
ancestor. A complementary approach usinginforma
tion from both isozymesand RAPD wasshown to gen-
erate more accurate estimates of genetic diversity, and
of relationshipswithin and among crop speciesandtheir
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wild relatives, than either dataset alone®.
AFLP,ITS, ISSR

AFLP, ITSand ISSR markerswere used very ef-
ficiently to study genetic diversity™®, phylogeneticrda
tionships, to assesthe putativewild progenitor of wild
amaranthug®-*3 and to resol ve taxonomic confusion
between the taxa of Amaranthus®Y.

Genetic diversity and the phylogenetic position of
A. pumiluswasmeasured using singleprimer ISSRg™.
Theobtained datashowed genetic variation amongand
within A. pumilus populations, though variability was
low. Fenwick populationsexhibited the highest genetic
variability (0.1016), while on Assateaguethewild A.
pumiluspopul ation had higher variability (0.0340) than
the propagated popul ation (0.0185). Comparing ge-
netic diveristy within A.pumiluswiththoseof grainva
rieties A.hypochondriacus L. and A.cruentus L. re-
veded that genetic diversity within A.pumiluswas|ower
than elther grain speciessampled (0.2263 and 0.2947).
Phylogenetic analysesincluded 41 accessionsrepre-
senting 33 Amar anthus species; detected consider-
ablephylogenetic signa within the datamatrix, though
the phylogenetic resolution waslow. Inall consensus
trees Amaranthus pumilus grouped with the coastal
speciesA. arenicolal.M. Johngt, whichisthefirst pos-
tulated relationship of thispair.

A comparadiveandyssof phylogeneticrd ationships
amongthe ‘Morelos’ accessions of Amaranthusfrom
Mexico usingamplified fragment length polymorphism
(AFLP) and micromorphology methods was con-
ducted®¥. Thedataexhibited that al the controversia
‘Morelos’ accessions can be consistently placed into a
singleA. cruentus speciesclade, whichisclearly sepa
rated from the A.caudatus species clade. The AFLP-
based phyl ogenetic relationship of ‘Morelos’ and de-
limitation of A.cruentus and A.caudatus are further
supported by micromorphol ogy, showing that thecom-
bi nati on of these techniques can providemorerdiable
datafor germplasmidentification than each method used
done.

Phylogenetic relationships of grain amaranthsand
their wild rel atives, and taxonomic confusion exists
among three cultivated grain amaranths, A.cruentus,
A.caudatus, and A.hypochondriacus, and their puta-
tive wild progenitors, A.hybridus, A.quitensis, and
A.powellii was reexamined using ITS, AFLP and

ISSR®, Low ITSdivergenceinthesetaxaresultedin
poorly resolved phylogeny. However, extensive poly-
morphismsexist at AFLPand ISSR loci both within
and among species. In phylogenetic treesbased onei-
ther AFLP or ISSR or the combined data sets, nearly
all intraspecific accessonscan be placed intheir corre-
sponding speciesclades, indicating that thesetaxaare
well-separated species. The AFLPtrees share many
featuresin commonwith theISSR trees, showingaclose
rel ationship betweenA. caudatusandA. quitensis, plac-
ingA. hybridusinthesamecladeasdl granamaranths,
and indicating that A. powellii isthe most divergent
taxonintheA. hybridus speciescomplex. Thisstudy
has demonstrated that both AFL Pand double-primer
fluorescent ISSR have agreset potentid for generating a
largenumber of informative charactersfor phylogenetic
andysisof closdly related species, especidly when ITS
diverstyisinsufficient.
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