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Abstract

Ihe development of molecular technigues for genetic analysis has led 1o 2 great increase in our knowledge
of plant genctics and our understanding of the structure and behaviour of plant genome. During last three
decades, several powerful DNA based marker technologies have been developed for the assessment of
genetic diversities and molecular marker assisted breeding technology. In plant systems, the prospects of
DMA profiling and fingerprinting is becoming indispensable in the context of establishment of moiecular
phvlogeny. assessment of somaclonal variants, characterization of plant genomics. marker -based gene Lags.
map-based cloning of agroncmically imporiant genes, variability studies, synteny mapping, marker-
assisted selection of desirable genotypes etc. In this review anicle, various molecular markers are reviewed
with emphasis on specific arzas of their npplscation in higher plands,
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Identification of different  genotypes of crop
species and varieties is important particularly when
new crop varieties are to be released, differem
accession of wild species are 1o be charscierized
and purity of permplasm is to be determined, For a
long time such identification has been based on the
phenotypic  differentiation and maorphalogical
features which are indicative of the genolype like
maturity of grain in wheat (Hu er al, [%96),
marphology of leaves, flowers and grain quality in
pce [(Villareal er al, 1999 Leo e al, 199%;
Mandal e al., 20000, Though it can provide unique
description of cultivated varietics, however,
morphological characiers are represented only by a
few loci because there are not a large enough
number of charscters availoble, Moreover, these
characiers are alo ailected by the environment and
grawth practices. To have an accurate and reliable
estimate of penetic relationship and diversity, o
large number of pelymorphic markers are
essentially required, Similarly, introgression lines,
which are sometimes different from the parent by
only few base pair sequences, are difficull to
difTerantiate from each other on morphological and
phenotypic basis,

To circumvent such  difficulties  biochemical
markers such as isozymes were developed and have
been used successfully for the Inst few decades
{Arus e af, 1982; Sangwan ei al, 2003} Seed
storage protein (Gupta und Robelen, 1986) and
High Performance Liguid  Chromotograply
{ Buchler ef af., 1989) were also used lor cultivor
idemification. Since the level of polymorphism
detected through these technigues is low and tissue
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specific, thercfore, their utilization has become
limited,

With the advent of molecular markers, a new peneralson
of markers has been intmoduced over the lust two-three
decades, which ki revolutionized the entire scenario of
biological sciences. DMNA-based molecular markers have
poted o5 versatile tools and hove found their own
pasition in various fiekds like tasonomy. physiology,
embryology, genetic engineoring, cic. In this aricls,
DM A markers developed during the lasi three decades of
moleculer bBiology research and wtilized for wariow
#pplications In the area of plant penomc analydis are
reviewed,

1. ¥arious types of markers

Folvmaorphism among the different genotypes of a
gpecies ks the row materind for genome anabysis To be a
genetic  marker, the marker logus has fe show
experimentally  detectable  variations  among  the
indyviduals in the test population. The vaniation can be
observed af different biological levels, from the simple
heritable phenotype o desection of variation of a single
nucleotide. Once the varistion is idemified and the
genodypes of all the individuals in the 1est population ane
known, the freguency of recombination evenls belween
e I8 used 1o esikmate the linksge distances between
morkers for the construction of o linkage map. Tarpet
tralis or targel genes i 8 segregating population can be
identified with the nasistance of linked penetic markers
b0 necelernte traditional breeding progrims, This process
Is known ps marker assislted selectwn (Zheng & @l
| 905,

An kdeal genetic nsarker should be haghly polvmorphbe
in natare, show co-dominam inhericancs (which can be
determimgd both the homorygous and heterorygous
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sindes of diphoid organisms), occupy Frequency in the
griime, shovw selective neatral behavinr {the DMA In
the gemomie of any ofgnnism is neutrol 1o emyirnmental
conditiony or management practice), should be easily
available, have mn casy and Fast nssay with high
reproducibility, show o ofect of aliormate alleles on the
phard maphedogy and should bave ow or no inferaction
ameng  markers aflowing the ase of many markers ot the
s fime in i segregaling popalalivi

In genome unnbysks three fypes of markers have been
ised: Morphological markers, peotcin markers ond DNA
- hased markers, High guality markess, based on the
detection of polymarphasm in proteims and DNA, have
baen developed during lust three decndes (Reviewed by
Wirler and Kaohl, 1995; Mohan of af, 1997; Josla et al,
1999 They bave been termed as molecular markers
(Tanksley, 1953} A malecular marker is conlined 10 &
discrete difference in Use genetic Biformation possessed
by two individuals within & specics that can be detected
by molecular methods, Such markers con be delecied by
inferring the gencdype on the basis of observed marker
phenotype. The marker phenotype can be oluerved by
assuying & primary b sccondary product of o gene or by
analyzing a specific DMA sequence,

The molecular markers have most or all the requisite
properiies of pood penctic markers, For ihese ressons,
their potential s tools for the plant breeding is much
higher than that of momphological markers,

L1 Morphological Markers

Early mapping studies concentrated on discrete traits
with simple Mendelian inheritance, which often had one
s ofe comespondencs with the genes controlling the
waits  and phenotypic  differences  (polymorphisms)
between parents were co-inherited. In osuch cases,
morphalagical charucters (phenctypes) can be used &5
reliable indicators for specific genes. Morphological
characters have been the subjoct of numeros studies in
population genctics and sgriceliure end uwsed for the
identification of species, familes and geners, However,
marphological meskers ae songly mfluenced by
environment  and  idemification  of  morphological
markers with each geootype ts difflcult To distinguish
true genoiypic varlalon from phenotypic variation,
speciad breeding programs and experimental designs sre
required. Besides these difficulties invelved, a lange
number of morphobogical markers have been studied and
mapped for maize, tomalo, rice and many” other plants.
In the last two decsdes mobecular markers have
developed 10 circumvert some or all the problems
associaled with the morphologic markess.

1.2 Protein Markers

Protzin  polymorphisms ane deledied by separoiion
theough gel electrophoresia fallawed by speciiic siaining
of & discrete profein sub-class. Much of the detectble
priviein variations wentify allelic sequence variintions in
the structural genes encoding the proteing. Alermalely,
some profein varinlion B dise 0 postiranslational
medification. Two clesses of proleing, isorymes and

aliozymes are wsed mo markers, Jsezymed afe illelic
varlanis of the some eneyme, genernlly encoded 1y
dfifTerent loci {Tanksley and Orion, 1983, Weeden ef o,
[948), while alloeymes are different profeina enciied
by differemt  genes  performing the  swme  eneyme
fumclion,

lsozymes ore the mis! commaonly used of proteln
markers. Markert and Moller in 1939 (nroduced the
term isozyime 10 define ench one of ihe possibly mary
miMiple Torms of an ensyme existing in the smme
population of an erganlam. In isezyme analysls, o tasu
exiract is scparnted nccording to their net charge ond
size by electrophoresia using & starch or polyncry barnide
gel. The gel is stained for o particular eneyme !1:- il
subgirate nnd n dye under the approprisie reactions,
resuling in bands (s) ot the position W where the
enzyme has migrated. Depending on number of loc,
their stable of home or heterozygosity in an individual,
and the enzyme molecular configuration one ta several
bands are visualized. The positions of the hands arc
prlymsorphic ond thus informative.

Isoryme linkage maps have also  becn
establighed for several planl species, inchuding impartant
crops such as tomato {Tonkskey and Rick, 1980), rye
{Wehling et al, 1985), rhee (Wu ef of, |98%; Ranghan ef
al, 1988). In Cymbopogon isoeyme morker was used o
study genetic diversity (Sangwan ef al, 2003).Although
the isoryme markers are limited and their expression s
often restricted to specific developmendal siales or

Hasues, dise o the enge of detectinn  through
electrophoresis and specific smining, thay o wed in
corgusgnticn with DNA maskers.

.3 ONA Markers

A DNA marker 12 a small segment of DNA showing
sequenice polymarphism in difference v individuals
within i species. A wide variety ol iechnigues have been
developed in the past lew years for visualizing the
degree of polymorphism, Two basic morker systems
hnve emesged for polymarplism detection in the desired
segment, hybridizution based morkers ond PCH based
maskers.

I.).1 Hybridization based DNA markers

The realization, thot length  polymorphism  in
restriction  fragments befween Individhnls could be
detected om DNA blots wsing radioactively Inbelgd
probes that hybridiee 10 tarpet sequerce in the gemime
ledd 4o revolution in plant genetics. Such hybridization-
bﬂu-pdlnrmrhm were applied o @ wide mnge of plan
:I.Pﬂ; .

RFLP: In Restriction Fragment Length Polymorphism
(RFLP),  DNA b5 digested  with :‘t!:r-gt[inn
endomucieases. which cut genomic DNA wt specific
polindromic  recognition  sequences;  (he resulling
frgmenis are separated by pel electrophoresis, blatbad
onto & filter and probes are hybridized o ihe siarmied
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fragmenis, The polymorphiam of fragmem abze, which
depends on the presence ard  distances between the
reoepnition sequences s detecled by aulomdiogrphy,
Warintions in fragment length between individuals or
SPECIES. Anise gither when mutations alter restriction sites
or as a result of inseriions or detections In the recogniion
sites, RELP markers are co-domvinam, allowing detection
arel charncterization of multiple alleles ot o given RFLP
bocus among individeals in 8 populsion. They are
refiakle markers in linknge anadysis and bregsding and con
easily determine il & laked okt B present Inoa
homorypeis o hoterorygous  safe i individual,
information tho is highly desirable for recessive imils
(Winter and Kahl, 1995), Bostein #f al, {1980 used for
the first time RFLP marker 10 construct a genetic map,
Lawer an, this hybridization-based marker was used
widely for mapping of the genomes of many plants
such as rice (Mc Cowch er al, 1988). tomato
(Tanskley of al. 1989; Baliba er af., 2000},
Arabidepsis (Reher ef al,, 1992), potato (Gebhardt
ef al., 198%), wheat (Anderson ef al, 1992). RFLP
markers. have proved their importance in gene
lagging and are wvery wseful in locating and
manipulaling quantitative trait logi (QTL) in a
number of crops. Besides their wsefulness, generation
and applicstion of RFLP markers are time consuming
and expensive. Firatly, one out of several markers
provides a polymorphism, This Problem is serious,
especially in crosses between closely related cultivated
breeding limes. Secondly, for every polymorphic locus
texted 8 cross, o single experiment has 1o be perfemmed
andl this is & formidable task with saturnted maps such as
those of rice, tomato and maize, with hundred or maore
markers, In addition & large amount of DMA is required
for restriction digestion and southern biotting. The
reguinement of radioactive isotope mnkes the analysis
relatively expensive and hazardos. Firmlly, the inobility
o detect single hase change restricts the use of BFLPs i
defecting paint mutations oecurring within the regions ai
which they are detecting polymorphism. Informatien
based on RFLP markers has besn used to penerate PCR
based markers in crops.

Sequence Tagged sites (5T5) Sequence lagped sites
(5TS) are short wnique fragments of DNA (approx.
Iop). RFLP markers linksd 10 deslee irais are
converted il PCR based STS moarkers from the
nucleotide sequence of the probe polvmorphic band
patlern, ar amplicons specific to different genotypes.
Using this techrique tedious hybridization procedures
imvalved in RFLP analysis are avoided. This approach is
extremely useful for sudying the relstionzhip between
various species of @ specific locus (Bustos o af,, 1999),
STS marker was wied in gepome onalysis of plants
iMazur and Tingy, 1993, Busios & of, 19%9) and
imcgrated inbo plant breeding programs for marker-
aasisied pelection of the trail of interes.

Expressed Sequence Taps (EST) Thesss are Introdisced
by Adams ef af (1991) ond src obtalned by partial
scquencing or random c-DMA clones, In ths approach,
the sequence of 30500bp or ong o both ends of esch of
a large number of randomly chosen c-DNA clones are

delermined, which In most cases unambiguously idendify
the corrcsponding gencs. Once generobed, dhey are
useful in cloning specific gencs of mierest and synteny
mapplng of function genes in related orgarisms. ESTs
are popuelarky wed in full geneme mapping of luncbionse
penes In related organisms. Moreover. an EST thad
appears i be unigue helps to isolate new penes. EST
maskers are identified 10w large extent B e,
Araiigopsiy, e, whersin thousands of functional c-
DMA clones are being converted o EST markers
(Sasnki, 1999 Cook e al.. 19946).

Allele-Specific  Assecinted Primers (ASAPs) To
obtaln an allcle specific marker, & specific aliele
(eather in homozygows or helerozvgous  slate) s
sequenced and primers gre designed for amplifcation of
a single DMNA fragment from the specific allele =
giringenl annealing temperafiores. These markers (ag
specific alleles in the genome and are more or lexs
slendlas 1o SCARs (Mohler and Johoor, 1996). ASAPs
have exhibited their utility In pesoryping of alichic
vartants of loed that results from both size differences
and point mutstions, g woxy gene kocus in madze
t!-'.lnm-:hﬁidrnu‘i al., 1591}

Single Strand Conformational Polyvmorphism
(SSCP) S5CP can detect DNA sequence alterations as
small as a single nuclestide change {Orita er af, 1989},
This method exploits the tendency ol single strunded
DNA to form Intramolecular base pairs, resulting in a
soquence - dependent  conformation with o specific
mobility I serylamide gels. Changes in DMA
sequences, even in a single base pair, can cause
alteratiors. in the conformation, which resull in the
changes in ic mabality, In practice, S5CPs
are defecied by digesting the DMA with restriction
edigymes, denniuring the DMA, separating the DINA by
conformation through polyacrylamide ged
electrophoresis, followed by Southern blatting using a
Eﬁc fragment as probe. In another method, PCR is
to amplify a specific fragment separsted on u high-
reselution polyscrylamide gel, It was found useful in the
detection of heritable humon  diseases. In plants,
bowever, it is not well developed although ks
application in discriminating progenies can be exploited,
once suilable primers are designed for agronomically
impartant traits (Fukuoka ef al., 1994)

Restriction Land Mark Genomic Scanning (RLGS)
Introduced by Hatada er of (1991) for genomic DNA
analysis of higher organisms, this method is based
on the principle that resiriction enzyme sites can be
used o3 landmarks. [t employs direct lnbeling of
genomlc DNA m the restriction sites, and 2.
dimensionnl (2D} electrophoresis to resolve ond
id:n:l.{;r these landmarks. The technique has proven
ity utility in genome wnalysis of closely relned
cultivars und for obtaining polymorphic markers that
can be cloned by the spot torget method (Hirstsune
ef al., 19930, It s been used 10 isolate DNA ipots

specifle for & mutoble slender-glume gene in rle
(Ternishi et af , 199%). gene in rice
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A2 PCR Based DNA Markers

The developmertl of the Polymernse Chain Reaction
(PCR) for amplifying DNA sequences bed 6 o
rovohition in the applicatlity of moleculor methods and
n range of new l-l."l.'l'llw-'luginn WL d:_'ttmr.:d which
would  overcome  the  technical  lssitatlons  of
hybeidization bosed markers, Tn PCR. asbitrry or known
scquence primers are iscd 1o ampdify one or severml
duscrele DNA segments that can be separsted |n agarase
or palyacrylamide pels. Each product is derived from a
region of the genomse containing two DNA siles with
sequences complementary 1o the primen(s) on oppositc
strands and sulliciently closer for amplification 1o work.

Randomly Amplified Polymorphic DNA (RAPD)
RAFD wses single shon oligonucleotide primers of
awbitrary sequence for the amplification of randemiby
distributed sepments of genomic DNA (Willlams ef ol ,
15990; Welsh and Me Cleltand, 19900, [Tthe binding sites
of primers are on the opposite strunds of the DNA in
inverted arberdntion, the segment of DMA flanked by the
primer is amplified, Polymorphism in RAPD results
from different types of changes in the genomic DNA;
base pair subsibiulion. nserfien and deletions, which
modify of eliminate the primer annealing  sites;
insertions in the genomic sequence that chanpes the
intervening length of the DNA between the primer sites;
and insertions which separate the primer sites 1o a
distance that will not permit amplifications {Williams e
al., 1990). This procedure wually amplifies 1-15 DNA
fragments from a single primer PCR reaction (Reiter ef
al. 1992). The amplificd DNA band i highly
polymorphic between individusls in a population. The
primers are wually 10bp length with GC content of at
feast 50%% and have n low anncaling temperature (36-
A0°C), RAPD is an inexpensive and easy technalogy fior
fingerprinting, mapping and related rescarch (Rafalski &
al, 1991; Waugh and Powell, 1992; Hadrys «f of, 1792,
Tingey and Del-Tufo, 1993; Williams e al., 1993}, In
Cymbopagon. RAPDS have been wsed 1o study
genctic diversity among elile varieties (Sangwan e
all, 2001, 2003; Shasany er al, 2000}, idemificalion
af somaclonal variants (Nayak ef of , 2003), 10 establish
species  relaliopships and o sndy ke genetic
polymorphism of somatic embryo derived plantlets
{Bhattacharya et al., 2008).

The RAPD approach has had several modifications, the
use of shorer primers {less than [0 nuclestides) in
combination with PAGE and highly sensitive silver
staining results in DMNA pmplification fingerprinting
(DAF; Caetano-Anolles ef al . 1993) and AP-PCR that
uses arbitrary primers (Welsh and Mc Clelland, 1990).

Paran and Michelmore (19%3) imroduced the iechnague
of SCAR (Sequence characterized amplified regeons for
amplification of specific bands], in which the BAFD
marker terming e IEI.“J:'":DEI’J. |.u|'!:'|' r.n'lnms,
extending into the genomic DNA 3" 1o the indtial RAPD
primer, with higher and stringent anncaling lemperadires
are designed for specific amplification of & particulsr
bscus; the presence or absence of ihe bund indicoting
polymorphism. SCARS are domimant markers bul mny

be comvertsd o codemimant markers by digesibng them
willi restriction sngvmes followed by separaiion in o
dennturing gel. RAPD markers have successfully
waed for coultivar nnalysia of ¥arous |'Il|lr1I: SpeCes
including rlee (Ko ef af, 1994, Rona ef al,, |99
cul|Mower {Hu  and  Cuiros, A1) banans
(Kneinniet of af,, 1992), Srassica (Demeke et af,,
1y, colton (Khan ef al 200, wheat{ Faroog &
al, 1994y, Similarly, In Cymbopogon RAPD
morkers were alio used to study genetic diversily,
amd 1o establish species relationship (Sangwan #f
e, 20001, 1003, Ehanujs er al, 2005). KAPD
morkers  wre refiable and prodoce reproducible
fedulis  for rlh:,.'lr.lg::rbnlil: rvclp.l|nrll-|||-p. Viwrious
mobeculor markers are alss widely used fo detect
and characterize sompclonal variation ab the IINA
level (Ford-Liod er al, 1992y, O the avallable
techniques, BAPD i3 maostly used o jdentify
varianl somuclones (Rani of af, 1995, Rowl 2! al.,
1%98), In a number of plant specics RAPD markers
were applicd e deteet gross genetic changes of
somaclones (Dey of af., [997; Hossain o ai., 2003;
Patzack of ., 20073; Godwin e al,, 1997)

In coptrast to BFLF markers, RAPD markers not only
require extremely small pmounts of genomis DNA bu
alio climinate the need for blotting and we of
radinactive pnul:ﬂ: RAPFD have condsderable a.ppq.il lar
surveys of penomic  waristion and morker assisled
selection since they are relatively inexpensive, randomly
sample a potentially a large number of loci and prior
sequence  dnformation is et peeded for  primer
designing. However, the reproducibality of ihe process
needs i be optinized,

Microsatellites and Miniallibes Microsafielites and
mimsatichites are  shori  fondem  eepetitive  DNA
sequences dispersed through out the cukarvotic genome.
The term microsatellite was coined by Lift and Lusty
{1989, while the term minisatellites wns introduced by
Jeffrey (1985). They were reparted first in humans (Bell
ef ol 1981} and now avaitable in genomes of nearly all
higher cukaryotes including plants {Teutz and Reng,
1984; Longercranle e af, 1993), These DNA elements
frequently chonge thelr length by slipped-strand
misphiring and other less understood process (Levimon
and Gutman, 1987; Jeffreys of ol , 19BR; Zischler i af |,
1992}, which peneraie varying number of repests at &
given lorus. Howewer, the fanking single cops
sequences. are normsally conserved, which provide a
valuable source of polymorphisms for linksge onalysis
(Lathrop ef af , 1985; Jeffreys of af, L986; Makamisa of
al,, 1987, Wells er ol, 1989), identification of species
ard cultivars (Wesing #f af . 1992, and marker assisted
selection (Beckman ond Soller, 19900

Minisatellites are tandem repents of sequenoes ranging
from $-1008p in the genome; the number of repeats
varies, but usually less than VOO0, For minisatelites, the
loci that vary i the oumber of repeat urits between
penakypes are referred o & vanuble number of 1andem
repeats  (WNTRs, Nakamwm er aof, 1987, oo
hypervariable regions (MVRs), These loi, conLaining
tanchem repeals within s genome, generate high level of
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podymasphism  between  individunls oo population
(Jeffreys er ol . 19RS),

Microsatclliies are sirciches of DNA, consbyting of
tnndemly repenting momo-, di-, Iri-, ol or pentn
nucleodide  wnits,  which  are  hypervarinble  and
ubnquitously distribuied through o the genomes of most
eukaryotic species. Microsatellites are short landem
repests (5 THs) or simple sequence repeals (SSRs) The
EERs nre favoured over iiknissitelites ns the former are
evenly distributed in the gemomss {while the luter are
usually confined o the tcbomeric region), found in
sbundance, and are saster o discover and employ wsing
the MR

There are two commonly wsed ways 6 idendify micro
satellie Jooi suilable for wse as penetic markers, For
some plant species, such ns Arabidopsis, rice, where &
large amoun of DMA sequence dala has already been
accumulnted, microssellites may  be  bdentlfied by
scarching through the DNA sequence data bases for
sequEnces  contnining  simple  repeas,  Promers  are
commonly designed  directly from  sequence  daia,
Howevar, for most plant and animal species, a large
effort using hybridization and sequensing is nesded o
whentify microsstcllites suitable fior use as  genetic
markers, Hybridization wsing simple repests as probe o
sereen genomic clones can be used to Mentify clones
comtaining micrasatellite loci. The conserved DMHA
sequences flanking S5Rs have been used for designing
sunlahie primers for amplification of 55R loci. Any such
pibr of primers, when used 10 amplify 2 558 loows of a
mumber of genotypes, will reveal S5R polymomhbism in
the form of differences in the l=ngth of the amplified
produoct; esch leaglh representing an albele al that locus,
The length differences are attributed to the varistion in
the numbser of rnpﬂl'mg umits of ® I._'I.il;u!.u.r!:;m locus.
A polymorphism i based on differences in the nimber
of repeats of simple sequences, polymorphizsm revealed
by 55Rs is abo termed ns simple sequence length
polymosphism  (585LF)  and  sequence  tapgped
mscroaatel line sives (STMS).

The miguencss and value of the microsatellite arise from
their multi-allzlic nature, co=dominonl trorsmisibon, casc
of deection by PCR, relal.ve abundance, exiensive
genombc coverage and requinement for only & small
pmownt of genomic DNA, [n addition, primer sequence
information of the meskers may be distributed between
taboratoeics, (hus providing a common lenguage for
collaborative rescarch amd scling & wniversal genctic
mapping Lexls,

Satursied microsalellile maps have been developed for
geveral pland sapeocees Including rice (Temnyvkh er af,
200, Chen ef o, 1997, Akagi e al, 19940), malze
{ Senbor and Hewn, 1993; Chin e o, 1996, Taraminog and
Tingey, 1994), barley (Beocker and Heun, 1%93), whea
{Hoder pf af , 1998), Arabidopsis (Bell and Ecker, 19%4)
andl soyhean (Akkays of al , 1995),

Inter Simple Sequence Hepeal markers (155HR) This
technique wses primers based on microstellites o
amplify regions between microsatellite loci (Zietkiewlos
et al., 1994}, The resulting bamids are elecirophisresed in

agarase gele, stained with ethidium bramule and viewsd
under 1Y light, Thia techniquee is more reproducibde and
generates 3 to 5 times ihe variation of RAPD bands!
marker [ Mapgacka and Ogihara, 1957, 155K markers
e bedn shown lo be more reliable and conform
closely to dominant Mendelian inhesitance,  wlhich
makes them weful for genotype analysis and penome
mappirg  clucidate  gemelic  relalionships  among
blugherry cultivara {Levi ard Rowland, 1997}, peas (Lu
et el 1P6), whesl (Nagsoks and Ogihara, 1997 and
uscd s @ probe linked Lo particular characters in flee
(Akagier af,, 19946).

Randomly Amplified Microsatellite Polymorphizm
M“PI kv this PCR. based sirbegy. !mic DNA s
first amplified using arbitrary (RAPD) primers, the
smplified products electrophoretically separased, and the
dried gel s hybridized  with  microsatellile
oligamucleptide probes. This technbgue combines the
advantapes of alignmucleatide finp=rprinting (Epplen o
al, 91 RAPD (Williams er af, 1990). snd
micrasatellite-prisned PCR {Weising of af, 1995 The
advantapes are ihe spead of the assay, the high
sensitivity and the high level of variability detectsd and
the nor-requirement of prior DMNA sequence mfarmation
(Richardson ef al, 19%5). RAMP has been successfully
employed tn the genetic lingerprinting of tomate, kiwi
fruit and closely relaled penotypes of Dicecoren
bufbifera (Richardson et ai, 1995).

Amplified Fragment Length Polymorphism [AFLP):
AFLPF combines the reliability of the RFLP markers
with the ease of PCE (Vos ef of.. 1995) The relatively
high polymarphism inherent in the rendom placement of
restriction siles botween different genomes as detected
by RFLF and the ease of PCR combined with dhe
podentinl muclentide sequence variahility within o shon
stretch of DNA directly fanking these resiriclion sibes
makes AFLF a highly infosmntive assay for both plam
and animal genomes.

The AFLF procedure fnvalves digestion of gemomic
DA with two resiriction enrymes, o rare cuber end 2
frequert cutber, ligation of double stranded adepiers
{corresponding bo the restriction sites) 1o both emds of
the digested fragmwents, pre-amplification of the lgated
DMA fmgments with primers complementary 1o the
adapters, and selective amplificstion of o subset of the
pre-amplified DMA Fragsients uslng primers with ang 10
three arbitrary selective nucleotides of the 37 ends. By
changing the selective nuclestides of the  primers,
different sub-sels of the genome can be omplified. The
arnpli fed fragmemts are detected thiouigh radicactive or
not-radioactive Inbeling followed by electrophoresia on
a polyserylemide sequencing gel. AFLP assays afe
reproducible, rquire no seguence information and use o
sl nambser ol g-cr'n:fi.-.: p.|'||.1lrr,':n..

AFLP amalyus can be applied regardless of the orgm
and complesity of the gemime. Most AFLP fFragmens
comespoad 1 unliue positivms on the genome and henos
can be explited a5 landmarks in genetic and physical
mnpphing (Wos &b al, 193], AFLPs are uselful a wools
for DMA lingerprinting {Hongtrakul e al., 19975 and foe
cloning wesl mapping of vanely-spacific penomic DNA
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pequence | Yong of ol 1996} AFLIs are abandant in rce
(Chiv e oatf, 1996; Mackifl e al, 1%%) and n map
consisting of 208 AFLP markers i3 ovadloble for rice
{ Mehcswaran ef af., 19971 Similar io BAPDs, the bands
ol mberest shigined by AFLF can be converled inla 5T5s
iPaglin er al, 1998k Thus, AFLPE provides o newly
developed, impestant ool B o vasiety of nppldlcalbons,

Condluzion: The above review reveals thal in recent
times DA fingerprintng twehnologles In plant systeins
have besn o matter of immense interest among the plant
schentists throughmi the world, In the comlext of
atihization and protection of plant genctic resouscss,
malecular  marker - pssisied  breeding  sirategics  and
msessmen! of somaclonal voriands has  become the
important issues. An ever-increasing numbser of reports
are being published in each year directing towards new
dimension of research for this promising techmigue, The
differemt mesthods on DMNA bassd mérkers of presently
reviewed writcle revemled their whility in esteblishing
genctic identity and estimating the extent of gemetic
relationships. Moregver, genome mapping with various
mabocubnr markers has tremendous poientialities 1o bring
new dimensions in the ficld of plant molecular genetics
and for understanding molesular svalution.
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