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ABSTRACT - DNA based molecular markers have become
important tools for developing improved cultivars and for
studying phylogenetic relationships. The most commonly
used molecular markers are restriction fragment length
polymorphism (RFLP), random amplified  polymorphic
DNA (RAPD), amplified fragment length polymorphism
(AFLP), and microsatellites. The RAPD technique is a varia-
tion of the polymerasce chain reaction (PCR) that has been
widely used as a molecular marker since 1990. The RAPD
technique is easier, faster and requires a smaller amount of
DNA than RFLP, AFLP or microsatellites. The successful
use of the RAPD technique in marker identification, genet-
ic mapping, cultivar identification and phylogenetic analy-
sis in cereal crops is discussed in this paper. The reprodu-
cibility problem of the RAPD technique and ways o im-
prove the assay are also discussed.

KEY WORDS: RAPD; Primers; Molecular markers; Poly-
morphism; Cereals; DNA; AFLP; RFLP; Microsatellities.

INTRODUCTION

Variability is the basis of all plant breeding. Con-
ventional plant breeding focuses on selection of
superior progeny from segregating populations, and
selection is mostly based on phenotypic characteris-
tics. Despite the use of many statistical and genetic
tools to reduce the environmental effects on the selec-
tion of appropriate genotype (s), there is a confound-
ing cffect of environmental factors on phenotype. Mo-
lecular techniques are increasingly being used by
plant breeders to develop improved cultivars. A new
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class of DNA-based genetic diagnostic tools that are
independent of environmental factors are available to
plant breeders to select desired genotypes. Restriction
fragment length polymorphism (RFLP), random am-
plified polymorphic DNA (RAPD), amplified fragment
length polymorphism (AFLP), and microsatellites are
examples of molecular markers currently in use.
These molecular techniques have been used for mark-
er identification, DNA fingerprinting, phylogenetic
analysis and genetic mapping. This review focuses on
the use of RAPD markers for cereal improvement.

BACKGROUND AND MOLECULAR BASIS

The RAPD assay was developed by two groups. A
group at DuPont Co. (Wilmington, USA) called the new
method RAPD (random amplified polymorphic DNA)
(Wittams et al,, 1990) and described its genetic map-
ping applications. Another group at the California Insti-
tute of Biological Research, USA (WrLst and MCCELLAND,
1990) focused on genome fingerprinting and called
their assay arbitrarily primed polymerase chain reaction
(AP-PCR). Both these assays are based on the observa-
tion that a single short oligodeoxynucleotide of a ran-
domly chosen sequence, when mixed with genomic
DNA, dNTPs, buffer, and thermostable DNA- polyme-
rase, and subjected to temperature cycling amplified
several DNA fragments (INNts et al.. 1990).

RAPD assay is a modification of the basic polyme-
rase chain reaction (PCR) technique (Mutus et al,
1986). This assay, unlike the PCR, does not require
knowledge of the target DNA sequence, and a single
arbitrary primer will support DNA amplification from a
genomic template if binding sites on Opposite strands
of the template exist within a distance that can be tra-
versed by the thermostable Taqg DNA polymerase.
Usually, random oligonucleotides (9 or 10 bases) are
used as a primer to amplify discrete fragments of ge-
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nomic DNA. The complementarity between the primer
and the template need not be perfect (WiLLams ef al,
1991D). However, the distance between the primer
binding sites should be no smaller than the lower de-
tection limit of the separation medium used to visual-
ize the amplified DNA products (usually several nucle-
otides) and no longer than the maximum length of the
DNA efficiently amplified by Tag polymerase (about
2000 nucleotides) (Innis ef al,, 1990). The primers are
generally of random sequence, contain at least 30% G
and C and without internal inverted repeats. The prod-
ucts are easily separated by standard electrophoretic
technique and visualized under ultraviolet (UV) illumi-
nation of ethidium bromide stained agarose gels. Poly-
morphism results from changes in either the sequence
of the primer binding site (e.g., point mutation) which
prevent stable association with the primer or from
changes which alter the size or prevent amplification
of target DNA (e.g., insertions, delctions, inversions).

MODIFICATIONS OF RAPD
AND ASSAY IMPROVEMENTS

1. DNA amplification fingerprinting (DAF)

A modification of the RAPD assay, named DNA
amplification fingerprinting (DAF), has been  de-
scribed by CAETANO-ANNOLES ef al., 1991. The differ-
ence from the other procedures is that the PCR prod-
ucts are separated on polyacrylamide urea gels and
visualized by silver stain. In the DAF procedure,
primers as short as five nucleotides, produce com-
plex banding patterns ideally suited for genome fin-
gerprinting applications. Depending on the primer
and template combination used, from ten to one
hundred DNA fragments can be amplified.

2. Denaturing gradient
gel-electrophboresis (DGGE)

Denaturing polyacrylamide gradient gel-electro-
phoresis (DGGE) has been used to resolve DNA se-
quence differences among fragments of similar or
identical size (Frscugr and LErmaN, 1983, MYERs ef al.,
1987). Using the DGGE procedure, single base differ-
ences result in altered migration of DNA fragments
and thus produce polymorphic DNA fragments. Be-
cause of this, the DGGE procedure is considered to
be highly suitable for self pollinating species. DWEIKAT
el al. (1993) have described the advantages of DGGE-
RAPD over RFLP and agarose-RAPD to distinguish
wheat and barley lines with just one or two primers.
A high frequency of polymorphism in amplificd DNA
has also been reported in maize with the DGGE pro-

cedure (RIEDEL ef al., 1990). This procedure will also
be useful for phylogenetic analysis and cultivar iden-
tification as the technique results in the production of
several amplified DNA fragments per primer.

3. Directed search
(amplification of low copy DNA)

In general, cereals have a high level of repetitive
DNA sequences (e.g., about 70% of the DNA sequences
in wheat are repetitive). The PCR favors amplification
of sequences that are highly abundant and less infor-
mative. Removal of repetitive DNA sequences before
PCR has been reported to produce polymorphic and re-
producible DNA fragments (Eastwoon et al., 1994). Hy-
droxylapatite column chromatography is used to enrich
low copy DNA sequences and to remove the repetitive
DNA sequences (CLARKE et al., 1992). Careful prepara-
tion of the hydroxylapatite columns is required to ob-
tain low copy DNA that is suitable for PCR. Once the
procedure is standardized, it could be useful to screen
markers linked to disease resistance and other traits.
The polymorphic DNA fragments could also be used
directly as RFLP probes.

4. Temperature sweep
gel-electropboresis (TSGE)

Temperature sweep gel-electrophoresis (TSGE)
of RAPD products, has been reported to detect more
polymorphic DNA than the agarose gel and DGGE
methods (PraNer and BEzTE, 1994). In this procedure,
denaturing polyacrylamide gel is used to run the PCR
products, and during electrophoresis the separating
gel is exposed to temperature gradients from 25 to
45°C over a 4 h period. If the procedure is well opti-
mized it could be very useful for phylogenetic analy-
sis, cultivar identification, etc.

5. Sequence characterized
amplified regions (SCARs)

The PCR protocols vary among laboratories, and
RAPD markers may not work in all situations. To cir-
cumvent this problem, Paran and MICHELMORE (1993)
developed a dependable PCR-based technique called
sequence characterized amplified regions (SCARs). In
this procedure, the polymorphic DNA fragment is
cloned and sequenced. Forward and reverse primers
are designed bascd on the sequence information for
stable amplification of DNA. Polymorphism may not
be achieved if there is a point mutation, small dele-
tion or addition of a DNA fragment in the PCR prod-
uct amplified by SCAR primers. In this case, the PCR
amplified DNA products have to be restricted with
several enzymes in order to generate polymorphism.
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TABLE 1 - Comparison of the most commonly used molecidar markers.

Features RFLP RAPD Microsatellites AFLP

Distribution Ubiquitous Ubiquitous Ubiquitous Ubiquitous

Inheritance Codominant Mostly dominant Codominant Dominant

Polymorphism Medium High High Very high

Detection of alleles Yes No Yes No

No. loci detected 1-3 1-10 1-5 20-100

Sample throughput Low-medium High high Very high

Part of genome surveyed Low copy coding regions Whole genome Whole genome Whole genome

Technical difficulty Intermediate Simple Simple Intermediate

Reproducibility High Intermediate High High

Amount of DNA required 2-30 ug 1-100 ng 50-100 ng 100 ng

Radioisotope Usu. yes No No Yes

Types of probes Low copy genomic Usu. 9-10-mer Specific repeat Specific DNA
DNA or ¢cDNA clones oligonucleotides DNA scequence sequence

Reaurring cost High High Intermediate-High High

Time fuctor Slow (labor intensive) Fast Fast Intermediate

Reliability

High

Intermediate

High

High

COMPARISON OF RAPD MARKERS
WITH OTHER DNA BASED GENETIC MARKERS

A comparison of the most commonly used molec-
ular markers is presented in Table 1. Each molecular
marker has its advantages and disadvantages. Com-
pared with RFLP based genetic markers, RAPD mark-
ers offer a number of advantages in a plant breeding
program. The RAPD procedure is easy to work with,
does not require radioactivity, requires the least
amount of DNA, and does not need DNA sequence
information. Simulating 2 maize genotyping experi-
ment using RFLP (chemiluminescent RFLP and radio-
activity based RFLP) and RAPD markers, RacoT and
HOBINGTON (1993) could not find any absolute ad-
vantage of one method over the other. However,
RAPD markers were generally found to be more cost
and time effective for studies involving small sample
sizes, while RFLP markers were found to be more
useful for large sample sizes. RFLP mapping in wheat
has been hindered by a low level of inter-varietal
polymorphisms (GALE et al., 1990). However, modifi-
cations of the RAPD procedure such as DGGE
should help to gencrate polymorphisms at the inter-
varictal level in cereals.

Eukaryotic genomes are interspersed with tan-
dem repeats of DNA, called microsatellites (simple
sequence repeats, SSR). The microsatellite primers
consist of repeats of one to five nucleotides. Micro-
satellites are analyzed by PCR amplification of a
short genomic region containing the repeated sc-
quence and the amplified products analyzed by gel

clectrophoresis. Microsatellites show a high frequen-
cy of variation in the number of repeats in different
individuals or accessions. These differences are re-
vealed on agarose or polyacrylamide gels as size
variations of the amplified products. Genetic diver-
sity has been detected in closely related bread
wheat lines using microsatellite markers (PLASCHKE ef
al., 1995). Microsatellites are codominant markers
and are thus more informative than the RAPD tech-
nique. Microsatellites also  detect more  polymor-
phism than RFLP (RusskL, ef al., 1996).

Amplification  fragment  length  polymorphism
(AFLP™) is another molecular marker that has shown
great potential in fingerprinting and genetic mapping
(THOMAS et al., 1995, Vos el al, 1995, ZABEAU et dl.,
1993). AFLP™ is a PCR-bascd technique for detecting
DNA potymorphism in which small genomic restric-
tion fragments are selectively amplified. The tech-
nique involves digestion of genomic DNA with a pair
of rare and frequent cutter restriction enzymes. The
restriction fragments are ligated to two different adapt-
ers to the respective ends and these subsets are ampli-
fied. PCR primers are designed in such a way that 3’
nucleotides of the primers extend to the unique se-
quences of cach restriction fragment. These nucleo-
tides serve as selective bases to amplify only those re-
striction fragments with complementary sequences us-
ing radioactive labeling of one primer. Up to 100 - 150
single stranded amplification products can be detect-
ed on denaturing polyacrylamide gels. The AFLP tech-
nique has been used (o identify markers linked to dis-
case resistance (THOMAS ef al., 1995) and to fingerprint
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TABLE 2 - Use of RAPD to identifiy markers linked to disease and
pest resistance and other qualities in cereals.

Crop Character (s) References

PeNNER et al., 1995
DEMERE et dl., 1996
SCHACHERMAYR ¢t al., 1994
SCHACHERMAYR ¢f al., 1995
DEDRYVER ¢f al., 1996
Harrt et al., 1995

Qr et al., 1996

DwrikaT ¢ al., 1994
TALBERY et ¢l 1996
Eastwoon ef al., 1994

Wheat Cadmium uptake - durum
Common bunt
Leaf rust (Lr9)
Leaf rust (Lr24)
Leaf rust (Lr24)
Powdery mildew
Powdery mildew (’m21)
Hessian fly
Streak mosaic virus
Cyst nematode
Barley “usd & o7 traits with Kuraer and Bailey, 1993
root rot (associations)
Leaf rust ¢ Prccinia horded — POULsEN el al., 1995
Mild mosuic virus and
OROON ¢t al., 1994
Barua ¢f al., 19932
Kurcher et al.. 1996
Milling energy requirements  Chaisees ¢f al., 1993

vellow mosaic virus
Rbyichosporitm secalis
Root rot and spot blotch

stem rust resistance (Rpgl) — Horvariy, ef al., 1995

Rice Bacterial blight (Xa 21)
Bacterial blight (xa /13)
Blast (Pi-10)
Gall midge (Gm2)
Gall midge (Gml

RONALD ¢f al., 1992
ZHANG ef al., 19906

Naovi and Clarroo, 1996
NaIr ef al., 1995

Nalk ¢t al., 1996

Oat Crown rust (Fc68)
Day length insensitivity

PuNNER f al., 1993¢
WiGt ef al., 1994
Stem rust gene (Pg3) Punner ef al., 1993b
O el al., 1991
Gowba ¢t al., 1995

Sorghum  Head smut
bowny mildew

DINA (VOs et al., 1995). With barley genotypes, the
highest diversity index was obtained for AFLP as com-
pared to RFLP, SSR and RAPD (RusstL ef al., 1990).
RELP gave the lowest diversity index, while microsat-
ellites and RAPD gave intermediate levels of diversity.
The disadvantage of the AFLP technique is the re-
quirement of radioactivity and the inability to distin-
guish homozygotes from heterozygotes. The latter is a
limiting factor for genetic mapping applications.

USE OF RAPD IN MARKER IDENTIFICATION
AND GENETIC MAPPING

RAPD markers have been used to identify markers
linked to discase and pest resistance, and other desir-
able traits in cereals (Table 2). In most cases nearly-
isogenic lines and bulked segregant samples are used

to screen several primers in order to identify one or
more primers that show polymorphism between the
two DNA samples (MARTIN et al., 1991, MICHEIMORE ef
al., 1993, TANKSIEY ef al., 1993). For the production of
near-isogenic lines, a recurrent parent and a donor
parent are crossed. Selected offspring are then back-
crossed to the recurrent parent for five or six cycles
so that the recurrent parent and the new homozygous
line will have a similar genetic composition, with the
exception of the introduced trait from the donor par-
ent. DNA from the two near-isogenic lines is used to
screen random primers to generate polymorphism. In
bulked segregant analysis, a single cross is made
between two lines, and DNA from F, plant samples is
used for analysis. In the case of discase resistance,
DNA from several F, resistant plants is bulked, and
similarly DNA from several F, susceptible plants is
bulked. The DNA from the two bulks are used to
screen primers. Polymorphism in DNA fragments will
he observed between the two lines if several primers
are screened. The number of primers to be screened
depends on the plant species used and the frequency
of polymorphism achieved. For cereals, hundreds of
primers have to be screened to get one or more poly-
morphic fragments. SCAR primers can be developed
by cloning and sequencing the polymorphic DNA
fragment for stable PCR amplification as described
above. Once a primer that shows polymorphism is
found, it has to be checked against other genotypes
carrying or missing the trajt of interest. In addition,
linkage and recombination values have to be calculat-
ed using segregation values obtained from F, plant
samples. This will indlicate the closeness of the identi-
fied marker to the gene of interest. Very tight linkage
facilitates the identification of the gene of interest.

RAPD markers have also been used in genetic
mapping of cereals (Lable 3). Identification of mo-
lecular markers linked to traits of interest is facilitat-
ed by the availability of genetic maps. RAPD mark-
ers are dominant, showing the presence or absence
of a single allele, and this has to be taken into ac-
count for mapping studics. Markers residing on a
single chromatid as can be found in a backeross or
recombinant inbred population, in haploid or ga-
metophytic tissue, or an F, population where RAPD
markers are amplified from a single parent are
mapped (Raratskt and TinGey, 1993). Some of the
SCAR primers developed from RAPD have turned
out to be codominant (Parax and MICHELMORE, 1993)
and thus more informative. The combined use of
different molecular markers will be bencficial for
mapping studies in cereals.
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TABLE 3 - Uise of RAPD RARers for genctic mdpping of cereals.

Crop Character (s)
Barley Mapping of genes for height, heading anc

Molecular, isozyme, and morphological map
Distribution of RAPD markers on a linkage map
Combined mapping of AFLP and RELP markers

Wheut and barley
Rice RFLP and RAPD mapping of rice Gni2
Tagging and mapping

Cereals

USE OF RAPD IN CULTIVAR IDENTIFICATION
AND PHYLOGENETIC ANALYSIS

RAPD markers have been used extensively for cul-
tivar identification and phylogenetic analysis (Drvrxn
and Abams, 1994, TinGry and Di Turo, 1993, Wi Liams
el al, 1993). The applicability of RAPD markers in
quantifying genetic diversity, in germplasm screening
and in pedigree assessment in cereals is summarized
in Table 4.

Germplasm - characterization is often based on
morphological and agronomic traits, which are usually
affected by environment. RAPD analysis is a simple,
fast, and relatively inexpensive tool to characterize
germplasm collections and to estimate their level of
diversity. One of the problems in germplasm reposito-
ries is the accumulation of duplicate samples. Sorting
out duplicate samples will suve time, money and stor-
age space. RAPD analysis has been used successtully
to identify duplicate accessions in rice (Fuk IOKA et al,
1992, VIR et al, 1995). RAPD markers can also be
used for cultivar identification. It is difticult to distin-
guish among closely related cultivars of cereals using
morphological analysis, but molecular markers such
as RAPD can accurately distinguish closely related cul-
tivars. Inter- and intra-specific diversity has been re-
ported in wheat, barley, and wheat-barley addition
lines using conserved, semi-random, and random
primers (WeNING and LANGRIDGE, 1991).

RAPD muarkers have potential to analyze genetic
relationships from sub-generic to clonal levels. RAPD
markers were found to be useful in classification of
Juniperus species at the subgeneric level (Apams and
Devieke, 1993). Potato clonal variants which were in-
separable by morphological analysis were distin-
guished by RAPD analysis (Divexr ef al, 1993). In a
similar study, the sequence homology of CO-migrating

I growth habit

Comparison of physical and linkage maps for group 7 chromosomes

[dentification and mapping of polymorphisms

137

References
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RAPD markers was similar within a genus, across a
species, and among populations of a species in Bras-
sica (LANNER et al., 1996). The RAPD markers were
found to be reliable from genus to population level, A
RAPD fragment used as a probe seldom hybridized to
unexpected DNA fragments in different samples.
Therefore, amplified DNA fragments with similar mo-
lecular weight generally exhibit genetic similarity.

TABLE 4 - Use of RAPDs in Phylogenctic analysis, cultiver identifica-
tion, and germplasnn screening in cereadls.

Crop Character (s)

Wheat  Genetic diversity
Intervarictal relationships

Genetic diversity

Segregation in diploid wheat
Rice Germplasm screcning
Identification & parentage
determination
ldentification (accessions)
Sorting duplicate accessions
Barley  Analysis of specics
Pedigree relationship
Phylogeny

Oat Genetie relationships

Triticeete

Cereal Pedigree assessment
Sorghum Genotype characterization
Polymorphism

Maize Polymorphism in diallel

crosses and inherita nee

Genome and species specific

References
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TINKER ¢ al., 1993
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Hivw ef al, 1994

Werand WanG, 1995

DWEIRAT ¢f el 1993

Panivi er el 1994
TAO ¢t al., 1993

Heon and Hewsvmars, 1993
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However, Quiros er al. (1995) have cast doubt about
homology of amplified DNA fragments of same size
in a Brassica study based on sequence analysis. De-
tailed DNA sequence analysis of RAPD fragments of
similar size is required to confirm this. However,
studies to date generally support the morphological,
chemical, isozyme and RFLP data previously estab-
lished, thus confirming the reliability of RAPD mark-
ers tor phylogenetic analysis. Some primers amplify
DNA that is highly conserved and will help to gener-
ate DNA polymorphism at high levels of classifica-
tions, whereas other primers amplify DNA that is
highly variable and useful for classification at the va-
rietal and clonal levels (Apams and DEMEKE, 1993).

The number of primers needed to assess genetic
relationships or for cultivar identification varies ac-
cording to species and type of primer used. In our
Brassica study, the use of 11 primers gave the ex-
pected relationships, whercas the use of 17 primers
did not show an improvement (DEMERE ef al., 1992).
JosHr and NGuyeNn (1993b) used 40 primers to assess
genetic relationships among wild and cultivated tet-
raploid wheats. Since the average of data generated
by all primers is statistically analyzed, the more prim-
ers used, the better the assessment will be.,

OTHER USES OF RAPD MARKERS

1. Detection of gene introgression

To transfer diseusc resistance genes from wild rela-
tives, DNA markers can speed up the selection of re-
sistant offsprings that contain the lowest amounts of
the donor genome at every generation (TANKSLEY et al.,
1989). RAPD markers have been used to assess gene
introgression from other specics to wheat. Examples
include 1RS rye chromosome segment (1QBAL and Ray-
BURN, 1995), rye chromatin (Francis et al., 1995), Thi-
nopyrim  bessarabicum chromosomes (KNG, et al,
1993; Wunam et al, 1993), and deletions induced by
an Aegilops cylindrica chromosome in common wheat
(HomMans ef al, 1995a). In barley, transfer of a domi-
nant gene for powdery mildew resistance has been as-
sessed by RAPD markers (Xt and Kastia, 1992),

2. Detection of quantitative trait loci (QTL)

Most agronomically important traits are multigen-
ic. Molecular markers are being used for QTL analy-
sis (TANKsLEY, 1993). In maize, molecular markers
have been used to map and to engineer quantitative
traits (STUBER, 1995). QTLs for resistance to Gibberel-
la zeae have been mapped using RAPD markers (Pr

et al, 1993). A linkage map has been constructed
and QTL analysis performed using RAPD markers for
a genetically narrow cross in cucumber (SEROUEN ef
al., 1996). To date, limited QTL analysis of cereals
has been conducted using RAPD markers.

REPRODUCIBILITY OF RAPD MARKERS

The disadvantage of RAPD markers is that they be-
have as dominant markers and have a problem of re-
producibility (KLEINTTOFs, 1992, DEvos and GaLe, 1992).
Failure of RAPD bands to follow expected inheritance
patterns as well as an excess of nonparental RAPD
bands in offspring of known pedigree has also been
reported (Hetn and HEeentaris, 1996, Poolsr and
SCROZA, 1993, RIEDY ¢t al., 1992). HALWARD ¢t al. (1992)
reported the lack of polymorphism in 25 germplasm
lines of cultivated peanut using 10 RAPD primers, and
the authors assumed this to be due to the narrow ge-
netic base of cultivated peanut. Hanipew, ef al. (1996)
have studied genetic variability of RAPD markers using
doubled haploids and heterozygous Brassica napus
DNA samples. The heterozygous DNA samples were
formed by mixing equal amounts of DNA from differ-
ent plant samples. They focused on lack of reprodu-
cibility of an expected DNA fragment in heterozygous
samples. The expected DNA fragments disappeared in
14% of the heterozygous DNA samples. They suggest-
ed competition among RAPD fragments to be a major
source of genotyping error in RAPD analysis. On the
other hand, heteroduplex formation (occurrence of
DNA fragments in progenics that are not in parents)
was reported to be a rare occurrence.

To obtain reproducible results with RAPD, a range
of experimental parameters such as the amount of
template DNA, pH of the buffer, level of magnesium,
type and concentration of primers, concentration of
Tag polymerase, number of reaction cycles, anneal-
ing temperature, etc., have to be optimized. A specif-
ic combination of plant genotype and primer can re-
sult in a different banding pattern if the experimental
conditions are altered (MUNTHAU ef al, 1992). The
level of reproducibility of random amplified polymor-
phic DNA analysis among different laboratories has
been reported (PENNER ef al, 19934). The failure of
RAPD reproducibility among laboratories was report-
ed to be due to variation in the overall temperature
profiles (especially the annealing temperature) inside
the tube. Furthermore, the use of the same set of con-
ditions, optimized specifically for a cultivar or spe-
cies, could produce the same pattern of amplification
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(MUNTHALL ef al., 1992). However, it is not uncommon
Lo see some DNA fragments that are not reproducible
for unknown reasons. For phylogenetic analysis, the
PCR amplification has to be repeated, and only those
DNA fragments that are reproducible should be used
for analysis. It is worthwhile to prescreen primers on
two to three cultivars/lines to select the ones that pro-
duce many, reproducible fragments, and use the se-
lected primers for phylogenetic analysis. In addition,
developing SCAR primers as explained above will as-
sure reproducibility of PCR product for marker iden-
tification. However, not all primers produce detect-
able DNA fragments. Fritsch et al (1993) screened
480 UBC and Operon primers and listed oligonucleo-
tide primers that consistently amplified DNA in three
plant genera. These data can be used as a reference
when using oliogonucleotide primers for RAPD anal-
ysis for the first time.

SUMMARY AND CONCLUSIONS

The RAPD procedure is simple, rapid, requires a
small amount of DNA, and the resulting amplified
DNA fragments can be easily visualized. In cereals, the
RAPD procedure has been widely used for identifica-
tion of markers linked to disease and pest resistance.
This has been especially beneficial in cases where phe-
notypic analyses do not give a clear indication of pest
resistance. The DNA analysis could be done on half-
sceds to select suitable progeny before planting. RAPD
analysis will also facilitate mapping of simple and
quantitative  traits.  Identifying molecular markers
linked to quantitative traits such as yield and drought
resistance will be very useful for cereal improvement.

One of the most important uses of RAPD markers
will be in crop germplasm characterization and eval-
uation. Thousands of accessions are stored in differ-
ent germplasm centers around the world. Some of
the germplasm accessions are duplicates and elimi-
nating these could save time, space and money, thus
increasing storage efficiency. Genetic variability is
fundamental to crop improvement, and RAPD analy-
sis could be especially useful in quantifying the di-
versity of accessions. This could become a reality for
large numbers of accessions as the DNA extraction
and RAPD analysis procedures become automated.
Computer technologies will have to be developed in
tandem with the DNA analysis technologies to ana-
lyze the generated data.

RAPD markers have also proved valuable in phylo-
gencetic analysis and cultivar identification. They have

been used to analyze relationships ranging from sub-
generic to cultivar level. Since phylogenetic analysis is
based on the use of several primers the cumulative
data will be more informative and dependable. Even
though cereals exhibit low levels of polymorphism,
variations in RAPD procedure such as DGGE and
TSGE will help to detect diversity in DNA patterns.

Many of the important agronomic traits such as
disease resistance are transferred from wild relatives
to well adapted crop cultivars. RAPD analysis can be
used to assess the introgression of these gene (s).
RAPD markers have also the potential to detect so-
maclonal variation in tissue culture derived plants
and will find application in assessing genetic chang-
es in transgenes. This will be important as the work
on plant transformation expands.

The concern about reproducibility of RAPD mark-
ers can be overcome by optimizing the parameters
used, by developing SCAR primers, by selecting suit-
able oligonucleotide primers, and by using several
primers and scoring only the reproducible DNA frag-
ments in the case of phylogenetic analysis.

As outlined above, RAPD markers can play an im-
portant role in cereal improvement programs. How-
ever, the combined use of different molecular mark-
ers such as RFLP, RAPD, AFLP, and microsatellites
will likely be more useful than using only one type
of marker. Some of the pitfalls shown by one marker
could be overcome by using the other markers.
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