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ABSTRACT

In the last decade, the random amplified polymorphic DNA (RAPD) technique based on the poly-
merase chain reaction (PCR) has been one of the most commonly used molecular techniques to
develop DNA markers. RAPD is a modification of the PCR in which a single, short and arbitrary
oligonucleotide primer, able to anneal and prime at multiple locations throughout the genome, can
produce a spectrum of amplification products that are characteristics of the template DNA. RAPD
markers have found a wide range of applications in gene mapping, population genetics, molecular
evolutionary genetics, and plant and animal breeding. This is mainly due to the speed, cost and effi-
ciency of the technique to generate large numbers of markers in a short period compared with pre-
vious methods. Therefore, RAPD technique can be performed in a moderate laboratory for most of
its applications. It also has the advantage that no prior knowledge of the genome under research is

necessary.
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INTRODUCTION

Advances in molecular biology techniques
have provided the basis for uncovering virtu-
ally unlimited numbers of DNA markers.*
Over the last decade, polymerase chain reac-
tion (PCR) has become a widespread tech-
nique for several novel genetic assays based
on selective amplification of DNA.? This
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popularity of PCR is primarily due to its ap-
parent simplicity and high probability of suc-
cess. Unfortunately, because of the need for
DNA sequence information, PCR assays are
limited in their application. The discovery
that PCR with random primers can be used to
amplify a set of randomly distributed loci in
any genome facilitated the development of
genetic markers for a variety of purposes.®*
RAPD (pronounced ‘rapid’), for Random
Amplification of Polymorphic DNA, is a type
of PCR reaction, but the segments of DNA
that are amplified are random. The RAPD
analysis described by Williams et al.® is a com-
monly used molecular marker in genetic di-
versity studies. No knowledge of the DNA
sequence for the targeted gene is required, as
the primers will bind somewhere in the se-
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quence, but it is not certain exactly where.
This makes the method popular for compar-
ing the DNA of biological systems that have
not had the attention of the scientific commu-
nity, or in a system in which relatively few
DNA sequences are compared (it is not suit-
able for forming a DNA databank). Perhaps
the main reason for the success is the gain of
a large number of genetic markers that require
small amounts of DNA without the require-
ment for cloning, sequencing or any other
form of the molecular characterisation of the
genome of the species in question.

RAPD markers are decamer (10 nucleotide
length) DNA fragments from PCR amplifica-
tion of random segments of genomic DNA
with single primer of arbitrary nucleotide se-
quence and which are able to differentiate
between genetically distinct individuals, al-
though not necessarily in a reproducible way.
It is used to analyze the genetic diversity of an
individual by using random primers. In this
paper, the principles, working mechanism,
differences between standard PCR and RAPD
-PCR, characteristics, laboratory steps, data
analysis and interpretation, advantages and
disadvantages and several of the most com-
mon applications of RAPD markers in biol-
ogy are discussed.

PRINCIPLE OF THE RAPD TECHNIQUE

The principle is that, a single, short oli-
gonucleotide primer, which binds to many
different loci, is used to amplify random se-
qguences from a complex DNA template. This
means that the amplified fragment generated
by PCR depends on the length and size of
both the primer and the target genome. The
assumption is made that a given DNA se-
quence (complementary to that of the primer)
will occur in the genome, on opposite DNA
strands, in opposite orientation within a dis-
tance that is readily amplifiable by PCR.
These amplified products (of up to 3.0 kb) are
usually separated on agarose gels (1.5-2.0%)
and visualised by ethidium bromide staining.

The use of a single decamer oligonucleotide
promotes the generation of several discrete
DNA products and these are considered to
originate from different genetic loci. Polymor-
phisms result from mutations or rearrange-
ments either at or between the primer binding
sites and are detected as the presence or ab-
sence of a particular RAPD band (Fig. 1).
This means that RAPDs are dominant mark-
ers and, therefore, cannot be used to identify
heterozygotes.
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Figure 1. RAPD analysis general model
[www.usask.ca/.../pawlin/ resources/rapds.html]
(adapted from Griffiths et al.?)

The standard RAPD utilises short syn-
thetic oligonucleotides (10 bases long) of ran-
dom sequences as primers to amplify
nanogram amounts of total genomic DNA
under low annealing temperatures by PCR.
Primers are commercially available from vari-
ous sources (e.g. Operon Technologies Inc.,
California; Biosciences, Bangalore; Eurofinns,
Bangalore; GCC Biotech, Kolkata).

Welsh and McClelland* independently de-
veloped a similar methodology using primers
about 15 nucleotides long and different ampli-
fication and electrophoretic conditions from
RAPD and called it the arbitrarily primed po-
lymerase chain reaction (AP-PCR) technique.
PCR amplification with primers shorter than
10 nucleotides [DNA amplification finger-
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printing (DAF)] has also been used to pro-
duce more complex DNA fingerprinting pro-
files.® Although these approaches are different
with respect to the length of the random prim-
ers, amplification conditions and visualiza-
tion methods, they all differ from the standard
PCR condition? in that only a single oligonu-
cleotide of random sequence is employed and
no prior knowledge of the genome subjected
to analysis is required.®

At an appropriate annealing temperature
during the thermal cycle, oligonucleotide
primers of random sequence bind several
priming sites on the complementary se-
qguences in the template genomic DNA and
produce discrete DNA products if these prim-
ing sites are within an amplifiable distance of
each other (Fig. 1). The profile of amplified
DNA primarily depends on nucleotide se-
guence homology between the template DNA
and oligonucleotide primer at the end of each
amplified product. Nucleotide variation be-
tween different sets of template DNAs will
result in the presence or absence of bands be-
cause of changes in the priming sites. Re-
cently, sequence characterised amplified re-
gions (SCARs) analysis of RAPD polymor-
phisms’® showed that one cause of RAPD
polymorphisms is chromosomal rearrange-
ments such as insertions/deletions. Therefore,
amplification products from the same alleles
in a heterozygote differ in length and will be
detected as presence and absence of bands in
the RAPD profile, which is similar to that of
low stringency minisatellite DNA fingerprint-
ing patterns and is therefore also termed
RAPD fingerprinting. On average, each
primer directs amplification of several discrete
loci in the genome so that allelism is not dis-
tinguishable in RAPD patterns.

DIFFERENCES BETWEEN STANDARD PCR
AND RAPD PCR

Standard PCR
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RAPD PCR

In RAPD analysis, the target sequence(s)
(to be amplified) is unknown. A primer is de-
signed with an arbitrary sequence. In order
for PCR to occur: 1) the primers must anneal
in a particular orientation (such that they
point towards each other) and, 2) they must
anneal within a reasonable distance of one
another. Figure 2 depicts a RAPD reaction, a
large fragment of DNA (genome A) is used as
the template in a PCR reaction containing
many copies of a single arbitrary primer.
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Figure 2. RAPD reaction for genome A. The arrows
represent multiple copies of a primer (all primers have
the same sequence). The direction of the arrow also
indicates the direction in which DNA synthesis will
occur. The numbers represent locations on the DNA
template to which the primers anneal. Primers anneal
to sites 1, 2, and 3 on the bottom strand of the DNA
template and primers anneal to sites 4, 5, and 6 on the
top strand of the DNA template.

RAPD reaction #1 for genome A. In the
above example (Fig. 2), only 2 RAPD PCR
products are formed:

1) Product A is produced by PCR amplifi-
cation of the DNA sequence which lies in be-
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tween the primers bound at positions 2 and 5.

2) Product B is produced by PCR amplifi-
cation of the DNA sequence which lies in be-
tween the primers bound at positions 3 and 6.

Note that no PCR product is produced by
the primers bound at positions 1 and 4 be-
cause these primers are too far apart to allow
completion of the PCR reaction. Also no PCR
products are produced at positions 4 and 2 or
positions 5 and 3 because these primer pairs
are not oriented towards each other.

FINDING DIFFERENCES BETWEEN GE-
NOMES USING RAPD ANALYSIS

Consider the Figure 2 (genome A). If an-
other DNA template (genome B) was ob-
tained from a different (yet related) source,
there would probably be some differences in
the DNA sequence of the two templates. Sup-
pose there was a change in sequence at primer
annealing site #2 (Fig. 3):

Figure 3. RAPD reaction for genome B. Primers anneal
to sites 1, 2, and 3 on the top strand of the DNA tem-
plate and primers anneal to sites 4, 5, and 6 on the
bottom strand of the DNA template.

RAPD reaction #2 for genome B. As
shown in Figure 3, the primer is no longer
able to anneal to site #2, and thus the PCR
product A is not produced. Only product B is
produced. If you were to run the 2 RAPD
PCR reactions diagramed above (genomes A
and B) on an agarose gel, this is what you
would see in Figure 4.

Genome A and B can represent genomic
DNA from two individuals in the same spe-

— @ procduct B
@ product A

lane 1: molecul ar weight markers
lane 2: RAPD Rxn 1
lane 3: RAPD Rxn. #2

Figure 4: RAPD reactions on an agarose gel.

cies or possibly from two different species.
Certain portions of genomic DNA tend to
much conserved (very little variation) while
other portions tend to vary greatly among in-
dividuals within a species or among different
species. The trick in RAPD PCR analysis is
to: 1) find those sequences which have just
enough variation to allow us to detect differ-
ences among the organisms that we are study-
ing and 2) find the right PCR primers which
will allow us to detect sequence differences.

INTERPRETING RAPD BANDING PAT-
TERNS

Each gel is analyzed by scoring the present
(1) or absent (0) polymorphic bands in indi-
vidual lanes. The scoring can be done based
on the banding profiles which is clear and
transparent (Fig. 5a) otherwise the scoring is
very difficult (Fig. 5b).

Because of the nature of RAPD markers,
only the presence or absence of a particular
band can be assessed. Criteria for selecting
scoring bands: 1) reproducibility—need to
repeat experiments 2) thickness 3) size and 4)
expected segregation observed in a mapping
population. DNA polymorphism among indi-
viduals can be due to: 1) mismatches at the
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primer site 2) appearance of a new primer site
and 3) length of the amplified region between
primer sites.

B B L

Figure 5. a. Very high quality RAPD gel. Both presence
and absence of most bands are very clear and the
background is transparent. Hence, scoring is easy; b.
The bands are fuzzy. Those at the top have a smear
starting from the well where the PCR product was
loaded and many are observed only with difficulty.
Only some bands are clear and can be scored
(Courtesy: IPGRI and Cornell University, 2003).

The NTSYS-pc software ver. 2.02 is used
to estimate genetic similarities with the Jac-
card’s coefficient.® The matrix of generated
similarities is analyzed by the unweighted
pairgroup method with arithmetic average
(UPGMA), using the SAHN clustering mod-
ule. The cophenetic module is applied to com-
pute a cophenetic value matrix using the UP-
GMA matrix. The MXCOMP module is then
used to compute the cophenetic correlation,
i.e. to test the goodness of fit of the cluster
analysis to the similarity matrix.

CHARACTERISTICS OF RAPD MARKER IN
COMPARISON WITH OTHER NUCLEAR
DNA MARKERS

Several types of molecular markers are
available but none of them can be regarded as
optimal for all applications.’® The characteris-
tic features of RAPD nuclear DNA marker*
is summarized in Table 1.

Table 1. Features of RAPD nuclear DNA marker.

Features RAPD
Allelic information* Dominant
Locus presentation** Multi-locus
DNA required (ug) 0.02
PCR-based Yes
Restriction digestion No
Reproducibility Low
Development cost Low
Cost per assay Low

Suitability Do not require
prior molecular
information
Simple method
and is the least

expensive

* Dominant markers can identify only one allele
(presence or absence of a band) and are therefore
unable to determine heterozygosity; co-dominant
markers are able to identify both the alleles.

** Multi-locus markers can visualize many genes si-
multaneously in contrast to only one region amplifica-
tion by single-locus markers; however, the latter can
easily be multiplexed for more reliable fingerprinting.

Laboratory steps for RAPD

Equipments required. Refrigerator and
freezer, laminar flow hood, centrifuge, ther-
mocycler, power supply units, hotplate or mi-
crowave, pH meter, standard balance, gel
electrophoresis units, UV transilluminator.

Extraction of DNA. Tiny amounts of to-
tal, chloroplast or mitochondrial DNA can be
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used. DNA must be clean and of high mo-
lecular weight. If minimal quality of DNA is
not achieved, the reproducibility of results
will be hard to ensure.*?

Determination of DNA contents. Make a
10-100-fold dilution.*> Measure the absorb-
ance at 260 and 280 nm. The ratio between
OD 260/0D 280 should not be less than 1.6.
Calculation of DNA concentration. For ex-
ample, OD 260 of a DNA sample is 0.020.
OD 260 = 1 is equivalent to double strand
DNA 50 pg/ml. OD 260 = 0.020 is equivalent
to double strand DNA 50x0.020 = 1.0 pg/ml.

PCR reaction with a primer.**** The PCR
reaction mixture contains —
1. Template DNA. The quality of the tem-
plate influences the outcome of the PCR.
For instance, large amounts of RNA in a
DNA template can chelate Mg?* and re-
duce the yield of PCR. Also, impure tem-
plates may contain polymerase inhibitors
that decrease the efficiency of the reaction.
The integrity of the template is also impor-
tant. Template DNA should be of high mo-
lecular weight. To check the size and qual-
ity of the DNA, run an aliquot on an aga-
rose gel. When testing a new template, al-
ways include a positive control with prim-
ers that amplify a product of known size
and produce a good yield.*® Also include a
negative control (without template DNA)
to rule out any contaminants. The amount
of template in a reaction strongly influ-
ences performance in PCR. The recom-
mended amount of template for RAPD
PCR is:
Plant: 50 ng (but it may vary from species
to species, so we have to optimize the tem-
plate DNA concentration for each plant of
our desire)
Bacterial DNA: 1-10 ng
Plasmid: 0.1-1 ng
Human genomic DNA: 500 ng (maximum)
2. Primers. Use 10 base primers for PCR.
Only 1 primer per reaction. Short primers

bind randomly on the chromosomes. In
most PCR amplifications, it is the sequence
and the concentration of the primers that
determine the overall assay success. A
primer which brings about polymorphism
between the samples to be tested consid-
ered good.

3. Tag DNA polymerase. It is obtained from
hot spring bacterium, Thermus aquaticus.
For most assays, the optimal amount of
thermostable DNA polymerase (or a blend
of polymerase) should be between 0.5-2.5
U/50 pl reaction volume. Increased en-
zyme concentration sometimes leads to
decrease specificity.

4. MgCl, The optimal Mg*" concentration
may vary from approximately 1-5 mM.
The most commonly used mg?* concentra-
tion is 1.5 mM (with dNTPs at a concen-
tration of 20 uM). Mg®* influence enzyme
activity and increases the temperature of
double stranded DNA; excess Mg®* in the
reaction can increase non-specific primer
binding and increase the non-specific back-
ground of the reaction.*

5. dNTPs. All four dNTPs should be bal-
anced to minimize polymerase error rate.
Imbalanced dNTPs mixtures will reduce
Tag DNA polymerase fidelity. Increase in
the concentration of dNTPs will require
increase in Mg?" concentration. Increase in
dNTP concentration reduces free Mg®,
thus interfering with polymerase activity
and decreasing primer annealing. The final
dNTPs concentration should be 50-500 pM
(each dNTP) and the most commonly used
is 200 uM .

6. PCR buffer (pH). Generally, the pH of the
reaction buffer supplied with the corre-
sponding thermostable DNA polymerase
(pH 8.3-9.0) will give optimal results.
However, for some systems, raising the pH
may stabilize the template and enhance
results.

DNA PCR Amplification.
1. Preparation of master mix for PCR. To a
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PCR tube, add all the ingredients in order:

. Stock Working Volume (ul)/ volume (ul) /
Solution . . . .
concentration concentration reaction 10 reactions
DNA 50 ng/pl 1 10
PCR buffer 10X 1 10
MgCI2 50 mM 5mM 15 15
dNTP mixture 200 mM 10 mM 0.75 75
Primer 500 pmole/pl 10 pmole/pl 0.3 3
Tag DNA polymerase 3 unit 3 unit 0.075 2.275
Autoclaved MQ 10.375 100.375
Total 15 150

2. Tap the tube for 1-2 seconds to mix the
contents thoroughly.
3. Add 25 pl of mineral oil in the tube to
avoid evaporation of the contents.
4. Place the tube in the thermocycler
block and set the program to get DNA am-
plification.
5. DNA amplification cycle: carry out the
amplification in a thermocycler for 30-40
cycles using the following reaction condi-
tions:
Initial denaturation at 94°C for 10 minutes
N2
Denaturation at 94°C for 1 min.
N2
Annealing at 37-45°C for 1 min.
N2
Extension at 72°C for 1 min.
N2
Final extension at 72°C for 10 minutes
N2
Cooling at 4°C.

Separating DNA fragments by Agarose

gel electrophoresis.

1. 10X TBE buffer (108 g Tris base, 55 ¢
Boric acid, 40 ml of 0.5 M EDTA (pH
8.0), make up to 1 L with water).

2. 1X TBE buffer (to prepare 500 ml of
1X TAE buffer, add 10 ml of 50X TAE
buffer to 490 ml of sterile distilled wa-
ter. Mix well before use).

3. DNA loading dye (bromophenol blue -

0.25%, xylene cyanol - 0.25%, Sucrose
- 40% (w/V))

Weigh 25 mg of bromophenol blue, 25 mg
of xylene cyanol and 4 g of sucrose and dis-
solve in 5 ml of distilled water. Make up to 10
ml by adding distilled water and sterilize.
Store at -4°C.

Method:

e Prepare 50 ml of 0.8% agarose gel by

adding 0.4 g agarose to 50 ml of 1X
TAE buffer in a conical flask.

e Heat the mixture on a microwave,
swirling the conical flask, until the aga-
rose dissolves completely.

e Allow to cool down to 55-60°C.

e Add 0.5 ul ethidium bromide, mix well
and pour the gel solution into the gel
tray. Allow the gel to solidify for about
30 minutes at room temperature.

e Load 5 pl of ready to use DNA ladder
into the first well. Add 2 ul of 6X gel
loading buffer to 10 ul of PCR product.
Load the PCR product into the follow-
ing wells.

e Connect the power cord to the electro-
phoretic power supply according to the
conventions: red-anode and black-
cathode.

e Apply a voltage of 100-120 volts and
90 mA.

e Stop the electrophoresis, when bromo-
phenol blue crosses more than 2/3 of
the length of the gel.
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DNA fragments, using

ethidium bromide. Visualize DNA bands on
an UV trans-illuminator. If require, this pro-
file can be photographed through a red filter
for documentation using Gel Doc system.

ADVANTAGES OF RAPD

RAPD has been used widely because of the

following advantages:

e It requires no DNA probes and sequence

information for the design of specific
primers.

e It involves no blotting or hybridisation

steps, hence, it is quick, simple and effi-
cient.

e It requires only small amounts of DNA

(about 10 ng per reaction) and the proce-
dure can be automated.

e High number of fragments.
e Arbitrary primers are easily purchased.
e Unit costs per assay are low compared to

other marker technologies.

DISADVANTAGES OF RAPD

123

e Nearly all RAPD markers are dominant,

i.e. it is not possible to distinguish
whether a DNA segment is amplified
from a locus that is heterozygous (1
copy) or homozygous (2 copies). Co-
dominant RAPD markers, observed as
different-sized DNA segments amplified
from the same locus, are detected only
rarely.

PCR is an enzymatic reaction, therefore,
the quality and concentration of template
DNA, concentrations of PCR compo-
nents, and the PCR cycling conditions
may greatly influence the outcome. Thus,
the RAPD technique is notoriously labo-
ratory-dependent and needs carefully de-
veloped laboratory protocols to be repro-
ducible.

e Mismatches between the primer and the

template may result in the total absence

DEVELOPING
DOMINANT MARKERS FROM RAPDs

of PCR product as well as in a merely
decreased amount of the product. Thus,
the RAPD results can be difficult to in-
terpret.

e Lack of a prior knowledge on the identity
of the amplification products.

e Problems with reproducibility (sensitive
to changes in the quality of DNA, PCR
components and PCR conditions).

e Problems of co-migration (do equal-sized
bands correspond to the same homolo-
gous DNA fragment?). Gel electrophore-
sis can separate DNA  quantitatively,
cannot separate equal-sized fragments
qualitatively (i.e. according to base se-
guence).

Locus-sPecIFic, Co-

e The polymorphic RAPD marker band is
isolated from the gel.

e It is amplified in the PCR reaction. The
PCR product is cloned and sequenced.

e New longer and specific primers are de-
signed for the DNA sequence, which is
called the sequenced characterized ampli-
fied region marker (SCAR).

APPLICATIONS OF RAPD ANALYSIS

It has become widely used in the study of

e genetic diversity/polymorphism,

e germplasm characterization,

e genetic structure of populations,

e domestication,

e detection of somaclonal variation,

e cultivar identification,

e hybrid purity,

e genome mapping,

e developing genetic markers linked to a
trait in question,

e population and evolutionary genetics,

e plant and animal breeding,

e animal-plant-microbe interactions,

e pesticide/herbicide resistance,
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e animal behavior study, and

o forensic studies

RAPD markers exhibit reasonable speed,
cost and efficiency compared with other
methods; and RAPD can be done in a moder-
ate laboratory. Therefore, despite its repro-
ducibility problem, it will probably be impor-
tant until better techniques are developed in
terms of cost, time and labour.
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