
Using molecular marker technology in
studies on plant genetic diversity

DNA-based technologies

PCR-based technologies
PCR with arbitrary primers

(RAPDs, DAF, AP-PCR)
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! Differences: DAF and AP-PCR technologies

AP-PCR: Arbitrarily primed polymerase chain reaction. A technique for amplifying anonymous stretches of DNA, using PCR. Related to RAPD.

Arbitrary primer: A short oligonucleotide primer used in certain PCR methods to initiate DNA synthesis at random locations on the target DNA.

DAF: DNA amplification fingerprinting. A technique for amplifying anonymous stretches of DNA, using PCR. Related to RAPD.
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MAAP (multiple arbitrary amplicon profiling) is the
acronym proposed to cover the three main
technologies that fall in this category:

• Random amplified polymorphic DNA (RAPD)

• DNA amplification fingerprinting (DAF)

• Arbitrarily primed polymerase chain reaction

(AP-PCR)

PCR with arbitrary primers

Three main techniques fall within the category of PCR-based markers using arbitrary
primers: RAPD, DAF and AP-PCR. MAAP is the acronym proposed, but not commonly
used, by Caetano-Anollés et al. (1992) to encompass all of these closely related
techniques. In this submodule, special attention will be given to RAPD, concluding with
a comparison of RAPD with DAF and AP-PCR.

Reference

Caetano-Anollés, G., B.J. Bassam and P.M. Gresshoff. 1992. DNA fingerprinting:
MAAPing out a RAPD redefinition? Bio/Technology 10 (9):937.

DNA: Deoxyribonucleic acid, a double chain of linked nucleotides (having deoxyribose as the sugar component), which is the fundamental molecule of which genes are composed.

Marker: An identifiable physical location on a chromosome whose inheritance can be monitored (e.g. gene, restriction enzyme site or RFLP marker).

PCR: Polymerase chain reaction. A method for amplifying a DNA sequence in large amounts, using a heat-stable polymerase and suitable primers to direct the amplification of the desired region of DNA.

Polymorphism: The appearance of different forms associated with various alleles of one gene or homologous of one chromosome.
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RAPD technology, step by step

The random amplified polymorphic DNA (RAPD) technique is a PCR-based method that
uses a short primer (usually 10 bases) to amplify anonymous stretches of DNA. With this
technique, there is no specific target DNA, so each particular primer will adhere to the
template DNA randomly. As a result, the nature of the obtained products will be unknown.
The DNA fragments generated are then separated and detected by gel electrophoresis.

! Main features
• Uses a short random primer (usually 10 bases)
• Amplifies anonymous stretches of DNA

! Laboratory steps are:
• Isolating DNA
• PCR reaction with a primer
• Separating DNA fragments by gel

electrophoresis
• Visualising DNA fragments, using ethidium

bromide

Base: The chemical unit that characterises a nucleotide. In DNA, the bases found are adenine (A), guanine (G), thymine (T) and cytosine (C). In RNA, the bases are adenine, guanine, uracil (U) and cytosine.

Electrophoresis: A technique for separating the components of a mixture of molecules (proteins, DNA or RNA) by size as a result of an electric field within a support gel.

Template: A molecule that serves as the pattern for synthesising another molecule, e.g. a single-stranded DNA molecule can be used as a template to synthesise the complementary nucleotide strand.
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Isolating DNA

Total, chloroplast or mitochondrial DNA can be used

• Tiny amounts of DNA are sufficient
• DNA must be clean and of high molecular

weight

If minimal quality of DNA is not achieved, the
reproducibility of results will be hard to ensure
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PCR reaction

The PCR components needed are already discussed in the submodule "PCR basics".
Only a short primer (usually 10 bp long) is used. Primers with these characteristics are
commercially available under different brands. A concentration of MgCl

2 
 is often added

to promote amplification of more bands through the reaction. However, care should be
taken to find the suitable concentration for each case, to prevent the appearance of
non-specific products.

PCR conditions usually include an annealing cycle at a low temperature (about 40°C),
thus encouraging primer—DNA annealing and leading to a sufficient number of products.
Again, the appearance of non-specific products must be prevented, which can be done
by determining the appropriate temperature at which 'ghost' bands will not appear.

!!!!! Components for a PCR

!!!!! Primers (10 bases long) are commercially
available from different companies

!!!!! Addition of MgCl2 is usual

!!!!! Annealing cycles are performed at low
temperatures (about 40°C)

Annealing: Spontaneous alignment of two single DNA strands to form a double helix.
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RAPD product detection

Agarose or acrylamide gel electrophoresis and
visualisation with ethidium bromide

RAPDs can be detected by running PCR products through electrophoresis on an agarose
or acrylamide gel. In both cases, the gel is stained with ethidium bromide.

The difference obtained by running RAPD products in acrylamide versus agarose lies only
in the degree of resolution of bands. In most cases, agarose gel electrophoresis gives
sufficient resolution.
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Diagrammatic summary
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Adapted from Griffiths et al. 1996
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Equipment

! Resources:

• Distilled and/or deionised water
• Reagents

! Equipment:

• Refrigerator and freezer
• Laminar flow hood
• Centrifuge
• Thermocycler
• Power supply units

• Hotplate or microwave
• pH meter
• Standard balance
• Gel electrophoresis units
• UV transilluminator
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Interpreting RAPD banding patterns (1)

DNA polymorphism among individuals can be due to:

! Mismatches at the primer site

! The appearance of a new primer site

! The length of the amplified region between
primer sites
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Because of the nature of RAPD markers, only the
presence or absence of a particular band can be
assessed.  Criteria for selecting scoring bands:

! Reproducibility—need to repeat experiments

! Thickness
! Size
! Expected segregation observed in a mapping

population

Interpreting RAPD banding patterns (2)

Segregation: Genetically, it refers to the production of two separate phenotypes corresponding to the two alleles of a gene.
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Interpreting RAPD banding patterns:
Example of a bad RAPD gel

This picture shows an image of a bad quality RAPD gel. 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. The hazy background makes observation difficult—whether,
in certain cases, one band is found or two side by side. Certainly, some bands are clear
and can be scored, but many other bands are dubious and their interpretation would be
highly risky. Such difficulties raise questions of confidence in data collection.
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Interpreting RAPD banding patterns:
Example of a good RAPD gel

This picture shows an image of a very high quality RAPD gel. Both, presence and
absence of most bands are very clear and the background is transparent. The
researcher would have no doubts while selecting bands and collecting data from this
gel. Consequently, the interpretation of results can be very confident.
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Advantages of RAPDs

! High number of fragments

! Simple

! Arbitrary primers are easily purchased, with no
need for initial genetic or genomic information

! Only tiny quantities of target DNA are required

! Unit costs per assay are low

Some comments:

• Many different fragments (corresponding to multiple loci dispersed throughout
the genome) are normally amplified, using each single primer. The technique
is therefore rapid in detecting polymorphisms. Although most commercially
produced primers result in several fragments, some primers may fail to give
amplification fragments from some material.

• The technique is simple. RAPD analysis does not require expertise to handle
hybridisation of DNA or other highly technical activities.

Genome: The entire complement of genetic material in an organism.

Hybridisation: In molecular biology: the binding of complementary DNA and/or RNA sequences to form a double-stranded structure.
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! Dominant

! Lack of a priori knowledge on the identity of the
amplification products

! Problems with reproducibility

! Problems of co-migration

Disadvantages of RAPDs

RAPD markers are dominant. Amplification either occurs at a locus or it does not,
leading to scores based on band presence or absence. This means that homozygotes
and heterozygotes cannot be distinguished. In addition, the absence of a band through
lack of a target sequence cannot be distinguished from that occurring through the lack
of amplification for other reasons (e.g. poor quality DNA), contributing to ambiguity in the
interpretation of results.

Nothing is known about the identity of the amplification products unless the studies are
supported by pedigree analysis.

Problems with reproducibility result as RAPD suffers from sensitivity to changes in the
quality of DNA, PCR components and PCR conditions, resulting in changes of the
amplified fragments. Reproducible results may be obtained if care is taken to
standardise the conditions used (Munthali et al., 1992; Lowe et al., 1996).

Problems of co-migration raise questions like 'Do equal-sized bands correspond to the
same DNA fragment?'

• The presence of a band of identical molecular weight in different individuals is not
evidence per se that the individuals share the same (homologous) DNA fragment.

• A band detected on a gel as being single can comprise different amplification
products. This is because the type of gel electrophoresis used, while able to
separate DNA quantitatively (i.e. according to size), cannot separate equal-sized
fragments qualitatively (i.e. according to base sequence).

References

Lowe, A.J., O. Hanotte and L. Guarino. 1996. Standardization of molecular genetic
techniques for the characterization of germplasm collections: the case of random
amplified polymorphic DNA (RAPD). Plant Genet. Resour. Newsl. 107:50-54.

Munthali, M., B.V. Ford-Lloyd and H.J. Newbury. 1992. The random amplification of
polymorphic DNA for fingerprinting plants. PCR Methods Appl. 1(4):274-276.

Base sequence: The order of nucleotide bases in DNA or RNA.

Homologous: Corresponding or alike in structure, position or origin.

Locus ( pl. loci): The specific place on a chromosome where a gene or particular piece of DNA is located.

Pedigree: A simplified diagram of a family's genealogy that shows family members' relationships to each other and how a particular trait or disease has been inherited.
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Applications

! Genetic diversity

! Germplasm characterisation

! Genetic structure of populations

! Domestication

! Detection of somaclonal variation

! Cultivar identification

! Hybrid purity

! Genome mapping

References in purple are explained in detail in the following slides.

Cattan-Toupance, I., Y. Michalakis and C. Neema. 1998. Genetic structure of wild bean
populations in their South Andean centre of origin. Theor. Appl. Genet. 96:844-851.

Cristofani, M., M.A. Machado and D. Grattapaglia. 1999. Genetic linkage maps of Citrus
sunki Hort. Ex. Tan. and Poncirus trifoliata (L.) Raf. and mapping of citrus resistance
gene.  Euphytica 109(1):25-32.

Hashmi, G., R. Huettel, R. Meyer, L. Krusberg and F. Hammerschlag. 1997. RAPD
analysis of somaclonal variants derived from embryo callus cultures of peach. Plant
Cell Rep 16(9):624-627.

Kölliker, R., F.J. Stadelmann, B. Breidy and J. Nösberger. 1998. Fertilization and
defoliation frequency affect genetic diversity of Festuca pratensis Huds. in
permanent grasslands. Mol. Ecol. 7:1557-1567.

Martelli, G., F. Sunseri, I. Greco, M.R. Sabina, P. Porreca and A. Levi. 1999. Strawberry
cultivars genetic relationship using randomly amplified polymorphic DNA (RAPD)
analysis. Adv. Hortic. Sci. 13(3):99-104.

Martin, M., F. Piola, D. Chessel, M. Jay and P. Heizmann. 2001. The domestication
process of the Modern Rose: genetic structure and allelic composition of the rose
complex. Theor. Appl. Genet. 102:398-404.

Morden, C.W. and W. Loeffler. 1999. Fragmentation and genetic differentiation among
subpopulations of the endangered Hawaiian mint Haplostachys haplostachya
(Lamiaceae). Mol. Ecol. 8:617-625.

Nebauer, S.G., L. del Castillo-Agudo and J. Segura. 1999. RAPD variation within and
among natural populations of outcrossing willow-leaved foxglove (Digitalis obscura L.).
Theor. Appl. Genet. 98:985-994.

Rodríguez, J.M., T. Berke, L. Engle and J. Nienhuis. 1999. Variation among and within
Capsicum species revealed by RAPD markers. Theor. Appl. Genet. 99:147-156.

Rom, M., M. Bar, A. Rom, M. Pilowsky and D. Gidoni. 1995. Purity control of F
1
-hybrid

tomato cultivars by RAPD markers. Plant Breed. 114(2):188-190.

Germplasm: The total genetic variability available to a population of organisms as represented by germ cells, seeds, etc.

Hybrid: Either (1) a heterozygous individual, or (2) a progeny individual from a cross between parents with different genotypes.

Somaclonal variation: Variation found in vegetative cells dividing mitotically in culture.
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Example: Meadow fescue

! Title:
Fertilization and defoliation frequency affect genetic
diversity of Festuca pratensis Huds. in permanent
grasslands. Mol. Ecol. 1998. 7:1557-1567

! Objective:
To assess the genetic variability of meadow fescue, and
determine whether fertilisation and defoliation frequency
influence genetic variability within natural populations

! Materials and methods:
• Six natural populations and 3 cultivars of Festuca

pratensis were studied, using 69 RAPD markers (13
primers) and 7 agronomic traits.

• Samples of natural populations were taken from two
unrelated long-term experiments, where treatments
had been applied for 11 to 38 years

(continued on next slide)
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Example: Meadow fescue (continued)

Results:

• Factor analysis of agronomic traits failed to separate
cultivars from the other populations

• Cluster analysis of RAPD data resulted in a clear
distinction between cultivars and natural populations

• Genetic variability within cultivars was lower than
within natural populations

• Analysis of molecular variance (AMOVA) showed a
significant effect of management on genetic variation

(continued on next slide)
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Example: Meadow fescue (continued)

! Discussion:
Significant genetic variation exists within cultivars and
natural populations of Festuca pratensis. However,
fertilisation and high cutting frequency may reduce it

! Conclusions:
Unfertilised and rarely cut populations of meadow fescue
should be conserved as a gene pool. Further studies of
other species are needed to learn more about how
management systems influence the diversity of plant
communities and the genetic architecture of species
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Example: Bell pepper

! Title:
Variation among and within Capsicum species revealed
by RAPD markers. Theor. Appl. Genet. 1999. 99:147-156

! Objective:
To characterize germplasm of Capsicum species

! Materials and methods:
A total of 134 accessions from six Capsicum species,
maintained at the Asian Vegetable Research and
Development Center (AVRDC) genebank, were
characterised with 110 RAPD markers (25 primers)

(continued on next slide)

Accession: A sample of a crop variety collected at a specific location and time; may be of any size.
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Example: Bell pepper (continued)

! Results and discussion:

• Ten pairs of potentially duplicate accessions
documented

• Diagnostic RAPDs were identified and employed to
improve taxonomic identification. They could also be
used to monitor natural and artificial hybridisation

• Three Capsicum accessions, misclassified on
morphological traits, were re-identified through
diagnostic RAPDs

• Three accessions, previously unclassified, were
assigned to a species based on diagnostic RAPDs

• Capsicum annuum accessions from the genebank did
not differ from lines in the breeding program for RAPD
variation or diversity

(continued on next slide)
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Example: Bell pepper (continued)

Conclusions:
The AVRDC's pepper breeding program seems to be
working with a diversity that is representative of its
pepper collection in the genebank. Molecular markers
can be useful for rationalising the management of an ex
situ collection (e.g. identifying duplicates or taxonomic
errors)
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Example: Modern rose

! Title:
The domestication process of the Modern Rose: genetic
structure and allelic composition of the rose complex.
Theor. Appl. Genet. 2001. 102:398-404

! Objective:
To evaluate the genetic variability among cultivated rose
varieties and investigate the history of rose breeding

! Materials and methods:
From 13 horticultural groups, 100 old varieties of
cultivated rose were selected for the way they marked
successive stages of domestication.  They were studied
with AP-PCR, using five long (20-mer) primers

(continued on next slide)
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Example: Modern rose (continued)

Results and discussion:
• Fifty-eight polymorphic DNA fragments were

produced, 55 being informative and discriminatory,
allowing differentiation among almost all 100 cultivars

• A dendrogram showed the relationships between
Chinese and European founder roses, hybrid groups
of the first and second generations, and the most
modern hybrid Teas produced during domestication

• Principal component analysis demonstrated the
occurrence of a continuous gradient of the European/
Chinese allele ratio, and considerable reduction in
genetic variability over the course of domestication

(continued on next slide)

Allele: One of the alternative forms of a gene that can exist at a single locus.

Dendrogram: Any branching diagram that shows, by means of lines shaped like U's a hierarchy of categories or objects based on the degree of similarity or number of shared characters. Often, the length of each U represents the distance between the two objects being connected.
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Example: Modern rose (continued)

Conclusions:
The effect of selection for a limited array of
morphological traits resulted in the retention of only a
small number of alleles during the domestication of rose.
Rose has much more genetic variation than is so far
used. Selecting for different variants to generate varieties
with new and valuable aesthetic traits should be
possible
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For DAF:

! Primer concentrations are higher

! Shorter primers are used (5 to 8 nucleotides)

! Two-temperature cycle vs. the 3-temperature
cycle used in RAPD

! Highly complex banding patterns

References

Caetano-Anollés, G., B.J. Bassam and P.M. Gresshoff. 1991a. DNA amplification
fingerprinting: a strategy for genome analysis. Plant Mol. Biol. Rep. 9(4):294-307.

Caetano-Anollés, G., B.J. Bassam and P.M. Gresshoff. 1991b. DNA amplification using
very short arbitrary oligonucleotide primers. Bio/Technology 9:553-557.

Differences: DAF and RAPD technologies

Nucleotide: A molecule composed of a nitrogen base, a sugar and a phosphate group. Nucleotides are the building blocks of nucleic acids.



27

Copyright: IPGRI and Cornell University, 2003 PCR with arbitrary primers  27

In AP-PCR:

! The amplification is in three parts, each with its
own stringency and concentration of constituents

! High primer concentrations are used in the first
PCR cycles

! Primers of variable length, and often designed
for other purposes, are arbitrarily chosen for use
(e.g. M13 universal sequencing primer)

Reference

Welsh, J. and M. McClelland. 1990. Fingerprinting genomes using PCR with arbitrary
primers. Nucleic Acids Res. 18(24):7213-7218.

27

Differences: AP-PCR and RAPD technologies
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In summary

! The RAPD technology is based on a simple
PCR with a single short arbitrary primer

! RAPD easily produces a significant number
of bands, but markers are dominant and
reproducibility problems are common

! DAF and AP-PCR are alternative, more complex
technologies, of RAPD
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By now you should know

! Main features of the RAPD procedure

! Causes of polymorphisms in the DNA molecule
that can be detected with RAPD

! Criteria for selecting RAPD bands for genetic
diversity analysis

! Advantages and disadvantages of RAPD
technology

! Main differences of DAF and AP-PCR with
RAPD technology
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Next

DNA-based technologies
PCR-based technologies

Amplified fragment length polymorphisms

! DNA-based technologies
• PCR-based technologies

• Sequences-tagged sites (STS)
• Latest strategies

! Complementary technologies

! Final considerations

! Glossary
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