
Using molecular marker technology in
studies on plant genetic diversity

Complementary
technologies

Copyright: IPGRI and Cornell University, 2003 Complementary technologies    1



2

Copyright: IPGRI and Cornell University, 2003 Complementary technologies    2

Contents

! Introduction

! Denaturing gradient gel electrophoresis (DGGE)

! Thermal gradient gel electrophoresis (TGGE)

! Single-stranded conformational polymorphism
(SSCP)

! Heteroduplex analysis

! Denaturing high-performance liquid
chromotography (DHPLC)

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.

Polymorphism: The appearance of different forms associated with various alleles of one gene or homologous of one chromosome.
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Introduction

! Various technologies serve to show the presence
of sequence differences

! They help narrow down the possibilities of what
we need to sequence (is there a
polymorphism that might be worth sequencing?)

! But they do not identify what the sequence
differences are

When looking at differences in the DNA sequence, we need to be able to separate
specific DNA segments from a mixture such as from the whole genome.

Electrophoresis separates molecules in an electrical field on the basis of charge, size
and shape. If a DNA molecule is cut into small sections and placed in a well at one end
(cathode) of an agarose gel, the DNA fragments will move through the gel towards the
anode. Their speed will depend on their individual sizes, so they end up forming bands
located at different positions in the gel. The bands can then be visualised with ethidium
bromide staining, which causes the DNA to fluoresce under UV light.

The same result is achieved by electrophoresis in an acrylamide gel, the difference
being a matter of resolution. The acrylamide is able to discriminate smaller differences in
fragment size.

Electrophoresis is a diagnostic procedure that allows us to identify molecules of different
sizes. When used as such, electrophoresis is itself a means of showing polymorphisms
and, consequently, genetic variation between genotypes.

But electrophoresis can also be useful as a first step towards identifying and isolating
specific DNA molecules that, even if the same size, differ in sequence composition.

DNA sequence: The order of nucleotide bases in the DNA molecule.

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

Genotype: The specific allele composition of either of the entire cell or, more commonly, of a certain gene or set of genes.
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Denaturing gradient gel electrophoresis
(DGGE) (1)

!!!!! Permits detecting very small DNA polymorphisms
or mutations

!!!!! Can be applied to long DNA fragments,
measuring hundreds of base pairs

!!!!! Does not require previous knowledge on the
existence of a polymorphism

!!!!! Based on the renaturation properties of DNA
strands

!!!!! DNA denaturation takes place through
electrophoresis

Base pair: Two nucleotide bases on different strands of a nucleic acid molecule that are held
together by hydrogen bonds. Bases can pair in only one way: adenine with thymine (DNA) or
uracil (RNA), and guanine with cytosine (DNA).

Denaturation: The separation of the two strands of the DNA double helix, or the severe disruption of a complex molecule without breaking the major bonds of its chains.

Mutation: A permanent structural alteration in DNA. In most cases, DNA changes either have no effect or cause harm, but occasionally a mutation can improve an organism's chance of surviving and passing on the beneficial change to its descendants.
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Denaturing gradient gel electrophoresis (2)

! Small DNA fragments are subject to
electrophoresis through a polyacrylamide gel
under increasingly denaturing conditions
(formamide/urea concentrations)

! The DNA 'melts' and becomes single stranded

! DNA molecules change their shape and stop
moving

! Differences in DNA sequence are identified

The DNA fragments migrate first as double-stranded molecules. Later, because of the
gel's changing composition, the molecules denature and become single stranded,
forming a branched structure. This changed structure results in the molecules'
diminished ability to move through the gel.

The point at which the DNA melts depends on the nucleotide sequence in the melted
region. The final location of the molecules in the gel thus depends on the nucleotide
sequence of the fragments.

Nucleotide: A molecule composed of a nitrogen base, a sugar and a phosphate group. Nucleotides are the building blocks of nucleic acids.
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Denaturing gradient gel electrophoresis (3)

DGGE can be a two-step process:

! Samples are run to separate fragments
according to size

! Fragments are separated under DGGE
conditions by the ‘melting point’ process

When samples are mixed, double bands indicate
sequence differences between bands of the
same size

At least 95% of differences in sequence composition is estimated as being detected
with this procedure.

DGGE also serves to distinguish homozygous versus heterozygous genotypes for a
particular DNA fragment. To take advantage of this capacity, a cycle of denaturation and
renaturation must be conducted after the last PCR cycle. Homoduplexes and
heteroduplexes are formed as alleles reassociate. In the DGGE gel, fast-migrating
homoduplex combinations will indicate homozygous genotypes. Heterozygous
genotypes will show both homoduplex and heteroduplex combinations. Heteroduplexes
are formed through mispairing and rapid denaturation in the gel, which will stop the
migratory course of these molecules.

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

Heteroduplex: A double-stranded DNA molecule or a DNA/RNA hybrid where each strand is from a different source.

Homoduplex DNA: A double-stranded DNA molecule where both strands are from the same source.

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.
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Thermal gradient gel electrophoresis (TGGE)

! Similar to DGGE

! Increasingly denaturing conditions are achieved
by a temperature gradient instead of by
changing reagent concentrations

! Can also be used for analysing single-stranded
RNA and proteins

Protein: A polymer of amino acids joined by peptide bonds and which may comprise two or more polypeptide chains.

RNA: An organic acid containing repeating nucleotide units of adenine (A), guanine (G),
cytosine (C) and uracil (U), whose ribose components are linked with phosphodiester bonds.
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substitutions in total genomic DNA. Nature 313:495-498.
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Single-stranded conformational
polymorphism (SSCP) (1)

SSCP can distinguish between two very similar DNA sequences only on the basis of the
particular shape of their single-stranded structures. In principle, then, even two alleles of
the same gene can be discriminated.

! SSCP is based on the electrophoretic behaviour
of a single-stranded DNA molecule through a
non-denaturing acrylamide gel

• A single-stranded molecule has the property
of forming secondary structures through
internal base pairings

• These secondary structures are sequence-
dependent and result in particular shapes
for each single-stranded molecule

! Differences in secondary structures cause the
DNA strands to migrate differentially on the gel

Gene: The basic physical and functional unit of heredity, which passes information from one generation to the next. It is a segment of DNA that includes a transcribed section and a regulatory element that allows its transcription.
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SSCP (2)

!!!!! The sequence of interest goes through PCR

!!!!! Next, the PCR product is denatured at 94°C and
rapidly cooled down on ice. Single-stranded
molecules do not pair but form stable secondary
structures

!!!!! The reassociated fragments are then subject to
electrophoresis:
• In an homozygous case, two bands can be observed,

each corresponding to a slightly different secondary
structure

• In a heterozygous case, at least four bands can be
observed

SSCP is a simple technique, but has at least two major disadvantages:

• The electrophoretic behaviour of the single-stranded molecules is
unpredictable, depending very much on temperature and running
conditions.

• In the case of long DNA fragments (> 200 bp), the method becomes
insensitive to some mutations. In principle, SSCP seems to work better
for small insertions and/or deletions.

Insertion: A type of chromosomal abnormality in which a DNA sequence is inserted into a gene, disrupting the normal structure and function of that gene.



Basic reference

Hayashi, K. 1992. A method for the detection of mutations. Genet. Anal. Tech. Appl. 9:73-79.

11



12

Copyright: IPGRI and Cornell University, 2003 Complementary technologies    12

Heteroduplex analysis

! Two PCR-amplified products are mixed in equal
quantities, denatured at 95°C and allowed to
cool

! During cooling, DNA strands reanneal to form
heteroduplex DNA

! Any mismatches in the heteroduplex will cause it
to have a different three-dimensional structure,
with a reduced mobility that is proportional to the
degree of divergence of the sequences



Basic reference
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Denaturing high-performance liquid
chromatography (DHPLC): methodology

! This method can detect sequence differences of
a single base pair as well as insertions and/or
deletions

! Works with crude PCR products and does not
require prior DNA sequencing

! Based on the differential elution of homoduplex
and heteroduplex DNA when run through a
column

DHPLC is a high-performance liquid chromatography method in which DNA fragments are
separated according to size and/or presence of heteroduplexes (reannealed DNA
strands) during their passage through a gradient in a column.

In double-stranded amplified DNA, nucleotides that are mismatched through mutations
and polymorphisms become evident after heteroduplex formation. The presence of these
polymorphisms creates a mixed population of heteroduplexes and homoduplexes during
reannealing of wild type and mutant DNA. If this mixture of fragments is run under
partially denaturing conditions by HPLC, heteroduplexes elute from the column earlier
than the homoduplexes because of their lower melting temperature.

Analysis can be performed to detect sequence variation between individuals or
determine heterozygosity.

Melting temperature (Tm): Midpoint of the temperature range over which DNA is denaturated.

Wild type: The type or form of an organism or gene that occurs most frequently in nature. Often refers to how organisms or genes are found naturally, that is, in the wild, before researchers induced mutations.
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DHPLC: applications

! Finding new mutations and polymorphisms in
any DNA fragment or particular gene sequence

! Screening clones to identify candidate
fragments for sequencing

! Evaluating the fidelity of amplified fragments

! Diagnosing for the presence of known
mutations

Cloning: In molecular biology: the process of using DNA manipulation procedures to
produce multiple copies of a single gene or DNA segment.



Basic reference

Oefner, P.J. and P.A. Underhill. 1998. DNA Mutation Detection Using Denaturing High-
Performance Liquid Chromatography (DHPLC). Current Protocols in Human Genetics,
supplement 19, 7.10.1-7.10.12. Wiley & Sons, NY.
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! Several technologies help identify the presence
of sequence differences

! While they cannot tell what the variant is, they
can help narrow the range of strategies to use for
detecting it

In summary
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The basic principles of:

! Denaturing gradient gel electrophoresis

! Thermal gradient gel electrophoresis

! Single-stranded conformational polymorphism

! Heteroduplex analysis

! Denaturing high-performance liquid
chromatography

By now you should know
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Next

Final considerations

! Glossary
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