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1. The general aim – to give the modern pictures of possibilities of molecular-genetic methods of
DNA-diagnostics for diagnosis of monogenic and infection diseases.

2. Student must know:

Basic methodical approaches and examples of diseases which are diagnosed by molecular-genetic
methods.
Modern methods of authentication of mutations.

3. Student must be able:

To determine different methods for DNA diagnosis of monogenic and infection diseases.

4. Plan of conducting of studies

Introduction. Classroom
5
min

Control and correction of initial level of knowledges. Computer class
10
min

Bas ic methodical approaches and examples of diseases which are
diagnosed by molecular-genetic methods. Classroom

15
min

Modern methods of authentication of mutations. Classroom 20
min

Demonstration of modern methods of DNA-diagnosis Laboratory of PCR-
diagnosis

15
min

Educational control and correction of level of knowledges. Classroom
10
min

Conclusion. Classroom 5min

Main material
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Molecular diagnostics is a discipline that combines laboratory medicine with the knowledge and
technology of molecular genetics. Its aim is to provide a sensitive alternative to protein-based current
methodologies by developing DNA/RNA-based analytical methods for monitoring human pathologies.
This is accomplished by the identification of the disease-causing mutations which may be both known or
unknown.

Completion of the human genome project have been generated, within a few years, vast information
regarding molecular alterations either causing inherited disorders or predisposing to diseases . Many
projects in current human genetics aim to dissect complex traits by making use of DNA markers, mainly
by single nucleotide polymorphisms (SNPs) which are currently used for whole-genome scanning of
genomes to gain first indication of interesting regions that contribute to the traits under investigation or
in more focused candidate gene association studies. Once an SNP or a group of SNPs has been
identified as a disease marker, it can be used for diagnostics.

In clinics some specific criteria of the DNA variations typing methods are required such as: simple
protocols, which can be easily applied for medium throughput applications, short operational time
because it reduces labour costs, rapid analysis which may be crucial to save the life of a diseased (e.g.,
infected) patient and costs which become an important issue.

With the advent of PCR, the battery of diagnostic tools for gene mutation screening was significantly
enriched and DNA amplification is coupled to a rich repertoire of methodologies for detecting known
mutations or screening for unknown sequence alterations inside the human associated disease loci.

In clinical diagnostics, methods for SNP genotyping are applied, for example, in the diagnosis of a
number of inherited diseases caused by a relatively small number of mutant alleles. In other situations,
where the disease is associated with a high number of different and private mutations spread all over the
gene or the mutant alleles are so rare that each family carries its own mutation, the routine clinical
diagnostics must be based on mutation scanning over a complete gene.

Consequently, in the last years a number of rapid, robust, cost-effective and efficient methods with the
capacity to detect known and unknown sequence variations on a medium-large scale have been
developed. There are only the main methods that are frequently utilized in molecular diagnostic
laboratories.

1. Detection of known mutations
Genotyping methods for the identification of known DNA variations are based on nucleic acid

hybridization with short oligonucleotide probes or on the use of DNA modifying enzymes.
Allele-specific mutation detection of amplified DNA based on hybridization of PCR products to allele-

specific oligonucleotide probes (ASO) can be applied in two formats.
The first is the Dot-blot approach, whereby PCR products are immobilized on a membrane and

hybridized to labelled ASO probes. Because of its simplicity it has become one of the most widely
adopted methods in molecular diagnostics, using either radioactive or nonradioactive probes. The Dot-
blot format is most useful when large numbers of samples are being screened for a small number of
mutant alleles. The second approach is the reverse dot-blot, whereby ASO probes are immobilized on a
membrane and hybridized to labelled PCR products. The latter can be considered the founding principle
behind genotyping microarrays. The reverse dot-blot is a widely used tool for routine screening of
numerous mutant alleles in several disease associated genes. Automated platforms for preparing the
reverse dot-blot membranes (strips) have been reported that allow printing of large numbers of strips
with higher-density arraying and hence commercialization of the entire process. Today there are a
number of commercially available mutation detection assays for different disease mutations.

Polymerase chain reaction
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Fig.1. A strip of eight PCR tubes, each containing a 100 μl reaction mixture
The polymerase chain reaction (PCR) is a scientific technique in molecular biology to amplify a

single or a few copies of a piece of DNA across several orders of magnitude, generating thousands to
millions of copies of a particular DNA sequence.

The method relies on thermal cycling, consisting of cycles of repeated heating and cooling of the
reaction for DNA melting and enzymatic replication of the DNA. Primers (short DNA fragments)
containing sequences complementary to the target region along with a DNA polymerase (after which the
method is named) are key components to enable selective and repeated amplification. As PCR
progresses, the DNA generated is itself used as a template for replication, setting in motion a chain
reaction in which the DNA template is exponentially amplified. PCR can be extensively modified to
perform a wide array of genetic manipulations.

Almost all PCR applications employ a heat-stable DNA polymerase, such as Taq polymerase , an
enzyme originally isolated from the bacterium Thermus aquaticus. This DNA polymerase enzymatically
assembles a new DNA strand from DNA building-blocks, the nucleotides, by using single-stranded DNA
as a template and DNA oligonucleotides (also called DNA primers), which are required for initiation of
DNA synthesis. The vast majority of PCR methods use thermal cycling, i.e., alternately heating and
cooling the PCR sample to a defined series of temperature steps. These thermal cycling steps are
necessary first to physically separate the two strands in a DNA double helix at a high temperature in a
process called DNA melting. At a lower temperature, each strand is then used as the template in DNA
synthesis by the DNA polymerase to selectively amplify the target DNA. The selectivity of PCR results
from the use of primers that are complementary to the DNA region targeted for amplification under
specific thermal cycling conditions.

PCR principles and procedure

Fig.2. A thermal cycler for PCR
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Fig.3. An older model three-temperature thermal cycler for PCR
PCR is used to amplify a specific region of a DNA strand (the DNA target). Most PCR methods typically

amplify DNA fragments of up to ~10 kilo base pairs (kb), although some techniques allow for
amplification of fragments up to 40 kb in size.

A basic PCR set up requires several components and reagents. These components include:

DNA template that contains the DNA region (target) to be amplified.
Two primers that are complementary to the 3' (three prime) ends of each of the sense and anti-
sense strand of the DNA target.
Taq polymerase or another DNA polymerase with a temperature optimum at around 70 °C.
Deoxynucleotide triphosphates (dNTPs), the building-blocks from which the DNA polymerase
synthesizes a new DNA strand.
Buffer solution, providing a suitable chemical environment for optimum activity and stability of the
DNA polymerase.
Divalent cations, magnesium or manganese ions; generally Mg2+ is used, but Mn2+ can be utilized
for PCR-mediated DNA mutagenesis, as higher Mn2+ concentration increases the error rate during
DNA synthesis
Monovalent cation potassium ions.

The PCR is commonly carried out in a reaction volume of 10–200 μl in small reaction tubes (0.2–0.5 ml
volumes) in a thermal cycler. The thermal cycler heats and cools the reaction tubes to achieve the
temperatures required at each step of the reaction (see below). Many modern thermal cyclers make use
of the Peltier effect, which permits both heating and cooling of the block holding the PCR tubes simply by
reversing the electric current. Thin-walled reaction tubes permit favorable thermal conductivity to allow
for rapid thermal equilibration. Most thermal cyclers have heated lids to prevent condensation at the top
of the reaction tube. Older thermocyclers lacking a heated lid require a layer of oil on top of the reaction
mixture or a ball of wax inside the tube.

Procedure
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Fig.4. Schematic drawing of the PCR cycle. (1) Denaturing at 94–96 °C. (2) Annealing at
~65 °C (3) Elongation at 72 °C.

Four cycles are shown here. The blue lines represent the DNA template to which primers (red arrows)
anneal that are extended by the DNA polymerase (light green circles), to give shorter DNA products
(green lines), which themselves are used as templates as PCR progresses.

Typically, PCR consists of a series of 20-40 repeated temperature changes, called cycles, with each
cycle commonly consisting of 2-3 discrete temperature steps, usually three (Fig. 2). The cycling is often
preceded by a single temperature step (called hold) at a high temperature (>90°C), and followed by one
hold at the end for final product extension or brief storage. The temperatures used and the length of
time they are applied in each cycle depend on a variety of parameters. These include the enzyme used
for DNA synthesis, the concentration of divalent ions and dNTPs in the reaction, and the melting
temperature (Tm) of the primers.

Initialization step: This step consists of heating the reaction to a temperature of 94–96 °C (or
98 °C if extremely thermostable polymerases are used), which is held for 1–9 minutes. It is only
required for DNA polymerases that require heat activation by hot-start PCR.

Denaturation step: This step is the first regular cycling event and consists of heating the reaction
to 94–98 °C for 20–30 seconds. It causes DNA melting of the DNA template by disrupting the
hydrogen bonds between complementary bases, yielding single-stranded DNA molecules.
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Annealing step: The reaction temperature is lowered to 50–65 °C for 20–40 seconds allowing
annealing of the primers to the single-stranded DNA template. Typically the annealing
temperature is about 3-5 degrees Celsius below the Tm of the primers used. Stable DNA-DNA
hydrogen bonds are only formed when the primer sequence very closely matches the template
sequence. The polymerase binds to the primer-template hybrid and begins DNA synthesis.

Extension/elongation step: The temperature at this step depends on the DNA polymerase used;
Taq polymerase has its optimum activity temperature at 75–80 °C, and commonly a temperature
of 72°C is used with this enzyme. At this step the DNA polymerase synthesizes a new DNA strand
complementary to the DNA template strand by adding dNTPs that are complementary to the
template in 5' to 3' direction, condensing the 5'-phosphate group of the dNTPs with the 3'-hydroxyl
group at the end of the nascent (extending) DNA strand. The extension time depends both on the
DNA polymerase used and on the length of the DNA fragment to be amplified. As a rule-of-thumb,
at its optimum temperature, the DNA polymerase will polymerize a thousand bases per minute.
Under optimum conditions, i.e., if there are no limitations due to limiting substrates or reagents, at
each extension step, the amount of DNA target is doubled, leading to exponential (geometric)
amplification of the specific DNA fragment.

Final elongation: This single step is occasionally performed at a temperature of 70–74 °C for 5–15
minutes after the last PCR cycle to ensure that any remaining single-stranded DNA is fully
extended.

Final hold: This step at 4–15 °C for an indefinite time may be employed for short-term storage of
the reaction.

To check whether the PCR generated the anticipated DNA fragment (also sometimes referred to as the
amplimer or amplicon), agarose gel electrophoresis is employed for size separation of the PCR products.
The size(s) of PCR products is determined by comparison with a DNA ladder (a molecular weight marker),
which contains DNA fragments of known size, run on the gel alongside the PCR products

PCR stages
The PCR process can be divided into three stages:
Exponential amplification: At every cycle, the amount of product is doubled (assuming 100% reaction

efficiency). The reaction is very sensitive: only minute quantities of DNA need to be present.
Levelling off stage: The reaction slows as the DNA polymerase loses activity and as consumption of

reagents such as dNTPs and primers causes them to become limiting.
Plateau: No more product accumulates due to exhaustion of reagents and enzyme.

2. Scanning methods for unknown gene sequence alterations
Denaturing gradient gel electrophoresis (DGGE) and single-stranded conformation

polymorphism (SSCP) analysis are two of the most commonly used methods for screening for both
known and unknown mutations in human genes. The hallmark of both techniques is their high
discriminatory potential between the wild-type and different mutant alleles, since even a single base
difference anywhere in the amplified DNA fragment will theoretically yield a different electrophoretic
pattern . The DGGE when optimised displays a very high mutation detection rate (about 95%) compared
with other scanning methods. The technique has been further improved by superimposing a porous
gradient on the denaturing gradient [double-gradient DGGE (DG-DGGE)], which minimizes band
broadening, even in prolonged runs, and permits more accurate band separation . Additionally, temporal
temperature gel electrophoresis (TTGE), which relies on a temporal temperature gradient instead of the
chemical gradient used in DGGE, has also been reported to be easier to perform and more reproducible
(compared to DGGE).

Microchip
In the last few years, technology rapidly improved and new laboratory tools became available. Among

them DNA chips have the potential for sample detection in integrated systems. Through miniaturization
of the test platform, microchip-based nucleic acid technologies allow assay development for rapid
detection of a large variety of single nucleotide polymorphisms (SNPs) and mutations in a large
population sample thus reducing time and manual work.

Therefore, m any important molecular biological analyses will be improved by the introduction, in both
research and clinical diagnostic laboratories, of this new powerful technique that can be proved faithful for
a variety of applications.

Two principally different approaches underlie the new miniaturized assays: development of highly
parallel assays in solid phase microarray formats and homogenous assays performed in individual
channels in microfluidic devices.

DNA chips are referred to as high-density oligonucleotides or cDNA molecules attached to a solid
support. The fundamental principle of most of them is the highly selective nature of DNA double helix
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hybridization. In particular, the immobilized nucleic acids are interrogated through hybridization with a
fluorescent nucleic acid molecule.

The biochip technology for SNP typing mainly uses two different approaches to perform allelic
discrimination: either allele specific nucleotide incorporation based on enzymatic reaction.
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