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1. The general aim – to give the modern pictures of possibilities of molecular-genetic methods of
DNA-diagnostics of inherited pathology..

2. Student must know:

Structure and function of DNA.
Transcription and translation of DNA.
General description of molecular methods of DNA –diagnostics.
DNA sequencing.

3. Student must be able:

To determine different methods for DNA diagnosis.

4. Plan of conducting of studies

Introduction. Classroom 5 min

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

Structure and function of DNA. Transcription and translation of DNA. Classroom 15 min

General description of molecular methods of DNA –diagnostics. Classroom 20 min

DNA sequencing. Classroom 15 min

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

Conclusion. Classroom 5min

Main material
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DNA

 
Fig.1 Structure of DNA

Deoxyribonucleic acid or DNA, is a nucleic acid that contains the genetic instructions used in the
development and functioning of all known living organisms (with the exception of RNA viruses). The main
role of DNA molecules is the long-term storage of information. DNA is often compared to a set of
blueprints, like a recipe or a code, since it contains the instructions needed to construct other
components of cells, such as proteins and RNA molecules. The DNA segments that carry this genetic
information are called genes, but other DNA sequences have structural purposes, or are involved in
regulating the use of this genetic information.

DNA consists of two long polymers of simple units called nucleotides, with backbones made of sugars
and phosphate groups joined by ester bonds. These two strands run in opposite directions to each other
and are therefore anti-parallel. Attached to each sugar is one of four types of molecules called bases. It
is the sequence of these four bases along the backbone that encodes information. This information is
read using the genetic code, which specifies the sequence of the amino acids within proteins. The code is
read by copying stretches of DNA into the related nucleic acid RNA, in a process called transcription.

Within cells, DNA is organized into long structures called chromosomes. These chromosomes are
duplicated before cells divide, in a process called DNA replication. Within the chromosomes, chromatin
proteins such as histones compact and organize DNA. These compact structures guide the interactions
between DNA and other proteins, helping control which parts of the DNA are transcribed.

Properties
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Fig.2. Chemical structure of DNA. Hydrogen bonds shown as dotted lines.
DNA is a long polymer made from repeating units called nucleotides. As first discovered by James D.

Watson and Francis Crick, the structure of DNA of all species comprises two helical chains each coiled
round the same axis, and each with a pitch of 34 Ångströms (3.4 nanometres) and a radius of
10 Ångströms (1.0 nanometres). According to another study, when measured in a particular solution, the
DNA chain measured 22 to 26 Ångströms wide (2.2 to 2.6 nanometres), and one nucleotide unit
measured 3.3 Å (0.33 nm) long. Although each individual repeating unit is very small, DNA polymers can
be very large molecules containing millions of nucleotides. For instance, the largest human chromosome,
chromosome number 1, is approximately 220 million base pairs long.

In living organisms, DNA does not usually exist as a single molecule, but instead as a pair of molecules
that are held tightly together. These two long strands entwine like vines, in the shape of a double helix.
The nucleotide repeats contain both the segment of the backbone of the molecule, which holds the chain
together, and a base, which interacts with the other DNA strand in the helix. A base linked to a sugar is
called a nucleoside and a base linked to a sugar and one or more phosphate groups is called a
nucleotide. If multiple nucleotides are linked together, as in DNA, this polymer is called a polynucleotide.

The backbone of the DNA strand is made from alternating phosphate and sugar residues. The sugar in
DNA is 2-deoxyribose, which is a pentose (five-carbon) sugar. The sugars are joined together by
phosphate groups that form phosphodiester bonds between the third and fifth carbon atoms of adjacent
sugar rings. These asymmetric bonds mean a strand of DNA has a direction. In a double helix the
direction of the nucleotides in one strand is opposite to their direction in the other strand: the strands are
antiparallel. The asymmetric ends of DNA strands are called the 5′ (five prime) and 3′ (three prime) ends,
with the 5' end having a terminal phosphate group and the 3' end a terminal hydroxyl group. One major
difference between DNA and RNA is the sugar, with the 2-deoxyribose in DNA being replaced by the
alternative pentose sugar ribose in RNA.

The DNA double helix is stabilized primarily by two forces: hydrogen bonds between nucleotides and
base-stacking interactions among the aromatic bases. In the aqueous environment of the cell, the
conjugated π bonds of nucleotide bases align perpendicular to the axis of the DNA molecule, minimizing
their interaction with the solvation shell and therefore, the Gibbs free energy. The four bases found in
DNA are adenine (abbreviated A), cytosine (C), guanine (G) and thymine (T). These four bases are
attached to the sugar/phosphate to form the complete nucleotide, as shown for adenosine
monophosphate.

These bases are classified into two types; adenine and guanine are fused five- and six-membered
heterocyclic compounds called purines, while cytosine and thymine are six-membered rings called
pyrimidines. A fifth pyrimidine base, called uracil (U), usually takes the place of thymine in RNA and
differs from thymine by lacking a methyl group on its ring. Uracil is not usually found in DNA, occurring
only as a breakdown product of cytosine. In addition to RNA and DNA, a large number of artificial nucleic
acid analogues have also been created to study the proprieties of nucleic acids, or for use in
biotechnology.

Grooves
Twin helical strands form the DNA backbone. Another double helix may be found by tracing the

spaces, or grooves, between the strands. These voids are adjacent to the base pairs and may provide a
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binding site. As the strands are not directly opposite each other, the grooves are unequally sized. One
groove, the major groove, is 22 Å wide and the other, the minor groove, is 12 Å wide. The narrowness of
the minor groove means that the edges of the bases are more accessible in the major groove. As a
result, proteins like transcription factors that can bind to specific sequences in double-stranded DNA
usually make contacts to the sides of the bases exposed in the major groove. This situation varies in
unusual conformations of DNA within the cell (see below), but the major and minor grooves are always
named to reflect the differences in size that would be seen if the DNA is twisted back into the ordinary B
form.

Base pairing
Each type of base on one strand forms a bond with just one type of base on the other strand. This is

called complementary base pairing. Here, purines form hydrogen bonds to pyrimidines, with A bonding
only to T, and C bonding only to G. This arrangement of two nucleotides binding together across the
double helix is called a base pair. As hydrogen bonds are not covalent, they can be broken and rejoined
relatively easily. The two strands of DNA in a double helix can therefore be pulled apart like a zipper,
either by a mechanical force or high temperature. As a result of this complementarity, all the information
in the double-stranded sequence of a DNA helix is duplicated on each strand, which is vital in DNA
replication. Indeed, this reversible and specific interaction between complementary base pairs is critical
for all the functions of DNA in living organisms.

Fig.3 Hydrogen bonds between base pair
Top, a GC base pair with three hydrogen bonds. Bottom, an AT base pair with two hydrogen bonds.

Non-covalent hydrogen bonds between the pairs are shown as dashed lines.
The two types of base pairs form different numbers of hydrogen bonds, AT forming two hydrogen

bonds, and GC forming three hydrogen bonds (see figures, left). DNA with high GC-content is more
stable than DNA with low GC-content, due to the added stability of an additional hydrogen bond.

As a result, it is both the percentage of GC base pairs and the overall length of a DNA double helix
that determine the strength of the association between the two strands of DNA. Long DNA helices with a
high GC content have stronger-interacting strands, while short helices with high AT content have weaker-
interacting strands.[ In biology, parts of the DNA double helix that need to separate easily, such as the
TATAAT Pribnow box in some promoters, tend to have a high AT content, making the strands easier to
pull apart.

In the laboratory, the strength of this interaction can be measured by finding the temperature required
to break the hydrogen bonds, their melting temperature (also called Tm value). When all the base pairs in
a DNA double helix melt, the strands separate and exist in solution as two entirely independent
molecules. These single-stranded DNA molecules (ssDNA) have no single common shape, but some
conformations are more stable than others.

Supercoiling
DNA can be twisted like a rope in a process called DNA supercoiling. With DNA in its "relaxed" state, a

strand usually circles the axis of the double helix once every 10.4 base pairs, but if the DNA is twisted the
strands become more tightly or more loosely wound. If the DNA is twisted in the direction of the helix,
this is positive supercoiling, and the bases are held more tightly together. If they are twisted in the
opposite direction, this is negative supercoiling, and the bases come apart more easily. In nature, most
DNA has slight negative supercoiling that is introduced by enzymes called topoisomerases. These
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enzymes are also needed to relieve the twisting stresses introduced into DNA strands during processes
such as transcription and DNA replication.

Fig. 4. The structures of A, B and Z DNA (from left to right)
Biological functions
DNA usually occurs as linear chromosomes in eukaryotes, and circular chromosomes in prokaryotes.

The set of chromosomes in a cell makes up its genome; the human genome has approximately 3 billion
base pairs of DNA arranged into 46 chromosomes. The information carried by DNA is held in the
sequence of pieces of DNA called genes. Transmission of genetic information in genes is achieved via
complementary base pairing. For example, in transcription, when a cell uses the information in a gene,
the DNA sequence is copied into a complementary RNA sequence through the attraction between the
DNA and the correct RNA nucleotides. Usually, this RNA copy is then used to make a matching protein
sequence in a process called translation, which depends on the same interaction between RNA
nucleotides. In alternative fashion, a cell may simply copy its genetic information in a process called DNA
replication. The details of these functions are covered in other articles; here we focus on the interactions
between DNA and other molecules that mediate the function of the genome.

Transcription and translation
A gene is a sequence of DNA that contains genetic information and can influence the phenotype of an

organism. Within a gene, the sequence of bases along a DNA strand defines a messenger RNA
sequence, which then defines one or more protein sequences. The relationship between the nucleotide
sequences of genes and the amino-acid sequences of proteins is determined by the rules of translation,
known collectively as the genetic code. The genetic code consists of three-letter 'words' called codons
formed from a sequence of three nucleotides (e.g. ACT, CAG, TTT).

In transcription, the codons of a gene are copied into messenger RNA by RNA polymerase. This RNA
copy is then decoded by a ribosome that reads the RNA sequence by base-pairing the messenger RNA
to transfer RNA, which carries amino acids. Since there are 4 bases in 3-letter combinations, there are 64
possible codons (43 combinations). These encode the twenty standard amino acids, giving most amino
acids more than one possible codon. There are also three 'stop' or 'nonsense' codons signifying the end
of the coding region; these are the TAA, TGA and TAG codons.

DNA replication. The double helix is unwound by a helicase and topoisomerase. Next, one DNA
polymerase produces the leading strand copy. Another DNA polymerase binds to the lagging strand. This
enzyme makes discontinuous segments (called Okazaki fragments) before DNA ligase joins them
together.

Replication
Cell division is essential for an organism to grow, but, when a cell divides, it must replicate the DNA in

its genome so that the two daughter cells have the same genetic information as their parent. The
double-stranded structure of DNA provides a simple mechanism for DNA replication. Here, the two
strands are separated and then each strand's complementary DNA sequence is recreated by an enzyme

Topic 10: « MODERN METHODS OF DNA DIAGNOSIS OF INHERITED PATHOLOGY» 8

http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/DNA_replication
http://en.wikipedia.org/wiki/File:A-DNA,_B-DNA_and_Z-DNA.png
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Eukaryote
http://en.wikipedia.org/wiki/Prokaryote
http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/Human_genome
http://en.wikipedia.org/wiki/DNA_sequence
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Transmission_(genetics)
http://en.wikipedia.org/wiki/Peptide_sequence
http://en.wikipedia.org/wiki/Translation_(biology)
http://en.wikipedia.org/wiki/Phenotype
http://en.wikipedia.org/wiki/Messenger_RNA
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Translation_(biology)
http://en.wikipedia.org/wiki/Genetic_code
http://en.wikipedia.org/wiki/RNA_polymerase
http://en.wikipedia.org/wiki/Ribosome
http://en.wikipedia.org/wiki/Transfer_RNA
http://en.wikipedia.org/wiki/List_of_standard_amino_acids
http://en.wikipedia.org/wiki/File:DNA_replication_en.svg
http://en.wikipedia.org/wiki/Helicase
http://en.wikipedia.org/wiki/Topoisomerase
http://en.wikipedia.org/wiki/DNA_polymerase
http://en.wikipedia.org/wiki/Replication_fork
http://en.wikipedia.org/wiki/Replication_fork
http://en.wikipedia.org/wiki/Okazaki_fragment
http://en.wikipedia.org/wiki/DNA_ligase
http://en.wikipedia.org/wiki/Cell_division
http://en.wikipedia.org/wiki/DNA_replication
http://en.wikipedia.org/wiki/Complementary_DNA
http://en.wikipedia.org/wiki/Enzyme


called DNA polymerase. This enzyme makes the complementary strand by finding the correct base
through complementary base pairing, and bonding it onto the original strand. As DNA polymerases can
only extend a DNA strand in a 5′ to 3′ direction, different mechanisms are used to copy the antiparallel
strands of the double helix. In this way, the base on the old strand dictates which base appears on the
new strand, and the cell ends up with a perfect copy of its DNA.

Current approaches to molecular diagnosis
Of the approximately 30 000 different genes that have been identified by numerous researchers in the

Human Genome Project, relatively few have been associated with specific pathogenic conditions. It will be
a continuing challenge to correlate gene with disease in ways that are clinically useful and meaningful,
especially in disorders of complex etiology. Current approaches to the identification of mutations in
inherited human disorders encompass a variety of methods, including traditional procedures such as
Southern blotting and detection by DNA hybridization as well as novel highly efficient techniques that use
real-time polymerase chain reaction (PCR) or gene microarrays. Recognition of the most effective and
efficient diagnostic approach for a patient with a suspected diagnosis requires an understanding of the
molecular pathology of the suspected syndrome(s), as well as a recognition of the limitation of the
diagnostic testing available. In some disorders, the molecular pathology is well defined and an efficient
diagnostic protocol is in place; however, for most conditions, the most effective protocols will emerge as
research and experience dictate and will require a close interaction of clinical and laboratory
professionals. This review will summarize the current approaches to diagnostic techniques in a molecular
genetic laboratory, emphasizing the complexities in disorders with trinucleotide repeat expansions and
those with genetic imprinting mechanisms.

DNA sequencing
DNA sequencing is the process of determining the precise order of nucleotides within a DNA molecule.

It includes any method or technology that is used to determine the order of the four bases—adenine,
guanine, cytosine, and thymine—in a strand of DNA. The advent of rapid DNA sequencing methods has
greatly accelerated biological and medical research and discovery.

Knowledge of DNA sequences has become indispensable for basic biological research, and in
numerous applied fields such as diagnostic, biotechnology, forensic biology, virology and biological
systematics. The rapid speed of sequencing attained with modern DNA sequencing technology has been
instrumental in the sequencing of complete DNA sequences, or genomes of numerous types and
species of life, including the human genome and other complete DNA sequences of many animal, plant,
and microbial species.

DNA sequencing may be used to determine the sequence of individual genes, larger genetic regions
(i.e. clusters of genes or operons), full chromosomes or entire genomes. Sequencing provides the order
of individual nucleotides in DNA or RNA (commonly represented as A, C, G, T, and U) isolated from cells
of animals, plants, bacteria, archaea, or virtually any other source of genetic information. This is useful
for:

1. Molecular biology – studying the genome itself, how proteins are made, what proteins are made,
identifying new genes and associations with diseases and phenotypes, and identifying potential
drug targets

2. Evolutionary biology – studying how different organisms are related and how they evolved.
3. Metagenomics – Identifying species present in a body of water, sewage, dirt, debris filtred from the

air, or swab samples of organisms. Helpful in ecology, epidemiology, microbiome research, and
other fields

De novo sequencing
Large-scale sequencing often aims at sequencing very long DNA pieces, such as whole chromosomes,

although large-scale sequencing can also be used to generate very large numbers of short sequences,
such as found in phage display. For longer targets such as chromosomes, common approaches consist
of cutting (with restriction enzymes) or shearing (with mechanical forces) large DNA fragments into
shorter DNA fragments. The fragmented DNA may then be cloned into a DNA vector and amplified in a
bacterial host such as Escherichia coli. Short DNA fragments purified from individual bacterial colonies
are individually sequenced and assembled electronically into one long, contiguous sequence. Studies
have shown that adding a size selection step to collect DNA fragments of uniform size can improve
sequencing efficiency and accuracy of the genome assembly. In these studies, automated sizing has
proven to be more reproducible and precise than manual gel sizing.
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Fig.5. Genomic DNA is fragmented into random pieces and cloned as a bacterial
library. DNA from individual bacterial clones is sequenced and the sequence is assembled
by using overlapping DNA regions

The term "de novo sequencing" specifically refers to methods used to determine the sequence of DNA
with no previously known sequence. De novo translates from Latin as "from the beginning". Gaps in the
assembled sequence may be filled by primer walking. The different strategies have different tradeoffs in
speed and accuracy; shotgun methods are often used for sequencing large genomes, but its assembly is
complex and difficult, particularly with sequence repeats often causing gaps in genome assembly.

Most sequencing approaches use an in vitro cloning step to amplify individual DNA molecules,
because their molecular detection methods are not sensitive enough for single molecule sequencing.
Emulsion PCR isolates individual DNA molecules along with primer-coated beads in aqueous droplets
within an oil phase. A polymerase chain reaction (PCR) then coats each bead with clonal copies of the
DNA molecule followed by immobilization for later sequencing.
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