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Abstract: Cytogenetic analysis always based on examination of chromosome. Before karyotype of an organism
including their number, size, shape and internal arrangements, was determined from images taken from cells in
metaphase. When banding techmques were developed, the individual chromosomes were 1dentified. In 1960,
mn-situ hybridization utilized probes labelled with radicisotopes was used. Additionally, spectral karyotyping,
multiplex fluorescence in-situ hybridization, comparative genomic hybridization and more recently array
comparative genomic hybridization have proven to be useful for the characterization of structural chromosome
aberrations found m conventional cytogenetics. In this review, we summarize the developments of chromosome
analysis techmques and layout the applications for each technique in different area of science.
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INTRODUCTION

Conventional cytogenetics is the main technique in
genetic  diagnostic for the analysis of
genotypic or phenotypic correlations. Additionally,
fluorescence n-situ hybridization, spectral karyotyping,
multiplex fluorescence in-situ hybridization, comparative
genomic recently, array
comparative genomic hybridization has proven to be
useful for the characterization of structural chromosome
aberrations found in conventional cytogenetics. The

routine

hybridization and more

application of these techniques for the analysis of
specimens from humans or mouse models of human
diseases enables one to reliably identify and characterize
complex chromosomal rearrangements resulting in
alterations of the genome!"!.

The use of Fluorescence In-Situ Hybridization (FISH)
technology has enabled the rapid analysis of cytogenetic
specimens as an adjunct to classical cytogenetic analysis.
Spectral Karyotyping (SKY) is a 24-colour, multi-
chromosomal painting assay that allows the visualization
of all human chromosomes in one experiment™.
Comparative Genomic Hybridization (CGH) is a molecular
cytogenetic FISH-approach developed for the detection
of genomic imbalances with cytogenetic resolution. CGH
allows the genome-wide assessment of relative DNA copy
number changes using extracted specimen DNA as a
probe™. DNA micro-arrays have been developed to
exploit the huge amount of sequence data generated by
large-scale sequencing program. The aim of this paper
was to review the development of chromosome analysis

techmques and 1t 1s application i different fields of
sclence.

BASIC KARYOTYPE

Chromosomes are structures that exist in the nucleus
of the cell in a diploid state. However, during cell division
they sometimes split mto a haploid state. There are two
types of cellular division where chromosomes appear:
mitosis in  somatic cell (the diploid number of
chromosomes is retained) and meiosis in gamete cells
(sperm and egg) with a haploid number of chromosomes).
Rearrangements of chromosomal structures are most likely
to occur during crossing-over including deletions,
duplications, inversion and translocations. A set of
chromosomes was present in form of polyploidy or
aneuploidy.

Cytogenetic analysis always based on examination of
chromosome fixed during mitotic metaphase. Metaphase
chromosome differs from one to another mn size, shape as
well as in length However, the relative position of
centromere is constant and this ratio is vital for
chromosome identification. Before karyotype of an
organism chromosome were determined from images taken
from cells in metaphase™. When banding techniques were
developed m the early 1970s, the individual chromosomes
were tmambiguously identified™.

BANDING TECHNIQUES

Since Hungerford et a/!” made the first karyotype
from peripheral blood cultures and demonstrated the
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value of chromosome analysis in both the clinical and
research laboratories. Chromosome banding has become
a standard and indispensable tool for  cytogenetic
analysis and several banding techniques have been
developed:

G-banding produces a high resolution and high
contrast image of chromosomes. They are digested with
trypsin before staining with Giemsa. Q-banding uses
quinacrine as a dye and R-banding shows the reverse
pattern of G-banding. By carefully application of these
dyes, sub-bands and multi-sub-bands can be identified.
In C-banding, chromosomes are treated with acid and
base and then stained with Giesma stain.
Chromosomes treated in this way have to be viewed with
UV-flucrescence!”. By the late 1980s, cytogenetics was a
mature discipline and underwent more extensive
technological changes as molecular genetic technologies
were applied to cytogenetic preparations. Early karyotype
analysis of many types of malignancies identified complex
structural  rearrangements and  extra-chromosomal
structures that were left unidentifiable and simply termed
marker chromosomes® .
FLUORESCENCEIN-SITUHYBRIDIZATION (FISH)

The identity of specific molecule was first
demonstrated using antigen-antibody interaction. In
1940s, antibodies were conjugated to flurochromes
without loss of their epitope-binding specificity. Later
antibody dependent fluorescent detection of nucleic acid
hybrids was achieved and then replaced by advent
flucrescent nucleic acid probes™. In 1960, in-situ
hybridization utilized probes labeled with radioisctopes®.
The method of isotopic detection employed in random
mcorporation of radicactive modified bases mto growing
cells followed by autoradiography. The drawbacks of
isotope such as inconsistent of probe activity, high
sensitivity of radiography, limitation of resolution, time
needs to get result and relatively hazardous materials were
developed new techniques.

Fluorescence In-Situ Hybridization (FISH) quickly
replaced radioactive in-situ assays by the late 1980s!"”,
which actually opened new considerable research
opportunities for reasons such as: Their possibility to
obtain cytogenetic results on interphase cells, easy to
analyze the colour images, possible to study archived
material and paraffin-embedded tissues and can also be
combined with other techniques to improve the results
obtained. The applications of fluorescent in-situ detection
were used for detection of DNA and mRNA targets!"'.
The advancement of recombinant DNA technology
permitted newly identified genes to be mapped to

129

chromoscomal regions'?. Likewise, Polymerase Chain

Reaction (PCR), is enables the DNA to be amplified in
sufficient quantities for genetic analysis. FISH quickly
replaced PCR-based method, which had led to
misdiagnoses, for sexing of embryes™?. FISH is a powerful
technique for detecting probes from known genes and
specific chromosomal loci enabled the genome to be
localization of specific DNA sequences within mterphase
chromatin  and metaphase chromosomes and the
identification of both structural and numerical
chromoscme changes!”. FISH is currently the method of
choice for evaluating sex selection procedures because it
accurately identifies the sex chromosome of individual
spermatozoa using specific probes for the X and
Y-chromosomes and a two-colour detection system; and
through FISH, large numbers of spermatozoa can be
screened within minimal time''®. In-situ hybridization
technique provides information complementary to those
provided by immuno-histochemistry. It 1s possible to
detect the mnucleic acid sequences coding for the
expression of specific proteins. The combination of
immuno-histochemistry and in-situ hybridization allows
complete and detailed analysis of gene expression n-situ
including the 1dentification of specific chromosomes.

SPECTRAL KARYOTYPING (SKY)

Several multicolor karyotyping procedures, such as
Multiplex-FISH (M-FISH), Spectral Karyotyping (SKY) or
Colour-Changing Karyotyping (CCK)"'® were introduced
1n the past several years. These techmiques were applied
in prenatal diagnosis"*, peripheral bloed cultures and
leukemia and solid tumors™", especially in cases where
(-banding was not sufficient to identify the chromosome
of origin. There are two methods of performing M-FISH,
one based on the use of specific filter sets"™ and the other
based on the spectral signature of the fluorochromes or
dyes used and termed Spectral Karyotyping (SKY )", The
most  popular method of Spectral Karyotyping
(SKY), involves the wuse of 24-colour, whole
chromosome-painting permitting visualization of each
chromosome in one experiment. This technology is based
on the principles of spectral imaging™’ and Fourier
spectroscopy”™. Flow sorted chromosomes are PCR-
labeled™, either directly or indirectly, with flucrochromes
or haptens. Five pure dyes that were spectrally distinct
are used in combination to create the umque chromosome
cocktail of probes.

The limitation of SKY depends on its inability to
detect deletions or other intra-chromosomal structural
changes such as mversions. However, there are some
reasons for using SKY m the analysis of abnormal
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chromosome preparations. Tt is that, does not need to
have a highly experienced metaphase analyst to perform
the microscopy to mterpret the clearly assigned color
patterns. In addition the subtle translocations of DNA can
be detected®?. SKY therefore provides a method for rapid
high-resolution screening of the cancer karyotype and
has applications both in the research and clinical
cytogenetics laboratories™. Many cytogenetic changes
in carcinomas are resulted of segregation defects during
mitosis leading to increase in the number of numerical
changes in the karyotype!™. SKY can provide more
precise information concerning both numerical and
structural changes when genomic instability is suspected.
SKY has been applied to various tumor groups including
hematological malignancies, sarcomas, carcinomas and
brain tumors, with the mtent of identifying specific
chromosomal abnormalities that may provide insight to
the genes involved in the disease process™. SKY has
also been applied for the mouse genome, enabling
mvestigators to extrapolate information from mouse
models of cancer to their human counterparts.

MULTIPLEX FLUORESCENCE IN-SITU
HYBRIDIZATION (M-FISH)

Multicolor- karyotyping and labeling strategies have
been recently reviewed™; multicolour techniques have
been particularly applied to chromosome panting probes,
an important limitation of pamting probe 1s their poor
sensitivity  for  detection of  intrachromosomal
rearrangements. Deletions or duplications will be detected
only if they result in significant size differences of the two
homologous chromosomes.

The novel M-FISH diagnostic procedures 15 called
centromeric M-FISH and used for one step diagnosis of
chromosomal aneuploidies. Two separate methods were
developed, first was metaphase assay or (M-FISH) where
the human centromeric probes labeled using combinatorial
labeling, mixed together and hybridized on the same
cytogenetic preparation it is used for small marker
chromosome identification in the presence of metaphases.
Second is interphase assay (iCM-FISH), here the
centromeric probes were divided mnto three groups, this
allows identification of aneuploidies in interphase nuclei
and doses mot require cell culture before FISH¥”. The
advantages of CM-FISH was that the probes dose not
required competitor DNA during hybridization, FISH
signals are strong and all probes are available as
plasmids®. Hybridization time was range between 30 min
to 2 hrs. The disadvantage is the lack of separation
between the centromeres of chromosomes 13 and 2151
and the inability to detect marker chromosome lacking
w-satellite sequences™.
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COMPARATIVE GENOMIC HYBRIDIZATTION (CGH)

One of the techmcally most demanding of a modified
in-situ hybridization technique 13 Comparative Genomic
Hybridization (CGH)"Y, provides superior resclution to
traditional karyotype analysis. In this type of analysis,
differentially labeled genomic DNAs
co-hybridized to normal metaphase spreads or to
micro-array. CGH allows detection and mapping of DNA
sequence copy differences between two genomes in a
single experiment. Comparative genomic hybridization is
a powerful tool for the detection and identification of
unbalanced chromosomal abnormalities i prenatal,

two are

postnatal and pre-implantation diagnostics™. Unbalanced
translocations
non-viability of the embryos, so CGH 1s able to identify
more subtle abnormalities known as translocations, but 1t
is not able to detect balanced translocations™. CGH will
allow us to select the embryos with the highest pregnancy
potential in order to transfer them first and to avoid the
transfer of embryos with chromosome abnormalities.
Embryo biopsy followed by CGH is a way of screening
embryos for some common chromosome faults that are
known to lead to pregnancy loss. Hopefully the selection
of better quality embryos will achieve pregnancies more

caused severe abnormalities or

quickly. This allows determining of complete and partial
chromoscme gains and losses™ ™. CGH results will thus
allow the classification of many tumor cell lines and
together with other complementary techniques such as
micro-dissection-FISH and primed in-situ hybridization
will mcrease the possibility to select appropriate treatment
for cancer patients.

ARRAY COMPARATIVE GENOMIC
HYBRIDIZATION (A-CGH)

The development in CGH technology was heralded
in 1997 by (Solinas-Toldo et al. ™ they described as
matrix-CGH. Compared with traditional CGH experiments,
Matrix-CGH 1s able to detect genome gains and losses.
There are several names for this technology: DNA
micro-arrays, DNA arrays, DNA chips, Gene chips, etc.
Two different micro-array technologies are available, the
oligo micro-arrays and the cDNA micro-arrays that differ
with the length of DNA sequences (from 25 oligomeres to
several hundred oligomeres, respectively) synthesized or
grafted on the matrix, the type of the matrix (glass, nylon,
membranes and other formats) and, finally, the data
processing. Arrays are customizable in DNA species and
in number of genes represented. When using two different
samples (treated and controlled), we can compare the gene
expression profiles between them and then determine how
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the cell or tissue regulates its genes in a specific
environment. DNA micro-arrays are like powerful
automatic RNA differential display experiments, without
the need for both sequence and quantify the bands of
interest.

DNA  micro-arrays are suitable tools for
endocrinology studies, such as the analysis of the cellular
response to a specific stimulus. For example, Feng et al.™,
identified from mouse liver 45 genes not previously
identified as thyroid hormone-responsive genes. In a
related work, Dupont et ol have used cDNA
micro-array technology to define the specificity of msulin
vs. IGF-1 signaling. Expression arrays can be used to
understand mutagenic diseases such as many cancers'™.
The ratio of gene expression in a treated sample over the
control sample 1s used as quantitative measurements of
the differential expression, to generate a clustering of
genes™. Another application of DNA micro-arrays is the
finding of new functions of genes by association of gene
eXPIesslon.

DNA micro-arrays are useful for the identification of
genes that are markers of multigemc diseases.
Furthermore, DNA micro-arrays will be very efficienttools
to detect the response to therapy, such as the prostate
tumor response to androgen withdrawal and to plan more
appropriate medical treatments™. The physical chemistry
of hybridization is oligonucleotides micro-array is used to
detect point mutations (the missing, adding or changing
of a single base) in a known DNA sequence. Furthermore,
oligo micro-array raw original data have to be processed
for bias corrections like multiplicative effects
(e.g. difference in the total mRNA concentration of
samples), additive effects (e.g. background) and position
effects on the micro-array and nonlinear effects
(saturation of detectors of the hybridization intensity).

The raw data produced from micro-array experiments
are hybridized micro-array images. These images should
be analyzed, each spot on the array 1dentified its intensity
measured and compared to the background. This is called
mmage quantification and 15 done by unage analysis
software. To obtain the final gene expression matrix from
spot quantifications, all the quantities related to some
gene (either on the same array or on arrays measuring the
same condition m repeated experiments) have to be
combined and the entire matrix has to be scaled to make
different arrays comparable. Many micro-array data are
now available on public online databases where they can
be queried, compared and analyzed by different computer
software programs. The European Bioinformatics Institute
(EBI) as well as the National Center for Biotechnology
Information (NCBI) is establishing a public repository for
micro-array gene expression data analogous to banks for
DNA sequence data.
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SUMMARY OF APPLICATIONS

FISH was used in radiation biology™"!. The ability of
FISH to perform interphase cytogenetics makes it suitable
for prenatal diagnosis. Some syndromes and specific
mutated loci can be detected by PCR, but in cases of a
micro deletion FISH probes was recommended. As FISH
can be performed with a single cell, preimplantation
diagnosis can be used to detect aneuploidies™.
Diagnosis of the presence of certain viruses has been
reported using probes for specific DNA of the infectious
agent'™. Cytogenetics analysis was applied in hereditary
genetics to detect syndromes passed from the
generations. Similarly, mutation caused by radiation and
other contaminants, can cause genetic damage™. In the
evolution process FISH techmique proved that related
species have common fragments of chromosomes™”. The
development of probes for animal research models and for
specific diagnosis n species of agricultural and animal
economic importance will provide many new applications
of molecular cytogenetics, as every species has its own

[46]
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