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ABSTRACT

Before the recent advancesin molecular biology and the knowledge of the
complete nucleotide sequence of several genomes, cytogenetic analysis
provided the first information concerning the genome organization. The
most important contribution of cytogenetics is related to the physical
anchorage of genetic linkage maps in the chromosomes through the hy-
bridization of DNA markers onto chromosomes. Cytogenetic approaches
to studying chromosomes and their relationship to human disease have
improved greatly over the past several decades. The cytogenetic map-
ping techniques of fluorescence in situ hybridization (FISH), which en-
ables the direct chromosomal localization of labelled DNA probes and
Comparative genomic hybridisation (CGH) isatechniquethat permitsthe
detection of chromosomal copy number changes without the need for cell
culturing. It providesaglobal overview of chromosomal gains and losses
throughout the whole genome of a tumour. Another cytogenetic tech-
nique used to isolate populations of intact cells involved the process
known as flow Cytometry which uses the fluorescent dyeto label the cell
population of interest. Practical applications of these techniques in ge-
nome analysis, chromosome mapping, analysis of somaclonal variations
in tissue culture and many more have been presented.
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INTRODUCTION

Cytogeneticisthe study of chromosomesand their
role in heredity. The methods that scientists use to
analyse chromosomes, chromosome abnormalities
associated with disease, the rolesthat chromosomes
play insex determination and changesin chromosomes
during evolutioni*2. A cytogenetic map is the visual
appearance of a chromosome when stained and
examined under amicroscope. Particularly important
arevisudly digtinct regions, caled light and dark bands,

which give each of the chromosomes a unique
appearance. This feature allows a person’s
chromosomesto bestudiedinaclinical testknownasa
karyotype, which allows scientists to ook for
chromosomal alterations®. These are based on the
localization of features to the bands visible upon
chromosoma staining. Thesimplest of the cytogenetic
mapsisthe band map, which showsthe positionsof the
bands themselves. The cytogenetic includesroutine
analyssof G-banded chromosomes, other cytogenetic
banding techniques, as well as molecular
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cytogenetic such as fluorescent in-situ hybridization 2. Physical Mapping: It is based directly on
(FISH), comparativegenomic hybridization (CGH) and measurements of DNA structure. It usesavariety
flow Cytometry!4. of methodsto assign genes and DNA markersto
particular locations a ong achromosome, so the
actual distancesbetweenthegenesareknown. Itis
* gl A useful inthelarge-scaleisolation of genesusingthe

Fd

". o . positiond cloning approach!™.

Crytogenclic Banding MNomenclature
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m— 3. Restriction Mapping: It isthe processof obtaining

.
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;2T ey structurd information on apieceof DNA by useof
— - . e e aen restriction enzymes such asendonucleases. A restri-
" ctionmapisamap of knownrestriction steswithin
N - asequenceof DNA. Inmolecular biology, restriction
o : maps are used to determine the relationships
between two different speciesat themolecular level.
It is an easy way to compare DNA fragments

without having any information of their nucleotide
TYPESOF MAPPING sequence®.,
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Figurel: Identification of cytogenetic map

FooR [Pyl (1)

1. Genomic Mapping: Itisthecreation of a genetic i Sae Neel (183) Befl (24%)
map assigning DNA fragments to chromosomes. It
involveslocating of aspecific geneto particular ‘4_\\
region of a chromosome and determining the — “<' 7™ fact
location of and rel ative distances between genes - _
onthechromosome. Thegenetic linkage map shows AP ':l IC19 ot |
thearrangement of genesand genetic markers along . /
the chromosomes as cal cul ated by the frequency oRl, ¥
withwhichthey areinherited together®™. Thedetaled A
genetic maps help locatetherisk genesfor ahost S
of genetic diseases. Genetic maps of microbes
enableresearchersto harnessthe power of bacteria 4. Somatic Hybrid Mapping: Chromo some mapp-

Figure3: Restriction map

Flow Cytometry measures multiplecharacteristics
of individua particlesflowinginsnglefileinastream of
fluid. Light scattering at different anglescan distinguish

differencesinsizeandinternd complexity, whereaslight

] | emitted from fluorescently labelled antibodies can
Chremosoms pra sequence  jdentify awidearray of cell surfaceand cytoplasmic
antigens. This approach makes flow cytometry a
powerful tool for detailed analysis of complex

for producing energy from bio-fuels, reducingtoxic ing through somatic cell hybridization is essentially
waste, and developing environment-friendly based on fus on of human and mouse somatic cells.
products. The technique can also be used in organ Itinvolvesthetransfer of genetic materid fromthe
transplants to achieve better matches between human cell to another typeof cdll inaculture?.
recipientsand donors, thusminimizing therisksof
complicationsand maximizing the use of donated CYTOGENETICMAPPING
healthy organg®. METHODOLOGIES
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populationsinashort period of time?, Flow Cytometry
is used for immunophenotyping of a variety of
specimens, includingwholeblood, bonemarrow, serous
cavity fluids, cerebrospind fluid, urine, and solid tissues.
Characteristicsthat can bemeasured includecell size,
cytoplasmic complexity, DNA or RNA content, and a
wide range of membrane-bound and intracellular
proteing®y,

Principle
How cytometry measuresoptica and fluorescence
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Figure5: Sorting of labelled chromosomesby flow cytometry

sorted cells

emissonwaveengthsalowssevera cell propertiesto
be measured s multaneoud yt*+12,

Commonly used dyesinclude propidiumiodide,
phycoerythrin, and fluorescein. Although flow
cytometry wasinitialy used to isol ate popul ations of
intact cells, researchers adapted these techniquesto
isolate individual human chromosomes. Such
techniquesin-volveusing mitotic cell suspensions and
disrupting the cell membranes to release the
condensed chrom-osomesthat arelabelled using two
different typesof fluorescent dyes. Thefirst dye, called
Hoechst 33269, binds to A-T base pairs, and the
second dye, called chromomycin A, bindsto G-C
base pairg*.

> Revjew

characterigticsof singlecdls. Huorescent dyesmay bind
or intercd atewith different cellular componentssuch
asDNA or RNA. Additionally, antibodies conjugated
to fluorescent dyes can bind specific proteinson cell
membranes or inside cells. When labelled cells are
passed by alight source, thefluorescent moleculesare
excited to ahigher energy state. Uponreturningtotheir
resting states, the fluorochromesemit light energy at
higher wavelengths. Theuseof multiplefluorochromes,
eachwith similar excitation wavelengthsand different

Figure6: Defining zebrafish genomeusing flow cytometry
and cytogenetic mapping

The above figure represents that the zebra fish
genomeisfirg cytogeneticaly defined by first estimating
thesize of each linkage group chromosomeusing flow
cyotmetry, followed by cytogenetic mapping of 575
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bacterid artificia chromosomeclonesonto metaphase
chromosomes®!,

Figure7: Instrumentation of flow cytometer

I nstrumentation of flow cytometry
Advantagesof flow cytometry

Thismethodisindividud cdl orientedwhichrenders
it quite suitable for quantification of cells from a
heterogeneouscdl sample.

It isquitearapid method measurement being done
at arate of 1000 cellsin asecond.

Haemato cytometry isused in the study of blood
cells, butitistoo laborious and time consuming and
accuracy of resultsisnot at al reliable. These dis-
advantages can be overcome by flow Cytometry!.
Disadvantagesof flow cytometry
1. Sengtivity : Thesearemostly designedto primarily

andysemammadian cellsand sofor bacteria, it does

not functionthat well.

2. Portability : Commerdaly availableflow cytometers
are not portable and hence not suitable for field
work.

3. Prior to use most of flow cytometers require
adjusmen.

4. Most of theflow cytometersare costly™.

Applicationsof flow cytometry

1. DNA ContentAndyss Themeasurement of cdlular
DNA content by flow cytometry usesfluorescent
dyes, suchaspropidiumiodide, that intercalaeinto
the DNA helicd structure. Thefluorescent signd is
directly proportiona to theamount of DNA inthe
nucleus and can identify grossgainsor lossesin
DNA. Abnorma DNA content, also known as
“DNA content aneuploidy”, can be determined in a
tumour cell population. Although conventional
cytogenetic can detect smaller DNA content
differences, flow cytometry allows more rapid
analysisof alarger number of cellg2,

2. GenomeszeAndyss Andyticd information about

thephysical sizeof plant genomesandtheir state of
replicationiseasly obtainablefrom flow cytometry.
Knowing the number of basepairsinagenomeis
vauablefor studiesof new species. How cytometry
providesafast and accurateway tolook at changes
ingenomes zeduring evolution and differentiation.
Establishment of ploidy and aneuploidy changes
during tissue culture, and examination of intra- and
inter-specific variation of DNA content canall be
important in plant hybridization, breeding, and
genetic manipulation programs. It provides an
accurate method for determining the proportions
of cdlsin G1, Sand G2/M stagesof thecdll cycle.
Thesedatacan beusedto ca culatecdl cycletimes,
which are needed in studies of the genetics and
control of thisprocess, and areuseful for analysis
of aspectsof crop growth and devel opment(*824,

3. How Cytometry analyssof DNA content: hasbeen
used together with several other FCM techniques
to characterize and distinguish the two different
mechanismsof cell death: apoptosisand necrosis.
Themost common marker of gpoptoticcdlsin FCM
isthe decreased stain ability of their DNA witha
variety of fluorochromes?22,

4. Application aso includeshigh speed sorting for
congtruction of chromosome specificlibrariesthat
edtablishfeasbility for the Human GenomeProgram
and the construction of chromosome specific
fluorescent in situ hybridization for research and
clinica applicaiong™.

5. How Cytometry also findsusein quantification of
radiation induced chromosome damage, detection
of numerical and structural aberrations associated
with genetic diseases such as Down’s syn-
drome[16,17,18] .

Florescencein-situ hybridization technique

Fluorescencein situ hybridizationisamicrobial
method that allowsfor the detection of wholebacteria
cellsand analysisof chromosomesviathelabelling of
the specific nucleic acidswith fluorescently labelled
oligonucleotide probes. Bas cdly the Fl SH method uses
fluorescent molecules to vividly paint genes or
chromosomes so that they can be detected and
identified. Frg, short sequencesof single-stranded DNA
probes are prepared. These probes hybridizeor bind
to complementary nucleic acids because they are
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labelled with fluorescent tags, allow theresearchersto
seethelocation of those sequencesof DNA. Theresults
areviewed, usualy with ascanning laser microscope?,
Unlike most other techniques used to study micro-
organisms, whichrequirethecdlsbeactively dividing,
FISH can aso be performed on non-dividing cells,
makingitahighly versttileprocedure. TheFISH method
involves mainly four steps: fixation, hybridization,
washing and detection. In FISH, fluoresceinated
chromosome probes are used for cytological analysis
and cytogenetic studies, and to detect intratumoral
heterogeneity. In genetics, FISH providesaphysical
mapping approach to detect hybridization of probes
with metaphase chromosomes and with the less-
condensed somati ¢ interphase chromatin DNA probes
may beappliedto cdll preparationson adide™.
Therearetwo methodsfor multicolour FISH. The
indirect method uses biotin, dioxigenin and
dinitrophenol asreporter molecules. They aredetected
by fluorochrome-cojugated avidin or antibodies.
Fluoro-chrome-labelled nucleotidesareused for probe
labelling inthedirect method. Thedirect coupling of
reporter molecules like fluorochromes to probes
eliminaestheneed for immunecytochemicad detection.
Thus the direct method has two advantages over
indirect methods, i.e. better resolution and speed.

Figure8: Cytogenetic analysisof sequenceintegrated clones
using FI SH
Nederlof et al first described amethod of detecting
morethan threetargetg?4.
Principle

Thebasic dementsof FISH areaDNA probeand
atarget sequence. Before hybridization, theDNA probe
islabelled by various means such as nick trand ation,
random primed |abdling and polymerasechanreaction.
Twolabeling strategiesare used, for indirect [abdlling;
probes are labelled with modified nucleotides that
contain a hapten, whereas direct labelling uses
nucl eotidesthat havedirectly been modified to contain
fluorophore. Thelabelled probe and thetarget DNA
aredenatured. Combining the denatured probeand the
target allowstheannealing of complementary DNA
sequences. If the probe hasbeenlabelled indirectly, an
extragtepisrequired for visudization of non-fluorescent
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Figure9: Basicprincipleof FISH

hapten that usesaenzymatic or immunologica detection
system. Whereas FISH isfaster with directly |abelled
probes, indirect |abel ling offerstheadvantage of signal
amplification by using several layers of labelled
antibodiesand therefore produces abrighter signal .

Typesof FISH probes

Scientistsusethreedifferent typesof FISH probes,
each of which hasdifferent applications.

Locus specific probes hybridize to a particular
region of achromosome. Thistype of probeisuseful
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when scientists haveisolated asmall portion of agene
and wish to determinewhich chromosomethat geneis
located on. They prepare aprobe from piece of gene
and observewhich chromosomethe probe hybridizes
tol2el,

Alphoid or centromeric repeat probes are gene-
rated from repetitive sequences found at the centro-
meresof chromosomes. Because each chromosome
can bepaintedinadifferent colour, researchersusethis
techniqueto determinewhether anindividua hasthe
correct number of chromosomes?.

Whole chromosome probe areactualy collection
of smaller no. of probes, each of which hybridizestoa
different sequenced ongthelength of samechromosome.
Using theselibraries of probes, scientistsareto paint
an entirechromosome and generate aspecia type of
karyotype. Thisfull colour imageof chromosomed|lows
scientist to distinguish between the chromosomes based
on their colours, rather than based on their dark and
light banding patterns. These areuseful for examining
chromosomal abnormalities?2,

Advancesin FI SH technology
Multiplex-FI SH and spectral karyotyping

One of the most appealing aspects of FISH
technology istheability to identify severa regionsor
geness multaneoudly, using different colours. In 1996,
two groupsindependently reported a successful 24-
colour karyotyping, termed multiplex-FISH (M-
FISH)and spectrd karyotyping (SKY),respectively. M-
FISH and SKY dlow painting of theentirechromosome
complement inasingle hybridization throughlabelling
each chromosome with a different combination of
fluorophore?’. Images are collected with afluorescence
microscopethat hasfilter setsfor each fluorophore, and
acombinatorid labdlingagorithmdlowsseparationand
identification of al chromosomes, which arevisudized
in characteristic pseudo-colours. M-FISH and SKY
differ only in the method used to discriminate the
differentially |abelled probes. SKY usesadedicated
imaging systemthat incorporatesacool ed charge couple
device (CCD camera) and Fourier transform spectro-
metry to analysethe spectra signatureat each pixel of
theimage. M-FISH uses specific narrow band-pass
fluorescencefilter setsto reduce crosstalk and digital
imaging equipment as part of a conventional
epifluorescence micrascope, with gppropriate computer
softwarel?®, The high efficiency of modern

epifluorescence microscopesreducetypica exposure
times limiting the effects of photo-bleaching. The
achievement of 24-colour FISH-based karyotyping
(M-FISH, SKY) has been one of the great successes
of molecular cytogenetic in the past decade. Themain
goplicationsfor M-F SH have beenthecharacterization
of unbal anced trand ocations, complex chromosomal
rearrangements and marker chromosomes in solid
tumours, which are often distinguished by complex
karyotypes. In commonwith other whole-chromosome
painting methods, both M-FISH and SKY are not
suitable for discriminating intra-chromosomal
rearrangements such as duplications, deletions or
inversong®.

Applicationsof fluorescencein-situ hybridization

1. Detection of chromosomal aberrations: FISH and
other inStu hybridization procedures are important
intheclinical diagnosisof various chromosomal
abnormdlties, including deletions, duplications, and
trand ocations. Thefigureshowshow investigators
used FISH together with standard karyotyping to
analyse apatient trand ocation. The hybridization
probe corresponded to asegment of chromosome
19 that was suspected to includethetrand ocation
breakpoint. Three areas of hybridization are
apparent in the fluorescent image. One spot
corresponds to the patient’s normal copy of
chromosome 19, and the other two spots
correspond tothedtered, or derived (der), versions
of chromosomes 11 and 19 that were produced
during thetrand ocation. Thus, investigatorswere
able to use the data both to narrow down the
breekpoint region on chromosome 19 andto identify

Figure 10 : Detection of translocation using FISH and
karyotyping
the second chromosome involved in the
trand ocation**3Y,
2. Using FISH to anayseinterphase chromosomes:
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Sincetheintroduction of FISH, cytogeneticistishave
been ableto analyseinterphase chromosomes as
well as the metaphase chromosomes used in
karyotypes. Thefigureshowsaninterphasenucleus
from apatient with Charcot-Marie-Tooth disease.
Here, thepatient’s cell has been hybridized with a
red-labelled probe corresponding to a sequence
within the duplicated region, along with agreen
probe corresponding to asequence on chromosome
17 that liesoutside of theduplicated region. From
thetwo green signals, itispossibleto locatetwo
copiesof chromosome 17 withinthe nucleus. One
chromosome hasthenormal configuration, while
the second containsthe duplicated region, whichis
evident from two nearby red signals. Thus, two-
colour interphase FISH providesasensitivemethod

17

fan e

cder{1 7)

_, v o o 4
Figure11: FISH used to detect chromosomal abnor malities
ininterphasenuclei

for andysing chromosomefusion eventswithout the
needforaprior cell culturet®,

3. Detection of Allien chromatin: In plant breeding
progranmme, alien chromosome, chromosome
segments, and genes can be identified and
characterized by FISH. They can bevisudized and
counted in wide hybrids and amphidiploids.
Subsequently, dien chromosomes can befollowed
through back crossesand recombinant lines. FISH
has been used to identify partial amphidiploids
derived from crosses of wheat with Thinopyrum
intermedium and Lophopyrum e ongatum with the
resistanceto wheat streak mosaic virug=.

4. Anadyssof Somaclond Variations Thesevariaions
intissuecultureare considered asnovel source of
genetic variation for crop improvement. Using
digoxigenin-labelled 5SrRNA and biotin labelled

> Revjew

18S-26rRNA, Lee et al compared the FISH
patternsof regenerated autotetraploid plantswith
thediploidwildtypeinAlliumcyaneum. Thephysica
localization of rRNA genesintetraploid species
corresponded with that of diploid species. Thus,
FISH method suggested that tetrapl oid regenerants
originated from exact doubling of norma diploidg®!.

5. GenomeAnaysis. Multi-colour FISH using total
genomic DNA probesisapromising approach for
smultaneoudy discriminating eechgenomeinnatura
or artificiad amphidiploids. Thismethodisasoa
powerful tool for investigating genome homol ogy
between polyploidy species and their diploid
progenitors. M-FISH hasbeen used to differentiate
three genomesin haploid wheat. Sometimes, adding
large excess of unlabelled genomic blocking DNA
from species not used as probeto the hybridizing
solutionimprovesdifferentiation between species
of different generae.g. genomes of two closely
rel ated speciesHordeum bulbosum and H. vulgare
wereclearly distinguished™!.

Compar ativegenomic hybridization

Oneof themogt significant developmentsfor FISH
in relation to genome-wide screening was the
introduction of comparative genomic hybridization
(CGH) in 1992. Thismaodification of quantitativetwo
colour fluorescence in situ hybridization utilizes genomic
DNA from the sample under test to generate amap of
DNA copy number changesintumour genomesmaking
itanided tool for analysing chromosomal imbalances
inarchived tumour materia and for examining possible
correlations between findings and tumour
phenotypes®%, In CGH, the genomic DNA from the
gpecimen and control DNA extracted fromanindividua
with a normal karyotype (46,XX or 46,XY) are
differentially labelled with green and red
fluorochromesrespectively, mixedin equa amountsand
co-hybridized to reference human metaphase
chromosomes. Theredativedifferencein DNA content
between the normal and specimen DNA isrepresented
by adifferencein the green: red fluorescenceratios.
Theratiosof test to referencefluorescence along the
chromosomes are quantified using digital image
andysis¥.

One of themain advantages of CGH isitsuseasa
discoverytool, asit requiresno prior knowledge of the



216

Cytogenetic mapping techniques: An approach to genome analysis

RRBS, 7(6) 2013

Review

chromosomeimba ancethat isinvolved. CGH hasaso
contributed significantly totheand ysisof haematologicd
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Figure12: Compar ative genomic hybridization

leukaemiaand non-Hodgkin lymphoma, and asan aid
to classification schemesfor thelymphomeas.

Advantagesof compar ativegenomichybridization

1. Visudisationof deletionsand duplicationsinvery
smal DNA segments (which is of high importance
asthesecan occur in birth defect syndromesandin
cancer)

2. Searches of the whole genome without prior

knowledge about the chromosomal aberration at

hand

Andysiswithout the need for specific probes

Thedetection of the presence of amplified genesin

cancer and mapstheir location

5. Unlike FISH, CGH is able to; Identify the
chromosomewiththegberration; identify thepedific
location from which theextramaterial originated;
FISH isonly ableto identify the chromosomewith
the particular aberration.

Limitationsof compar ativegenomic hybridization

A~ w

1. For rearrangementsthat do not involve genomic
imbalances, such as balanced chromosome
tranglocationsand inversions, theuseof CGH is
limited.

2. Whole-genome copy number changes (ploidy
changes) cannot be detected.

3. CGH providesnoinformation about the structural

arrangements of chromosome segmentsthat are

involvedingainsand | osses.
Advancesin compar ative genomic hybridization
Array-compar ativegenomic hybridization

In array CGH, metaphase chromosomes are
replaced as the target by large numbers of mapped
clonesthat are spotted onto astandard glassdidegrestly
increasing theresol ution of screening for genomic copy
number gainsand losses. In array CGH, thetest and
normal reference genomes, which are used as probes,
are differentially labelled and co-hybridized to a
microarray before being imaged. The relative
fluorescenceintengtiesare ca culated for each mapped
clone, withtheresultingintengty ratioreflectingthe DNA
copy number differencd®, Theresolution of theandysis
isrestricted only by clone size and by the density of
clonesonthearray. A further advantageistheeasewith
whicharay CGH can beautomated for high-throughput
applications. Array-CGH increased the ability to detect
segmental genomic CNVs in patients with global
deve opmentd delay, mentd retardetion, autism, multiple
congenitd anomdiesand dysmorphism, andisbecoming
apowerful tool in disease genediscovery and prenata
diagnosticg*? . The flexibility of array design has also
allowed the development of specialized arrays for
applications such astelomerescreening or for specific
diseasessuch as, B-cell leukaemia
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Principle

The principle of array CGH is derived from
traditiona CGH on metaphase spreads. In typical array
CGH, thetested genomic DNA sampleand areference
genomic DNA sample are labelled with different
fluorescent dyesand co-hybridized to asolid surface,
such asamicroscopedide, onto which alarge number
of small DNA fragments of known chromosomal
locationarearrayed. Thesefragmentsareusually either
100-200 kb inserts of bacterial artificial chromosome
(BAC) clonesor, depending on the platform, 25-80
nucleotide-long oligomers®. A copy-number gainin
thetest sample(e.g., amicroduplication) for aregion
that isrepresented on thearray will resultinardatively
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more-intensesgnal fromitsfluorescent dye, whereasa
copy-number loss in the test sample (e.g., amicro
deletion) will resultinardatively more-intensesignd of
thefluorescent dyeof thereference sample.

CGH arraysthat uselarge-insert genomic clones
(suchasBACsand P1 artificial chromosomes) are
able to detect single-copy changes accurately and
reliably. Theuse of BACswith known map positions
alowsdirect correlation of DNA copy-number gains
and losseswith specific genomic sequence of known
chromosomal locations. In many of thestudies, array
CGH identified abnormalitiesthat were undetected
by either conventional chromosome analysis or
FISH“0,
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Figure13: Representation of Array-CGH

Research and diagnostic applications of Array-
CGH

1. Theuseof array CGH inresearch hasaccel erated
the pace of gene discovery in human genetics,
deepened the understanding of genomic changesin
cancer, and furthered the study of fundamental
concepts related to chromosome conformation,
DNA methylation, histone acetylation, gene
slencing, replication timing, and many other basic
mechanisms pertaining to DNA structure and
function*?

2. Thehighresolution afforded by array CGH hasbeen
used to define candidate regionsfor putative genes
responsi blefor human genetic diseases. Visserset
a., hybridized cell lines from two individuals with
CHARGE syndrome onto agenome-wide array
withal-Mb resol utionl*?,

3. Array CGH hasproven useful in providing DNA
copy number profilesfor various cancers. Many
cancers are associated with multiple gains and
losses of chromosomes and chromosomal
segments. Many cancers are associated with
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multiple gains and losses of chromosomes and
chromosoma segments. Thedifficultiesassociated
with culturing and obtaining quaity metaphasesfrom
most solid tumours, CGH approaches directly
examine the DNA content and link any dosage
changesto chromosome abnormalities*4.

4. Thewidespread useof array comparative genomic
hybridization (CGH) for thediagnosisof genomic
rearrangementsin children withidiopathic mental
retardation, developmental delay, and multiple
congenitad anomdieshasspurredinterestingpplying
array CGH technology to prenatal diagnosis.
Women undergoing prenatal diagnosis were
counselled and offered array-CGH in addition to
routine chromosome analysis. Array-CGH was
performed with DNA directly fromamniotic fluid
cdlswithwholegenomeamplification, on chorionic
villussampleswith amplification as necessary, and
on cultured cellswithout amplification®.

CONCLUSION

Theadvent of FISH in cytogeneticin has proved
invaluablein both diagnosticsand research. The power
of itsability toidentify specific genetic aberrationshas
propelled FI SH-based techniquesto the forefront of
screening proceduresfor prenatal, paediatric and adult
cases in awide variety of cell types, including paraffin-
embedded tissue, making FISH analysisdataauseful
tool in thedecision of therapy to combat cancer. The
near futureof FISH liesin array-based technol ogy, either
with disease-specific CGH arraysthat test for every
known abnormdlity for aparticular cancer; or disease-
specificmicroarraysthat display themRNA expression
level sof any oncogene and tumour suppressor gene.
Thus, these cytogenetic methodologies with the
knowledge acquired effectively directed towardsthe
research and devel opment of better treatment Strategies
to benefit the sufferers of diseases based on these
genetic aberrations.
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