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Significant
developments

In conventional
cytogenetics was
the discovery of

BANDING
TEGHNIQUES




d Specific staining procedures developed
at late 60s and early 70s

d Use DNA-binding chemicals to obtain
reproducible banding patterns,
unique for each chromosome.

[each band with characteristic location, size and staining intensity]
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 Itis part of chromosome, clearly
distinguishable from other parts

(d Crossband reflects:

= The relative content of A-T versus G-C base pairs
» Relative length of the repeated gene sequence

= The timing of DNA replication during synthesis period
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The banding patterns are consistent and reproducible
because chromosome coils exactly the same way every time

d Accurate pairing

The banding pattern is the same for homologue
chromosome but different for nonhomologue

(] Detection of chromosomal aberration
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[centromeres, telomeres]

d G-banding Giemsa staining + pretreatment [usually trypsin]
showing more detail than C-banding

H R-banding reverse banding to C and G banding

stain euchromatin
pretreatment with hot alkali

N Q-banding fluorescent banding [quinacrine stain],
read by fluorescence microscopy
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Centromere staining
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Scan electron microscopy IDIOGRAM

Scan
electron
microscope
picture with
grooves

Light
micrograph
with major
G - bands




DYE: fluorescent staining

STAINED: euchromatin

= anuing

DYE: fluorescent staining

STAINED: constitutive heterochromatin

*lvana FELLNEROVA, PiF UP Olomouc*



serve

WLl BT CN T G ENETIG

NEGHIWL 2

*lvana FELLNEROVA, PfF UP Olomouc*



E»
b-:

'3 3
ﬁ



FISH

Fluorescent In Situ Hybridization

It is a molecular cytogenetic technology
utilizing fluorescently labeled DNA probes
to detect or confirm
gene or chromosome abnormalities,
that are beyond the resolution
of routine [convention] cytogenetic

*lvana FELLNEROVA, PiF UP Olomouc*



Fluoresence In Situ Hybridization

Labeling with
flucrescent dye

Making DNA probe complementary to known sequence

Labeling the probe with fluorescent marker

Denaturizing both, the probe and the sampling DNA: mix, hybridize
Wash of excess probe that did not bind to tested chromosome

Sample DNA is tested for presence or absence of the fluorescent signal

Y N =
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Centromers
of
chromosome
“X” and “Y!!
are labeled
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Intact murine fibroblasts.

All telomeres are
associated with
chromosomes

Abundant signals obtained with
probe that are not associate
with chromosomes

* points to chromatid breaks



Two color FISH

Complete pericentric inversion
In @ metaphase spread from
irradiated human fibroblasts
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Metaphase spread
of a normal human fibroblasts



> fresh or fixed archived tissues

Clmiealanheationoik =,

e characterization of structural abnormalities
e aneuploidy analysis
e cancer specific chromosome aberrations
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FISH-based 7 ¥
techniques  ...;*

w

1 Multi-color FISH (M-FISH)

1 Spectral Karyotyping (SKY)

1 Multi-color banding FISH (mBAND FISH)
JdComparative Genomic Hybridization (CGH)
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Traditional FISH technique

d 14,
N e ' ’
.{-&é}.‘*’ i

» uses single or couple colors
» paints a small number of chromosomes
or their parts

For detection more complex aberration
have been developed modifications:

-FIS - SKY
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/Visualization of

d all chromosomes
d 1n different colors

\

_ J at the same time Y,

DYES:
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g § SH
SKY/

to paint 24 human autosomes are used 5 basic fluorochromes and

their unigue combination

PROBES:

Are generating from flow-sorted chromosomes, than amplified and

fluorescently labeled

READING

Microscope with designed filter set, computer analyzing
[SKY:: single exposure; M-FISH: separate immages are combined by software]



M — FISH:

Normal metaphase spread [m] and karyotype [k]: male [1], female[2]
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“CHROMOSOME BAR CODING” | BRI

Sub regional chromosome painting probes are used
to produce a colored banding pattern

The pattern appeared to be more precise than the conventional
chromosome banding

Since is not possible
to present all colors
in the image,

the software presents
the same image in
computer-generated
pseudo colors.

Multicolor banding FISH of human chromosome 5
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A gibbon probe set

"fragmented hybrids" probe set

color classification
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Bomparative nenomic hvbridization
4 I

CGH is fluorescent molecular cytogenetic technique
based on quantitative

L two-color fluorescence in situ hybridization. y

» ldentifies chromosomal abnormalities where there is an:
A) Net loss (deletion)
B) Gain (duplication, insertion, amplification)

» Can be applied to fresh or frozen tissues, cell lines,
and archival samples.
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CGH methodology

control/normal DNA  Equal amounts of normal and tumor  test/patient DNA
DNA are mixed together

Normal DNA Tumor DNA
[ ]
I
Both labeled DNAs add to
normal metaphase chromosomes
|

LOSS

of material in the test DNA: gTRETT capture of material in the test DNA:
region appears region appears

GAIN

RED GREEN
anaIyS|s the
red and green ratlo
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lDIEGCTLAT Cytegenetic TemImes

Powerful adjuncts to conventional

cytogenetic analysis of:
» numerical aberation [aneuploidy]
» structural rearrangements

» submicroscopic rearrangements

= microdeletions/duplications
= subtelomere rearrangements
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sources / Links

http://faculty.clintoncc.suny.edu http://arbl.cvmbs.colostate.edu
http://www.gsls.genetics.utah.edu http://www.iach.ucl.ac.uk
http://www.slh.wisc.edu/cytogenetics/ http://www.umanitoba.ca/
http://www.pathology.washington.edu http://opbs.okstate.edu
http://info.med.yale.edu/genetics/ward/tavi http://cellbio.utmb.edu
http://www.niles-hs.k12.il.us/jacnau/chpt19.html http://www.els.net

http://www.dkfz-heidelberqg.de/~ehrlich/chromatin

http://cureresearch.com/organ/y chromosome.htm

http://www.cals.ncsu.edu/genetics/spiker/spiker.html

Mange EL and Mane AP: Basic human genetics
Chevret E at al. (2000) Cytogenet Cell Genet 90: 13-21
Center for radiological research: Annual report 2001
Spurbeck JL at al. (2004) Mayo Clin Proc. 79: 58-75
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