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CYTOGENETICS

Chromosome Structure

Methods of Chromosome Analysis
Molecular Cytogenetics
Chromosome abnormalities
Chromosome Nomenclature



Cytogenetics

The study of chromosome ,
, function, and in
relation to gene inheritance, organization
and expression
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DNA Coiling Leading to the Visible
Structure of Chromosomes
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» Primary coiling of DNA double helix

» Secondary coiling of DNA double helix
around the histone proteins to form
nucleosomes

» Tetiary coiling of nucleosomes to form

Chromosome
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Kinetochore

Centromere

Chromo
Some

Chromosome of Eukaryotes
have been the traditional
subject for cytogenetic
analysis because they are
large enough to be examined
using light microscope
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What are telomeres?

* Like the rest of a chromosome and Its
genes, telomeres are sequences of DNA -
chains of chemical code.

* Like other DNA, they are made of four
nucleic acid bases: A, T, G, C.

* Telomeres are made of repeating
sequences of on one strand of
DNA bound to on the other
strand. Thus, one section of telomere Is a
"repeat” made of six "base pairs."
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Telomere

TELOMERE LENGTH DECLINES
IN PIVIDING CELLS A5 WE AGE

- telomerase

Reduction in
telomerase and
decrease in number
repeats important in
ageing and cell death

1500

Seal chromosomes 8000
and retain
chromosome integrity
Maintained by enzyme . '
0 35 65




Visualizing Metaphase
Chromosomes

 Patient cells are incubated and divide In
tissue culture.

(PHA): stimulates
cell division

arrests cells in metaphase
. fixes
metaphase chromosomes for staining



The steps in the process of creating a

karyotype for chromosome analysis.

Add a few
drops of blood.

N
N

Add phytohemagglutinin
to stimulate mitosis.

Draw 10 to 20 ml /

of blood. .
Y — _ = ) . Incubate at 37°C

for 2 to 3 days.

Transfer to tube
containing fixative. ;

ens

Transfer _ Add Colcemid to

cells to tube. culture for 1 to 2
hours to stop mitosis
in metaphase.

Stain slide
with Giemsa.
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Chromosome Number in
different animals and plants

* Human 46 * Onion 16
* Chimpanzee 48 - Mold 16
y ElOQS Zi - Carrot 20
- Horse .

- Chicken 78 $oma’ro o
. Goldfish 94 + Tobacco 48
* Fruit fly 8 . R'C.e o
+ Mosquito 6 * Maize 20
- Nematode 11(m), 12(f)

- Horsetalil 216

+ Sequoia 22



Cytogenetics?

« The study of the genetic
constitution of cells through
the visualisation and analysis
of chromosomes.

» Fluorescence in situ hybridization
(FISH)

» Molecular techniques
> (QF-PCR, MLPA)

<
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HOW DO SCIENTISTS READ
CHROMOSOMES?

This is the easiest way to tell two
different chromosomes apatrt. Scientists Use Three Key Features

] ] to Identify Chromosomes
The size and location . ...

of Giemsa bands on chromosomes —

. . B 2. BANDING
make each chromosome pair unique. :] PATTERN
Centromeres “——— 3 CENTROMERE
are regions in chromosomes that ' B POSITION
appear as a constriction. They have a =
special role in the separation of ! i
chromosomes into daughter cells during |_* _:

mitosis cell division (mitosis and
meiosis).



Metaphase Chromosomes
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Chromosome in general
(size, shape and number)

Pair of homologous
metacentric chromosomes

Pair of homologous
acrocentric chromosomes

Centromere — — Centromere —

S L

Sister Nonsister

chromatids l_[_‘ | chromatids

T
Nonhomologous chromosomes
L ] L J
| |
Homologous chromosomes Homologous chromosomes

Two sister chromatids per
chromosome
DNA replication-+chromatids
Two sister chromatids joined
together at centromeres
chromosomes differ in
size and appearance with
staining



Basic cytogenetic examinations

® Barr body (sex chromatin)
— staining of chromosomes

= Solid staining

= G-banding

= R-banding

= C-banding

= Q-banding 1

= Ag-NOR k-
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Chromosomes as seen at metaphase

during cell division
Shortarm Light bands

p (petit)

Dark (G) bands

Centromere

Long arm ‘

q

q Telomere

Telomere



CHROMOSOMES BANDING

Type Stain Area Stained Effect




High Resolution G banding

(A) (B) (C)

High
Resolution

q21.1 9<l]
e q21.21
q21.3 — Q21.22 —
; q21.23
qQ21.3
400-500 bands 550-600 bands
per haploid set per haploid set W 800-580 bands

per haploid set

Human chromosome 4 at varying resolutions due to exact mitotic stage, (or
degrees of spreading - squashing - stretching)
Each band corresponds to about 5000-10000 kb



Low/HIGH RESOLUTIONS KARYOTYPE

-7q21.11
-2q21.1 — { -7q21.12
-7q21.2 Fq21.13
-7921.3
~18a21 —>{ -18921.51
~-18q21.32
-18q21.33
488 #a4
550 858

488




Karyotyping

q 1 Normal
1 f Human
43 Karyotype

3 4
6 7 8 9 10 1 12
ﬁ ii ii 16 17 18
13 14 15
i3 3 5 3 “ = Ii

I

19 20 21 22

XX (female) XY (male
Autosomes WETED, {me)

; Sex Chromosomes
- U:S. National Library of Medicine c
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International System for Human
Cytogenetic Nomenclature (ISCN)

Band

Regions, Bands & Sub-bands D
= Each area of chromosome given Region

3

number

= Lowest number closest (proximal) t
centromere
Arm

= Highest nhumber at tips (distal) to .
centromere q

1p31.1
= Chromosome 1
= Short arm
= Region 3, band 1, sub-band 1
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Defining Chromosomal Location

Region Subband
3
2
2 ;
1
5
1 4
3
2
1
" G 1710 .2
1

WNH-h!dH NN = W
W

Chromosome 17

IS CN:;

An International System for
Human Cytogenetic Nomenclature (2009)

Slovak

Lynda J. Campbell

[ 0] BN BN MIOUN (NN B




ISCN

- deletion - derivative

- dicentric - duplication

- fragile site - heterochromatin
- Isochromosome - Insertion

- Inversion - maternal origin
- short arm - paternal origin

- ring - long arm

- translocation



ISCN

46, XX, del(5p)

Chromosome numbers
Sex chromosomes
Chromosome abnormalities

46,XX,1(2;4)(q21. g21)

altered chromosomes

break points in structural rearrangements involving
more than 1 chromosome

46,XY 46,XX



Cytogenetics?

 The study of the genetic
constitution of cells through the
visualisation and analysis of
chromosomes.

— G-banding
(and other traditional techniques)

— Molecular techniques
(QF-PCR, MLPA)
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Molecular Cytogenetics

Fluorescent Inistu Hypridization
Different Fish Probes

= Centromeric Probe
= Chromosome specific unique sequence probe
= Whole chromosome point probe

Reverse painting

Multicolor spectral karyotyping
Comparative Genomic Hypridization (CGH)
Flowcytometry
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FISH technique is based on the unique ability of a

c T s Ty wd
< 5 5 @Umwm
29 / £
C = 245
Qo dfe-eg
E3 § [ gl
- b R ¥:

Q s — = B F
O w N et
- L m — = B—F

Q -~ H—B— L

o 8

S o she o

- QO F m[ —U 9

ad o Y i ¥

NJ m ._._n___ m *HM MH* ma :
A n.nm S n___um. & 7 Pme :
2 c O mm —% p—x mmm
Og5 LA T m
L @) &) 2 24 4 L]
Co = § e A 5
OO0 i if s —= B
c a oo a & L
o EQ ¥ 1 % =
g% 3 i -
T I i o
Q = & m
es \ " | \ﬁ
S = : 0 : ;

_ - B——
-.w W IcFHI m i HH
(7)) m L —1h — % |M e
| b —er —

Q |m e |HVHM MH
o .0 [ =
C < st e

£ m



Advantages of Interphase
FISH

Interphase cells for FISH do not require culturing
of the cells and stimulating division to get
metaphase spreads

200-500 cells can be analyzed microscopically
using FISH

Monitor recurrent or residual disease in BMT pit.

33



Metaphase FISH

Uses fluorescent probes that bind
to metaphase chromosomal
regions or to whole chromosomes.

Whole chromosome paints:
Probes that cover the entire
chromosome, are valuable for
detecting small rearrangements

that are not apparent by regular e
chromosome banding. \ Il // \
Telomeric and centromeric probes \\'V /AN
are also applied to metaphase % , -

r\ *i

chromosomes to detect *\
aneuploidy and structural .

Centromeric probes Telomeric probes

ab no rmal |t| es 34 Figure 8-20 Cenfromeric (left) and felomeric (right) probes

on mataphase chromosomeas,



Spectral karyotyping (SKY) and multiple
fluoeescent hybridization (M-FISH)

By mixing combinations of
five fluors and using special
Imaging software, can
distinguish all 23
chromosomes by
chromosome specific colors.

This type of analysis can be .
used to detect abnormalities A A
that affect multiple R ur wyy
chromosomes as is A T
sometimes found in cancer
cells or immortalized cell

lines.

35



SKY

Mapping of chromosomal breakpoints.
Detection of subtle translocations.

Identification of marker chromosomes, |
homogeneously staining regions, and double minute
chromosomes.

Characterization of complex rearrangements.

Very expensive equipments.
The technique is labor intensive.

Dose not detect structural rearrangements within a
single chromosome.

Low resolution (up to 15 mb ).

Specific, not a screening method.
36



Fluorescence InSitu Hypridization

J :/"‘4—_‘
_ » ins(X;14)




Applications

Gene Mapping

Chromosome ldentification
Aneuploidy Detection

Sexing for X-Linked diseases
Marker chromosome ldentification
Total chromosome Analysis
Translocation Analysis

Unique Sequence DNA Detection
Microdeletion Syndrome Analysis
Gene Amplification Analysis



Cytogenetics?

« The study of the genetic constitution
of cells through the visualisation and
analysis of chromosomes.

— G-banding
(and other traditional techniques)

— Fluorescence in situ hybridization (FISH)
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Comparative Ggenomic
Hypridization

Isolate Genomic DNA from samples
DNA digestion

Label patient and control samples
Hybridize to microarray

Post hybridization washing

Assay scanning and data analysis



Comparative Ggenomic Hypridization

+ DNA extraction
& labeling
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normal control _
mix + Cotl
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Comparative Genomic Hybridisation

—2
heterochromatic = =%
reglon

pr—

LOSS

GAIN

Chromosome 1

Amplified gene =
Reduction of gene = Red



Reading a CGH-Microarray

The resulting “colour” of a spot will depend on the ratio
of “Red” and “Green” labeled DNA which has Hybridized
to the Spot

O Equal @ Excess Patient DNA @ Loss of patient DNA
(Duplication) (Deletion)




Array-based comparative genomic hybridization
(aCGH)

new tool to search for recurrent gains or loss of chromosomal regions
throughout the genome according to detection with very high resolution of
copy number changes at DNA level

‘ only recently is aCGH successfully utilised in diagnostics of leukemias and
the results revealed a large spectrum of genomic imbalancies, including
novel recurrent deletions and amplifications

RNA:

Expression
+ Clustering

Normal — Tumour
RNA RNA 4

cDNA
Microzmray

-

Normal T.Jm‘cu; R S S
B) genomic genomic Genomic DNA:
DNA DN Gene Dosage Analysis

SRR

BAC arrays ~1MB
Oligo arrays ~100 kb (maximal resolution ~ 35 kb)




Indications - Postnatal

Multiple congenital anomalies

Developmental delay/ mental retardation
of unknown origin

Autism

Any individual suspected of a
chromosomal imbalance, even with
normal karyotype

High resolution mapping to identify
specific genes




Current Uses of Array CGH

» Define congenital genetic defects

* Define acquired genetic changes (in
cancer)

» Molecular fingerprints of specific tumors
and subtypes

* |dentification of novel chromosomal
regions for drug targets and new
treatments



whole genome in 1 experiment

no need to culture tumor cells
sensitive detection of gene amplification

retrospective analysis

limited resolution (~10 Mb del/dup)
laborious

only gains and losses / no balanced rearrangements

no information on the nature of the aberrations
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CHROMOSOMAL
ABNORMALITIES



Types of chromosome abnormalities

 Numerical

Aneuploidy (monosomy, trisomy, tetrasomy)
Polyploidy (triploidy, tetraploidy)

Translocations
Inversions
Insertions
Deletions

Rings
Duplication
Isochromosomes



Classification of chromosomal anomalies

Aneuploidy - monosomy
- trisomy
Polyploidy - triploidy
Translocations - reciprocal
- Robertsonian (centric fusion)
Deletions
Duplications
Inversions

Mosaicism
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Chromosome abnormalities and maternal age

clinically recognized pregnancies

0% trisomic

20 20-24 25-29 30-34 35-39 40+

maternal age



