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Cytogenetics with special 
reference to domestic animals 

Essential Genetics: 
a genomic perspective.

Seminar 4 

Overview

Studying chromosomes
The normal karyotypes of domestic 
animals
Chromosome abnormalities
Chromosome abnormalities of 
domestic animals 
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Studying chromosomes

Classical karyotyping
Fluorescent in Situ Hybridization 
(FISH)
Chromosome painting
Molecular karyotyping
Chromosome sorting

Classical karyotyping

Obtaining and preparing cells for 
chromosome analysis
Karyotyping and chromosome 
banding 



3

Obtaining and preparing cells for 
chromosome analysis

Cell source:
Blood cells
Skin fibroblasts
Amniotic cells / chorionic villi

Increasing the mitotic index 
(proportion of cells in mitosis) using 
colcemid
Synchronizing cells to analyze 
promoetpahase chromosomes

Karyotyping and chromosome 
banding

Chromosome banding
Molecular interpretation of 
chromosome bands
Chromosome nomenclature 
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Chromosome banding

Chromosome banding
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Molecular interpretation

G+ bands (= R- bands)
AT rich
Gene poor
LINE rich
Late replicating
SAR (Scaffold Attachement Regions) rich

From DNA duplex to metaphase 
chromosome
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Molecular interpretation

G- bands (= R+ bands)
GC rich
Gene rich
SINE rich
Early replicating
SAR (Scaffold Attachement Regions) 
poor

Chromosome nomenclature
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Chromosome nomenclature

Chromosome nomenclature
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Chromosome nomenclature

Studying chromosomes

Classical karyotyping
Fluorescent in Situ Hybridization 
(FISH)
Chromosome painting
Molecular karyotyping
Chromosome sorting
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Fluorescence in situ hybridization 
(FISH)

Fluorescence in situ hybridization 
(FISH)
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Fluorescence in situ hybridization 
(FISH)

Studying chromosomes

Classical karyotyping
Fluorescent in Situ Hybridization 
(FISH)
Chromosome painting
Molecular karyotyping
Chromosome sorting
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Chromosome painting

Studying chromosomes

Classical karyotyping
Fluorescent in Situ Hybridization 
(FISH)
Chromosome painting
Molecular karyotyping
Chromosome sorting
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Molecular karyotyping

Studying chromosomes

Classical karyotyping
Fluorescent in Situ Hybridization 
(FISH)
Chromosome painting
Molecular karyotyping
Chromosome sorting



13

Flow-sorting chromosome 

Overview

Studying chromosomes
The normal karyotypes of domestic 
animals
Chromosome abnormalities
Chromosome abnormalities of 
domestic animals 
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The normal karyotype of domestic 
animals

(haploid chromosome number)

Pig
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Pig

Cattle
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Cattle

Y
 o

f 
B
os

 i
n
d
ic

u
s 

u
n
d
er

w
en

t 
in

ve
rs

io
n
 =

>
 a

cr
oc

en
tr

ic

Sheep: (Differences between species 
often involve Roberstonian fusions)
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Zoo-FISH

Conserved synteny between the human and 
mouse genomes. Regions from different 
mouse chromosomes (indicated by the 

colors of each mouse in B) show conserved 
synteny (gene order) with the indicated 
regions of the human genome (A). For 

example the genes present in the upper 
portion of human chromosome 1 (orange)

are present in the same order in a portion of 
mouse chromosome 4. Regions of human 

chromosomes that are composed primarily 
of short, repeated sequences are shown in 

black. Mouse centromeres (indicated in 
black in B) are located at the ends of 

chromosomes; no known genes lie beyond 
the centromere on any mouse chromosome. 

For the most part, human centromeres, 
indicated by constrictions, occupy more 
internal positions on chromosomes (see 

Figure 4–11). (Adapted from International 
Human Genome Sequencing Consortium, 

Nature 409:860–921, 2001.)

Overview

Studying chromosomes
The normal karyotypes of domestic 
animals
Chromosome abnormalities
Chromosome abnormalities of 
domestic animals 
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Chromosome abnormalities
Types according to chromosome change:

Aberrant chromosome number
Aberrant euploidy (polyploidy)
Aneuploidy (trisomy, monosomy)
Mixoploidy

Aberrant chromosome structure (del, inv, dup, 
ins, R, mar, t, der)
Aberrant chromosome parental origin

Types according to body extent:
Constitutional
Somatic (=>mosaic)

Aberrant euploidy (polyploidy)
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Aneuploidy

Trisomy and monosomy
Chromosomal non-disjunction or 
anaphase lag

Consequences of numerical 
chromosomal abnormalities
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Mixoploidy: 
Mosaicism versus chimerism

Chromosome abnormalities
Types according to chromosome change:

Aberrant chromosome number
Aberrant euploidy (polyploidy)
Aneuploidy (trisomy, monosomy)
Mixoploidy

Aberrant chromosome structure (del, inv, dup, 
ins, R, mar, t, der)
Aberrant chromosome parental origin

Types according to body extent:
Constitutional
Somatic (=>mosaic)
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Nomenclature of chromosome 
abnormalities 

Origin of structural abnormalities
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Origin of structural abnormalities

Consequences of reciprocal 
translocations 
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Consequences of Robertsonian 
fusions

Chromosome abnormalities
Types according to chromosome change:

Aberrant chromosome number
Aberrant euploidy (polyploidy)
Aneuploidy (trisomy, monosomy)
Mixoploidy

Aberrant chromosome structure (del, inv, dup, 
ins, R, mar, t, der)
Aberrant chromosome parental origin

Types according to body extent:
Constitutional
Somatic (=>mosaic)
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Aberrant parental origin
Uniparental diploidy

Hydatiform moles
Paternal uniparental diploidy
Trophoblast hyperplasia 
Risk of transformation in choriocarcinoma
Most moles are homozygous at all loci 
( chromosome doubling from single sperm)

Ovarian teratoma
Maternal uniparental diploidy
Disorganized embryonic tissue

Activation of unovulted oocyte

Hydatiform mole
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Aberrant parental origin

Uniparental disomy:
Paternal or maternal
Isodisomy or heterodisomy
Matings between heterozygotes for 
reciprocal translocations
Trisomy or monosomy rescue
Anomalies if involved region contains 
imprinted genes.

Parental imprinting
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Chromosome abnormalities
Types according to chromosome change:

Aberrant chromosome number
Aberrant euploidy (polyploidy)
Aneuploidy (trisomy, monosomy)
Mixoploidy

Aberrant chromosome structure (del, inv, dup, 
ins, R, mar, t, der)
Aberrant chromosome parental origin

Types according to body extent:
Constitutional
Somatic (=>mosaic)

Overview

Studying chromosomes
The normal karyotypes of domestic 
animals
Chromosome abnormalities
Chromosome abnormalities of 
domestic animals
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Pig
Numerical abberations

Cfr. Above
Chimerism

XX/XY chimerism
Does not necessarily results in intersexuality (vs 
bovine- Free-martinism)

Structural aberrations
Reciprocal translocations

« … at least 50% of breeding boars removed due to 
lower than average litter size carried reciprocal 
translocation. »

Other: cfr. Above
Sex reversal / (pseudo-)hermaphroditism

Reciprocal translocations of the pig
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Pig
Numerical abberations

Cfr. Above
Chimerism

XX/XY chimerism
Does not necessarily results in intersexuality (vs 
bovine- Free-martinism)

Structural aberrations
Reciprocal translocations

« … at least 50% of breeding boars removed due to 
lower than average litter size carried reciprocal 
translocation. »

Other: cfr. Above
Sex reversal / (pseudo-)hermaphroditism

Bovine
Numerical abberations

Cfr. Above
Chimerism

Male-female twins
XX/XY chimerisms of blood and haematopoeitic 
organs
Masculinization of females AMH hormone of 
brother

Structural aberrations
Reciprocal translocations

T(1;29)
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Bovine recipr.
translocations 

Chromosomal abnormalities in 
domestic sheep
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Association between Polled and 
intersexuality in goats

In goats, Polled (absence of horns) is 
inherited as an autosomal dominant trait.
It is always associated with sex reversal in 
females which is however transmitted as an 
autosomal recessive trait.
The PIS locus has been mapped to 1q43 
and the mutation has been identified by 
positional cloning as an 11.7 Kb deletion 
which is probably affecting the expression 
of the nearby FOXL2 gene.

http://dga.jouy.inra.fr/lgbc/projets/PIS.html


