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Karyotype

e |tisthe set of chromosomes of an individual.

e |tis the systematized arrangement of the

chromosomes of a single cell.

e Chromosomes are arranged in groups A to G

according to their shape & size.
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Karyotype of a normal male
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Karyotype of a normal female
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Karyotype of a normal male
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Genetic Disorders

e Chromosomal abnormalities
e Single gene disorders
e Multifactorial (polygenic) inheritance

e Unusual patterns e.g. mitochondrial

inheritance

e Due to teratogens
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Chromosomal Abnormalities
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Chromosomal Abnormalities

® Chromosomal abnormalities are either

numerical or structural.

® They are a very common cause of early

spontaneous miscarriage.

® Usually, but not always, cause multiple

congenital anomalies and learning difficulties.



Chromosomal Abnormalities

 Numerical Aberrations (abnormalities)
o Polyploidy: Multiple of the haploid (> Diploid)
o Aneuploidy: Abnormal number
« Structural abnormalities
o Translocation
o Deletion

o Others
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Chromosomes

= Thread-like structures In
nucleus

= Carry genetic information
= Humans have 46
= Parts

« Centromere
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« Telomeres
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Changes in Chromosome Number

= Eggs and sperm are produced by meiosis

= Begin with two copies of each chromosome (46)
= Two divisions meiosis | and meiosis Il

= Homologous chromosome pairs separate

= Produces haploid cells with one copy of each
chromosome (23)




Meiosis: Produces Haploid Cells

MEIOSIS |

Before cells begin meiosis, the
chromosomes duplicate. As
meiosis begins, chromosomes
coil and shorten, and become
visible in the microscope.
Each chromosome has a
matching partner and the two
chromosomes may exchange
parts (cross over) during this
stage, called prophase I.

@ Brooks/Cole, Cengage Learning
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The chromosome pairs line up
along the middle of the cell,
and spindle fibers attach to the
centromere of each pair. This
stage is called metaphase I.

Members of each homologous
pair separate and move toward
opposite sides of the cell. This
stage is called anaphase .

The chromosomes reach
opposite poles of the cell, and
the nuclei begin to re-form.
This stage is called telophase
I. The cytoplasm divides, and
two cells are formed. These
cells have half the number of
chromosomes of the original
cells and are called haploid
cells.
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Before cells begin meiosis, the chromosomes duplicate.
As meiosis begins, chromosomes coil and shorten, and
become visible in the microscope. Each chromosome
has a matching partner and the two chromosomes may
exchange parts (cross over) during this stage, called
prophase I.
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The chromosome pairs line up along the
middle of the cell, and spindle fibers attach
to the centromere of each pair. This stage is
called metaphase I.
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Members of each homologous pair separate
and move toward opposite sides of the cell.
This stage is called anaphase I.
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The chromosomes reach opposite poles of the cell,
and the nuclei begin to re-form. This stage is called
telophase |. The cytoplasm divides, and two cells
are formed. These cells have half the number of
chromosomes of the original cells and are called
haploid cells.
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Meiosis: Produces Haploid Cells

MElosis I
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Two cells formed during The 23 chromosomes in each ‘}7 Finally, the chromosomes uncoil
meiosis |. In prophase Il, the cell attach to spindle fibers at and the nuclear membrane re-forms.
chromosomes of these cells their centromeres. This stage is Each centromere divides, and the This stage is called telophase II.
become coiled, and move toward called metaphase I1. newly formed chromosomes (also After the cytoplasm divides, the
the center of the cell. called sister chromatids) move result is four cells, each with the
to opposite ends of the cell. This haploid number of chromosomes.
stage is called anaphase II. Meiosis is now completed.
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Two cells formed
during meiosis I. In
prophase Il, the
chromosomes of
these cells become
coiled, and move
toward the center of
the cell.
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The 23 chromosomes
In each cell attach to
spindle fibers at their
centromeres. This
stage is called
metaphase Il.
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Each centromere
divides, and the
newly formed
chromosomes (also
called sister
chromatids) move to
opposite ends of the
cell. This stage is
called anaphase Il.
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Finally, the
chromosomes uncoil
and the nuclear
membrane re-forms.
This stage is called
telophase Il. After the
cytoplasm divides,
the result is four
cells, each with the
haploid number of
chromosomes.
Meiosis is now
completed.



MEIOSIS I

Two cells formed
during meiosis I. In
prophase ll, the
chromosomes of
these cells become
coiled, and move
toward the center of
the cell.
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The 23 chromosomes
in each cell attach to
spindle fibers at their
centromeres. This
stage is called
metaphase Il.
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Each centromere
divides, and the newly
formed chromosomes
(also called sister
chromatids) move to
opposite ends of the
cell. This stage is
called anaphase Il.

© Brooks/Cole, Cengage Leaming

Finally, the chromosomes
uncoil and the nuclear
membrane re-forms. This
stage is called telophase II.
After the cytoplasm divides,
the result is four cells, each
with the haploid number of
chromosomes. Meiosis is
now completed.



Nondisjunction

= Chromosomes fail to separate

»= Results in gametes and zygote with an abnormal
chromosome number

= Aneuploidy is variations in chromosome
number that involve one or more chromosomes

= Most aneuploidy from errors in meiosis




Nondisjunction

Chromosomes
align at metaphase |
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Nondisjunction
at anaphase|

Alignments at
metaphase I
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Chromosome
number in gametes:

. P
//é‘#:\- \ =2 Extra
/i\(\;/}_.\\ ‘?/J‘\? chromosome
( Z & > > 4 \) L (n+1)
‘ {Q\V Extra
- \\E/)ﬂ'\: \'\\,,_. y —> \\) chromosome
= \_// (n+1)

S\, (\ Missing
\Q' —p \) chromosome
. -1
= 7 _ oo
Chromosomes ‘ _—o-—/ /& Mrllssmg
align at metaphase | a \‘;bé/, e \ C roinosome
Nondisjunction NS (n-1)

at anaphase | Alignments at Anaphase Il
metaphase Il




Other Chromosomal Variations

= Polyploidy: multiple sets of chromosomes

= Euploid: normal two copies of each chromosome

= Trisomy: three copies of one chromosome

= Monosomy: only one copy of a chromosome

= Structural changes: duplication, deletion,
Inversion, translocation




Structural abnormalities




Structural abnormalities

Normal Duplicated .
chromosome 10 chromosome 10q Nonmal Deleted
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Structural abnormalities

Normal Y chromosome
Y chromosome with inversion
Normal isochromosome (7 Clinical Tools, Inc

X chromosome i(Xq)
(© Clinical Tools, Inc.



Structural Abnormalities
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Structural Abnormalities

Isachromosomes

Ring chromosome



Structural abnormalities
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Reciprocal translocations

® An exchange of material between two different
chromosomes is called a reciprocal translocation.
When this exchange involves no loss or gain of
chromosomal material, the translocation is 'balanced’
and has no phenotypic effect.

® Balanced reciprocal translocations are relatively
common, occurring in 1 in 500 of the general
population.



Reciprocal translocations

®Finding a balanced translocation in one parent
indicates a recurrence risk for future pregnancies and
antenatal diagnosis by chorionic villus sampling or
amniocentesis should be offered as well as testing of

relatives.



Reciprocal Translocation
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Turner Syndrome (45,X)

= Survival to adulthood

= Female, short, wide-chested, undeveloped
ovaries, possible narrowing of aorta

= Normal intelligence

= 1/10,000 female births, 95-99% of 45,X
conceptions die before birth




Klinefelter Syndrome (47,XXY)

= Survival to adulthood

= Male

= Features do not develop
until puberty, usually sterile,
may have learning
disabilities

= 1/1,000 males
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XYY or Jacobs Syndrome (47,XYY)

= Survival to adulthood

= Average height, thin, personality disorders,
some form of mental disabilities, and adolescent
acne

= Some may have very mild symptoms

= 1/1,000 male births




XYY Syndrome




Ways to Evaluate Risks

= Genetic counselors are part of the health care
team

* In nondirective way, they assist understanding of:
* Risks
» Diagnosis
* Progression
* Possible treatments
Management of disorder
Possible recurrence




Amniocentesis

Removal of about
20 ml of amniotic
fluid containing
suspended cells
that were sloughed
off from the fetus

Biochemical analysis
of the amniotic fluid
after the fetal cells
are separated out

Analysis of fetal cells
to determine sex

@ Brooks/Cole, Cengage Leaming

. — Centrifugation

‘ Fetal cells

¢ @ & @ are removed
o5 from the

solution

Cells are
grown in an
incubator

Karyotype analysis
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Karyotype analysis

p. 46
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Chorionic Villus Sampling (CVS)

Ultrasound to
monitor procedure

Chorionic
villi

Developing
placenta

Uterus
Chorion

Amniotic
cavity

Rectum

\ J
® Brooks/Cole, Cengage Learning
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Amniocentesis Only Used in Certain Conditions

» Risks for miscarriage; typically only done under
one of following circumstances:

e Mother > 35

History of child with chromosomal abnormalities
Parent has abnormal chromosomes

Mother carries a X-linked disorder

History of infertility or multiple miscarriages




