Nondisjunction

Failure of:

(1) chromosome pair to disjoin
during Ml or

(2) chromatids to separate
in Mll or mitosis.




Abnormal Chromosome Number

* |In nondisjunction, pairs of homologous
chromosomes do not separate normally
during meiosis

» As a result, one gamete receives two of
the same type of chromosome, and
another gamete receives no copy
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« Aneuploidy results from the fertilization of
gametes in which nondisjunction occurred

» Offspring with this condition have an
abnormal number of a particular
chromosome
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* A monosomic zygote has only one copy of a
particular chromosome

A trisomic zygote has three copies of a
particular chromosome
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Trisomy

Additional (3 rather than 2) chromosome.

Monosomy

One chromosome of a pair missing.




rmuleplcs of n

* Polyploidy is a condition in which an organism
has more than two complete sets of
chromosomes

— Triploidy (3n) is three sets of chromosomes = i fon i (repos
— Tetraploidy (4n) is four sets of chromosomes
* Polyploidy is common in plants, but not
animals

* Polyploids are more normal in appearance
than aneuploids
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Euploid - any chromosome number that 1s an exact multiple of the
number of chromosomes in a normal haploid gamete (n). Most
somatic cells are diploid (2N).

haploid (1 set), diploid (2 sets), triploid (3 sets), tetraploid (4 sets)
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1]
Alterations of Chromosome Structure

T i
- Breakage of a chromosome can lead to four
types of changes in chromosome structure
— Deletion removes a chromosomal segment
— Duplication repeats a segment

— Inversion reverses orientation of a segment
within a chromosome

— Translocation moves a segment from one
chromosome to another
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Figure 15.14a
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Figure 15.14b

(c) Inversion
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Human Disorders Due to Chromosomal
Alterations

e Alterations of chromosome number and
structure are associated with some serious
disorders

» Some types of aneuploidy appear to upset the
genetic balance less than others, resulting in
individuals surviving to birth and beyond

» These surviving individuals have a set of
symptoms, or syndrome, characteristic of the
type of aneuploidy
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Incidence of Chromosomal Abnormalities in Newborns

Type of Abnormality

Prevalence at Birth

* Anevploidy could occur in

Sex Chromosome Aneuploidy aulosome of sex chromosomes

Males (43,612 newborns)

thY = male 47,XXY =@t X deomosome Ckinelelter syndromd) 1/1000
nodles R A 47 XYY 1/1000
Females (24,547 newborns)
45,X 1/5000
47,XXX 1/1000
Autosomal Aneuploidy (68.159 newborns)
Trisomy 21 =Pown Syndeome (47 chiomesome) 1/800
Trisomy 18 1/6000
Trisomy 13 1/10,000
L fearfangements
Structural Abnormalities (68.159 newborns) ) . x!
(Sex chromosomes and autosomes) m"&%';:',“‘:’;mm& w:;’:;:‘:‘;m
Balanced rearrangements Goronal arangement I.ex:::el\‘::“duplmm
Robertsonian : tumslocabion, inversion. 1/1000
Other (reciprocal and others) 1/885
Unbalanced rearrangements 1/17,000
All Chromosome Abnormalities
Autosomal disorders and unbalanced rearrangements 1/230
Balanced rearrangements 1/500
Total 1/154

Data from Hsu LYF (1998) Prenatal diagnosis of chromosomal abnormalities through amniocentesis. In Milunsky A (ed.), Genetic Disorders and the

Fetus, 4" edition, Johns Hopkins University Press, Baltimore, pp. 179-248.




e
Down Syndrome (Trisomy 21)

- Down syndrome is an aneuploid condition

that results from three copies of chromosome

2 1 =» this s due b non-digjunckion
during oogenesis.

* |t affects about one out of every 700 children
born in the United States

» The frequency of Down syndrome increases - s« « s w «

non-disjunction during
oogenesis n advawed

with the age of the mother, a correlation that '
has not been explained
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Risk of Down syndrome in live births (%)
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Figure 15.15
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Most common numerical abnormality in liveborns 1s Trisomy 21 (Down syndrome)

e oo
(I IR AT O |

LI LI | B T BT |

18

\ “
g8 . | Asé ge
20 21 22 X

19



Male:Female Ratio - 3:2



Down Syndrome

= ey s
Mental retardation (IQ 25-50)-ineleckl duwilty  *Epicanthic folds ™
*Low nasal bridge (90%) Protruding tongue ==
*Hypotonia (80%0) & wusde tme , uatnes Intestinal problems L
*Up slanting palpebral fissures (80%) Gap between first and second toes
Small, low-set ears (60%0) v soms postion 15-fold increase in risk for leukemia
*Congenital heart disease (30%-50%)** *Simian line (transverse crease) (45%)

*These features are easily recognized at birth.
**The congenital heart problems noted in people having Down syndrome include ventricular septal defect (VSD) and arterioventricular defects (AV)

canal. Approximately 40% with congenital heart disease die during the first year.






1in 770 babies

PROBABILITY OF GIVING BIRTH TO A BABY
WITH TRISOMY 21 BY WOMAN'S AGE
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Meiosis | Nondisjunctign
Meiosis Il Nondisjunction
Gametes
Fertilization
with normal
gamete ' - )
Offspring
Trisomy Monosomy Monosomy Trisomy
Jorde et al: Medical Genetics, 4th Edition.
Copyright © 2010 by Mosby, an imprint of Elsevier, Inc. All rights reserved,
Trisom
y Paternal Errors: 4.5% of cases
Maternal Errors: 94% of casgsl *MI 1%
o MII 648/, ~mo Hessent duing wa * MII 3.5%

e MII 19%
* Indeterminate 11%

Unknown: 1.5%
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Causal Factors in Nondisjunction

s I oe p AwWe can tell whether non- digjunckion
] N Ho it fom a pekernal or maternal source
F 1 I ’%’ —/ {. e by stud\gmg these 3 cromosomes
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Evaluate the Origin of the Extra Chromosome Using

Polymorphic Markers

Proband
proband in genetics:

individual who brings tamily
to cinical aittention.
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DNA markers can be used to determine the
parental origin of the extra chromosome in

trisomic individuals
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Trisomy n Matermal Paternal PZM (%)
MI (%) MIT(%) MI(%) MII (%)

Acrocentnon

13 ™M S84 339 27 54 14
14 X WS 345 a0 192 73
15 M W3 90 00 147 00
21 782 84 236 17 23 27
2 13 %4 10,0 15 00 1%
Nam-axcmoceninca

2 15 S3A4 133 P 00 56
7 4 172 257 00 00 57.1
X 12 S0 500 a0 00 500
14 14 100 00 00 00 00
1% 150 333 587 00 00 0

*Adapted from Hall & al, (6). M1, maiosis I; MTI, meiosss [1; PZM, post.
Zygotic nutalic.



Partial Trisomy 21 (21q)
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Trisomy 18 (Edward syndrome)

Findings:

CHD (95%)

Failure to thrive (FTT)=
Mental retardation
Growth retardation
Hypertonia #ms e cyi
Prominent Occiput

Low-set, malformed ears
Short sternum

Intestinal Abnormalities
Unusual hand position " t
Rocker bottom feet
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dlisomy 13413, 2 1 are the opLy

Vioble uutosomaul numerical albnormalibies.
{

aths doss NOT mean Uyl mdig.m- i
KM in them. ~ w‘a

4 Ttisomy wuld wappen Lo amy cnomosome bout
only these 3 chromoiomes make it to life.

Trisomy 13
amonp could also h to these
(Patau syndrome) crtomosames ok e e bl B

| dow't make it to birth.
~ (wore deleterious Haan trvomy)

4 00 MiSSing ymetic macerial is
worse than an extra genctic material.

Findings:

CHD (85%) —
Mental retardation © oo
Hyper- or hypotonia
Scalp defects
Microcephaly
Small eyes
Low-set, malformed ears
Cleft lip/palate
Polydactyly and syndactyly
Polycystic kidneys
Rocker-bottom feet




