Incidence of Chromosomal Abnormalities in Newborns

Tvype of Abnormali Prevalence at Birth
Sex Chromosome Aneuploidy
Males (43,612 newborns)
47,XXY 1/1000
47,XYY 1/1000

Females (24,547 newborns)
45,X 1/5000
47,XXX 1/1000

Autosomal Aneuploidy (68.159 newborns)

Trisomy 21 1/800
Trisomy 18 1/6000
Trisomy 13 1/10,000

Structural Abnormalities (68,159 newborns)
(Sex chromosomes and autosomes)
Balanced rearrangements

Robertsonian 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.



The Chromosomal Basis of Sex

* In humans and other mammals, there are two varieties of
sex chromosomes: a larger X chromosome and a smaller
Y chromosome

« Only the ends of the Y chromosome have regions that are
homologous with corresponding regions of the X
chromosome

 The SRY gene on the Y chromosome codes for a protein
that directs the development of male anatomical
features

© 2011 Pearson Education, Inc.
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Sex Chromosomes

X chromosome

PIG-A

Paroxysmal nocturnal
m““CDMD hemoglobinuria
mulsted ?Duchenne muscular

dystrophy

Y chromosome

Colourblindn———

ATP74
Menkes syndrome
HG.VI
COL4AS Testis-determining
Alport syndrome
— factor
X-linked severe combined
immunodeficiency (SCID) TNFSFS
Immunodeficiency
HPRT1 with hyper-lgM
Lesch-Nyhan syndrome
FMR1
ALD
Fragile X syndrome Adrenoleukodystrophy
MECP2 HEMA
Rett syndrome Hemophilia &

the most common cduse

TR 900-1600 genes 70-200 genes



Kleinfelter's syndrome (or Kiinefieter's

Fromtal
baldness

Males with some development of absent
breast tissue normally seen in
females.

Little body hair is present, and such
person are typically tall, have small
testes.

Infertility results from absent
sperm.

Evidence of mental retardation may
or may not be present.
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Short stature .'7
Characteristic N
Low haill facial features
Sl Fold of skin
Constriction
Shield-shaped of aorta
thorax Poor breast
Widely spaced development
nipples
Shortened deformity
metacarpal IV ._
finger nails — ovaries
Gonadal streak
(underdeveloped
gonadal
structures)
Brown spots (nevi)
No menstruation
Linkerkile




Medscape

Source; Expert Rev Dermatol @ 2009 Expert Reviews Lid

Women with
Turner Syndrome

F @

Average
Height
143cm




Disorders Caused by Structurally Altered
Chromosomes

» The syndrome cri du chat (“cry of the cat”),
Launique sound when crying

results from a specific deletion in g sound e s
Ch romosome 5 = dvomosomall abervaion i cthip

A child born with this syndrome is mentally
retarded and has a catlike cry; individuals
usually die in infancy or early childhood

 Certain cancers, including chronic
myelogenous leukemia (CML), are caused
by translocations of chromosomes

© 2011 Pearson Education, Inc.
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Symptoms of cri du chat syndrome are mostly those of looks. People
who have this syndrome have very distinct looks. They have:

* Small heads (microcephaly)
» Unusually round face

* Smallchin

*» Eyesthat are very far apart
* Folds of skin over their eyes

*» Small nose bridge

Symptoms occur inside the body also. Heart defects, muscular/skeletal
&oblems hearing or sight problems, and poor muscle tone are all possible.
hen children diagnosed with Cri Du Chat grow, they usuallz have difficulty
walking and talking correctly. They might have behavior problems like
hyperactivity and aggression. Also, some may have severe mental retardation




Cri-du-chat Symptoms

» Approximately 75% of the patients
with cri-du-chat syndrome die within
the first few months of life and about
90% before they are aged 1 year. Thes
figures are from an older study (1978)&s
and decreased morbidity and mortalit
are most likely with contemporary
interventions. Survival to adulthood 1s
possible.

* Pneumonia, aspiration pneumonia,
congenital heart defects, and

respiratory distress syndrome are the
most common causes of death.




Disorders Caused by Structurally Altered

Chromosomes

 Certain cancers, including

chronic myelogenous leukemia CML can develop

(CML), are caused by
translocations of chromosomes

© 2011 Pearson Education, Inc.
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What is leukemla?

A cancer found in the blood 3 "6%789_ ._A Qlog .

and bone marrow, caused by ,%‘ ¢ 25 9 S99 |
too many white blood cells in SC2®T0, ho AN
the body. The white blood cells DUV i oL SRS
don't let the body fight disease Q (jbogcz 6,51 CS,‘\ We "G o
and prevent the body from making :;_#\5?; f,"?ﬁ'. C ”‘ ::‘? ,*}
red blood cells and platelets. g Normal white blood cel count ()| ‘Abnormal Shite bood cel count

4 types of leukemia

vV V V¥

Acute Acute Chronic Chronic
lymphoblastic myelogenous lymphoblastic myelogenous
leukemia leukemia leukemia leukemia
Found in lymphoid cells Found in myeloid cells Found in lymphoid cells  Found in myeloid cells
Grows quickly Grows quickly Brows slowly Grows slowly
Common in children Common in adults and children Common in adults 55+ Common in adults
6.000 cases a year 18.000 cases a year 15,000 cases a year 6.000 cases a year

ALL ‘s bhe mic type of
caner In children
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Figure 15.16
& Reminder:

(esthange of genttic malensl cuurs in ROTH)

Recombation vy Tanstocation

ouwrs between oultrs bekween
non-homologgous

Normal chromosome 9 v s e
J ("“"“".:“‘;:‘:;’:P'““)

Normal chromosome 22

Reciprocal translocation

Y
—
Translocated chromosome 9
G )

Translocated chromosome 22
(Philadelphia chromosome) s (ot b i

thomesame to help in ddx when
mein cawse of CML. Suspecting CML.
(seen in most cases)



Normal

chromosome 9

Normal

chromosome 22

induces cell eyde

division.

Changed chromosome 9

Chromosomes break

Changed
chromosome 22
(Philadelphia
chromosome)

ber-abl

BCR promoter wil)

drive exgression

ABL gene.
At coding cegion (exons o MM
will be driven by the promoter of
BR instead of its original AL
promoter: (B prometer is L skrnger
Unan ABL promoter —p qyuantibg of
R 2 ptns will be hghes)

avole: te pin itsel (POD) is
nbil

is  abnormal,

& there is NO 9ain/oss| of
Genetic matterienl.
(rfearangement)

-

result of the translocation is

the oncogenic BCR-ABL gene
fusion, located on the shorter
derivative 22 chromosome. This
gene encodes the Ber-abl fusion
protein

The ABL tyrosine kinase activity
of BCR-Ab! is elevated relative to
wild-type ABL

Abl gene expresses a membrane-
associated protein, a tyrosine
kinase, the BCR-ADI transcript 1s
also translated into a tyrosine
kinase. The activity of tyrosine
kinases 1s typically controlled by
other molecules, but the mutant
tyrosine kinase encoded by the
BCR-AbI transcript results in a
protein that is "always on" or
continuously activated, which
results in unregulated cell division
(i.e. cancer)




(A) reciprocal translocation
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et it has 2 centromeres

(A) Reciprocal translocation. The
derivative chromosomes are stable
in mitosis when one acentric<”
fragment 1s exchanged for another;
when a centric fragment i1s
exchanged for an acentric
fragment, ‘unstable acentric and
dicentric chromosomes are
produced.

[f an acentric fragment from one
chromosome 1s exchanged for an
acentric fragment from another, the
products are stable in mitosis, however
exchange of an acentric fragment for a
centric fragment results in acentric and
dicentric chromosomes that are unstable
1n mitosis.

Were Wil) be losk "“9"“"“

Figure 2.23 Human Molecular Genetics, 4ed. (© Garland Science) ™ daughter cells.



1 atrocentric chromosomes give rise
to { translocated dwomosome Yrat
encompasces each o arm o thewe chromosomes (p atm is losd)

* A robertsonian translocation is a specialized type
of translocation between two of the five types of
acrocentric chromosome in human
‘%{ﬁk*il&l&l&m,and 22) the short arm is very small
2 b-sateie and very similar in DNA content ,each contains 1-
2Mb of tandemly repeated rRNA genes
sandwiched between two blocks of - » f-satellite DNA

heterochromatic DNA > E2 / UBF / rDNA

> centromere




Robertsonian translocation (b dvmeme an acrocentsid
(with chromosome #14 and chromosome #21)
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(B) Robertsonian translocation

_/_ satellite
6—\ stalk

proximal
shortarm

satellite

centric and acentric
fragments exchanged

% ci.:'nttomm > lost in Subsequent
i ? P arms cell divisions.
.close

to each other

stable in lost at
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(B) Robertsonian translocation. This is a highly
specialized reciprocal translocation in which exchange
of centric and acentric fragments produces a dicentric
chromosome that is nevertheless stable in mitosis, plus
an acentric chromosome that is lost in mitosis without
any effect on the phenotype. It occurs exclusively after
breaks in the short arms of the human acrocentric
chromosomes 13, 14, 15, 21, and 22.

The short arm of the acrocentric chromosomes consists
of three regions: a proximal heterochromatic region
(composed of highly repetitive noncoding DNA), a
distal heterochromatic region (called a chromosome
satellite), and a thin connecting region of euchromatin
(the satellite stalk) composed of tandem rRNA genes.
Breaks that occur close to the centromere can result in a
dicentric chromosome in which the two centromeres
are so close that they can function as a single
centromere. The loss of the small acentric fragment
has no phenotypic consequences because the only genes
lost are rRNA genes that are also present in large copy
number on the other acrocentric chromosomes
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Figure 2.24 Possible outcomes of meiosis in a carrier of a balanced reciprocal translocation.
Other modes of segregation are also possible, for example 3:1 segregation.

The relative frequency of each possible gamete is not readily predicted.
The risk of a carrier having a child with each of the possible outcomes depends on its frequency

in the gametes and also on the likelihood of a conceptus with that abnormality developing to
term.



» A carrier of a balanced Robertsonian translocation can produce gametes that after

fertilization give rise to an entirely

normal child ,a phenotypically normal balanced

carrier , or a conceptus with full trisomy or full monosomy for one of the chromosomes

involved

14
14/,

' 14
14
fertilization ' ' '
| —
by a normal I @
gamete
A 4 v v
normal balanced trisomy
Viable carrier 14
vidble non-viable

Figure 2,25 Human Molecular Genetics, 4ed. (© Garland Science)
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Figure 2.25 Possible
outcomes of meiosis in a
carrier of a Robertsonian
translocation.

Carriers are asymptomatic
but often produce
unbalanced gametes that can
result in a monosomic or
trisomic zygote. The two
monosomic zygotes and the
trisomy 14 zygote in this
example would not be
expected to develop to term.
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Figure 2.21 Human Molecular Genetics, 4ed. (© Garland Science)

Origins of triploidy and tetraploidy.

(A) Origins of human triploidy. Dispermy is
the principal cause, accounting for 66% of
cases. Triploidy is also caused by diploid
gametes that arise by occasional faults in
meiosis; fertilization of a diploid ovum and
fertilization by a diploid sperm account for
10% and 24% of cases, respectively.

(B) Tetraploidy involves normal fertilization
and fusion of gametes to give a normal zygote.
Subsequently, however, tetraploidy arises by
endomitosis when DNA replicates without

subsequent cell division. # & noma) 2ok b e

witotic division.

ain endomilosis, sister chromatids are NoT

& Reminder : wprabed into 2 daughter cells, eybokiness

ocztits atbnormally n on avea of no

the only viable eutosomal idie :
I: ol aneuploidies - trisomy 13,18, & 21. pho - .

“ o« w  sx ch. aneuploidies: Turner, kieinfelter (nok only thesd e e e

duplicated & remain in
the sume cell (4n)



Genetic status in normal conception and molar pregnancy

Normal conception

2 sets of genes

1 paternal

| maternal

Viable foctus

Complete Mole \° " za;::: yatn
2 sets of paternal genes

no matemnal genes

No foctus

Partial mole «tw s « ks s
3 sets of genes

1 maternal

2 paternal

non-viable foetus




Triploidy is the presence of an additional haploid set of chromosomes, is the cause of 20% of
spontaneous abortions, premature births and perinatal deaths.

Triploidy syndrome is a rare syndrome and 1s estimated to occur in about 2 per cent of
conceptuses. Triploidy occurs when there is double fertilization of an ovum (dispermy). The
result may be 69, XXX or 69, XXY or 69, XYY. The extra set of paternal chromosomes
predisposes to formation of a partial mole, features of which may or may not be grossly or
microscopically apparent.

- 69, XXX triploidy
- 69,XXY triploidy
- 69, XYY triploidy

Triploidy - stillbirth at 39 Sk
weeks (69,XXX) - note the 48 vy L
appearance of the hands ©20JaUEN €a10S QUMTErC
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paternal 5 * diandric

Physiopathology

Triploidy is constituted by an extra haploid set of chromosomes for a total of 69
chromosomes in humans. A "parent-of-origin" effect has been demonstrated by analysis of
cytogenetic polymorphisms of triploidy pregnancies. Two distinct phenotypes of human
triploid fetuses have been recognized according to the parental origin of the extra haploid set.

The first one or triploidy of diandric type occurs when the extra haploid set of chromosomes
arises from the father, the second one or triploidy of digynic type occurs when the extra
haploid set of chromosomes arises from the mother. Diandric fetuses appear relatively well
grown with a large placenta, while digynic fetuses show intrauterine growth retardation with
a small placenta.



Types

- maternal triploidy (triploidy by digyny)
- paternal triploidy (diandry or dispermy)

Synopsis

The most common clinical signs of triploidy are: severe intrauterine growth retardation,
macrocephaly, total syndactyly of third and fourth fingers and CNS, heart and renal
defects.

Hydatidiform mole, one of the characteristic features of pure triploidy, 1s found in more
than 90% of cases.

| S " Molar
¥ i \__pregnancy
= llgdalilvrm mole.

\ . PATHOLO[Y 1 2 3 4 5
' i1

MACROSCOPIC IMAGE OF A COMPLETE HYDATIDIFORM MOLE, SHOWING THE CHARACTERISTIC
VESICULAR, OR ‘BUNCHES OF GRAPES’ APPEARANCE OF THE CHORIONIC VILLI.



PARTIAL MOLE

- The oocyte has an intact set of maternal DNA
- Option A: Fertilised by one sperm - reduplicates its own DNA
- Option B: Fertilised by two sperm

- Karyotype: Triploid - 69 chromosomes (62 XXY - an extra set of paternal DNA)

COMPLETE MOLE

- The oocyte has somehow lost its DNA - it is ‘'empty’ of DNA

- Option A: Fertilised by one sperm - reduplicates its own DNA = homozygous

- Option B: Fertilised by two sperm = heterozygous
- Karyotype: Diploid - 46 chromosomes (46XX or 46XY - the 46YYs are not viable)

Note: (all paternal DNA - no maternal DNA - i.e. androgenetic)
. Partial mole

«why is compiete Mole (i.t:4bxX,UbXY) non-compatible
with (fe ?

xdue " imprinking” which is genetic modifications
that do NOT alker the sequence of DA, it rather
impacts methylation patierns. (epigenetic)

< e o different ngions i the egy 3 e Spum
thal an medylated 5o a spucific pattem is reguind
ftom both to have & viable pregnancy







Uniparental diploidy changes the balance between the embryo or fetus and its
supporting membranes

Paternal uniparental diploidy produces hydatidiform moles, abnormal
conspectuses that develop to show widespread hyperplasia (overgrowth)of
the trophoblast but no fetal parts, they may transform into choriocarcinoma.

Maternal uniparental diploidy results in ovarian teratomas , rare benign
tumors of the ovary which consist of disorganized embryonic tissue but are
lacking in vital extra-embryonic membranes.




1L
243

S‘L ¥ .
\ o
» ' .
\\ {‘\ '/ | > ¥
£ 7Y

Triploidy

Findings:

CHD

Kidney anomalies
Low-set, malformed ears
Hypertelorism @ s s v
Foot deformities
Abdominal wall defects

Diandric

Enlarged placenta
Cyst-like placenta
Well-formed fetus with or
without microcephaly

Digynic
Macrocephaly
Severe intrauterine

growth retardation



Mosaicism

Two or more distinct cell lines from single
zygote differing because of mutation or
nondisjunction.
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Somatic Mosaicism Gives Different Cell Lines

o Mosarcism; occurrence of two or more cell
lines m same person

McCune Albright
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