


Lecture overuiew

=0 Cell division [mitosis, meiosis]

 Numerical [genomic] abnormalities -

7~ O Structural [chromosomal] aberration : -

~+#° 0O Prenatal diagnosis
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INTERPHASE

HH\
#4

Mucleolus /-
# Nuclear envelope intasct | f
® No chromosomes visible LY
Prophase /*\
® Chromosomes condense and

bagnmu \Hsihlum =
® Bipolar spindle develops “»\ /

Prometaphase W __Pole Memphflste
# Nuclear envelope dissolves ‘\ plate
oot s (i

ne oy . :
p;l:njh:nd ;tm:;un!ln m::taln IF\H ;':..;Z ________ Fanme - - =Eaa Pilnmn—-
e Mitosis '
Pole
v
Metaphase Equatorial v
Ch fu densed = 4
g ] i s B — i
M,
plate ——
Anaphase e ¥
# Each cantromears splits t 1
# The two chromatids of sach [ o *
chromosome are pulled to il I~ = R e =
opposite poles - -
=5 % o
Telophase B}
= Chromosomes reach poles (™
and start to decondenss 5 J___;"
@ Muclear membrana 'h/.-# h.\_‘:"

reforms i

# Cytoplasm starts to divide N
""i"’

Cytokinesis (: ;>
- G]r'h:llplnﬂm civhlm::umﬂa’tad ——

o give two daug Gl r/’j_;

b Sl *lvana FELLNEROVA, PiF UP Olomouc*



interphase metaphase

e,

anaphase ' cytokinesis




SIS (g

gametogenes

® - O
Ovary : Primordial _ Testis
---------------- $ germ cell et T L
enters gonad
Oogonium @ @® Spermatogonium
intrauterine “/ ? HE‘TP,EE,HEd m“‘:’fﬁc 3 l \“
(® divisions [ of diploid ®
/ / oogonia + [ spermatogonia ® \T\@)
/ Ny ©
@ ®
All primary _oocytes are : Growth and i
formed at birth Primary Y differentiation @ Primary
oocyte spermatocyte (2n
(2n) e
Meiosis begins / \ First Meiosis |
again at g d Irs Secondary
ovulation S€CONdary @ polar @ @ spermatocytes
oocyte body - / \' /\ (n)
() / \ (n) ;ﬂ_etus?s_ i_i ______
® ® ® @ Spermatids
s N G
One econd
mature  Polar ®. %8 9
egg pody

(m)

Four mature spermatozoa (n)



MEIQSIS

erm cell division
ametogenesis]

ssential for
production and

WO successive
ell division
ithout
tervening

NA replication

roduction
four haploid
rm cells

ecies maintenance

”~ paternal
4 s, Y homolog
\ ’H 4 maternal
\ homolog
N

diploid germ-cell precursor
‘ DNA REPLICATION

/ \
[ ‘ y \
J
\ J
\ J
N 3

PAIRING OF DUPLICATE
HOMOLOGOUS CHROMPDSOMES

DNA REPLICATION

)

o .
p !
( \
| |
]
\
\ v/
CHROMOSOME CROSSING-OVER
(RECOMBIMNATION)
.-'l\, -.J_".I
s Y&
\ J
\ /
—” DUPLICATED

l CHROMOSOMES

s @p— .| SEPARATION OF
TS — A" HOMOLOGOUS

_~~___/ CHROMOSOMES

COMPLETION OF
CELL DIVISION |

OF SISTER

CELL

haploid gametes

LINE UP INDIVIDUALLY
OM THE SPINDLE

ff' MITOS

Somatic
cell divisio

Essential f
growth a

developme

human zygote =
mature adult = 1

SEPARATION

CHROMATIDS

\o

=

/KCE LL DIVISIOg

Single ce
division

Produc
of two
identic
daught
cells

J

*lvana FELLNEROVA, PiF



EMEBJMlD&@ImaJH abnormalities

[chromosomal malformations, anomalies, aberrations or defects]_

=0 An error [mutation] in person’s genome *

- Q Any type of changes in the chromosome
structure or number

-7 0 Often results in physical or mental
abnormalities



Chromosomal abnormalities

Result from:

= missrepair of broken chromosomes,

= by improper recombination,

* by malsegregation of chromosome during mitosis
Or meiosis.

Constitutional abnormalities:
All cells of the body have the abnormality. This results
from a defective gamete or abnormal fertilization.

Somatic abnormalities:
Occur only in certain cells or tissues of the body. This
results in a mosaic individual.
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Clasification of the

HUNMAN KRRYOTYPE
ABNORNMALITIES

d NUMERICAL [genomic] mutation:

Changes of the chromosome number

d STRUCTURAL [chromosomal] aberration:

Parts of chromosomes are lost, gained
or moved to new position in the genome

*lvana FELLNEROVA, PiF UP Olomouc*



-

-Fls- -

gE‘ROV& Prlg, Qliplaéno nouct



Basic termms

EUPLOID:

organism with normal chromosome set. Greek: eu = “good”
ploid = “set”

POLYPLOID:

organism with multiple of haploid set [ triploidy 3n, tetraploidy 4n ]

ANEUPLOID:

organism with unbalanced set of chromosomes (monosomy, trisomy).
chromosome number that is not exact multiple of the haploid set

MIXPLOIDY:

organism with two or more genetically different cell linages
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The common mechanism by which disorder in chromosome number

(aneuploidy) arises is called:

NON-DISJIUNCGTION

= process when homologues
chromosomes or sister chromatids
fail to disjoin [ do not separate]
into two daughter cells during cell
division

Depends on when nondisjunction take place:

» mitotic nondisjunction
» meiotic nondisjunction
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Chromosome number in gametes:

Chromosome ;
alignments at Nondisjunction Alignments at
metaphase | at anaphase | metaphase || Anaphase ||
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2nd meiotic
%g division

Ve

1st meiotic
division '

“!' <§zj Meiosis |

Homologues 0 % Sister .
chromosomes & “ %{ chromatides
b & do not separate

do not separate

properly / \ Meiosis | % / \ properly
|t #14

n+1 n+1 n—1 n-—1 n+1 n—1 n n

ALL GAMETS ARE ABNORMAL

half gametes carry both,
half neither
homologous chromosome

HALF GAMETS ARE NORMAL

half gametes are abnormal
one caries both,
one neither chromosome
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during the 1St
division of zygote

Normal zygote

/ \

non-disjunction

monosomic trisomic
lethal v
— _/
Y
trisomic

during the 2nd
division of zygote

Normal zygote
@ ®

non-disjunction \
¥ ¥

monosomic trisomic euploid euploid

lethal — g v

daughter cells do not have identical
genetic content = mosaicism



Classification of

NUMERIGAL mutation

POLYPLOIDY : TRIPLOIDY (3n)
TETRAPLOIDY (4n)

ANEUPLOIDY: AUTOSOMAL aneuploidy

Down syndrome [trisomy 21]
Edwards syndrome [trisomy 18]
Patau syndrome [trisomy 13]

SEX CHROMOSOME aneuploidy
Turner syndrome [XO female]
“Superfemale” [XXX female, trisomy X]
Klinefelter syndrome [XXY male]

“Supermale” [XYY, male]
MIXPLOIDY: MoOsAICISM

CHIMERA
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1. POLYPLOIDY

Polyploidy individual has more than two sets of chromosome.

3 sets = triploidy 3n (69 XXX, 69 XXY, 69 XYY)
4 sets = tetraploidy 4n

How polyploidy arise?

1. Multiple fertilization (polyspermy): two sperm fertilize an egg
2. Errors in meiosis : producing unreduced diploid gametes

3. Errors in mitosis that cause a somatic doubling of the chromosome number
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[A] Multiple fertilization [B,C] Error in meiosis
Producing unreduced diploid gametes

C)

(B) (
l I
10%

[ D] Error in mitosis [endomitosis]: doubling of the chromosome number
while the first zygotic division does not complete

Triploidy

D DNA duplication
(D) but no cell division
(endomitosis)

Tetraploidy _—>
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TRIPLOIDY -
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Mostly results from dispermy

99% of triploid conception is lethal as embryo or fetus.
1% infant survives for a few days

Triploidy seen in about 1 in 10 000 live births



2. MIKPLOIDY

Two or more genetically different cell linages whitin one individual.

MOSAICISM
Genetically different cell population arise from one zygote
e Aneuploid mosaics (e.g. 2n/2n+1 are common) due to
non-disjunction or chromosome lag in early mitotic division
of zygote

» Polyploid mosaics (e.g. 2n/3n are occasionaly found) mostly
arise by fuzion of the second polar body with one of cleavage
nuclei of normal diploid zygote

CHIMERISM
Genetically different cell population originate from different zygotes.
More rare.
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3. ANEUPLOIDY

Any chromosome number that is not exact multiple of the haploid se [23].
Cells have extra chromosomes or chromosome missing

Monosomy = condition where one chromosome is missing (mostly
lethal in very early embryogenesis
Trisomy = condition where one extra chromosome is abbreviated

A. AUTOSOMAL aneuploidy
changes of somatic chromosome number

B. SEX- CHROMOSOME aneuploidy
changes of sex chromosome number
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AUTOSOMAL aneuploidy

Autosomal MONOSOMY - lethal condition

Autosomal TRISOMY - most are lethal; few exception:

1  Down syndrome [trisomy 21]

d  Edwards syndrome [trisomy 18]
d  Patau syndrome [trisomy 13]
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DOWN syndrome:

The most common chromosomal
abnormalities in live born children:
1 in 800 live births

First chromosomal abnormality
Discoverd in humans (1959)

l | ‘
Ny
:
— .
el -
ta v .
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DOWN syndrome

(Ll

O Mild to moderate range of retardation
[their skills can be increased
by right education]

O Heart and digestive system defect
[sometime may need surgery]

O All parts of the body are shortened

O Face is broad and
flat with small nose

O Eyes with
slanting eyelids
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Cytogenetic cause of
DOVWN syndrome

[~ 92 % of cases are numerical: trisomy 21 }

LYL

KARYOTYPE: 47 ,XX,+21 or 47,XY,+21
In 90 % in trisomy 21 additional chromosome comes from the mother’s egg
[error in oogenesis: maternal non-disjunction meiosis | ]

£~ 4 % Robertsonian translocation: }

[~ 2 -4 % of cases are mosaicism: }

KARYOTYPE: 46/47,+21

Error in mitosis: mitotic non-disjunction. Cases of mosaic Down’s syndrome
Is likely less severe because some of the cell are normal.
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.
DOWN syndrome *
kBJESJ(& Late maternal age effect

J

iy > 30 years = age related risk ~ O\der temales are

more likely to carry

160 .
embryos with

o chromosomal

o abnormalities.

100

80

60

i 30 years = 1/900

20

ST 35 years = 1/385

T T T TT T T T T T T TTT1

< 17 20 23 26 29 32 35 38 41 44 47 40 years — 1/100

15 maternal age
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Edwards syndrome

Occurs in ~1in 7 000 live births

._* % 4 . = Associated with:
P L W' -¥ | 17 S 3
’ ¥ : . 5 A .
g 1 11 1 2 = Mental and physic
w“ » -
Iﬂ'-. 1IN - \ n_ 'l‘ =
R i3 £% i ! retardation
1 2 3 4 5
. - = Skull and facial
¥ o T e DR ¥ L3 y # T
34 Yol [ ik ds A &4 abnormalities
4 2% n% n & e K ig_
6 7 8 0 10 & = Defect in all organs
T4 & Y : . 2 (malformation of
“n | e AR A
1.1 -r e k2 up heart, hands, feet)
13 14 15 16 17
4 = Advanced maternal
X 75 sk . | age is a risk factor
19 20 21 2 X ¥

For unknown reason 80 % of all trisomy 18 are female Survival: 2 — 4 months
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Patau syndrome

Occurs in~1in 15 000 live births

What's your diagnosis?

1 Infant born with
multiple birth defects
including cleft
lip/palate, heart defect,
extra fingers/toes, .y
brain abnormalities TR IRY \ %, die in

) | first month

LI A o B 5 -1
i (€8 t¢ 77 1¢{ Themean
AV oy b o R Y T T survival

| 0o ] )

({ ) H 1z »1 timels

AR . ‘ 6 month
¢ *_:: ' B ! 5) 2
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http://ghr.nlm.nih.gov/condition=patausyndrome

More tolerated than somatic aneuploidy

SEN CHROMOSOME
anecuplolidy

d Turner syndrome [XO female]

d “Superfemale” [XXX female, trisomy X]
d Klinefelter syndrome [XXY male]
[ Jacob’s syndrome “Supermale” [ XYY, male]

YO Inviable, at least one X needed for survival
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How sex-chromosome aneuploidy arise ?

1. Non-disjunction during oogenesis (in meiosis):

primary
oocyte

OOGENESIS
18t meiotic division
EGGS
SPERMS
Genotype: | AA XXX AA XXY AA X0 AA YO0
ZYG OTES SyndrOm: Superfemale Klinefelter s. Turner s. lethal
Sex: female male female male
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How sex-chromosome aneuploidy arise ?

2. Non-disjunction during spermatogenesis (in meiosis):

Klinefelter
syndrom

male

------ I’lOI’ldISjunCtIOI’l iEEEEEEEEEEEEEEEREE R R

Primary
spermatocytes

SPERMATOGENESIS
2N 2N

Secondary
spermatocytes

SPERMS
EGGS
ZYGOTES
Klinefelter Turner Turner genotype NORMAL | | NORMAL Turner
syndrome syndrome syndrome synd rome . P syndrome
male female female S female
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Most common sex chromosome
abnormality of human female

~ 97 % die before birth
The incidence is 1 in 2 500 female births

Turner syndrome girl
treated with growth
hormones and estrogen
lead fairly normal life
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Characteristic
facial

Low hairline \ features
Shield-shaped i
5 Fold of skin

thorax
f Constriction of

Short stature

Widely spaced

5 aorta
nipples . ;Y
. Poor breast
—y B T, o
\ Elbow deformity
AR\ €

Small finger nails =l e Rudimentary

i ovaries
Gonadal streak
(underdeveloped
. gonadal

Brown spots (nevi) structures)

b No menstruation
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Cytogenetic cause of

45,X 55%

46,X with abnormal X 15%
Deletion
sochromosome
RINg

Mosaic 30%
XIXX

XIXY
X/IXXX etc.
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.

~SUPERFEMALE™

Females With Multiple X Chromosomes )

47, XXX — Mostly normal females.

48 XXXX  These tend to have
underdeveloped secondary
sex characteristics, sterility
and mental retardation.

49, XXXXX



The Incidence of Klinefelter syndrome:
~1in 1000 male births

The extra chromosome X was gained either:

From diploid egg [XX] or sperm [XY]
[meiotic nondisjunction]

or

during early fetal development
[mitotic nondisjunction]

f A
B ¥
' S
£ S
5 -
X TN
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(47 ,XXY)

L e
s g,
| gl
T meere
h-.-—:m,
3 il

@ ¥ '7"..‘6_ "'..,:s‘f 3
J s i id ol i
B EE i e

i 8 T

Tall stature

Slightly feminized
physique

Mildly impaired |G

Tendency to /

lose chest
hairs

Female-type
pubic hair
pattemn

!
0

i

%

a
e

Frontal baldness absent

Poor beard growth

Breast development

Osteoporosis

Testicular atrophy
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~SUPERMALE™

Males With Multiple X Chromosomes

N

/

43, XXXY All are similar to XXY
48, XXYY Klinefelter syndrome, but
49, XXXXY  usually with more severe

49, XXXYY  effects.
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Jusulirs Synizns *

- know that 96% of all XYY males are
apparently normal

- Modest phenotype includes
- tendency to have great height
- acne problems
- speech and reading problems

- Studies suggesting some increase In aggressive
behaviors remain controversial.
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Clinical consequences of numerical
abnormalities:

d Autosomal monosomies are more
devastating than trisomics. Trisomic embryos
survive longer than monosomic ones.

d Sex chromosome aneuploids is less
devastating than in autosomal aneupoilds.
This Is because of X-inactivation mechanisms
and the fact that Y carries very few genes that
determine male sex.
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Classification of

STRUCTURAL rearrangement

Chromosome breakage with subsequent reunion in a different configuration

d BALANCED:

Neither loss nor gain chromosome material, just mowing to new position
= Reciprocal translocation
* |nversion
* Insertion

(d UNBALANCED: Lostor gain genetic material:

Robertsonian translocation
Deletion

Duplication

Insertion

Isochromes
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Recinrocal TE@MSH@@@@@M

Derivative
Chromosome 20 Chmmamme 20

—>

QEI! -

Derivative
Chromosome 4

Chromosome 4

Two non-homologous chromosomes has been broken and rejoined
In the wrong configuration

(chromosomal segment has been transferred from one chromosome to
another)
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Reciprocal Translocation

i

1 Balanced translocation [neither loss nor gain
of genetic information]

1 the exchange of chromosome material
between 2 non-homologous chromosomes

 usually no phenotype effect (unless there
IS a position effect resulting in gene

disruption) #
1 reproductive conseguences ;
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Case of reciprocal translocation

Part of the g arm of chromosome 22 has been translocated onto the long
arm of chromosome 9. The small distal portion of chromosome 9 i
s translocated to chromosome 22.creating PHILADELPHIA CHROMOSOME

The Philadelphia Chromeosome and Chronic Myelogenous Leukemia (CML)

Normal Chromosomes Translocated Chromosomes

' ' Found in tumor cells.

Patient with CML produce
- Trans... - hematopoetic cell which
grow uncontrollably
. leading to cancer
- ...location - fused
abl gene e abl-ber
gene i gene & =
9 22 9 22 (Philadelphia
elongated chromosome)

The translocated abl gene inserts into the ber gene. The two genes fuse.
The altered abl gene functions improperly, resulting in CML.
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Ivnersion

> An inversion consists of two breaks in one chromosome.

» The area between the breaks is inverted (turned around),
and then reinserted

» Only 5-10 % cause health problems, often have reproductive
problems

L

Pericentric Inversion

FParacentric Inversion

inverted area inverted area
includes the centromere excludes the centromere
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BEFORE AFTER

in Egﬁn é \ Inserted

Chromosome 20 area

Chromosome 20
Chromosome 4

Chromosome 4

Two breaks in one chromosome [ # 4]
Area between breaks has been moved out of original chromosome and
has been inserted into different chromosome

*lvana FELLNEROVA, PiF UP Olomouc*



Unhalanced
rearrangements

d Loss or gain of chromosome material
d Many different types
» Translocations [nonreciprocal, Robertsonian]
» Deletions
» Duplications
= |nsertion
» |sochromes
O Abnormal phenotype association



Robhertisonian Transliocation
O Named after W. R. B. Robertson who first identified them in

grasshoppers in 1916

0 Most common structural chromosome abnormality humans
Frequency = 1/1000 livebirths

O A special case of ,almoust balanced” translocations involves any of
two acrocentric chromosomes: 13, 14, 15, 21 and 22

O Two types of Robertsonian translocation
» Homologous acrocentrics involved
» Non-homologous acrocentrics involved
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hobertsonian Transiocation

Short arms lost
Homologous

acrocentric, ] ] /
chromosome I + I — ]
i.e. 14 1]

Non-Homologous N Short arms lost
acrocentric L
chromosome I 4 I B__/
i.e. 14 & 21 I ®
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Rohertsonian Translocation

1 a fusion between the centromeres of two acrocentric chromosomes
forming a single derivate chromosome

O The short arms ( p ) are lost withouth phenotype efect (loss of the
short arms does not matter — contain few, if any, genes)

O Carriers have difficulties
at meiosis (modal chromosome

iy f8 v
number 45) f; 1 3 M }!
i AG IS TR IS PR T

the short arms

) (lost)

| | b & - =¥ 2
two acrocentric a Robertsonian : . Q
chromosomes translocation
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Case ol Rohertsonian Transliocation

Fusion of g arm of acrocentric chromosomes # 21 and 22

Gametocyte ‘ = t/21922q

Abnormal
gametes

=G
&)

Normal
gametes
ZYGOTE 21 22 21 22 21 22 21 22
(genotype) I I 111 111l
FENOTYPE Monosomy 22 Trisomy 22 Trisomy 21 Monosomy 21 NORMAL R
LETHAL LETHAL DOWN LETHAL peatthy

person sterile
syndrome
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Haryotype of Robertsonian Translocation

An unbalanced
chromosome 14 & 21
Robertsonian translocation -
trisomy 21, Down syndrome

« H
Y ';tg 4 g ¥ § 3
E (’ K w9 3
H ¥ .

e p 4 _
>} *» TERYER IRt I R
;e fiM R 5‘ 5{ i M T O L O I

A balanced
chromosome 14 & 21
Robertsonian translocation

. 4 Ek - &a - | x g« ? . ® a 4
| L g s 8 Be ’.a‘ 'v "
)E 100N | R L B T 1 S ¥ SR § S 1 S-S S T ¢
13 14 15 16 17 18 13 1 15 16 17 18
| b
BT L | T T A
19 20 2 22 X Y 19 20 21 22 X



O Part of chromosome[s] — large or small - has been deleted
 Can occur at any chromosome, any band and any size
O Conseguences depend on how big a piece is missing

and what gene are missing

Terminal deletion: one break point [extend to the telomere]

Cri-du-chat syndrom

Interstitial deletion: two break points

Williams syndrome — the elastin gene on chromosome 7 is deleted
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Crl-u-chat Symdrom C"romosome
terminal deletion

French for cry-of-the-cat P %; ._
[refers to the distinctive cry of children » 7 % |

caused by abnormal larynx]

~ 1in 50.000 live births O

Most common deletion syndrome
In humans

Y é ] @ Deleted
38 § " « region

1 RN
070,

e
fad 2 )
§1471
i
o
L1+
ua
Inw
I

”o
o
ra
D
Clis
’ -
b
'
§
o
n
LT
la e

I BN
I EELA

Cri-du-chat Chromosome 5 pair
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Cri du Chat Syndrome

15.3 Larynx development (“Cry of the Cat” in French)
15.2 Mental retardation

15,1

14

 Deletion of part of short arm of chromosome 5

« Abnormal larynx development
*Mental retardation, learning disability

 Low birth weight

5 o Shorter life span but most normally life expectancy
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Wilianss Sywirome C'romosome

Interstitial deletion

= Caused by very small deletion on the long arm of chromosome 7.
» Deletion include elastin gene which code a protein that gives the
blood vessels the stretchiness

The lack of the elastin protein, people with Williams syndrome have
disorder of circulatory system
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The chromosomal deletion that causes Williams syndrome is so small that it
cannot be seen by routine cytogenetic methods.
Deletion can be observed using a molecular cytogenetic technique - FISH

Nole: the “conkol probe” helps identify
the #7 chromosomes. 4

&,

#."‘ \.-lﬁ-;' 4 '.

1L

‘f Control probe only
L ..'

L
ﬂ ¥~ Control probe

Elastin gene

Positive Williams Syndrome FISH assay
{Chromosome 7}
The alastin gene iz found on only one chromosoms.,
The cthar copy camias an alastin Qene delefion.

"lﬂ-'" Contral probe
¥~ Elastin gena

- 4= Elastin gene
=4 4= Control probe

Megative Williams Syndrome FISH assay
{Chroamaosome 7}

The alastin gene iz found on both chromeosomeas,

This indlividual does not have Williams Syndroma.
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FISH

Fluorescent In Situ Hybridization

It is a molecular cytogenetic technology
utilizing fluorescently labeled DNA probes
to detect or confirm
gene or chromosome abnormalities,
that are beyond the resolution
of routine [convention] cytogenetic
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Fluoresence In Situ Hybridization

Labeling with
flucrescent dye

Making DNA probe complementary to known sequence

Labeling the probe with fluorescent marker

Denaturizing both, the probe and the sampling DNA: mix, hybridize
Wash of excess probe that did not bind to tested chromosome

Sample DNA is tested for presence or absence of the fluorescent signal

Y N =
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' Any cell with a nucleus |

\/
‘0

L)

Lymphocytes

Skin cells

Tumor cells

Amniotic cells ¢

Chorionic villi <=

Rare fetal cells from maternal blood

o

®

N X/ X/ ®
% 0’0 0‘0 *%*
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m“

<+ Advanced maternal age (>35)

** Previous child with chromosomal
aberration

» Parent with chromosomal rearrangement

s X-linked biochemical disorder carrier
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There are two different aproach to sampling cells of fetus:

amniotic =
./ cavity _ j_...f-k K

a. During amniocentesis, a long b. During chorionic villi sampling, a
needle is used to withdraw suction tube is used to remove
amniotic fluid containing cells from the chorion, where the
fetal cells. placenta will develop.
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Done through the belly

Performed at 14th — 17th
weeks of pregnancy

Colect fetal cells from
amniotic fluid

Detection by culturing fetal
cells

Slight risk of spontaneous
abortion

/
‘\\ ' Ultrasound monitoring

Amniotic fluid
and cells

Placenta

Biochemical

Amniotic ———— 5| analysis
fluid

Karyotype
analysis

B
Q‘D"i‘@@ =) .f_FJ'J-!}{':IFJL

Cell culture \

Biochemical
analysis

30 S
@ VD " One

._\\

7, N .
/s R\ N
A ﬂ& {%
,| A\ N1 16 Bladder
\ . L'J;jy» .'-(
i\ R 18 Vagina
. R\
:3.;.‘,%\ N\
'\\\h o
Hectum
—a -'/f/
- Fig. 6.10
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) ) )(_C X

Q

g

Done through the
cervix

Performed at 5th — 10th
weeks of pregnancy

Uses a thin suction
tube to sample
chorionic cells from
the placenta

The cell do not be
culturing; karyotyping
can be done immediately

Somewhat risky for
mother and fetus

Developing
placenta

Chorionic
wvilli

Ultrasound to manitor
procedure

Developing fetus

Uterus

Chorion

Amniotic
cavity

Rectum

Fig. 6.12
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NSSIRENN 2
P
International i prars
System for Human 1
CYtOQ e n eti C ————————— Centromere
Nomenclature |
d each area of chromosome i b 1
get the number 2 g
3 long
O Lowest number closest i grid arm
(proximal) to centromere 5
6
d highest number at tips (distal) I
to centromere 8 \
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Abreviation used for particular
abnormalities

> dup = duplication

> | = |sochromosome
> Ins = Insertion

> Inv = Inversion

> I =ring

> t = translocation

> del = deletion
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Diacritics used for describtion of
abnormalities

| 46,XX,del(5p) |

Comma , separates: - chromosome numbers

- sex chromosomes
- chromosome abnormalities

| 46,XY,1(2;4)(021;q21)

Semicolon ; separates: - altered chromosomes

- break points in structural rearrangements
involving more than 1 chromosome
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46,XX,del(14)(q23)
Female with 46 chromosomes with a deletion of chromosome 14 on the long
arm (q) at band 23.

46,XY,dup(14)(q22qg25)

Male with 46 chromosomes with a duplication of chromosome 14 on the long
arm (q) involving bands 22 to 25.

46,XX,r(7)(p22936)
Female with 46 chromosomes with a 7 chromosome ring. The end of the

short arm (p22) has fused to the end of the long arm (gq36) forming a circle or
'ring’

47,XY,+21
Male with 47 instead of 46 chromosomes and the extra chromosome is a 21.
(Down Syndrome)
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Abbreviation What it means

46, XY Normal male

46, XX Normal female

45, X Turner syndrome female

47, XXY Klinefelter syndrome male

47, XYY Jacobs syndrome male

46, XY del (7q) Male missing part of long arm of
chromosome 7

47, XX+21 Female with trisomy 21

46, XY t(7;9) Male with translocation between short

(p21.1;934.1) arm of chromosome 7 band 21.1 and

long arm of chromosome 9 band 34.1
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1,000,000
conceptions

850,000
live births

D W

150,000
spontaneous abortions

¥

833,000 17,000 75,000 -
chilt’:iren perinatal deaths chromosome abnormalities
‘ | 39,000 trisomics
(3510 trisomy 21)
5165
chromosome abnormalities 13,500 XO

| 1183 autosomal
trisomics

-

758 balanced
— Robertsonian
translocations

758 balanced
— reciprocal
translocations

— 117 inversions

| 500 unbalanced
structural aberrations

— 12,750 triploids

| 1849 sex chromosome =y 1427 males
aneuploids 422 females .
— 4500 tetraploids
42 trisomy 13 " 5950 others

100 trisomy 18
1041 trisomy 21
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