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» chromosome structure
» chromosome preparation
- formal cytogenetics

* prenatal cytogenetics

* non-invasive diagnostics

* postnatal cytogenetics

» chromosome anomalies
+ tumor(cyto)genetic

* limitations
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Cytogenetics
DNA and chromosomes

Chromosome
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DNA and chromosomes

mtDNA

16,6 kbp
2 rRNA || 22 tRNA [|13 protein-
Gene Gene kodierende Gene
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N Scale of genetic and Nucleotides
genomic variation, from the level
of a single nucleotide (far left) to
changes in entire
(right).

10* 10

Nucleotide
change
Chromosome
abnormality
Short sequence

repeat Genomic deletion/
Variable number

GENETIH(%ISMA%% tandem repeat duplication
GENOMICS Intrageneic deletion/
SETE RO duplication
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DNA and chromosomes

1 Sette
# 3 000 Zeichen

- 1 Buch
a1 000 Seiten
@ 3 000 Zeichen

- ~3 000 000 000 bp : 1 Bibliothak
a 1 000 Blcher

@ 1 000 Seiten

ﬂ' & a 3 000 Zeichen
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Cytogenetics
DNA and chromosomes

around hlstonoore

H1 hampers
DNA is despiralized

ﬂO‘.

HZA HzB H3 Hé




Institut fir Humangenetik Universitédtsklinikum
Abteilung Molekulare Zytogenetik Jena

Cytogenetics DNA and chromosomes

AN/NZAE

DNA double hellx

(PR,
B teme Tt
i —_— O
Histones Histone H1

attaching
(a) Nucleosomes
(“beads on a string”)

(d) Metaphase chromosome
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Cytogenetics
chromosome preparation
- Chromosomes can only be prepared from living and dividing cells

Material used most often: - blood
- skin fibroblasts metaphg.se pla@
- amnion cells [ m— -
- chorion o / )
- placenta oo § wnd 7 .
‘m‘ - P & P k"‘ e
Z - o
Zeitablauf eines typischen Zellzyklus i‘ fo { o :" ,’ ¢.
Milose ——__Stunden LI
w\ 0 -‘? ﬁ‘ I "} . /\
‘ -
L.

Karygranm 7

12 B - karyogram
o Mitot. Metaphase [
LS
: , W uaw

Interphase 8 % 6 8
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Heparinblood!
3d, 37°C
5 ml Blut ‘
+ Phytohiimagglutinin (stimuliert Zellteilung)
+ Colchicin (inhibiert Spindelfaser-Bildung
% Spreiten® = viele Metaphasen))
P + 0,57 M KC1 (hypoton = Schwellung)
+ Fixativ
b
) Firben
L
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chromosome preparation

| slide

Time .

critic@factors: - humidity and temperature (weather) 2
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Cytogenetics
chromosome preparation

Influence of humidity on spriting

At room temp

(a) 7% humidity

(b) 12% humidity

(c) 21% humidity

& s N L
* ey, 0, 8
. ,"\.& p E\ : (d) 29 % humidity.
-
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Cytogenetics
formal cytogenetics

Cytogenetics is about chromosomes —
numerical or structural changes are identified

Chromosomes are classified according to : - size

- band pattern
- centromeric position

14
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Chromosome 1

Large Heterochromatic Regions on 1,9, 16 & Y

Cytogenetics
formal cytogenetics

Chromosome 13

Acrocentric Chromosomes: 13, 14, 15,21, 22

Telomere
Short arm

p

Centromere

Long arm
Long arm q Acrocentric
q
Telomere
Metacentric Sub-Metacentric
15
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centromeres:

Cytogenetics
formal cytogenetics

- functional: points where spindelapparatus in mitosis is attaching.
- human centromeres have large blocks of repetitive "alphoid“ DNA (Mb size)
- alpha satellites are AT rich - several thousends of such repeats form centr.

eentric heterochromatin
r = 1

spindle
microtubules —

kinetochore inner plate,
farmed by kinetochore
proteins bound to
a satellite DNA

kinetochore outer plate

kinetochore on
centromere

higher order repeat
L L]

o — .
T 1 ]
| —
a satellite DNA monomer
(171 nucleotide pairs)

1
.
.

centromere
DNA

heterochromatin, formed on
o satellite DNA

fermed from special proteins

B}

Fiaure 4-50. Molecular Bioloay of the Cell, 4th Edition
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telomeres:
- stabilizing sequences: hamper fusion with other DNA; enable replication without

loss of DNA; mark own cellular DNA and avoid degradation
- high repetitive sequences, motive in human telomeres: 5TTAGGG3’
- problem at 5" end, no room for RNA-primer for last Okazaki fragment
- in each division a human cell loses 50-100 telomernucleotides
- telomerase is in many somatic cells (almost) not active
- human fibroblast can divide only 60x in cell culture - senescence

- Hayflick Limit

tloop

30-nm chromatin fiber

A ..
s =" heterochromatin
~=@uchromatin

Human taiom
of the six nuclectide sequence TTAGGG (B}

s contain thousands of repeats

Figure 5-44. Molecular Biology of the Cell, 4th Edition.
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formal cytogenetics
grobe metazentrische Chromosomen

i'; L=
A B

grofie submetazentrische Chromosormen

i 'ﬁ;ﬁ'

1

rittelgrofe metazentrische und submetazentrische Chromosormen

LA T

G relativ kurze metazentrische
mittelgrobe akrozentrische Chromosomen ] Ui e i ie CaisaiEn
AT A" e T o -f-K- -h-a- -8-%- - - K-
R T LI o S W
.. 14 s L. 7 ©
D E

kurze metazentrische kurze akrozentrische
Chromasomen Chromasomen

-w- oK% ~dh-A- -A-X a R
10 m 21 » b

G Heterosomen 18
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Cytogenetics
karyotyping
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karyotyping
A B

b 8% 5 § iy 3
S a kUM H«
o nd BRBBACGR
W sws W ww
i S S S o S S

karyotype: 46,XY 46,XX
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Alzheimer

7 Normal

|

i inv 1gh 1 invigh
features
- largest chromosome
- metacentric

- dark centromeric region
goes in g-arm
- distaler part in p-Arm is light
21
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Cytogenetics

karyotypin
chromosome 2 yotyping

z : =
. F1Y:7.1 %
23
22
Fal [
16 E
14 ; 1
12 \1
12 ! ~0.6%
"2 MSH2 A human \1 inw 1
1z gene mutated in \ j
12 some familial |
12 colon cancers is %
14.1 homologous to
193 an enzyme in the :f
21 DNA mismatch I~
repair pathway |
22 in bacteria. /j
23 IMAGE: GSCHULER, NCBI |
24 ;
[
H 1
a2 ﬁ
2%
\ ﬂ
3 > 3 !
PAX3 Portion of a pedigree of |
g; Waardenburg syndrome, indicating the //‘ fe atu res
il occurrence of deafness and changes in i - second largest chromosome
pigmentation, including a white forelock / N
2 Az v kv, Jouns Horransose B - submetacentric

- relatively evenly banded

no
¥
5

22
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karyotyping

chromosome 3

y;'“"‘ ﬂﬁiisaw..-

fLin g anone
"1

-~

Cornelia de Lange
A rea3qi6.3
-
3

SCLCT Deletion
of a tumor sup-

features

- similar but smaller than chromosome 1
- metacentric

- p-arm starts with dark band

MLH1 For this gene, a for MSHZ,
Homologies o genes in DNA repair
thvays in model organisms such as yeast
n human pathophysiology:
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karyotyping

chromosome 4

1t —a AR 1 . A= . 2 A 1YY =
13 ‘ iﬁ a4 i ! 4 Wolf-Hirschhorn
" S 1 o £ deldp

B
12
13
21
22
24
26
= HD Brain section
28 o Euighom'
311 brmeriegt 3 4
s features
3 - large submetacentric chromosome
3; - dark band in ‘shoulder’
R S - p-arm with 2 dark bands
e - g-arm evenly banded
i 24
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Cytogenetics
karyotyping

chromosome 5

g/cri du Chat
del5p
I Polyposis
del5q21-22
-
~—

5

features
- large submetacentric chromosome
- g-arm central with 3 dark bands
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chromosome 6 karyotyping
i
O smaiig aninw.
- (';‘ . aa.:.‘t.‘:...}“
2 , E“ LB S
22 |
213 6 ﬁ
21z .‘ /
2 MHC Gene
12
12
14
13
1 Degeneration
of the cerebel- [ " J—
lum leads to
loss of muscle o =
22 coordination in - b 6
p¢_\ie||(: with T
23 smnc}t;e(ebellar . y fe atu res
2 - similar sized as chromosomes 4 and 5
25
26 IDDM1 Juvenile onset diabetes, in but Ionger p'ar'm
7 el | C - submetacentric
Pancmauuslclu-_l.ls,lsas:nclaled]vmh -p- Arm rel. Iight
; N
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karyotyping

chromosome 7

g
21
L Williams-
14
i Beuren
12 del7q11.2
nz
21
E 1 7
defective in
patients with
31 | cystic ibrosis.
s ¢ features _ _
gg i r— - long p-arm resembling a rabbit ear)
s B Gl oodel sstemlbutind - submetacentric
nuce - may be mixed up with #10
52 if you look ad g-arm -
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chromosome 8 karyotyping
%24 B
L
ol 8p23.1v
P -
0 |
p % BOR
21 ﬁ delg
12z
Nz q12-21
1.2
12
13 ?' Langer-
212 g Gideon
213 :‘y:nnym:nvf,:eﬁ.; 3 g delsq24
of prematusg
N s features
z in DSk i - may be mixed up with X-chr
B - submetacentric
43 - - p-arm with 2 dark bands
8 bﬁﬁﬁ?ﬁ”ﬁﬂﬂiﬂ"}i;f;ijf::;"im - g-arm light with one distal dark band
28
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; ;
chromosome 9 aryotyping

L0 13 R

P ouieic Gsee 81 onr
BsUisodu Qean  crizv

=«

"
* inv |
-
9q12v a
Q
COKNZ Maligrant G ~ ~0.6% of pop.
‘melanoma is associated
‘with mutation of a
tumor suppressor gene
inyolved in cell cycle
control. .
R o features
- dark centromeric region goes in g-arm
- submetazentrisch
T mmmpm;umfmomyahm - p-arm with two dark bands and ‘heart-shape’
a ign tumo . .
p.ue,.ﬂ’w.d.J,Eem..s":dﬂ‘em’e’s‘,’;‘“"“"'“‘“y - g-arm with two distal dark bands
IMAGE: M.SMITH, JOHNS HOPKINS U. 29
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Cytogenetics

chromosome 10 karyotyping

13
14
13
12

1z

1"z

features

-submetacentric

- g-arm with one proximal dark
shoulder band

30
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karyotyping

chromosome 11

1 i

[ Lo
Ribegey
"L L -
WAGR
dell11p13

i3~ BWS
@'f_\ del11p15

nl Jacobsen
Q

del11q23

1
features

- may be mixed up with chromosome 12
- more compact than #12

a e | - submetacentric
3 - p-arm with two dark bands
31
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Cytogenetics

chromosome 12 karyotyping

' U L "3 ] D Uy
Eil l! u - -
" "] ‘. . Wuw
12
12
12z g
1.2
12
12
1 PXR1 Peroxisomes
& e ks |
o escened i gt eoed 12
22 g by transfection with :
22 hydroxylase to : 1
. i features
|| 243 7 e 3 - may be mixed up with chromosome 11
] - submetacentric
| - p-arm one dark band and shorter than #11
32




Institut fir Humangenetik
Abteilung Molekulare Zytogenetik

Universitdtsklinikum
Jena
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chromosome 13 karyotyping

LLLY LU ig’ I

1z @
12 4
s xf Gom '
14 Z
21
!
2z [ -
2; J/ Retinoblastoma features
i CLABL LU, - hanging light shoulders
- acrocentric
13 - p-arm variable - satellite DNA
- g-arm distal dark 3
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karyotyping

chromosome 14

"

AD3 Neuritic plaques
and neurofibrillary
tangles are the

major microscopic
abnormalities in the
brains of patients with
Alzheimer's disease.

IMAGE: P McGEER, UNIV.
OF BRITISH COLUMBIA

LELGEERA | e

a4 RA B4

e L B
1 14 15

-
. . [ ]
features
- bracket dark shoulders
- acrocentric

- p-arm variable - satellite DNA
- g-arm proximal and distal one dark

band each 2

17
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chromosome 15 karyotyping

LRIV LR
A

1T

e L B
i;l 13 14 15

T

) paternal
Deletion

nateral

12 -

14

15 . .

21

2 1. Interstitielle Dri;hso‘n*'.b-qﬂ 13 2. Prader-Willi-Syndrom 3. Angelman-Syndrom

23

24 pstk+/- —

] 15p11.2v / g

20 PWS/Angelman features

Del15q11-13 L
p i - hanging light shoulders
- acrocentric
15 - p-arm variable - satellite DNA

- g-arm proximal dark 35
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chromosome 16 karyotyping

PuwunNeosynois

LUl LY TR

aThalassemia

“ I del16p13
:27 . . Rubinstein Taybi
i p | = deliepia.3
L LULZh R
1.2 Py
12 -
1211 16
12 PKD1 Adult
13 polycystic kidney
22 disease is charac-
23 terized by large
" e features ‘ ‘
eventually die from - dark centromeric region
e o ‘ goes in g-arm
consequences of | N
hypertension. | - submetacentric
gl . - p-arm very light
F - g-arm two dark bands
A3rem 36
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chromosome 17

ELEUERR B (DL

BRCA1 Mutations

TP53 Yellow
"o dots indicate
12 some of the

many types of
tumors that
22 carry mutations
23 the p53 gene.

BRCA1 Distribution of mutations in the
BRCA1 gene, which is associated with
early-onset breast and ovarian cancer.

IMAGE: L. BRODY, NCHGR,
HOSPITAL; BIC

. GAYTHER, ADDENBROOKES

karyotyping

-
f

Miller-Dieker
~  delp133

\' smith-Magenis

~ del17pi1.2

17

features
- looks like a torpedo
- submetacentric
- g-arm with two distal dark bands
37
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chromosome 18

karyotyping

LU EERL T L VTP U e

DPC4 Loss of this
12 gene causes pancreatic
cancers to grow
aggressively, as seen
by tumor cells invad-
ing a nerve bundle.

IMAGE: R . HRUBAN,
22 JOHNS HOPKINS HOSE

| del18p

a‘ deligq

18

features

- submetacentric
-light p-arm hell

- g-arm one distal and

one proximal dark band
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karyotypi
chromosome 19 aryotyping

=oa-E¥ gl

P R

131 Mutations in
A {hr receptor for 19
low density
ophy s a Alhoyoecifolc lipoprotein lead
13_1 o disease | coronaryartery t0 extracellular
12.2 liated with disease isassoci, accumulation of

12 Iyotonic

k ated with the ]
13_3 u';l‘hkl‘«mpua‘ oatail g cholesterol and
134 Samplfied | 2Polipoprotein features
e E, aligand for the . )
- lightest chromosome (gene rich)
- metacentric

- very dark centromere

39

Universitatsklinikum

Institut fir Humangenetik
Jena

Abteilung Molekulare Zytogenetik

Cytogenetics

karyotypin
chromosome 20 yotyping

CiRRRATRARNE R

12 ADA Gene therapy
has been attempted to
12 treat severe combined Vi
1.2 immunodeficiency Alag ille
caused by a missing ’
"z enzyme, adenosine del20p1.2
12 deaminase.
121 IMAGE: NATIONAL CANCER
INSTITUTE
13.3 Q)
features
- metacentric
A - p-arm dark central band

40
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Cytogenetics

karyotypi
chromosome 21 aryotyping

Ba BRE B
u o 1
<
“Se" 79 ﬂ
13 14 15
i -
12 . . (] '
1z Ppst-
21 pstk+/- |
22 .
21

SOD1 Amyotrophic

Tateralsclerosis, known as features

Lou Gehrig's disease, is - acrocentric

caused in some cases by a P

deficiency in the enzyme - smallest chromosome

supertd SRR - p-arm variable — satellite DNA

IMAGE:T E. SMITH, CROFTON, 3D -

- g-arm with dark shoulder band “
%)\ Universitdtsklinikum
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karyotyping

chromosome 22
L 21 L -g-,',-;-_'i"i'.iii'.ﬂ'h afiw

WA i

DN
Do

DGS/VCFS
Deletion of genes
_ inDiGeorgesyn-
NE2 Microscopic  drome is visualized
section of a by a fluorescent

Hem B &[]
e

schwannoma, a signal on only one
tumor commonly o the two copies of

o0 B e
with neurofibro-

matosis, type 2.

features
! - acrocentric
22 - very light

- p-arm variable — satellite DNA
42
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Cytogenetics
karyotyping

X-chromosome

IR 4 Steroid Sulfatase o)
delXp22.3

Kallmann
a delXp22.3

xqz1.31 . features
B - submetacentric
5 - similar size like chromosome 7
-
X

- p-arm longer than other C-chromosomes
- central dark band

7
PAR2 | [T 25

PAR1 = pseudoautosomal region - 2.7 Mb — also called p-PAR. - obligatory crossing-over in male with Y-chr.

PAR2 -0.33 Mb —also called g-PAR - non obligatory crossing-over in male with Y-chr.

In both PAR ~ 30 genes, which escape X-inactivation.

besides PARs another homologous region: Xq21.3 and Yp11.1. 43
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; ;
X-chromosome aryotyping

PARL | = ""‘aglzc |

21
Xq21.31
g
23
25 J
U] 28 Defects in A
27 | the dystrophin |
PAR2 | [ gene cause N
X | Duchenne
muscular dystro-
Siaer ATe7A Abnormal | b ] \
of brain in FMR1 An unstable | Purkinje cell gRpstessiyg |
adrenoleukodys. | nucleotide repeat | dendrites i the deg.ﬂm""“ g A
trophy, character. | is associated with | Di@inof a patient _j muscle tissue. |
i2ed by defective acommon form of | With Menkes ST GBS |
| catabolism of mental retardation | disease. Fiow samnce
longchain fatty known as the RS A
acids. Fragile X syndrome, | %:5cH >
JResE LRy BMOR D, e D,
b S e ‘
|
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Y-chromosome

Cytogenetics
karyotyping

DRGEIBIEIN 3‘3;"@*%.];! ilET ASAN-

PAR1 |
vp11.1!

PAR2 |

TDF Testis-determining

factor (also known as SRY) ]
binds to DNA and regulates

genes controlling the

development of the testis.

IMAGE: G SCHULER, NCBI

som

1 SRY
an+- | delvpii2
Y

features

- submetacentric

- dreived from X-chromosome
- very small p-arm

- very dark distal g-arm -

size variable heterochromatin
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Cytogenetics
karyotyping

16
%

20
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Cytogenetics
formal cytogenetics

GTG-banding

> black and white pattern
(G-bands by trypsin using Giemsa)

P
-

&

R-banding > inverted GTG-banding
(Reverse)
T V==
CBG-staining '(‘- - 1
(C-bands by Barium hydroxide using Giemsa) '("‘/ \‘)
"
/ %
> heterochromatin (centromeres and others) - 4 -
. Y
NOR-staining > active NORs v
(nucleolus organizing region) i o

47
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Cytogenetics
formal cytogenetics

Ideogram is a schematic drawing of each chromosome.

Jean McGowan-Jordan
Michael Schmid

KARGER

48
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Banding resolution

Number of band in haploide chromosome set (22 autosomes with X and Y)
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Cytogenetics
formal cytogenetics

Band: part of a chromosome which can be distinguished from its neighborhood,
may be dark or light

Q bands: Quinacrin-staining

50
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Cytogenetics
formal cytogenetics

m. s band: part of a chromosome which can be
| Region| H {._. distinguished from its neighborhood,
a 4 .
3 - may be dark or light
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T
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Cytogenetics
formal cytogenetics

8

“";xk mu“k
822 S Riafe

- there are five different grey values
for band intensities.

ceggE, £2EE

-Band numbering from centromere
to telomere
centromere is 10.

- Subbands reflect only nomenclature
not biology of band splitting

- One band ~ 5-10 Mb

- G-positive: AT-rich, late replicating, gene poor
- G-negative: GC-rich, early replicating, gene rich
- C-positive: repetitive satellite DNA

- NOR-positive: 18S and 28S rRNA
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Cytogenetics
formal cytogenetics
Often used symbols and abbreviations

add additional material of unknown arigin 4 shatt arm of chromazome
arrowy (-=1 from -to, in detailed system patentheses surround structurally atered chromosome and breakpoints
pat paternal origin
brackets, square surround the number of cells
o plus sign (+) aain
cen centramere o long arm of chromosome
colon, single () bresk, in detailed system question mark (¥)  questionable identification of & chromosome or chromosome structurs
colon, couble () break and reunion, in detailed system r ring chromozome
comma [,) separates chromosome numbers, sex chromosomes, rec recombinant chromosome
decimal point () denotes sub-bands  and chromosome abnormalities s satelite
del deletion 08 sister chromatid exchange
de novo designates a chromosome abnormalty which semicolon ;] separates atered chromosomes and hn_aakpﬂ!MS in structural
has not been inherited " chromosome rearrangements involving more than one
der derivative chromosome
slart line (1) separates clones
dic dicentric -
X t translocation
dup duplication ter terminal (end of chromsome)
fra fragie ste upd uniparentsl disomy
h heterachramating, constitutive
kst homogensdusly staining region
i izochromosome
inz inzertion
inw inversion
mar marker chromogame
mat maternal origin
minus sign (-1 loss 53
Institut fur Humangenetik 2 Universitédtsklinikum

Abteilung Molekulare Zytogenetik Jena

Cytogenetics
formal cytogenetics

some principles:
1. Firstis given number of chromosomes, comma, sex-chromosomes, (comma, abnormal autosomes):
46,XX (normal female) 47, XX,+21 (female, trisomy 21)

46,XY (normal male)

2. anomalies of sex-chromosomes to mention before aberrant autosomes,
autosomes are mention in numerical order irrespective of aberration — aberrations to divide by comma:

47 X,1(X;13)(q27;912),inv(10)(p13qg22),+21 (female, trisomy 21, translocation X and 13
pericentric inversion chromosome 10)

3. After mentioning kind of rearrangement is mentioned the chromosome in question in round brackets:

inv(2) del(4) r(18)

4, Square brackets give clone size - mosaics

45,X[10]/46,XX[5] 54
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Cytogenetics
formal cytogenetics

some principles:

5. One can distinguish mosaics (mos; cells come from one zygote) and chimera (chi; cells come from
different zygotes)

mos 45,X/46,XX chi 46,XX/46,XY
-
> > > — )
eine Zygote . & 4
\ L7
genetische \
Veranderung )
Mosaik
> - o)
= - /) \
Vermi-
o = @ = @5 schung T i
. oder Aus- \
4 . o tausch
i zwei Zygoten von Zellen g f
Chimére 55
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Cytogenetics
formal cytogenetics

some principles:
Karyotype formulas may be short

46,XX (normal female) 47, XX,+21 (female, trisomy 21)
46,XY (normal male)

long
47,X,1(X;13)(927;912),inv(10)(p13922),+21 (female, trisomy 21, translocation X and 13
pericentric inversion chromosome 10)
Very, very long
78,XX,-Y,der(1)t(1;9)(p35;7),+2,del(2)(p21)x2,+3,der(3)t(3;1 2)(p11;?)x2,

+5,+7,del(7)(q22)x2,der(8)t(8;16)(p11;?),+del(9)(p13),d el(9)(p13),der(9;10)(q10;q10)x2,10,der(10)t(10;16)
(q11;?)x2,+11,+12,del(12)(q15)x2,+14,+15,+17,der(17)t(8;17) (?;p11)x2,-18,+19,+20,-21,+22[cp25].
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Cytogenetics
formal cytogenetics

some principles:

6. If an aberration is inherited from one parent it can be marked by mat or pat:
46,XX,1(5;6)(q34;q23)mat,inv(14)(q12g31)pat
If no-parental origin de novo (dn):

46,XX,1(5;6)(q34;923)mat,inv(14)(q12931)dn

-> There are many more rules

KARGER
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Cytogenetics
formal cytogenetics

There is homology of chromosomes between
closely related species.

Chromosomenzahl (2n)
Chromosomenumber is species specific

Gorilla gorilla 48

(2n) Pan troglodytes 48
Zea mays (corn) 20 Pongo pygmaeus 48
Oryza sativa (rise) 42 Homo sapiens 46
Ascaris megacephalus (round worm) 2
Stylonychia mytilus (see animal) ca. 300 uman
Gallus domesticus (chicken) 78 f i ° % ®
Drosophila melanogaster (fruit fly) 8 [orangutan
Bombyx mori (silkmoth) 56
Lysandra atlantica (buttefly) 446
Felis catus (cat) 38
Homo sapiens (Human) 46 2
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Cytogenetics
Structural variants

- Are only found if you study a lot of chromosomes in a population.

1. Heteromorphism

e * 12 i

v ~re,

heterochromatic regions of chromosomes: 1, 9, 16 and Y

Qo .y
O c& &
) -

short arms of acrocentric chromosomes: 13, 14, 15, 21 and 22

30 B ow ow

centromeric
regions of all chr.

13

inversions of chromosomes 2 and 9
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Structural variants
1. Heteromorphism
Acrocentric chromosomes
Satelliten
[~ Satelliunsﬁale.
N P by
Heterochromatin N =p 4 O i
= Euchromatin q

GTG

-

CBG

NOR
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Cytogenetics
Structural variants

1. Heteromorphism
Acrocentric chromosomes
Why to be interested in such variants?

Karyotyp: add(15p)
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Cytogenetics
Structural variants

1. Heteromorphism
Acrocentric chromosomes
Why to be interested in such variants?
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Cytogenetics
Structural variants

1. Heteromorphism
Acrocentric chromosomes

ISCN 2009:

Variations in length of heterochromatic segments (h), centromeres (cen), cen stalks (stk) or satellites (s) can be described.

Examples: 16gh+ 12cenh+pat 9phgh+ 1g41lh+
Ygh- 10cenh+mat 9ph+
Acrocentric chromosomes . Satelliten
21ps+ = Satellitenstiele
22pstk+ Q Heterochromatin
15pss Zenfmmerischels
13pstkstk Heterochromatin
15cenh+mat,15ps+pat
14cenh+pstk+ps+ = Euchromatin
17ps
Ygs
63
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Cytogenetics
Structural variants
1. Heteromorphism

Acrocentric chromosomes
Satellite associations

i gl

a [ . s ‘gtr
s \;’
o y
) .,‘ c.:;' i
d i e TR,

a -l oK

Fi6. 3.—Human i in iation, showing variation in Ag-staining: a, short
Ag-stained connective between single chromatids; b, increased silver deposit between two chromosomes in
association; ¢, association between one chromosome with Ag-stained material and one without; d, chain of
four chromosomes; e, tight ring of four chromosomes. f, open ring of four chromosomes (with connectives
between adjacent chromosomes only) plus a single ch id iation with a fifth ch g. long
Ag-stained connectives.
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Cytogenetics
Structural variants

- Are only found if you study a lot of chromosomes in a population.

2. Fragile sites

w’

.. are cytogenetically visible FH.ﬂ.iED
gaps or breaks, which Q.‘H .
appear under specific FRAZSR

cultural circumstances and

may span several hundred
kb. )
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chromosome breakage syndromes

.. sind Erankheiten, denen ein Defekt im DINA Reperaturmechanismus zugrunde liegt. &lternativ werden

zie auch als Mutagenhypersensitivitits Syndrome bezeichnet.

Elassische CES: - Fanconi-Anéimie Seltene CB2: - Nij Breakeage-S.
- Bloom-5S. - Immundef.-Cen. inst-Facial ano (ICF)-S.
- Ataxia-Telangiektasia

= werden autosomal rezessiv vererbt

r.ﬁ"‘& ,r -
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Cytogenetics
maosalcs
mosaic : at least two
different cell lines in one » »> »
probe / sample. eine Zygote %
gen(;tische
mos 46,XX[15]/47,XX,+21[5] Verénderung
Aus Molekulare 3. Aufl. .©2§05 Elsevier Gmbk

causes: - preparation induced or cultural artifacts = pseudomosaics

- clonal cell lines (in independent cultures) = real mosaics

properties : - develop postzygotic

tissues during life
- incidence: 2:1000 life births

- percentage of cell population can be different in variant tissues
- thus, if mosaic in one tissue > may be phenotype less severe

- often cells with aberrant karyotype is lost in quick dividing

67
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Cytogenetics
mosaics — special forms

Each woman : - with resp. to activity of X-chromosomes (Lyon-hypothesis )

- thus, also women may show symptoms of X-chromosomal disorder!

-> In case of defect X-chromosome the 50:50 distribution may be relocated
towards the ‘healthy X-chromosome’ = skewed X inactivation

Xm "‘!'im /
/ Xp Xp
Xm  "Choice" between
Xm or Xp
2 —
)S_m A_i_f(rn
2 e N
XIST expressed XIST coats Chromosome
from one of two X's chomosome inactivated

Normal random

X-inactivation

> Primary nanandom
X-inactivation
Secondary nonrandom

X-inactivation

facultative heterochromatin
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Cytogenetics
mosaics — special forms

chimera: may be due to
- twin fusion in utero to one individual
-> individual after transplantation e.g. bone marrow

- every woman who was already pregnant (residual
embryonic cells)

> >

g -5

Vermi-

o > @ = g5 schung
o oder Aus-

. o tausch
HJ’ zwei Zygoten von Zellen

Chimére 60
Aus Strachan/Read, Molekulare Humangenerlk, 3. Aufl., © 2005 Elsevier GmbH
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Cytogenetics
mosaics — special forms

somatic mosaics : develop postzygotic and have no influence on germ line cells

(e.g. tumor)
1. Generation 2. Generation 3. Generation

0l 5 0l 5 @l §
Sor & e Sox &
.}.s o /.\ [} /.-. o
. - 3
éo*"'g /o»’*‘g [o-®T %

Y ol TN
¢ eI s & Mo ¢ ? oI 3
Zygote Keimbahnzellen I IZygute Keimbahnzellen I I Zygote Keimbahnzellen
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Cytogenetics
mosaics — special forms

germ line mosaics : - mutation happens in germ line
-> then there are two different germ cell populations

- mutations not detectable in parental somatic cells

- higher risk for diseased offspring than in new-mutations!

1. Generation 2. Generation 3. Generation
@I § 0l & el §
Jo & Jon & /o & I
-
/'.\ L] /.\ @ I.\ 7] R
@ £ @ 5 @ g
- 2 - 2 - 2
z.l.\é /.,.\‘E é.,.\.‘é .
N T N P
o eI g o7 eI g & el —
o000 —0—-0+0-0—0 000
Zygote Keimbahnzellenl IZygate Keimbahnzellen I I Keimbahnzellen
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Cytogenetics
mosaics — summary

* mosaics develop postzygotic
* most chromosome aberrations appear already in one of both meiotic divisions

CONCEPTION BIRTH

1P

7 @ S
n MJAW 1

Normal development

e \ \-4> R

Autism
Menta retardation

Qocyte

sperm

———————» - aneuploidization

- “antianeuploidization”
Cocyte

72
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Cytogenetics
prenatal diagnostics
invasive prenatal diagnostics

> There is a risk

- chorionic villi biopsy (placenta)
- amniocentesis (amnion cells)

- chordocentesis (umbilical chord blood)

If to do invasive diagnostics or not depends on

question, age and wish of pregnant woman.

73
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e Cytogenetics
chorionic villi biopsy ytoger .
prenatal diagnostics
TRANSABDOMINAL
CH - from 9.-12. week of gestation
VILLUS SAMPLING
Ultrasound - biopsy under sonographic control (take ~ 15 mg)
transducer
( 8::3: - N.B. embryo develops from one cell of 16-32
A cell stage - all other cells become
A amnion and trophoblast - mosaics possible!
us
A sample of chorionic
villi is taken with a needle | | - Chromosomes by direct preparation
and syringe using the
transabdominal approach. (1 day)

- also chromosome after long term culture
(2-3 weeks)

- risk (transabdominal) 0.3-0.5%
(dependent on MD doing punctuation)

74
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Cytogenetics

chorionic villi biopsy prenatal diagnostics

QO Uundifferentiated | 111 ] QO o Chorion-Kurzzeitkultur
cell v ™ » -
F8 e AL GG 88

1 2 3 4 5 mar

Trophoblast
M Chorionic | CVS

Direct
= | 111 =Ectoderm) preparation
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1 12
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chorionic villi biopsy Cytogenetics

QO Undifferentiated ]

prenatal diagnostics

cell
&
Cvs T
[~ Direct N ? .
o preparation Complete Confined placental
fetal-placental concordance mosaicism

Ochorionic
[JMesoderm

/Di
-0 -+0? Fetal Blood|

Fetal-placental Non-mosaic fetus, Fetal mosaicism,
mosaicism mosaic placenta non-mosaic placenta

Amniotic
'‘Mesoderm

©-0-+0
3 b

M Extraembryonic ®—0 .Amniotic Ja—

ectoderm Ectoderm - I
4 |- centesis -
O Extraembryonic O+ @Ectoderm >
mesoderm N
. Mesoderm Fetal ~ (s N /
@ Embryonic O~ ®@> < Fetal Biood [ Biopsy e - VAN
ectoderm or endoderm  § @Endoderm Fetal mosaicism, Complete
normal placenta fetal-placental discordance

<> Embryonic mesoderm
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. . Cytogenetics
amniocentesis prenatal diagnostics
; AMNIOCENTESIS
."{ J X - between 14.-20. week of gestation

- fluid under sonographic control (take ~ 17 ml)

— Ut d . o
e - mainly cells are skinfibroblasts and also cells

from stomach and bladder
Uterus
- chromosome from cell culture (2 weeks)
A needle is guided

Amniotic sac™ E ¢ AidE . . .
' '“QE\“\] - e e - add. diagnostics : FISH or STR quicktest for
: amount of the fluid aneuploidies of chromosomes 13,18,21,X,Y ;
is removed. molecular genetic and biochemical diagnostics

(AFP-(Alpha-Feto-Protein) — neural tube defects)

Crass seciton
domen

A

-risk 0.3-0.5%
(dependent on MD doing punctuation)

http://mww.youtube.com/watch?v=K9itd10t-
kg&feature=related Pres. 4-2
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amniocentes Cytogenetics
I S prenata| dlaQNOStICS metaphase from periphery

in situ culture

slide with cell clones

‘e ‘o

= R =

cultural artifact?
masaic?

Preliminary result by phone:
2 clones: numerically norm&l/c

>3 clones: norma®/q :

final written report : 3
>10 clones: norm&/d H ‘-‘é )
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Cytogenetics
chordocentesis prenatal diagnostics

Ultrasound
transducer

- from 20. week of gestation
- fetal blood cells under sonographic control (take ~2ml)
- chromosomes from lymphocyte culture (3 days)

- add. diagnostics possible

- risk (transabdominal) 0.3-1.0%
(dependent on MD doing punctuation)

79

Institut fur Humangenetik #52 Universitdtsklinikum

Abteilung Molekulare Zytogenetik

Cytogenetics
sonography prenatal diagnostics s

3 basic-sonography - methods
for phenotyping and measuring

Doppler-sonography (measuring bloodstreams in fetus), high resolution
sonography and 3D sonography from 19. week of gestation

Add. first-trimester-screening (11.-14. w.0.g.) > individual
risk for birth of a child with trisomy 21

(mat. age, sonography, hormones of woman (R-

HCG, PAPP-A) - detection level >95%

also poss. triple-test: risk estimation from:
age of mother, hormones of woman (R-HCG, PAPP-A)
and AFP (alpha-feto-protein)

No risk - BUT — there is no 100% security !
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Cytogenetics

Non-invasive, other prenwnostics

Experimental: nucleated erythrocytes

derived

- can be acq

idea follewed up, since 1980er — not realized yet in routine
CommerC|aI

fee féta\ DNA/I
derived frbm ild and placenta; known since 1997
orks.i ciple — only for Y-chr. and rhesus factor
- frol

.0.9. ,real time PCR"

- since 2011/2012 as Prenatest® on the market using NGS

50\ Universitatsklinikum
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Cytogenetics
IVF and PID prenatal diagnostics
after (IVF) and intracytoplasmatic sperminjection (ICSI)

http://Awww.youtube.com/watch?v=LYQVxd1MHuk Pres. 4-3

“Embryonenschutzgesetzes” not allowed in Germany (at least
under discussion)
- polar body diagnostics !
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Cytogenetics
prenatal diagnostics

Indications prenatal cyto.

—advanced maternal age (>35y)
— aberrant first-trimester-screening
— sonographic abnormalities

— abnormal tripletest

— psychological reasons

— previous pregnancy with chromosomal
aberration

— pos. family anamnesis (like Down syndron

— others

§218

— TOP without giving reason until 12.
w.0.g.

— TOP until 21./22. w.0.g. to ,avoid
risk of a severe impact on somatic
or psychological health of pregnant”

83
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Cytogenetics
diagnostics
“Gen Diagnostik Gesetz”

since 1.2.2010:

* no genetic diagnostics (GDG) without informed written consent

of patient — has to be present in lab !

« only responsible MD is allowed to give result to patient

» material has to be destroyed after diagnostics is finished

« records have to be stored 10 years and then destroyed

« no prenatal diagnostics for late manifesting diseases

84
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Cytogenetics
prenatal diagnostics

Frequency of aneuploidies

oocyte sperm
20% 10%
conception
L 45X

30%
Autosomale

1. Trimenon

Trisomien
embryo / ,
10% 1\/\/\ Triploidy
f
life born
0.6%
85
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Cytogenetics

prenatal diagnostics
abortions/ miscarriages

« abortions are most frequent adverse event in human reproduction
(15-20% of all pregnancies, 80% in early embryonic phase)

« diagnostics should be offered after 2. abortion
« reasons : chromosomal, endocrinolog., autoimmunolog., exogen

» 2-5% of abortions are repeated, after 3 abortions = habitual abortions
risk of repetition after
1 abortion = 15%
2 abortions = 25%
3 abortions = 30-45%

In such cases one finds chrom. aberrationsinone o f parentin 3-8%
(= 6x over general population)

86
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Cytogenetics
prenatal diagnostics
abortions/ miscarriages

Bezeichnung Definition

Fehlgeburt = Abort
Frithabort Weniger als 12+0 S8W*
Spatabort 12+0 S8W" oder spater und weniger als 500 g Possible reasons

Geburtsgewicht .
Totgehorenes 500 o ader mehr Geburtzgewicht und Kind ohne * genetlc

Lebenszeichen . immun0|ogic
B il S e e « nicotine/ alcohol/ caffeine  or pollutants (rare)
Reifgebarenes 37+0 88W* ader alter, unabihangig van Gewicht oder Zustand . impail’ed blood ClOtting (ral’e)
I"S?:Q‘c‘;}v_angerschaﬂsmchen {S5W) werden immer ab dern 1. Tag der letzten ¢ |nfeCt|0n Of mOther Mutter : rUbe”a’ meaSIes'
28 1773 BB = 17 oo Und §Tage mach e B derleton R toxoplasmosis
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renze bei 12+

or pregnancy associated diabetes
« other risk factors - prehistory
« fever (prostaglandin), diarrhea (peristaltic)
often reason remains unclear.
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diagnostics
* anamnesis (genetic problems in family?, other diseases,
drink and tobacco use or exposure to pollutants)
« infections in vagina and uterine orifice?
« vaginal sonography
« karyotyping of both partners
« hormone status (TSH, LH, prolactine, androgens, progesterone)
« others
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12: Hiufigkeit unterschiedlicher Trisomien, die unter 430 erfolgreich
karpotypisierten Aborten gefunden wurden. (Zytogenetische Untersu-
chungen: Zytogenetisches Labor, SMZ-Ost, Donauspital, Abteilung fur
Pathologie, Vorstand Prof. Reiner.)

Cytogenetics
prenatal diagnostics
abortions/ miscarriages

Geschatzte spontane Abortraten

Autosomale Monosomie

Triploidie
Trisomie 13 [6] —
Trisomie 18 [6]
Trisomie 21 [7] —3

andere autosomale Trisomien

45 X-Turner (6] h—

0 20 40 60 80 100
in Prozenten
M Spontane Abortrate M Nicht abortiert

3inkert £ Journal fir Fertilitst und Reproduktion 2006; 16 (4) (Ausgabe fir Schweiz). 7-12 @

What is aborted and what survives?
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