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Genetic Testing

Types of Genetic Tesls

= Cylogenetic s Sne

= DNA

M. e
g B VW
Figga, AL

= Metabolic

Routine banded karyotype detects

+ Abnormal number of chromosomes
* Large duplications and deletions

- Balanced rearrangements {translocations, inversions)

k1
Or. Ebrahim Sakhinia
Tabriz Universily of Medical Sciences
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FISH

i fluorescent in silu hybrdization: (FISH) A eehinique used lo ienlity
the presence of specific chromosomes or cliomasemal regions
‘lruuugh hybsidizalion (atlachment) of luuiescently-labelod DHA
probies lo denalwed chromosamal DNA

Step 1. Prepaiavon ol prabe. Aprobe g Nugiescently-labetac
segmentaf
Drneamplemenlary o o chiomozumal wegan al ilgoest,

Step 2 fytehizabon Cueoann e CHDMBSOMES fu e G 3 TR00SSEN Sl e
ergset) o the Maprestombeatiglet giotie Hybrir abon (RIACnmen) o s tahaedn
ha probe and campleinestaly b e malehag)

ehtpmgsaomal DHA
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FISH

Step 3 Visualizalion. Following hybridhzation, the slide is sxaminad
unter & mictoscope using fluorescent hghiting. Fluorescenl sigrals
inticate the presence ol complernentary ehiomasomal DNA, absence
of luarescent signals indicate abhsence of complementary .

chromosomal DNA. + Deletions

Groen signal =Noimat contral

Pink signal =Chiomosome
fapen ol tnterest

Twa green signals || Twa green sighals
Twa pink signals || One pink signil s PMP22- CMT1A

Patient valh di-clion: + Duplications

FISH detects small (submicroscopic) chromosome

= 15q°11.2 deletion In Prader-Willi syndrome
’ . _and Angelman syndrome

= 22q11.2 deletion In velocardiofacial syndrome

« PLPT— Pelizeus-Merzbacher syndrome

international Labaratory Directory
575 Clinical and research laboratories

1115 Inheriled diseases

= Notusully

« ASSess carrier starus
= Indivediils or couples

800 chnical esls « « Prenatal dingnosis
315 research lests only= » Predictive testing

DNA testing
’ Why?

« Confirm/refute clinieal dingnosis

- e lmgile X, neurodegencerative disorders

= Adult onset inherited disorders
= Huntinggon's, cancer prediposition

DNA testing

« Family listory or other clinical indication
« Typical Region:
= BRCAT muation camniers: about 5,000-10,000
- CFTR munation carriers 125000 - 250,000
* Screening may be justitiable
- I inervention avalshie
* Risk-modifying gene mutations will be more
common. but more controversial to test for and
may need o be handled dilferently

A 10-year-olt toy with OMD showing Gowaer sign mancuver,
Hu walked belore 16 months of age and had troubife geiting up.
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A male with DMD at 4., 10-, ant 23.-yoar-old shawing lhe progression
of the disease. Ho has delelion of exons 49-54 ol 1he dystroghin
fgena,

Methods for direct
testing for a
specific mutation

Polymerase chain reaction

D vitro syathesis of lage mosunts of DNA by
copying from small starting guinuties

L

Priming sites
-~ e

e
/ ‘-\-

= Sl symhetic primers define the bosmdaries ol
synthesis ¥ “ 3
P Tareet re ¥
+ Primerscan be tagped e gowith ridinisaiope o Target region
Muotescent dyves w produce Tabelled padocis
| Heut denaturation 94°C 2 Pruner annealling 353°C
3 37 3" G5
T = T I3
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Ble 09743790023 5 odls($9/3)

[,




7~
33359914 S A

YFY S/ VYO
3. Primer exiension 72°C T Heat denaturation 9484C
3 1
T
5
5
3 B
3. = j-
2.3 Pramer annealling and exteraon Jrd evele
a 3'
5
5
3 3
‘ap
PCR amplification
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DNA-based test methods

Mutistion scanning

Targeted mutation analysis
Trinucleolide repent analysis
Southern blot anilysis '

Sequence

analysis

DNA sequencing

Templae

l !

TCGGS
——H—-—H— i — CTTAGTACGTCGET b

Primer

4 rewctions, o g

Areaction contains AT dUTPR dGTe, dTTe. danTe J

L 2 B ]

Templae

WA TRGARTTATA A

-

Primer

4 rections, oo
A neaction containg dATE dCTPR, dGTP, dTTP, dusTe
C reaction containg da1 ACTPAGTP d T, dacTp

F oo —h——

H—1
o ||
P

ble 097437190023

ACGT
- Larger fropments
G- &=
e T
g \ ”
AT
& fy Direcoun ul
£ b electinphoresis
i A =
l:hruunn c -
of reading E e
C
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E 2 Smaller fragments
€ _——
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DNA sequencing i AL

f.nmn 1.'~‘,'|}« m.uh ﬁ‘h‘ﬂiu'u.‘.n .un

Vi

Template

‘i’_]- |'!'u" 'lli!'h‘?-"nlhl‘l: !l]'jllllitl]‘"!‘t [IF; .‘uﬁ flp n‘}!'.'.

2 GGARCCTTAGCTATCCAGE

i!'ll.;: f!'|!$lll!‘||1]ﬂhhjij"“i’l'il""s"-'"} 1"’* fr" ‘ll'trhll nr}hi ']l At

7 ; i l\ﬂff[* i
Peirer 'lll\ v LA T nnl'lu;imﬂ;llh_
A4 reachons, e v : & A 3
A reaction contins AATP dCTP, JGTE, dTTP, ddATP I W P BN WA L SR DURRT U YR O PR g Py |
& imsimenasing ir:\'rl'..icw. xJC:'I'I’ dTTP, ddCTr it At iy iy LTV MR T el 1
L R AT ) LR N S e e o A
Heterozygous muiation detection by sequencing [
An imperfecl lechnology
& sl Antize d 5 i s
SO L DNA-Dbased test methods
Seguence anaivsiy
MNormal
i . Fargeted mulation analysis
i - " E s, N Trnucleotde repeist analysis
. Seathern biol analysis
Mutant l

Polymerase chain reaction

Analysis of praducls

PCR - mutation detection

NN Al AR

e w _— = el electrophoresis
—— = - Size of [ragmen
} —_— = « Swructural analvsis by -
l:_-“ = Resinction digestion
Direct sequencing
i = Special mutiahon detection methods
' ~ $5CP. DGGE. CCM, DHPLU vl

G‘J Characierize PCR product by
—7  sequencing of restriciion digestion

" e P
Ble 09743790023 5 oils($1/3)
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Polyimerase chain reaction
CF mulation AF508

+ 3 bp deletion eliminates
single na lrom CFTR
Analysis by PCR & pel
clectrophoresis: aliered
produgt size

.

= Or by other method
= 3% al CF patients will
e homozy s

Connexin 26 (GJ/B2) A35G assay

! Lane 1 Heterozygate “
1 )

D Laned Memszrgele J[

‘f Lare b Hzrmot ﬂ

Tlars B D

Accurile mze analysis can ddenldy the pipsonce
ol a wngle hase delehon

Halorwe yyotes, hamozygeles and nomal gan all
be dishngushed

Multiplex PCR

Usinz ses erad sels ol posners i g
single reacton, several fargets can be
amphficsd sisulianeausly

Fere 1 esons of the dysiophin vene
aeanalysed w ooe step

36 Y 2 1007 26 1 ) oot
v OG00SO
A -OOOOCO000C OO0
I I (0 T
¢ oo COO-OOHO- OO0

Restriction endonucleases

= Derived [rom bacteria
—eg EcoRl from Excherichia coli
* Many difTerent recognition sequences
-~ Genernte specific fragments from given DNA
stree
= Different overhanging ends at cut site

= Ilmportant lor designing cloning experinents

Restriction endonucleases

_I—L Bl

ZhTG GATC
CGTHCCTAHG

Overhanging 57 end _r

Resiriction endonucleases

. - ;‘/
Ble 09743790023 5 odls($1/3)
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Sickle-cell disease

Deteclion of known point mutalion deleclion
by reslriction enzyme cleavage

STy
B CCT GnG GAG H;!L‘C’I' GAG GAG[—+
A Pro Glu Glu -—jGGA CTC gicl

5 G 7
1
CCT GTG GhG E'E'l-mt:r.:é—-
BS Pro Val Glu 4 GGRHTCE -
8 & 7 -

Msl recognidion sile

g Q »
La]
6]
o
1 0 -
Allele-specific oligonucleotides
Genotype A S5 ouso
. : >
L N AA |
AS 1
o ° '
— I S s | ;
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Detection of unknown mutations

Some common melhods

» Direct sequencing
. §5CP
- Single ~trand conlunmational polymuorphisim
= ITT
- Proteny truncition tes
-« CCM
— Chemical cleavage of misniiches
» DHPILC

= Denuturing high perfonnance haguid chromatagraphy

L

GACTTTCGGCGRATG
. " AspFPheArgAraitet
Point mutation ﬂ
-nonsense -
GACTTTCGETGRAATG
AspPheArg**+Met

+ Truneated protein produeed

« May exploit this for mutation detection

AARAR
; PATIENT mRNA
$ RAAAR
< TITTT cDNA
F fa
" PCR

(e TRANSCRIPTION

i |
— . TRANSLATION } i
WU . :
i e |
\ *Ji/
PTT: PROTEIN — i
TRUNCATION TEST T

PROTEIN ELECTROPHORESIS

DNA-based test methods

Seiuence analysis

Mutation seanning

Targeled mutanon analysis

Trnucleobide repeat analvse

Sunihern blot analyss -

ALTERATION IN SIZE OF PCR PRODUCT |

s o
[Ilunlmglqn___n_.l_‘ ea:af:_'__g

[CAG]

iN:n=3-35
M:n =37 -100

] ][]

Meltabolic Tests

Analyte

Enzyme assay

. - ;‘/
Ble 09743790023 5 odls($9/3)
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Patterns of Inheritance

Dr. Ebrahim Sakhinia
Medical Genetic, Tabriz University
ol Medical Sciences

Qverview
« Relevance
« Family Trees :
& 2
« Inheritance Patterns =
- How Lo recognise them o
— Flow they work et i o R,
= In elinicad practice )

Relevance

Inheritance pasterns = major principle in

Pedigree drawing: Basic symbols

aenetics Male ] Female
« Dingnosis — spotting senetic disorders B ” -
N G 3 ]. iy s g Unalfected [J Affected !
— Forall elinicians. Why vou ask for e fanila
history!
Miscarringe < Dead 7
- . o~
» Risk to relatives
Family trees and pedigrees - !
« Puedigree = short hand to record a family tree - - t
= Which is beiter: text or picture? o
= John has two brothers Panl and Mark, and one hal | e |

sister Ehizabeth His mother Margaret died Lastyear,
hiad 2 nuscariages, and his Tiher Drvan bas tschenne
heart disease

- Ll o o U
Bryan Jargaret
IHG
} 8} W]
Jen Paal Hark Enzabeth

. - ;‘/
Ble 09743790023 5odls($9/3)
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Pedigrec Drawing: relationships

O———F—--2>0
Dad Mum
I£ i
8]
Son Daughter

How are truits transmitted?

-

- The particulate theary o inheritmee

i Characters are distinee and hereditaey detenmimams [genes|
are particulare in natore

Zuch adult has two genes lor each character; ditferem
fenms ol the penes are called nllefes

< Members ol the geoe paw segregate equally into gameres

< Foston olbe gametes an lertlisation restures the par off
genes and is random

= Diflerent genes assort independently in gameles

Muonohybriil crosses sunt Law of Segregation

Gene for seed colour
pinl, Yy fras two ailleles:
Y results in vellow
| i seeds
AT MRS IO A
( Y) Y J formnan of two types
= =" ol givmeles in equal
e ! ]l fnumlers
parents Y H YY Y)’ ' Ferbleation restores the

Y}, uf b e i copies ol the gene (o
- Cothe oflspring

E1E L Monofisbind crosses amd Law of S

The offspring pessivpe is the specific alleles that they earey, but
whiat do the offspring look like [whai 1s their phenmype]?

Chne allele may be dminant over another, in this case the Y
allele s domiant and the v allefe 15 reeessne

o~ /,"’""x,l\ /.' Sy
vy) {vy) (w)

\ . ! 7
—— b SN —

7
{
i

\

Transmizsions o alteles susl gratbiliey

WYY b= pUv pamete) flum

P alleles paresty nf By samered finn

parent; Y:y

possible, cach ] 1 parent .= LI LT 1
gimete can only P —

carey one allele, ( \/} {: Y

therelor the R A e

probabline ol ether 12 153 WGty camere) hom
il is Loui ol 2 e andiecnete) fiom

2 Y s ; pateni, Qf e
{ Y )] 2 YY Y ¥ parenn, and pii iefe) from
' -7 paeat = [R2NE2] 4 [N

12} =1t s b 1

sanete) flom

irent,

i

=<
+

—

e
e
L
s

* e ;‘/
Ble 09743790023 5odls($1/3)
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Transnussion of alleles and probatshity

matrenly \’y
(Y) ()

Ty DYy yy)

— " Genolypie o
12 1 PYY:2Yy:lyy
(Ve (vY) (vy)
172
Y A {Yy)
T L Nt
] N g Mhenaty pic ratio:
= 3 veliow @ | green

Terats to deserihe teansmissitn genelics

» Gene = basic unit ol hivlogical information. specilic
seament of DNA that encodes o protein

= Aldlele = alernative forms ol o gene

» Cenotype = ulleles st a locus

= Phenotype = observable charcteristics
» Homozygote = identical alleles a i locus

7 Heterozy pote = different alleles at s locus

Patterns of Inheritanc

« Single gene (Mendelinn)
- [nheritance hased on very simple
rules. ..

» Not single gene (rion-
mendelian)

@]

Categories of Genetic Disorders

Single Gene :Ianerns
Autosomal dominant - Huntington's
Autosomal recessive - Cystic fibrasis
X-linked recessive - Duchenne MD

X-linked dominant - Rare

Mitochondrial Disorders - ?
Neurological disorders, deafness

P g B EE
E § E B
E B u = i
g &) = d
EFEEEEE
EEoE £ s =
B3 - % &

Autosome vs Sex chromosomes

Dominant versus recessive

+ Chromosomes and genes are in pairs

+ Each gene in a pair is called an allele

Livne

[
Uhromuosonie |
\

. o ;‘/
Ble 09743790023 5 oils($1/3)
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Dominant versus recessive

Dad D__"‘H__O Mum
b ﬂ

I

o

[Slyinages S|
=

il

—

l
il

= Chromesomes nnn[ uenes are inherited — ane

Dominant versus recessive

Sometimes alleles are different,

eg hair calour, BLACK vs red

Phenotype outcome depends on the nature
of the alicle: DOMINANT or recessive

H,_\l e!\ AR

from dad. one from mum

Dominant versus recessive

+ Sometimes alleles are different,
+ eg hair colour, BLACK vs red

* Phenotype outcome depends on the nature
of the allele: DOMINANT or recessive

\ N
?) g Y
P \
] \
I

QUTCOME  Black hair Wik hair Red hiur

Dominant versus recessive

For disease genes, gene mutations can also
be DOMINANT or recessive alleles.

For the rest of this talk. *d" or *D" arc used
to represent the alleles of a disease causing
gene. The one in red is the disease causing
allele

*+ So D meuns « DOMINANT disease gene
allele, and d is a recessive ane

Autosomal Dominant

* So, if autosomal dominant (eg.
Huntingtons disease) then:-

+ D, disease allele; d, noni allele

"i AN ;‘ f-1
n@ IR L I BTG
Vi (IRY YY)
h ih g ) f
1 i i1 SN
11—
vl
Claregime HD HD Nonmal

Categories of Genetic Disorders
Single gene
Autosomal dominant
Males & Females
M:F ~ 1:1
E_I é M B Male to male

Multiple generations

I | i | |
O @ B O B [J“Vertical transmission"

* e ;‘/
Ble 09743790023 5 odls($1/3)
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Modes of Inheritance
Autosomal Dominant

e
eI

R e gl b b

Neurofibromas
Café-au-lait potches

Categories of Genetic Disorders
Single gene

Autosomal dominant:

New mutation
Pleiotropy
Reduced penetrance
Age dependent
Variable expressivity
Anticipation
Unstable/dynamic mutations

Categories of Genetic Disorders

Single gene
Autosomal recessive

Males | & Females
;R SR : M:F = 1:1
Single generation

Consanguinity

i i
v M= ] 1
R ._.” | S } S —_— —
| i b
sl “Horizontal transmission™
. 1
e

Autosomal Recessive

« I, Autosomal recessive (eg. Cystic (ibrosis)
then:-

* L disense allele, D nonmal allele

AR AN WA
Dionmi D D (o: e e d o g
\VIRY; / l\( i/ L/
i A Vi [
i ! 1 | i
] | L
TRy i U
U iy (R Y\, ‘L,
Dutcoime Mormal Mol Cysnie Fibrosis

Carrer

. - ;‘/
Ble 09743790023 5 odls($9/3)
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Modes of Inheritance
Autosomal Recessive

fetel

Categories of Genetic Disorders
Single gene
Autosomal recessive :
Genetic heterogeneity

Ethnic groups / populations

Hardy-Weinberg formula

(p+rag)=1
(p” + 2pg + g%) =1

Hardy-Weinherg principle

This is ullen the case for recessive diseases such as cystic Gbrasis
Unly the alfected homozygoles, with genetvpe a2, are distinguishalble
‘The Hardy-Weinberg principle tells us that the frequeney of 22 should

he

Foar cystic fbrosis in the Caucasian popultion, ¢ = 12,500 T
estinninte o, we take the square rom of both sides ol this cquatron

Smee piog= 1, = 005 We can then estimate the genen pe
frequencies ol A and oL

(p+ay=1,(p*+2pg+g?) =1

The frequency of hejerozygotes 1§ 2= 2= 230 = .23,

Categories of Genetic Disorders
Single gene
X-linked recessive :

Males affected
Females carrier

UTG) “Diagonal

—— inheritance”
] No male to male

I ~(_I) —O

o ‘ B = ’ - transmission

Modes of Inheritance
X-Linked

X linked recessjve

< nvelves the SEX chromosames so the chromosomes are

dilTerent.-
N X NN
A it
T EE §a
% ]'Z-l'! W
i i
il |
VRY Y
Girl Buv

* e ;‘/
Ble 09743790023 5odls($1/3)
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X linked recessive

< And soare the penes.  for x chromosome geaes. boys
hiive une copy. guls have 2
= Interms ol thsease genes, the Y chromaesome is alimost
relevan
X

=

\

v

Bl

~—

e s 1
S—— - R
e
ST

\

Gind Buy

X linked recessive
- g Duchenne Muscular Dystruphy
« . disense allele; 1, noral wllele

nn fp {
) !.; E:i n o[ =g n :i. d !)
Vi 2] \‘ !(_‘( V
hAa i 8 (
|
|

Mormal @il Mornal gard Normal oy DMD oy

Curner

Categories of Genetic Disorders
Single gene
X-linked recessive :

X-inactivation / Lyonization

Carrier testing

Categories of Genetic Disorders

Single gene:
X-linked dominant

Hemizygous males

Lethality

Mosaicism in females

8 ;‘/
Ble 09743790023 5odls($1/3)
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Carriers are sometimes drawn in
family trees

Categories of Genetic Disorders
Single gene:

X-linked dominant :

Males & females

Males > females

No male to male
transmission

X linked dominant

i —Mates &
i_; @ : femalos
l i ; ~Males > females

~No male to male
transmission

X linked: why not father to son?

Dad D O Mum
A\ A
d

'1‘- 1A
i i
]

HES

¢
-
e

. i
it it
v i

Categories of Genetic Disorders:
Non-NMendelian

Mitochondrial
Males & females
L@ through
females
BTO B OE-O odly
1 1 a1

@ e B C [ O

NonMendelian inheritance

+ Mitochondrial inheritance
« Chromosomal translocations
= Multifactorial

= Complex pene disordess

. - ;‘/
Ble 09743790023 5odls($1/3)
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Mitochondrial inheritance Categories of Genetic Disorders

= Key to patiern: always in the maternal lineage Non-Mendelian
« Wi Mitachondria are inherited from the egp
and hiave their own DNA,

FRE : ;s I ; Mitochondrial
+ Think aboul in conditions where nscle. brain.

hearl, eve, endocrine or hearing aflected

e En F=1 Variable severity
L@ }AI\\';]_\S from s
— Mever Itom Dad ML
: | "Varmble seventy Y
[:]—_® ‘ u_o .‘h:hll'llc'ln"pm:“.‘l"l".‘ foarld% A e all nlenteeal v B0 Dol i B o)
| l i Heteroplasmy
[ | ] g ] 1 i £ s nene ool mwne than one Bpe s 1NA)Y
e e M O 0 [J
Het | Categories of Genetic Disorders
Cleleroplasmy 4 .
PiastL Multifactorial:
OO O O — ,ﬁf\“"\/’
Op0o st . .
) o Childhood - Common Disorders
Cleftlip +/- palate
Ouocyle

. ) Congenital heart disease
\ Neural tube defects

Adult - Common Diseases

o e
o] 8] Cancer
0 O~ o o
SRR O 000 0,00 Diabetes
© 5 o] o Coronary artery disease

Categories of Genetic Disorders Multifactorial conditions
Multifactorial
Factors affecting

Many commaon conditions occur as a
consequence of many factors, genes +

Sex environment

= [HD: FH. smoking. diel. Digbetes, BP
Instead ol just one gene ‘monogenic’. many
Increasing risk with severity genes ‘polygenic’ act logether, each
confering small increases in risk

Ethnic differences

.

Increasing risk with recurrence

Inheritance patterns are not clear cut

. - ;‘/
Ble 09743790023 5 odls($1/3)
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Introduction

e Maost congenital malformations are not caused by
single genes or chromosome defects.

a Many comman adult diseases, such as cancer,
heart disease, and diabetes, have genelic
components, but again they usually are not
caused by single genes or by chromosome
abnormalities.

m These diseases are the result of a complex
interplay of muliple genetic and environmental

.| Multifactorial Inheritance
! and Common Diseases

faclors.
Dr. Ebrahim Sakhinia
Fabriz University of Medical Sciences
i i
IH— Neural tube defects (NTDs). ﬂiﬂ Neural tube defects (NTDs).
) I

NTDs are though Lo arise from a combination of genelic
and envirenmental faclars.

recurrence fisks for siblings of aflected individuals range
fiom 2% lo 5%.

v NTDs can usually he diagnased prenalally, somelimes
by uliraspund and usually by an elevalion in o-
Telopratgin {AFP) in the maternal serum or amniolic fluid.
Fetuses with open spina bilida are more likely lo be
delecied by AFP assays,

A major epidemiological finding is lhal mothers wha
supplement lheir diel with folic acid al the finre ol
conception are less likely lo praduce children wilh NTDs.

=z

Congenital Malformations

a Approximalely 2% of newborns presenl with a
congenital maliormation.

u in general, sibling recurrence risks for most of these
disorders range from 1% lo 5%.

= Some congenilal mallormalions, such as clefl ip/palale
and pyloric slenasis, are relalively easy o repair.

Oihers, such as the neural lube delects, usualiy have
mOore SeVere Consequences.

il

q-lg THE GENETICS OF COMMON DISEASES
i

i

= Some of these disorders, the congenital
malformations, are by definition present at
birth.

u Others, including heart disease, cancer,
diabetes, and most psychiatric disorders, are
seen primarily in teenager and adults.

. - ;‘/
Ble 09743790023 5 oils($1/3)
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Li-i—a] Club Foor

ﬂlm | Congenital Malforinations
!

= While some cases of congenital
malformations may occur in the absence
of any other problems.

m For example, hydrocephaly and club foot
are often seen secondary to spina bifida,
cleft lip/palale is often seen in babies wilh
trisomy 13, and congenital heart defects
are seen in many syndromes, including
trisomy of chromosomes 13, 18, and 21.

|
pr Environmental factors

Enviranmental faclors have also been shown 1o cause
some congenital malformations.

An example is thalidomide . a sedative used during
pregnancy in the early 1960s.

When ingesled during early pregnancy. lhis drug olign
caused phocomelia (severely shorlened mbs) in babies,
Malernal exposure tn relingic acid, which is used lo lreat
acne, can cause congenilal defecls of the hearl, ear, and
central nervous syslem.

talernal rubella infection can cause congenilal heart
delecls.

(!

Ly
n Single genes that can cause congenital

malformations are including the HOX, PAX, and
TBX families of genes.

Congenital Malformations

= Another example is the RET prolo-oncagene,
which is respensible for some cases of

Hirschsprung (congenital aganglionic megacolon )
disease.

= The genetic faclors conlributing to many important
congenilal malformations are as yet unidentified,

]
Bl

— Irﬁ—,m—‘ Multifactorial
|

~— Disorders in the
_ | | Adult Population

Summary of Congenital Diseases

m Congenital malformaltions are seen in
roughly 1 of every 50 live births. Mos! of
them are considered to be muliifaclorial
disorders.

m Specific genes and environmental causes
have been detected for some congenital
malformations, but the causes of most
congenital malformations remain largely
unknowrn.
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Heart Disease

m Generally, these sludies also show that
the risk is higher

u (1) if there are more affected relatives,

{2) if the affected relatlive is female (the
less commonly affected sex) rather than
male,

a and (3) if the age of anset in the affected
relalive is early {befare 55 years of age).

|=-

Heart Disease

is the leading killer of Americans, accounting for
approximalely 25% of all deaths in fhis country.

The mosl comman underlying cause of heart disease is
coronary artery disease (CAQ), which is caused by
alherosclerosis.

A number af risk faclars for CAD have been identified.
including abesily. cigarelle smoking, hyperlension,
elevaled cholesleral level, and positive family history.

The role of lamily hislory in CAD, and they show [hal an
individual with a posilive family histary is 2 lo 7 times

VJ Xanthomas

lioybs gette ot o Bl be o Corsliiy 1o ypmp huttanty ey

1
e

Familial Hypercholesterolemia

Autasomal dominant (FH) is an important cause
of heart disease, accounting for approximately 5%
of myocardial infarclions (Mls) in persons younger
than 60 years of age.

FH is one of the most common aulosomal
dominant disorders: in mos!| populalians surveyed
lo date, about 1 1n 500 persons i1s a heterozygote,
Flasma choleslerol levels are approximately twice
as high as normal , resulling in substantiaily
accelerated atherosclerosis and the occurrence of
distinclive cholesterol deposils in skin and
tendons, called xanthomas.

S e
- .,r."':_ ,;'I"‘ d
f N =
TSR e
s
9 % e
| s " 3
L= )
] ; &
o) e
e PR

1
: :Ti The process of receptor-mediated endocytosis

Famifial Hypercholesterolemia

Homozygotes are much more severely affecled, Masl
homozygoles experience Mis belore 20 years of age,
Withoul treatment, most FH hamozygoles will die before
the age of 30 years.

In 2 process known as endocytosis, LDI.-bound
cholesterol is taken into the cell via LDL receplors on the
cell’s suface. FH is caused by a reduction in the number
of functional DL receplars on call surfaces. Beczuse
{he individual lacks the normal number of LDL recepiors,
cellular cholesterol uplake is reduced, and circulaling
cholesleral levels increase

[5ad ;‘/
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Cardiomyopathy

is @ common cause of heart (ailure.

Aboul half of hyperirophic cardiomyopathy cases are
familial and are caused by auvlosormal dominant
mulalions in any of 10 genas lhal encode various
components of the cardiac sarcomere.

The mosl cormmonly mutaled genes are those that
encede the B-myosin heavy chain (35% of lamilial
cases). nivasin-binding prolein C (20% of cases), and
fraponin T (15% of cases).

common genetic cause of elevated LDL
cholesterol

= Helerozyyosily for a mutation in gene thal encodes the low-
densily lipoprolein {LDL) receplor is seen in approximalely 1
in 500 individuals; in these individuals, LDL chalesterol
levels are approximalely doubled.

a Mutalions in the gene encoding apolipoprotein 8, which are
saen in about 1 1,000 individuals.

= olher genes involved in lipid metabolism and lransport,
includling Ihose genes thal encode varicus apolipoproleins.

J

Summary of Heart Disease

a Hearl disease aggregates in families. This
aggregation is especially strong if there is
early age of onsel and if there are multiple
affected relatives. Specific genes have
been identified for some subsets of
families with heart disease, and lifeslyle
changes (exercise, diet, avoidance of
tobacco) can modify heart disease risics
appreciably.

i The long QT (LQT) syndrome

= This disarder, which can be caused eilher by inheriled
mulalions or by exposure (o drugs that block polassium
channels, predisposes alfecled individuals to polenliaily
lalzl cardiac arrhylhmia.

= An aulosomal dominani form, known as Romana-Ward
syndrome, can be caused by mulalions in any of six genes,
four of which (KCNG 1, HERG. ICCNET, and KCNEZ
encode polassium channel subunils, ona ol which (SCN5A)
encodes a sodium channel, and one of which (ANKZ
encades ankyrin B, an anchonng profein that inleracts with
ion channels.

Hypertension

= Syslemic hyperlension, which is seen in

approximately 25% of the adult populations of
mosl developed countries, is a key risk iactor for
heart disease, stroke, and kidney disease.

= Mosl important environmental risk faclors for

hyperlension are increased sodium intake,
decreased physical aclivity, psychosocial stress,
and obesity.

il

e Siroke

i

uﬂl\s with heart disease. sirokes clusler in families; one’s risk of
having a stroke increases by fwo- lo three-fold 1f a parenl has
had a stroke

Stroke is a wel-known consequence al several single-gene
disorders, including sichle cell disease, MELLAS {a milochondrial
disorder). and cereb:al aulosomal deminanl arletiopalhy veith
subcoriical infarcls and leukoencephalopalhy .

Inherited deficiencies of prolein C and pratein S, bolh of which
are coaguiation inhibilars, are associaled with an increased risk
ol stroke, especially in children.

= A specific mulalion in clofling faclor V, termed the laclor V
Leiden allele. Helerozyqosily for this allele, produces a seven-
foid increase in the risk of venous thrombosis (clots). in

homozygoles, the risk increases {o 100-Told.

* e ;‘/
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ﬂﬂ]l' Cancer i“}] Hypertension
t
[ i
= Although numeraus cancer genes have been isolaled, u A small proportian of hypariension cases are the resull of
environmenial laclors also play an important role in rare, single-gene disorders, such as Liddle syndrome (low
causing cancer by inducing somalic mutalions plasma aldoslerone and hyperiension caused by mulations
{tobacco). Diel (i.e.. carcinogenic subslances and.lhe Ihal alter Ihe ENaC epithelial sodium channel) and Gardon
lack of “anlicancer” componenls such as fiber, fruils. and syndrome (hypertension, high serum potassium level, and
vegelables) is anolher leading cause of cancer and may increased renal sall reabsorplion caused by mulalions in the
also accoun! for as much as one third of cancer cases. VNI T o1 (UNGE Kinase genes).
u It is eslimated that apprnximalelg_r 15%.01\'.'c'mdwide = Alleast eight genes have now been idenlified thal can tead
cancar cases ara‘caused' primarily h!:’ infectious agenis to rare forms of hyperlension, and all of them affect lhe
(e.g.. human papilloma virus far cervical cancer, hepalilis reabsorplion of water and sall by ihe kidney, which in lum
B and C for liver cancer). alfecls blood volume and blood pressure.

Breast Cancer Breast Cancer

s

=

e o

Several nenes are novs knovin to pradispose women o doveloping = Breasl cancer is the second most commonly diagnosed
nereditary breast cancer. Mos! imporanl amang these are SREAT and

BRCAZ, tva genes involved in DNA repair. cancer (aller skin cancer) amang women.
n Germline muialions in the 7A33 and CHKZ genes can cause Li-

Fraunem syndrome, which also predisposes o breast cancer
w Covalen disease, arare aulasamal dominianl condion thal mchades
muibple hamantemas and Breast cancer. is coused by mufations m e
STTEN lumor suppressor gene., of women,
Alaxia lelangiectasio, an aulosemal recessive disorden caursaed by
deleclive ONA repair, mcludes breast cancer in ils presestanon,
Mulalions In tha AISHZ and MLAHT DNA repair gences. wInch lezd to

= Breast cancer can also occur in men, with a lifelime
prevalence [hat is roughly 100 times lower than thal

= {f a woman has one affecled firsi-degree relalive, her risk of
LY i i ] 5. The risk i
hersditary nonpolyposis colroctal cancer (HMPCC) di clopa_n_g breast cancer do_uble h_ _rsk increases further
' with addilional allected relatives. and il increases il lhose
Dusplln Ihe F.I[]I'IIrIEE!nCE ol these ganes, il should be cmphasized Ihal sl g o d faiivel I bef 45
more than 90% ol treast cancer cases are nol inbenled as Mendelian relatives EU.L oped cancer at a relatively early age (before 43
thseases years of age)

Colorectal Cancer Colorectal Cancer

15 estimated that 1 in 20 Americans will develop
coloreclal cancer.

The risk of colorectal cancer in people wilh one affected
firsl-degree relalive is lwo 1o three imes higher than thal of
the general population,

Familial colon cancer can Le the resull ol mutalions in the
APC tumur suppressor gene of in one of six DNA
misinalch repair genes (HNPCC)

Mosl colon cancer cases (mare than 90%) are not clearly
inheriled and are likely 1o be caused by a complex
interaction of somatic gene allecations and environmental
laclors,

The latler risk faclors include a lack of physical aclivily and
a high-Tal, low-fiber diet. "
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}”.:] Diabetes WMellitus
; J

The eliology of dizbeles mellilus is complex and not fully

undersiood.

MNeverlheless, progress is being made in understanding the

genelic basis of this disorder, which is lhe leading cause of

adult blindness, kidney failure, and lower-limb amputation

and a major cause of hear{ disease and siroke.

u The three majar types of diabeltes.

o lype 1 (formerly lermed insulin-dependent diabetes mellilus,
or IDDi).

a lype 2 {lormerly lermed non-insulin-dependenl diabeles
mellilus, or NIDDM),

= and malurity-onset diabeles of the youna (10DY).

Prositate Cancer

[] = Having an affecled first-degree relative increases Ihe risk
of developing prostale cancer by a faclor of we 1o ree.
ILis eslimaled that aboul 5% lo 10% of prostate cancer
cases arg ihe resull of inheriled mulalions.

s Genome scans have indicated (hat several chromosomsa
regions may contain proslale cancer susceptibilily
genes. One of the mosl promising is a region on
chromosome 1q that conlains lhe RNASEL gene.
Muialions in RNVASEL account for a small percenlage of
lamuhial proslate cancer cases,

Nongenetic risk faclors for proslate cancer may include a
high-lat diel.

-

-
HJ;‘ Type 1 Diabetes

u Siblings of individuals with lype 1 diabeles face a
subslantial elevation in risk: approximately 6%. as opposed
to a risk ol about 0.3% to 0.5% in he general populalion.
The risk lor offspring of diabetic molhers s only 1% la 3%,
while it is 4% to 6% lor the offspring of diabetic fathers.
Genelic factors are nol only responsible lor the disorder,
There is good evidence (hal specific viral infeclions
conlribute o the causation of fype 1 diabeles in at easl
some individuals, possibly by activaling an autoimmune

. response,

a Ilis estimated that the HLA syslem accounts for aboul 40%

of the familial clustering of lype 1 diabeles.

1 ﬂ Type 1 Diabetes

= This form of dizbeles, which is choracterized by T-celt
infiltration of the pancreas and deslruction of the insufin-
producing beta cells, usually manifests before 40 years
of age.

= Palienls with lype 1 dizbeles mus! receive exogenous

insulin to survive

In addilion lo T-call i hliralion of the pancreas,

auloantibodies are ioimed againsl pancreatic cells.

These lindings . along wilth a strong association bafween

type 1 diabeles and the presence of several human

leukocyle anligen {HLLA) class |l alleles, indicale thal this

is an auloimmune discase.

il Type 2 Diabetes

Ll = Type 2 diabeles accounls for more than 505 of all
diabeles cases, and il affects approximately 10% to 20%
af the adull populalians of many developed counlries

= There is nearly always some endogencous insulin
production in persons wilh type 2 diabetes, and (he
disease can olten be trealed successfully wilh dielary
maodification, aral drugs, or both.

= Type 2 diabetes palienls suffer from insulin resislance.

This disease typically occurs among people older han

40 years of age, and, in conlrasl lo type 1 diabelas, il is

seen more commanly among the chese.

Neilher HLA associations nor auloanlibadies are seen

commanly in this form of diabeles.

o

"

Type 1 Diabetes

‘& The insulin gene, which is located on the shorl arm of
chromosome 11, is another logical candidale for lype 1
diabeles susceptibility.

a sirang risk associalion is seen with allelic variation in a
VNTR polymarphism tocaled just 5 of the insulin gene.

Il 15 eslimated thal inherited genelic variation in the insulin
region accounls for approximalely 10% of Ihe familial
clusiering of lype 1 diabates,

Other studies have idenlified al least 20 additiona! candidale
regions thal may conlain type 1 diabeles susceplibilily
genes. One of these regions, 2q33, contains the CTLAS
(cylotoxic lymphocyle associated-4) gene. which is involved
in T cell proliferation.

a
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Alzheimer disease (AD), which is respansibie for GD% to 70% ol cases
of progressive cognilive impairment among the ckiedy. alfecls
approximalely 10% ol the population older than 55 yours of age and
40%% ol Ihe populolion older than 85 years of age

Approzimalely 10% ol AD cases are caused by aglesomat dominani
genes. Earty-onsel cases chister more stropgly in famshes and e
maore tkely 1o lolflow an aulosomil dormmant nherilance peltern Tius
tiseise s genglically belarogencous. al least o AL suscephbitity
genes have been wdenlified. Thies of ihe genes (encodiig preseniin *
presenitm 2, and amyleid-fl precursor prolein) ciute early-ansel AD
and aflect the cleavage and processing of the ernyloid precursor
protein. A lourth encoedes Ihe apclipoprolam & proten and 1s strangly
associated valh lale-age onset ol AD. '

i ; ; N ;
]--— Maturity-Onset Diabetes of the Young - I Type 2 Diabetes
J J a The lwo most imporant sisk (aclors for type 2 diabetes
w This fonm of diabetes, which accounts for 156 to 5% of off diabeles cases, are a posilwe [amily ilislury and obesity; Ihe laller
ypically occurs bofore 25 yoars ol age and lolows an aulosomal x N wsulin resist A
dominaint mode of inheritance. increases msulin resistance.
w In contrasl fo lypa 2 diaboles, it is nol associaled vali obesity. a Even in the absence of weighl loss, exercise increases
v Aboul 50% of coses are caused by mutalions in ihe gene that encodes insulin sensilivity and improves alucose tolerance.
glucckinase. a rale-imiling enzyme in Ihe conversion of glucose lo n A region on chromosome 2q and mutalions in a gene
;J:“Dc;ic‘ﬁ""':m":'m n "';“t'm"c'?‘"': ) o i ; that encodes calpain-10 (a cysleine projease) are
u N can also be caused by mulatons in any of five genes it encade : o 5 g
Iranscriphan [Aciors involvedd m pancrenhic development or msulin HSS?CI:"l_Ed with 1ypt.a 2 diaheles SUSLeP"blmy'
regulation: hepalocyle nuctear [actor 1-a (F/NFfa), hepalocyle nuclenr a A significan assacialion has also been observed
Tactor 1-) {HNFIf). hepatocyle nuclear Iaclor 4-0 (HMFm). msuin belween lype 2 diabetes and a common allele of the
promoter faclor 1 (JPFA). and newogeme dilferentiaticn 1 (NCUROL T gene Ihat encodes peroxisome proliteralar-activated
receplor-y (FFPAR-y). a transcriplion iaclor Ihal is
= Mutations o these genes, afl of which are expressed in pancientic bela invalved in adipo:yie differentiation and alucose
cefls, i in bela-cell abonoanties and thus 1o dinbeins . melabalism E— 5
o .
o
i mer Di :
i_U Alzheimer Disease Obesity

= Obesily is mosi commonly defined as a body mass index

(BMI) grealer than 30.

a Although obesily ilseli is not a "disease,” it is an important

risk faclor for several common diseases, including heaart
disease, stroke, hypartension, and lype 2 diabeles.

m There is a strong cori=lation between obesily in parents and

obesity in their children

= Adoplion and lwin studies indicale thal ait least hatf of the

population variation i obesilly may be caused by genes.
Specilicyenes and gene products swolved in appetile
contral and susceptibilily 1o obesily. including leplin and ils
receplor, are now being studied.

et Psychiatric Disorders

Alcoholism

= Twin and adoplion studies show thal
alcoholism clusters quile strongly in
families, reflecting a possible genetic
conlribution lo this disease. Famitial
clustering is particuiarly strong for type Il
alcohalism (early-onset form primarily
affecting males).
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Schizopfirenia

Schuzophirenin 15 a severe emalional disorder eharactensed by
delusions, hallucinalons. retreal rom realty. snd iz, enlhidren,
or inappropaate behawior

The iletime recursence risk for schizophrenin among he altspring ol
ont ollecied parent is approximnlely 8% to 10%. which is about 10
nes higher than Lhe risk in e general population.

= The risks decrease whon e alfeclod lamily mesmber is o sccond- or
Ihird-degree relative.

Mare than 20 genome scans have been petformed s an ollad te locale
schizophrenia genes.

= These include dysbindin (chvomosoma Gp), nevreguln 1 (chramosome
8p). and n-anino-ocid oxdse aclivalor (chiomusome 13g). However,
the mechanisms through which mutalions in hese genes cantibule lo
schizophtenia susceplitvhly are not yat knovn

J Screens can detect mutations that affect an

animal's behavior

%

(Al Wilddype C, edegans yngage in social Teeding. 1ho worms swam
araund until thay ancounter (heir neighbors amd convinence feeding,
[B} Mutant animals foed by themselves,

Other Complex Disorders

g

= In some cases specific susceptibility
genas have been identified. These
include, for example, Parkinson disease,
hearing loss, multiple sclerosis,
amyotrophic laleral sclerosis, epilepsy,
asthma, inflammatory bowel disease, and
some forms of blindness.

a also known as manic-depressive disorder, is a form of

u The prevalence of the disorder in the ganeral populalion is

Bipolar Disarder

psychosis in which extreme mood swings and emolicnal
inslabilily are seen.

approximalely 0.5% 1o 1%, bul if rises la 5% lo 10%
amang those wilh an affecled firsl-degree relalive.
Bipolar disorder is more slrongly inlluenced by genetic
faclors than is unipolar disarder (major teprassion).
Examples ol these genes include lhose that encode
monoamine oxidase A (MADA), the serolonin lransporer
(3HTT), and catechol-O-methyllranslarase (COMT). a
gene thal has also been associated with schizophrenia
susceptibility.

i Some General Principles and Conclusions
il

.l- There s o tendency,"Il il's genelic, you can't change it").
= This is incorrecl,

= Maosl| of the diseases have both genelic and enviranmental
components, Thus, environmanlal modification (e.g., diet,
exercise. stress reduclion) can oilen reduce risk significanlly.
Such modificalions may be especially impariant lor
individu:tls who have a family history of a disease, bacause
they are tikely lo develop the disease earlier in life.

These with a {amily hislory of hean disease. for example.
can oflen add many years ol productive living with relalively
minor lifestyle allerations. By targeting hose who can benefit
mosl froms inlervention, genelics helps g serve the goal of
prevenlive medicine.

|

Some General Principles and Conclusions

First, the more strongly inheriled [orms of complex disorders
generally have an earlier age of onsal. Oflen, these
represent subsels of cases in which Ihere is single-gene
inherilance.

Second, when there is lzterahty. bilateral forms somelimes
cluster more slrongly in {anilies (e.g.. cleil lip/palate)

Third, while Ihe sex-specilic threshold madel fits some of
the complex disorders {e g.. pyloric sienosis, cleft lipipalala
aulism, hearl disease), il fails 1o fit olheis (eg., lype i
diabeles).

* e ;‘/
Ble 09743790023 5odls($9/3)
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Some General Principles and Conclusions

While the genetics of common disorders is
complex and often confusing, the public health
impact of these diseases and the evidence for
hereditary factors in their etiology demand that
genetic studies be pursued.

Subslanlizl progress is already being made. The
next decade will undoubtedly witness many
zcvancements in our understanding and
treatment of these disorders

i
L -:Jr‘ Some General Principles and Conclusions

u In addition. Wl should be stressed thal the idenlification of a
specilic genelic slterzlion can lead le more effective
prevenlion and treatinent of the disease.

ldenlification of mutations causing familial calon cancer
may enable early screening and prevenlion of melastasis.
Pinpoinling 3 gene responsible lor & neurotransmiiter
defecl in 8 behavioral disarder such as schizophrenia
could lead lo the development of more effeclive drug
treatments.

fn some cases. such as familial hypercholesterolemia,
gene lherapy may be uselul. It is imporant for health care
ppraciilioners 1o make their patianis aware of these facls,
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Is Cancer a genetic
disease ?
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47 KR 421 or 47 XY, +21

Aneuploidy

Down syndrome, trisomy 21

Incidence al birth 1/700

Robertsonian translocation

1. 46 XX,+21 der{21;21)(q10:q10) | 7 ‘L

parent corrier - 100% recurrence risk ! M
- 3§
o N

2. 46, XX 121 der(14;21)(ql0:q10) !
= 2% recurrence risk
= {2% recurrence risk

- father carrier
- mother carrier

R L T i Edwards syndrome,
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o it A trisomy 18
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Edwards syhdrome,
trisomy 18
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Trisomy 13 Patau syndrome;
47.XY,+13

4 12000 concem: 1/20.000
livehirths

& midline defects: vro-facinl clelis;
micraphthalmia; postaxial
polvdnetly: CHD: renal deleets:
siphalocele: cutis aplasio. MR

£ 93% die within [¥ yr
& ~80% nondisjunction: ~20% srans

& >95% spontanconsly uborted
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Patau syndrome, trisomy 13
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SEOE% ¥ Ly mz
¥z 2§ 22 kd HE
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L wt Boa L a
o ¢ o a8 2§ T o=
3 zz 44 22 Ez @ =
2 s 2 * o o jE e
HoER E hS - e
!
-
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Sex
Chromosome

Aneuploidy

Turner Syndrome 45,X0

- - it : xa -2 -
i e g i
Y ;
' o 1 1 +
VoG4 =
(5 . “
- - oa ! LA "
& -] - 4 s s
o iy : X -
13 1 I3 . i i
3 13 n 23 x N ?lr

Turner's symdeome

2% wl cancepions
YU miscarry
Infertiluy
Webhimg ol neck

Short Statare (limhs) - Growth
harmones

NURMAL INTELLIGENCE

Peanatle dues it bas e the wsual par of e complers X chiiommsonies

SMast communly, Temale has only ooe N chiromuosime

Oihers may Bave twn X chromosomes, but one o then s incomprlele
Swmettes, s lemale has some cells wali lwe N chromosimes, bt other cells
have only doe (s

Kleinlelters syndrome

STLANY o XY svalenme - casesl = T 5 !
by chitoausame aneuplondy Affected males bave i exte

Xosex chiomosame

i

Second-mnst connnnn |

Amamans
] bl
e

i

imvuploidy condinuon

1 1ot males 1

gaon
Zon

Abnormal iestcular

1 }f s development !
LI (N
) Infeniliy
AT wi . i
CERE L S Y A {:} Tall, i
: b 2 ‘
| |
TR LI TR Long lunhs |
o G i
§od Lowery )
SR o

Origin of triploidy

IR
C i Lt =Dy
TP ."- . .“| = Diplospermy
Wi

* e ;‘/
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Double maternal

Double paternal

Malar pregnancy

. | ,«""“\-ﬂwwm Ry ‘\)
P Jo—im )o— |

V.

Hoploid , Empty _ Heploid  _. Dipleid
sperm egg zygote zygate
Consequences: Double paternal genome

“Conceptus without an embryo”
Massive cystic placenta

2 Non-invasive
& Minimally invasive

< Invasive

Non-invasive techniques

2 Ullrasound
- Magnetic Resonance Imaging (MRI)

< Maternal serum screening

Double Test

< Low pregnancy associaled plasma proleins-A
{PAPP-A) level (Decreased with irisomies).

= Raised serum Beta-hCG (Human charionic

gonadolropin) {Increased with 21 and 18, decreased
with 13)

« Double test + maternal age diagnose.
s G0% sensitive DS, 5% false positive rale

. - ;'/
Ble 09743190023 5odls($173)
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Triple Test

« - Used far Down Synd. Screening. Il comprises
. AFP
.hCG
. uE3 (unconjugated oestriol )

- Best carried al 15-18 weeks. in DS AFP & uE3 are
low while hCG is raised

- Triple lest+ maternal age diagneses 60% DS

- In tnsomy 18 all above components are low

Quadruple test

- Triple test+ Inhibin A estimation

+ This test + maternal age detects 76% DS

Detvete nalot bz bratmy Mcisttezagamat e type
2t atrdnarg 2iEaelens drd lests e = edind i
(GRS

Minimally Invasive Techniques

. Cell free fetal DNA (cfiDNA)

~ Pre-implantation genetic diagnosis {(PGD)

Fetal cells in maternal
circulation
< Nested primer PCR for Y-specific DNA

< Fetal trophoblasts, lymphocyles,
aranulocytes, and nucleated red blood
cells (NRBCs)

- Rarity of felal cells in maternal blood
(1:107)

2 Deteclion rate for aneuploidy: 40-59%

Fetal cells in maternal
circulation

. - ;‘/
Ble 09743790023 5 oils($9/3)
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Fetal cells in maternal circulation

B

m HEA Do a SRIImergn e b o oid taga et
= Civatie G e gt ey 2E ] s et ey
y &

[SETT R ¥

[ NS

Cell-free DNA

- As eelis turnover, chiramosomes fraganent releasing DNA into the
ool

« Cell-froz DNA {cIDNA) are short DNA fragments (50-3100 baso pairs|

Preimplantation Genetic
Diagnosis (PGD)

&

Pre-natal
vs Pre-implantation diagnosis

Pre-implantation Diagnosis

- Introduced initially in 1930

. Biopsy of & single cell per
embryo. followed by its
genelic diagnosis through
differan! techniques (FISH,
PCR., aCGH}). and the
subsequent replacement lo
Ihe patient of thase embryos
classified by genelic
diagnosis as normai.

PGD Indications

Procedure is offered to couples:

- Withknown single gene
disorders that can be
delected by PGD

- With known chromosomal
abnormalitfes thal can be
defected hy PGD

- Requesiing sex seleclion for
X-linked disorders

. - ;‘/
Ble 09743790023 5 odls($1/3)
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PGD Indications Single Gene Disorders

The protedure has also been olfered to couples:
undergoing IVF af sk for aneunloigy

% malernal age > 35y

*  Prior Irisomic conception

-

wilh recurren! prepnancy losses

4 Prior failed IVF cycles (>3 prior embryo transfers
with high qualily. morphologically normal eminyas)

Requesting PGD for HLA-tvping (lo allow seleclion
of emtryas that are histocompaltible willr live siblings)

Requesting sax sefection for “lamily balancing”

PGD Process| f'C Ovulation induction

TR © 2 v
20
prpeses
% Ovulation Induction
» Retrieval g:,/
+ Fertilization Sl
wr
« Embryo Bx on Day-3 y
s Genetic Analysis s, 2
- Embryo Transfer
-, E:L

Dbt Bty om iy 2

|me impetioe bna wraeey 5 d i
Mettas ghras Lt ba

P paretaat ey o ]

Qocyte Retrieval Fertilization

. - ;'/
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Fertilization Embryo Culture
4 Conventional Insemination

< Intracyloplasmic Sperm Injection (ICSI) ’ ‘ :

i / o I'?-"s\“"_: L ; .
yipbie N
e ) o | £
% { (et N, i
Day 3/Cleavage Stage Day 5 / Blastocyst
Embryo

Cleavage Stage Biopsy Cleavage Stage Biopsy

« Mosl widely used lechnigue
+ Day 3, G-8 cell slage

* - ;‘/ :
Ble 09743790023 5 odls($1/3)
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Genetic Analysis/PCR

-+ DNA amplification
« sequence harboning the
mulalion)
« hillions of copies in several
hrs

.. Mutation Characterization
= (by using mutalion spealfic
primers
= by digestion wilh restriclion
enzymes
» by heleroduplex analysis

Embryo Transfer

Embryo Implantation

Can Mistakes Happen?

MIS TAKL

Causes of Misdiagnosis

< Human Error
+ Unpiotectod sox i
« mislabehng, misidentification, misinterpratation 1
+ wrang embryo transie
- inconecl prohes of puners

= Technical
- Prone or ptimoer Gntarg
- eomaimnation {malernal, palemal, aperaler, ciary-aver;

4 Intrinsic {embryo)
+ Muosaicism
« Algic drap out
- Umparento? Disomy

. - ;'/
Ble 09743190023 5odls($173)
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Pre-natal Diagnosis

Single Gene Disorders

< Mosl commen aulosomial tecessiva disorder
= [Hbalassennidnckde cell anemia, CF, SMA

«  Muosl commaon aulosemal dominan) discrier
« Nyotonic (ysinphy, Hunlington (sense, 8F-1. Chancot.
Mazie-Toath

+ Mosl commaor X-tinked tisacder
« Fragila X, OMD. and Decker Muscular Dyshioply
« lHemophiio A and 8

PGD and Age

Conclusions

- Before PGD is performed, genetic
counseling must be provided to ensure that
patients fully understand the

-~ risk for having an affecled child
- he impact of the disease
- 1he available options

~he mulliple lechnical limitalions including the
possibilily of an erroneous resull

- Prenatal diagnostic testing is strongly
encouraged to confirm the results of PGD

What’s in the Future?

< With the adven! of the microarray techniques for
the analysis of the genome, transcripls of
thousands of genes can be tested at one time,
and the combination of both mighl dramalically
change our fulure

Invasive Technigues

< Amniocenlesis
< Chorionic villus sampling (CVS)

= Percutaneous umbiiical blood sampling
(cordocentesis)

. - ;‘/
Ble 09743790023 5 odls($1/3)
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PRAENATAL DIAGHOSIS DY AMADCENTERG

Amniocentesis

< Done between 15 and 20 wks; amniotic fluid conlains felal
cells shed from Ihe gut and skin.

1. Chromosomal analysis: most commonly Down syndrome
testing for malernal age, high risk serum lests and
ullrasound markers.

2. DNA analysis lor genelic disease.
3. Enzyme assays lor inborn errors of melabolism.

4. Invesligalion of felal lung maturity ( lecithin/sphingomyelin
ratn or presence of phyophatidyl glycerat)

w

Bihrubin { far rhesus iso-immunizalion)

Transcervical chorionic villus sampling

R AL RLTRTIIN
ey

Aty Pond
Ol oty

T ptenge vaall
i

Tlacenta

By cartietel

L

Transabdominal chorionic villus sampling

e 0 ]

Flawenty

— e e L LA TG

Dot tad

r

Chorionic villus sampling

CVS is performed al 10 lo 13 wks; allows earlier and safer
methods ol pregnancy lermination when they are
abnormal.

Indications:

Karyolyping when uilrasound findings sugges! aneuploidy
OMA analysis, particularty for baemoglobinopathies and
recessive or X-linked disnriders

Complications:
Pregnancy loss- 2-3%
Maternal celi conlamination lead lo [alse negalive resulls

Saeed . Leseow b
e S el
e R R
Fagpeane

S RN e )

Briwa e wilina

"l A

bebebige, Foa s
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Percutaneous umbilical blood sampling

Fridtaany
(BT A SRR . X
# — riiund
fote
& Lol b
P — Oy R
S sk
LI B N | R it g attabes
terns el

EMBRYOSCOPY & FETOSCOPY

= Direct visualization of embryo and felus.

-~ Limited field of vision.

- Provide information only about external

fetal structures .

NEW NMIOLECULAR ANALYTIC
TECHNIQUES

< Fetal cell oblained by CVS and
Amniocentesis can be used for prenatal Dx.
For congenital anomaties by following new
techniques
1- Southern blelling:

Cleavage of chromosomal DNA at specific

sites and used for tesls
2-PCR
3- FiSH

Molpenlan frinaanetics

AN/ S

4 aben

R e
LA/

Inbl.
Fe e
L A S /A
LR P

PO 8 o |

R T
P
R R Ll LA
PR ;
2 D T
e e el
B i iy
e
Nl

Fluorescent in situ hybridisation (FISH)

Detection of DRA marerigl an slides using fluorescent
dyes & UV light

i
t
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Molecular Cytogenetics

= FISH:
= UUse DNA probes for specific chromosomes
s Can painl melaphase
e Useful lar quick resull and idenlifying small areas
= Eg deletions, ESACs

< QF-PCR:
= Quanlilative lluorescent PCR
= Use pelymorphic siles 1o deline number of copies
npresenl
= Useful for quick resull in prenalal diagnosis

Quick result from
Amniocentesis

= FISH:
« Use probes for 13.21 and X, Y, 18 on lwo differen|
slides
= lakes 24 hours

a QF-PCR:
« Use polymorphic markers for chromosomes 13, 18, 21
= Resullsin 24 hours
« Becoming more common
« Can only delect abnormaiities for these chromosomes
« Usually go on and do iull karyclype - 772

Quantitative fluorescent PCR
aneuploidy screen
(QF-PCR)

Principle:
.- Test STR markers on chromosomes

» 4-5 gn autosomes of choice (13, if. 21)
« Feweron X and Y

= Used to delect numerical chromosome abnormalities

< Can lest blood, amniotic fluid, CVS, post-mortem
fissue etc.

QF-PCR
Advanianes:

+ Rapid result (48 — 72 hours)
«+ 99% accuracy
2 Nolive cells requiled

Disadvantages:

<« Won'l delect mosaicism (<30%)

-+ Won'tdelecl olher chiomosome abnormalities

- Mechanism of aneuploidy remains unknown

.+ Blood-slained amniu may make lesiing impaossible

< Risk of maternal contamination if CVS not carefully
preparedidissected

Quantitative Fluorescent PCR
Trisomy detection in prenatal samples

Hypervarinble region on
chramosome 21
amplfied by F-PCR

E ) AN _’t‘\ [ [ Lﬂ

. - ;‘/
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Trisomy 21

Patient B: Trisomy 18 (Edwards syndreme) loetus

:
[ =& 3
1| 5
’ ot --
'
! | j
- 1
|

- abnormal dosage - karyotype follow-up

Patient C: Turners syndrome infant
- Patient ) Translocation 1:22, Undelectable from QF

s PCR resull, may be balanced and display no
. @ 5 AP S pathogenicity

PP,
LLE L
(LS
(% 209
e
agy
=

s

T .Y ; 7o B E Tz
s ; Lt ; z ] QF PCR noks b : H AL
- r . & ) l normal T R
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