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Clovesko telo: 102 celic

Posamezna celica: 46 kromosomov — skupna dolZina 0,200 p ”E ;

Raztegnjena DNA najmanjSega kromosoma.: 30 mm

Raztegnjena DNA celice: 1,7 m Vse telo: vsa DNA: 2x1013 km

Razdalja Zemlja-Sonce: 1,5 x 108 km
Obseg Zemlje: 4x10*km



PROJEKT CLOVESKI GENOM

Pobuda: 1.1989 v ZDA US department of Energy (DOE)
National Institutes of Health (NIH)
National Science Foundation (NSF)
Howard Hughes Medical Institute (HHMI)

Sodelavci: preko 60 institucij v ZDA in po svetu, ki jih povezuje
Human Genome Organization (HUGO)

Trajanje projekta: 15-20 let (do I. 2005 - 2010)
Vrednost projekta: 3 - 5 milijard USD

Cilji projekta: - kartiranje &love$kega genoma
- izdelava bank kloniranih prekrivajoéih se velikih fragmentov DNA
- sekvenéna analiza ¢loveskega genoma

Cilji v nadaljevaniju,
po letu 2005 - 2010: funkcijska gnaliza &loveskega genoma:
- opredelitev vioge posameznih genov oziroma njihovih
proteinskih produktov;
- ugotavljanje mehanizmov uravnavanja izrazanja genov;
- opredelitev vioge nekodirajogih delov genoma.



Projekt je ze v samem

zacCetku uposteval

gospodarsko-druzbeni

pomen svojih raziskav in

namensko sPro_za_I eti€no- soclety
pravna vprasanja: za

vsesplosno razpravo pred ; '
pojavom moznih tveganj in
dilem...

science -e#—

technologv

Figure A The interrelationships between science, technology,
and society
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V projekt so se vkljucili najbolj
tehnolosko naprednih drzav.
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Double-stranded DNA of two
homologous chromosomes

Za kartiranje so prisli v
postev polimorfizmi dolzin
restrikcijskih fragmentov
(RFLP) in njihova
lokacijska povezanost
(ugotovljena na osnovi
vezanega dedovanja pri
obseznih druzinah.

Genetska razdalja 1 cM
(centi-morgan) pomeni
lokacijsko blizino dveh
oznacevalcev (npr. RFLP),
ki ju ne razdvoji 100
zaporednih mejoz. Danes
vemo, da to pomeni
priblizno 1,5-2 miliona

“nukleotidov.



Cloveski
kromosom 21,
kartiran z RFLP-
oznacevalci v
medsebojni
razdalji 7 cM.
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Pri iskanju

bolezenskih genov je

bilo najprej potrebno
poiskati njihove
kromosome in
kromosomske
lokacije. V postev je
prislo vec pristopov,

odvisno od znanja o

iskanem genu oz.

njegovem proteinu:

- ak. sekvenciranje
poznanega
proteinain
izdelava DNA-
sonde za
preiskavo cDNA
knjiznice;

- preiskava
kariotipa;

- somatski celi€ni
hibridi;

- reverzna genetika:
genetska vezanost
(vezano

THE HUMAN GENOME P2OJECT

| X-linked aganminaglobuiinemia type 2

|
[ Spinal & bulbar muscular atrophy|—

| Norrie disease]

| Ketinitis pigmentosa 2f
Wiskott-Aldi ich syndrome —-I
Incontinentia pigmenti 1

| X linked SCID|

X.-linked agamxquE‘.xaliqemfa‘ _!
X-linked growth honione caficiencyr

C e - -

| ¥-linked lyraphoprolife: ative syndrome

dedovanje) z
genomskimi
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X-linked skeletal dysplasia & mental retardatior:

Adrenoleakodysaophy]
- Emery-Dreifuss muscular dystrephyl __|

Dyskeratosis congenita
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-—{ X-linked acidosiz |
I.___[Duchenne & Becker muscular dystrophies |

Chronic granulomatous disease }
* JOTC acficiency I

___Testicular feminization |
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|—{Thvroxin binding globulin deficiency]
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Red/green color blmdness'

< - '. A banded X chromosome is shown. To the right are indicate:1 the map iocations of discase genes which have been
clonad to date. To the left ure discase loci whose chroraosomal location is knowa, but the gene remains uncloned, GGPD,
glucosz-6-phosplate dehydrogenase: OTC, orithine transcarbamylase: PGK, phospiiogiycerate Finase; PRPS,
-piasphoribosylpyrophosphate synthetase; SCi1, severe combined immunodeficiency.



Spectrum of diseases affecting humans

Ganeti: disordars >

Puraly acquired Muttitactorial Purely genatic
(anvironmental) {envirpnmental
and genalic)

Chromo-  Single-gans
somal disordars

Inections Mudriticn

daficiences Canpanital Cammon chronic
abnormalities  disordess of adul life



Koncept ,,bolezenskega gena“

Concept of a mutation.

Normal
Tgene Normal protein
f ' : gene product ——
: Transcription
Mutational event . .4 4ranelation
Y Abnormal
_—_:_—-:_—___ _— (partially functional _,,
‘ " or nonfunctional)
Hunetgd or no protein
Ll gene product

Mozne posledice genske okvare/nepravilnosti:

- odsotnost proteina - prevec aktiven protein
- premalo proteina - premalo aktiven protein
- preve¢€ proteina - neaktiven protein

- Skodljiv protein




More common disorders

Disorder

22011.2 deletion syndrome
Angelman syndrome
Canavan disease

Coeliac disease
Charcot—Marie—Tooth disease
Color blindness

Cri du chat

Cystic fibrosis

Down syndrome
Duchenne muscular dystrophy
Haemochromatosis
Haemophilia

Klinefelter's syndrome
Neurofibromatosis 1
Phenylketonuria

Polycystic kidney disease
Prader—Willi syndrome
Sickle-cell disease
Tay—Sachs disease

Turner syndrome

Mutation
D
DCP

OTVTUVTOOTVTOTT

O UVTVTOTVTTDT

Genetsko pogojene

bolezni so
Chromosome posiedica
22q raznovrstnih napak
na katerem koli
15 kromosomu.
17p
P - Point mutation, or
any insertion/deletion
inside one gene.
X D - Deletion of a gene
or genes.
5 C - Whole chromosome
7q extra, missing, or both.
T - Trinucleotide repeat
21 disorders: gene is
Xp extended in length.
6
X
X
79/22q/7?
129

16 (PKD1) or 4 (PKD2)
15

11p

15

X




Genetic diseases

Genetic disease are a large group of disorders resulting from major or minor
alterations (mutations) in the genetic component of cells i.e. DNA located in the
nucleus or the mitochondria.

These diseases can be grouped into:

chromosomal disorders
single-gene disorders

multifactorial disorders
mitochondrial disorders
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FISH — oznacevanje kromosomov in njihovih specificnih delov s fluorokromi..




['ﬂﬁrmmmﬂl Chromosomal disorders - examples
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[afared Structural
numbear)
I\_————__________
B _\_\__\_l-_‘_l—\_l_\___l--

_} ol ___._‘.T
ALIOEOMes Sex chromosomes = Pracdor=Willl syndrorms
* Down syndrome * Klainfalter syrdroma * Cr-gu-chal syndrarme

{triscemy 21) (47HEY) (11000 males) | * [Bp } sevaral cancers
§1/B00) = Turnar syndrame
* Trisarmy 13 [45X | {lemales)
[ 1450000 |+ xxx syndrome
= Trisomy 18 100D femabes)
(1/8000) = XYY syndrome

I (111000 males) I




Single genetic disorders

A single gene disorder is the result of a single mutated gene.

There are estimated to be over 4,000 human diseases caused by single gene defects.

Disorder Prevalence (approximate)

Autosomal dominant
Familial hypercholesterolemia
Polycystic kidney disease
Neurofibromatosis Type |
Hereditary spherocytosis
Marfan syndrome
Huntington's disease

Autosomal recessive

Sickle cell anemia

Cystic fibrosis

Lysosomal Acid Lipase (LAL) Deficiency
Tay-Sachs disease

Phenylketonuria
Mucopolysaccharidoses

Glycogen storage diseases
Galactosemia

X-linked
Duchenne muscular dystrophy
Hemophilia

1in 500
1in 1,250
1in 2,500
1in 5,000
1in 4,000
1in 15,000

1in 625 (African)

1in 2,000 (Caucasians)
1in 40,000

1in 3,000 (American Jews)
1in 12,000

1in 25,000

1in 50,000

1in 57,000

1in 7,000
1in 10,000

Values are for liveborn infants.




(a): DruZinsko drevo pri avtosomno
dominanini dedni bolezni. Sin 1l/2
oceta, heterozigotnega bolnika I/1, ima
olroke z dvema genolipsko zdravima
Zenskama (1l/1 in 11/3). Prikazana je
verjelnost prenosa bolezni na potomce.
ki je v obeh primerih 50-odstotna.

(b): DruZinsko drevo pri aviosomno
recesivni dedni bolezni. S kvadratki so
oznacéeni moski, s krogci pa Zenski
druZinski ¢lani. S polzapolnjenimi sim-
boli so oznaceni heterozigotni
prenasalci, s polnimi simboli pa
homozigolni bolniki. Prikazani sta obe
moznosti (1): poroka heterozigotnega
prenasalca 2 z genotipsko normalno
Zensko 1 oziroma s prenasalko 3.

(c): DruZinsko drevo pri

X-vezani bolezni. Verjetnost, da bo
olrok od helerozigotne matere pode-
doval mutiran X-alel, je 50-odstotna.
Na sliki je prikazano, kako lahko
bolezen “preskoci” celo generacijo ()
in se pojavi Sele v naslednji (I V/1). Gre
Za hudo obliko bolezni, saj je bolni sin
iz druge generacije (1l/1) umrl, $e pre-
den je lahko imel svojo druZino.

a)

b)

c)
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Vzorci dedovanja pri enostavnih (enogenskih) boleznih.



Single gene disorders - examples

Audoacenal S linked ‘
|

——

Mx\_\

—illk )

| Recessive

+ Slckla-cell haemoglobin (Rare=1/400)

» a-thalassaamin [Rare-1:3]

» [thalassaemia (Rara=1/4)

» o -antirypsin deficiency (1/3000=1/120 DOD)
» Adenosine deaminase deficiency (Rara)

« Cystic fibrosis (1/2000 Caucasians)

* Phenylketonuria (1/5000-1/200 000)

Diominant

+ Familial ypercholestarclaamia
[1/500 heterozygous)

+ Hunlinglon diseasa (487100 000)

| * Myotonic dystrophy (1/1000-1710 040

« Neurafibromatosis (1/3000-1/5000)
» Osinogenesis impartecta (1/15000)




Autosomal recesive

Unaffected Unaffected
"Carrier” "Carrier”
Father Mother

Unaffected "CARRIER" "CARRIER" Affected

1 in 4 chance Unaffected Unaffected 1 in 4 chance
1 in 4 chance 1 in 4 chance



Autosomal dominant

Affected
father

Unaffected

mother
B Unaffected

[] Aﬁected

1 uﬁ Ih

Affected Unaffected Unaffected Affected
son daughter son daughter

U.S. National Librany of hMedicine

—



Sex-linked disorders - examples

Singie-gane
dEorders
Autosomal I e -briked

Recessive

* Glucosae-6-phosphate dehwdrogenase
daficiancy |Rare—1/20 males)

* Haamapniika A (1/10 000 rrhbes)
* Fragile X syndrome (1/1500 malas)
(172000173000 temales)

|+ Duchenne muscular dystrophy
(173000 males)

Dorminant
 YVitamin O-rasigiant rickals




X-linked recessive, carrier mother

Unaffected Carrier
father mother
l r)
i ll’{
Xy X
B Unaffected
[ Affected

[ W Carrier

Carrier Affected
daughter son

Unaffected Unaffected
son daughter

U.S. National Library of Medicine

X-linked dominant, aected father

Affected

- Unaffected
father D

X ¥
B Affected
I Unaffected
//
//
s
g L L
X X X
Unaffected Affected Unaffected Affected
son daughter son daughter

U.S. National Librany of Medicine

X-linked dominant, affected mother

Unaffected
father

B Unaffected
[[] Affected

R il §
g

i i

Unaffected Affected Affected
son daughter son
U.S, National Library of Medicine

PR <

N B

X
Unaffected
daughter



Single-gena

| ch |
I disarders

Mitochandrial

Mitochondrial genetic disorders -
some examples

* Labars hereditary optic

nauropathy
* Kagarns-Sayre

+ Mycclonus epilepsy
with ragged rad libras




Multifactorial and polygenic (complex) disorders

They are likely associated with the effects of multiple genes in combination with
lifestyle and environmental factors.

Although complex disorders often cluster in families, they do not have a clear-cut
pattern of inheritance.

This makes it difficult to determine a person’s risk of inheriting or passing on these
disorders.

Complex disorders are also difficult to study and treat because the specific factors
that cause most of these disorders have not yet been identified.

asthma autoimmune diseases (e.g. multiple sclerosis)
cancers ciliopathies

cleft palate diabetes

heart disease hypertension

inflammatory bowel disease mental retardation

mood disorder

obesity

refractive error
infertility




Multifactorial genetic disorders — examples

Congenital malformation

+ Claft lip/palate

« Conganital disleccabaon ol the hap
+ Congeniial haar dafect

* Neural tulg delact

« Pyloric stencsis

|

.i.[:luh;nn:ll:l diseases

= Digbeias mellitus

* Hyparigangian

= Cipasily

= Epilepay

* Glaucama

+ [schaamic haarl diseass

= Manic depression

* Schizophremia J




Osnovne tehnike genetske preiskave:
ponovitev osnov
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DS g 5 Polymerase Chain
L ——— Reaction, PCR

DENATURATION l

VGROBEA0N
LU

! T T 3

z'uum% ny‘) ? 3 gy
§ ‘ [
My’ i %;,
A g

) n
a |
“vm.’---sw Y A R R —) ‘ l ‘

EXTENSION 72%¢

: NEES P g

NIl = /
| ‘\/ l\“/\/

i s8N /‘ G
! il | s

D
t...- T R T R T L .~

R T T e |
N N Pl N N ORI

Ustvarjanje specifi€nih
fragmentov DNA z
verizno reakcijo s

B e T L ] )
o P e P P polimerazo (PCR).




P —

—

L
Fromeeard
— primar Backward
Al s
Parestal sirans E
hilelt Anneal Exiend
\ /
A
Eirst
cycle

 —y

—
p—

Second
cycle

o
P

A o
P

P
Lok |

e
| —

PCR

n cycles

amplification: 2"



Preparation of an electrophoretic gel




Power supply

“pockets”

horetic gel

Separation of DNA fragments by gel electrophoresis




Visualization of an DNA electropherogramme by EtBr




High Voltage

Power Supply

Detector
Window

Capillary electrophoresis

Loéljivost: 1 bp

Primerjava rezultata
(elektroferogramaov)
klasiéne agarozne

elektroforeze in

kapilarne

elektroforeze.

&bundance

M2

20000
72000
70000
£50007]
£0000
55000/
200007
450007
40000
3000
30000]
25000
20000

40 60 80 100 120 140 160 180 200 220 240 260 220 300 30



dsDNA
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DNA hybridization
and labeling
the probe

ssDNA

v
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fr 1 1 rritrrrirrnrnriril
ATCATAC
T AGTAG
| [ IS N NN N DU N AN N B R N
Froben

Comple mentany DNA b paio

Thiz probe will not bind, having no
sirni larity to the cornplere tang strand.

Thiz probewill not bind a5 it iz not parfecthy
complere ntang tothe target saquence.

Thiz probewill bind tothe tanget
sequence. b Bcomplerne ntang tothe
genornic target and b identical tothe
seque noe of the cormplernentany strand.

A lsdanceine) pairs with T (thyrnidine)

G (guanosine) pairs with C (cytidine)



Southern blotting

RNA or DNA

32P(abeled
size markers

Expose
X-ray film
. lofilter
- B
Autoradiogram
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Probe hybridized bag
to complementary

Solution passes through
gel and filter to paper towels
. Migration
< Paper towels \

0

'fled}dpha;esis

Filter in

*Seal-a-Meal" Nitrocellulose

filter
sequence

o N

i 1
Remove * Hybridize with unique DNA
unbound 32p-Jabeled transferred
probe hucleic acid probe to fiter

Gewicht

Papiertiicher
/ Nitrocellulose-

oder
/ Nylonmembran

Gel

| [ Glasblock \ +Salzlésung




DNA sequencing

S kloniranjem ali
PCR moramo
Rjﬁ " ~ '«*ﬁnt/ proizvesti dovolj
veliko Stevilo
TIMCA svodhasds Ut pevsence matric (molekul
chavm Semvinating, o decuyo beotides preiskovane

DNA), da z
{L'_ {l__ ) = ) inhibitorji
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= verige DNA
AAMEAR AOMHARAG ANOMED (ddNTP-ji)

zasedemo vse
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Sodobnejsi pristopi sekvenciranja DNA temeljijo na

diferenénem oznacevanju in izvedbi v enotnem
kompartmentu. Na sliki je primer fluorescenénega
oznacevanja stirih ddNTP z razli€nimi barvili in
enotno loéevanje s kapilarno elektroforezo.

GATC

Here's what the products

would lock like in
geparate gel lanes.

GATC

o

/

Here's what the products

would lock like in
a single gel lanes.
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Bolezenski gen:
od znanstvenih raziskav do kliniénih aplikacij

Primer: cisticna fibroza




Unaffected Unaffected
"Carrier” "Camiar”
Father Mother

| Cystic fibrosis is a
\ hereditary disorder
. characterized by lung
| congestion and infection
and malabsorption of
nutrients by the pancreas
|

Unaffect=d Unaffected "“Camier” affected
1 4chanoe ZIn 4 chance 1In 4 chanc

Cystic fibrosis



http://en.wikipedia.org/wiki/File:CFtreatmentvest2.JPG

Lokalizacija bolezenskega gena:
Kromosomske nepravilnosti — mikroskopski pregled.
Povezanost bolezni s spolom.

Somatski celi¢ni hibridi — oblikovanje stabilnih celiCnih linij z
doloCenim stevilom Cloveskih kormosomov — opazovanje
fenotipskih znacilnosti celiCnih linij.

Reverzna genetika — povezanost informativnih RFLP s
fenotipom bolezni = blizina (Se) nepoznanega gena.

Sprehod po kromosomu.




Chromosome

Restrikcija
kromosoma z
restrikcijskim
encimom.

Rstrikcija vse
genomske DNA bi
dala 500.000 -1
milijon razliénih
fragmentov DNA. Ko
to razvijemo z
elektroforezo, na
elektroferogramu
vidimo “meglico”, ker
so fragmenti tesno
skupaj.
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Ce po restrikciji
vzporedno
elektroforezno
razvijemo
(lo€imo)
fragmente DNA
razliénih oseb,
lahko ponekod
opazimo
polimorfizem
dolzine
restrikcijskega
fragmenta,
odvisno od tega,
ali ima oseba na
tem lokusu
restrikcjsko
mesto ali ne
(homozigotnost)
0z. gaimasamo
na enem alelu

(heterozigotnost).

30 kb

[ DNA Probe

> Double-stranded DNA of two
DMD
.

hemalogous chromosomes

The three possible

the prsiymorphic site
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RFLP oznacevalci okoli (pred |. 1990 Se
neodkritega) gena za cisti¢no fibrozo
(CF).




Withdraw fluid

Placenta
:
Centrifuge e '; Fluid composition
Uterine wall
Amniotic cavity Direct sex

determination;
biochemical and
SRR e, €NZYMatic studies

Culture

Cellsfor
- biochemical, DNA,
1 and chromosomal

\_ studies
——

Odvzem tkiva za
ekstrakcijo DNA pri

predrojstveni
A il d |agv] nost_l Ki (dve
for culture i moznosti):

- horionske resice;
- celice amnijske
tekocine.

V:ili of chorion
frondosum

Isolate DNA directly from villi



Celicna DNA

Elektrofore=za na
agaroznem gelu

(SOFS

L —

Prenos na najlonske folijo:

ute>

iRk
folija
elektroforezri gel
“po obdelavi z Nao©OH)

pivoik

outerska raztopina
Odtis

enoveriznih
fragmeéntov DNA

Hibridizacija = radioaktivino

oznaceno DNA=sondo

7 O

Razvit rentgenski
filrm

Posredna diagnostika s prenosom Southern:
uporaba DNA sonde za ugotavljanje RFPL, ki
je genetsko povezan s fenotipom bolezni
(torej je v blizini bolezenskega gena).

Prirefeno po J. D. Watson

& al., Recombinant DNA, ¥

Sci. Am. Books, 1993.
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30 kb
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Razdalje med

A u, P razpoznavnimi mesti

P R Za restrikcijski encim
if Bagl n
Bph
e ‘ Gen na enem
- alelu
‘ Homelogni gen

na drugem alelu

|
H
! Trije moz=ni

!» primeri
{ pojava

mutacije

il
L
- j— el =

Wi

DNA -sonda

Diploidna kolidina
DNA

) B

Haploidna kalidina
DNA

30 kb

o

T Razwit film

Slika po restrikciji DNA z Bafl,
Io&itvi fragmentov z elektroforezo,
prencsu na folijo, hibridizaciji =z
DNA—sondo ter prakxritju folije =
rentgenskirn filfmom.




Elektroferogram (agarozni gel) s fragmentirano
genomsko DNA (restrikcijski fragmenti); okoli 1

milion razliénih fragmentov DNA pri posamezniku.

DAL i e ~g—r— - —— e -

v wad W

r

Autoradiogram elektroferograma po analizi Southern.
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Predstavitev rezultata analize Souhern: genotipizacija CF druzine z
izbranim oznaéevalcem RFLP.

Starsa sta heterozigota (prenasalca mutiranega alela),
otrok je bolnik (homozigot za mutirani alel).



Primer RFLP genotipizacije obseznejse druzine.

ja

L L

. __ 414 bp
e ™ 220,194



Posamezen
RFLP
oznacevalec je
Zza posamezno
druzino lahko
informativen,
delno
informativen ali
neinformativen.
Pogoj za
informativnost
je: starsa
heterozigota,
obstojeci oboleli
otrok
homozigot. Na
tej osnovi nato
lahko s tem
oznacevalcem
lahko
pristopimo k
posredni
predrojstveni
diagnostiki pri
tej druzini.

1. FULLY INFORMATIVE

—@

1>
1
?

3 2 2

ot

1= 1F
2 = CARRIER
2 = UNAFFECTED

2 = 50% CF
50% UNAFFECTED
1 = CARRIER
2 = CARRIER
1=50% CF .
50% CARRIER
2 = 50% CARRIER

50% UNAFFECTED

1 = 50% CARRIER
50%Z UNAFFECTED

2 = 50% CARRIER
50Z CF

1 2 =25%Z CF
50% CARRIER :
25%Z UNAFFECTED



Genotipizacija
CF-druzine
pred
predrojstveno
diagnostiko:
iskanje
informativnega
oznacevalca
RFLP.
Oznacevalec
Met H je
informativen,
ostaladva pa
ne.

—7.5kb

Met H
:v o 4-0 kb
YV 2e —2.1 kb
—1.4 kb
Met D — 6.2 kb




Uporaba vec¢
RFLP
oznacevalcev
je varnejsa pri
posredni
predrojstveni
diagnostiki.

Specificna
kombinacija
bialelnosti
oznacevalcev
(haplotip) je
uporabno
orodje pri
genski
diagnostiki.

CF-14

Met D 11 11 11 11
Met H | 12 12 12 11
XV-2c 11 12 11 11
KM-19 12 12 12 12
MP&6dS 12 12 22 22
AFS508 +/— -+/— B /o
J3.11 12 12 12 12
CF-20

Met H 22 1> 4% 29 a8 39
XV-2c 2 12> 12 12
Kh-9B 311 11 1z 11 32 12
KM-19
(SerFh) =22 =22 12 22 12 12
BSao 12 Y2 =22 11 12 1D

J3.11 22 12 D> 4> o5
AF508 —/— —/— —/+ —/— —/+ —/+
R1162x —/+ —/+ —/+ —/— —/— —/—,

CF-28

Met D 1 o 4T 9

MetH s 12 1= @ 13

XV-2c = 1 22 4o

iKM-ies 1t 12 9D oo

AF508 —/— —/— +/— +/—

J3.11 @ 3= 45 9



S PCR pomnozeni
fragment DNA, ki vsebuje
RFPL pri treh druzinskih
¢lanih (levo);
elektroferogram po
restrikciji (razcep na
mestu RFLP) (desno).

MT CF M O CF M O

a) Amplification of geriomic DNA of CF family
between KM-19 oligonucleotide primers with
PCR method

b) Restriction digestion of amplified DNA with
Pst | revealed the polymorphism of the family

il
(o3
O3

= father
b = mother
CF child

V)
I

(9
I

Uvedba PCR je zelo olajsala posredno
diagnostiko CF (potreba po manjsi
koli¢ini bioloSkega materiala,
bistveno hitrejSa izvedba, natanénost
pri interpretaciji).

Na sliki je primerjava
elektroferogramov po genski analizi s
PCR (levo) in po analizi Southern
(desno).
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e lmmm || dalisi fragment brez delecie

- P . [ | krajsi fragment z delecijo

Po odkritju CF-gena (CFTR) je bila
omogocena neposredna diagnostika CF.
Slika prikazuje elektroferogram po PCR
pomnozitvi fragmenta, ki v primeru bolezni
vsebuje delecijo treh nukleotidov (znana
mutacija, imenovana deltaF503).
Polikarilamidni gel z lo€ljivostjo 1 bp
zlahka razkrije delecijo.




Mutation screening: SSCP analysis

HE_

__

s 1

%*

FCR

M

l—— Denaturation

y S
. 1

I

Cooling

5%.3::

V primeru, da CF mutacija pri
druzini Se ni bila razkrita, lokacijo
najprej poiSéemo z ustrezno
molekularno-biolosko metodo, npr.
z analizo SSCP (polimorfizem
enoveriznih fragmentov DNA): s
PCR pomnozimo eksone CF gena
in nato vsakega podvrzemo gelski
elektroforezi pri denaturirajo€ih
razmerah; eksonski PCR fragment
denaturira v enojni verigi DNA, ki
med elektroforezo zavzameta od
DNA-zaporedja odvisni
konformaciji, kar se odrazi v
razliénih hitrostih potovanja po
gelu. Ce je v eksonu navzoéa
mutacija, je zaradi drugacne
konformacije vzorec potovanja
drugacen od normalnega.

Tak ekson nato podvrzemo
neposrednemu sekvenciranju
DNA.

Folyvacrylamide gel
electrophoresis

l



Typical gel showing SSCP analysis of a point mutation
From left to right: lanes 1-3 are homozygous for the wild-type, lane 4 is

heterozygous for the mutant, lane 5 ishomozygous for the mutant and
lane 6 is DNA marker.
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Slika 37. Spekter mutacij, ki povzro&ajo cisti¢no fibrozo. (a) delecije kodona;
(w) totkovne mutacije, ki povzrodijo spremembo aminokisline; (¢) toCkovne
mutacije, ki povzro¢ijo nastanek STOP kodona; () mutacije, ki spremenijo
bralni okvir; (v) mutacije na meji med eksonom in intronom.

Ker je v CF-genu mozno veliko Stevilo razliénih mutacij, ki so vzrok za bolezen, v okviru mednarodnega
konzorcija preucujemo njihov vpliv na fenotip bolezni. To je lahko v pomo¢ pri dobrem genetskem svetovanju.



PER CENT SURVIVAL

CYSTIC FIBROSIS

CUMULATIVE SURVIVAL RATE TO JUNE 19 35S

\ rosa-19e2(1n

Figunc 27.

To je sicer ze precej stara slika,

vendar vseeno kaze, kako
napredek v medicini lahko
izboljsa dobo prezivetja pri
bolezni kot je CF.

V tem pogledu so kliniéna,
neonatalna in predrojstvena
genska diagnostika vsekakor
zelo pomembne, saj #
omogocajo natacno
prepoznavo in opyedelitev
bolezni in nato izbor
najprimernejSih paliativnih
ukrepov (v primeru CF
fizioterapija, antibioticna
terapija...).

‘—-\. NeS3I-19S57(6e7)
‘%-\
\‘\"943—'952 <z
= i T 2 3 s s s o s

LOG YEANRS after diagrmais

‘Cumulu.ive su.rvival ratss from 1943 to 1955, of CF paticnts attend-
ing ti.c .1 3a. Thildren’s Ifospital, Melbourne, Anstraiia. Graphs (logarlthlnic
scals) tc..sgac.ed by CM Anderson (1967) and reproduced with permiss3-

Survival ﬁ)

'

Survival (%)
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Age yasrs
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Figure 28 (a) and (). Survival curves of children with cystic fibrosis, entered at
i birth: (a) meconium ileus patients, (b) non-rnecvo.ﬁum ileus patients. Repro-
* ‘duced from Wilmott et al, Arc/hr Dis Childs I98.3; 38- 835 —-836, with permission



Drugi primeri uporabe genske tehnologije v medicini




Neposredna
diagnostika
Duchennove
misiéne distrofije s
pomnozevanjem
(PCR) odsekov
velikega
distrofinskega
gena.

Bolezen povzrocajo
manjse ali vecje
delecije tega gena,
kar z multipleksnim
pristopom PCR
lahko neposredno
opazimo.

DMD 5' (=58 LA e N R S

gene

XJ1.1 p87 JBir

Size Blank 1

standards

|
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|
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kbp

Ethidium
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f:. | stained gel
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Sex testing

Doloc¢evanje spola zarodka pri
oploditvi z biomedicinsko
pomocgjo pride v postev pri
druzinah s tveganjem za X-
vezano bolezen.




e TAGGCACCCCAGGCTTTT ACACTTATGCTTCCGGCTCGTATGTGTGGAA......
e ATCCGTGGGGTCCGAAAATGTGAATACGAAGGCCGAGCATACACACCTT......

<=ATAG <=ATAG

....... ACTGATTACGTTAGGATATATATATCGACTTACGATATATCCATGAACA......
....... TGACTAATGCAATCCTATATATATAGCTGAATGCTATATAGGTACTTGT......

GATA=

GATA=

<ATAG

....... GCCGACTGATATATATATATATATATATATATATATCCCAGTTTAGCACT....
....... CGGCTGACTATATATATATATATATATATATATATAGGGTCAAATCGTGA....

GATA=
GATATATATATC GATATATC
CTATATATATAG CTATATAG
GATATATATATC GATATATC
CTATATATATAG CTATATAG
GATATATATATC GATATATC
CTATATATATAG CTATATAG
GATATATATATC GATATATC

CTATATATATAG

CTATATAG

S PCR-pomnozevanjem razliénih genomskih

lokusov posameznega mikrosatelita opazimo

veliko heterogenost, ki je lahko tudi alelno
PCR specifi¢na.

GATATATATATATATATATATATATATATC
CTATATATATATATATATATATATATATAG
GATATATATATATATATATATATATATATC
CTATATATATATATATATATATATATATAG
GATATATATATATATATATATATATATATC
CTATATATATATATATATATATATATATAG

GATATATATATATATATATATATATATATC
CTATATATATATATATATATATATATATAG




VNTR-A

Allele A2

e
e R VR

VNTR-B
Allele B2

— e —
Allele B1 “

Variabilnost
mikrosatelitov in
tudi minisatelitov
(na tej sliki) lahko
uporabimo za
genetsko
razlikovanje med
osebami.

Individual #1

v

o A D

Individual #1

DNA Fingerprint

Individual #2°

|

Individual #2

VNTR-A
Allele A3

Allele A4

VNTR-B
Allele B3

Allele B2



(a) Allele 1
Allele 2

Interindividualna
in alalena
variabilnost
mikrosatelitskega
oznacevalca.

(b)

Mikrosatelitski
oznacevalec pri
dolo¢anju
sorodstvenih
povezav.
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