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v’ Jak namnozit NK
v Jak zjistit sekvenci NK
v Co to je transkriptom a k ¢emu nam je

v Co to je (eko)toxigenomika
v’ Jak zapnout ¢i vypnout gen

v Jak zkoumat genotoxicitu
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0 NUKLEOTIDOVA SEKVENCE = analyza variaci

0 POLYMORFISMUS DNA = bodovy nebo repetitivni
0 GENETICKY OTISK

d OTISK MIKROBIALNIHO SPOLECENSTVA

0 MUTACE

O GENOVA EXPRESE, REGULACE A FUNKCE

0 REKOMBINACE DNA
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PCR:

AQ PCR = ,Polymerase Chain Reaction*

d Polymerazova retézova reakce
X objevena v roce 1983 = Kary Mullis
X Nobelova cen 1993
X ustredni metoda v biochemii a molekularni

biologil
,polymerazovad“ — vyuziti DNA polymerazy = replikace in
Vitro
,retézova reakce" - vice reakci za sebou, produkt prvni

reakce se stava ,Sablonou”“ v dalSi reakci atd. atd. atd. atd.
atd. atd.
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Exponential amplification

d PCR ath Cycle
a Poly _{Efd?w-]:: —
: i —
2nd Cyde
———" gt == -
— — —— arni
A 15t Cydle T =m0 Cycle
L —i— _
Jpolym — e ace in
Vitro =< P S
, retezc : — . prvni
reakce —_—— = d. atd.
atd. atc 2copies 4 copies 8 copies 16 copies
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PCR:

Exponential amplification
d PCR ath Cycle

a Poly =@E§ %
==¢ Ind Cyde

— A— AlN|I

A 15t Cydle T =m0 Cycle
— |
,polym = oo ace in
Vitro - ==
, retezc : ~ = . prvni
reakce —_— d. atd.
atd. atc 2copies 4 copies 8 copies 16 copies

240 =1 099 511 627 776 kopii
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By raising the temperature  The ifemperature is bwered
to abowt 90°C the strands about 55°C and synthetic

CONMCEPT: MAETIN LK, SVENSES AGELALFL]

are separated. DHA framgents are added.
These bind to the strands
at the correct positions.
— By cyding through
the thraa £ d ":i—
EsihpeeratiEnes M r s
he SEands o RIS S
e U D S X
e S S
1) e P =
v B AT
| L ey
ey S
PCR-copy ; Millions of
BT Copies an
The howr ...
The tamparalure 5 now whole process works
raised to about 70°C and like & copying machina,
The andyme DHA polymerass
which g added basilds up Dwoe
e Complals copies af the
Dby mirancs.,
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PCR:

1. TEMPLAT
DNA

2. PRIMERY

= Specifické pro napr.
—gen (receptor, enzym, membranovy prenasec atd.)
— kmen bakterii (16S RNA)

= Nespecifické
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PCR:

v 20 az 30 bazi
v Teplota nasedani zavisla na sekvenci primer 0 (-~ 50%

Obsahu GC) 5'TAGTCAﬁCATGACGc3'
v' Nemél by tvo Fit sekundarni struktury,  acrcar
o , _ I
zejména na 3’ konci
v Nemaély by tvo Fit tzv. dimery = komplementarita sekvenci
primer u S 1 23 4
5'-ACGGATACGTTACG CTGAT-3’
3'-GACTATTCCATGTAGACCT-5 =
Primer 1 s
5'-ACGGATACGTTACG CTGATAAGGTACATCTGGA-3’
3'-TGCCTATGCAATGC GACTATTCCATGTAGACCT-5’ 00>

Primer 2

v' Sekvence primer a by méla kon €it GC = siln éjSi vazba na

(@) temp |at.
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OLIGO
Www.0ligo.ne

PRIMERS3
hittp://bi

PrimerQuest

hitp://mww.idtdna.com/primnerquest/home/index
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PCR:

3. PRISTROJ
umoznujici rychlé a precisni stridani teplot

95 °C = denaturace DNA
50-60 °C = nasednuti primer u
72 °C = prodlouzeni vlakna

for toxic compounds 13




Prubéh PCR
pred vynalezenim thermocykleru

35 cykl G

8 NUDNYCH hodin !!!

14
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Pruabéh PCR

We couldn't afford one of those cool PCR robots,
s0 we just got an undergrad and a cardboard box.

for toxic compounds
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AUTOMATIZACE

.Baby Blue“ (1986) Techne TC-PLUS (2010)

StarSi prototyp
termocykleru

Biometra T1 (1999)

Eppendorf G-STORM GS4 (2006) Biometra Toptical
Research centre MaSterCyCIer EP (2012)
for toxi mpoun
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PCR:

5. REAKCNI SMES VE ZKUMAVCE

Vzorek DNA
Primery pro (ne)specifickou detekci
Nukleotidy
Enzym

for toxic compounds 17




Termostabilni
DNA polymeraza

(Tag polymeraza) Pufr

Slozky PCR:

Mzanesitin
22 3050

N N,
Horcik
ddH,O
Research centre Polymerazova fretézova reakce aneb D ékujeme,
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VI D EO = http://www:dnalc.org/view/15475-The-cycles-of-the-polymerase-chain-reaction-PCR-3D-animation.html

Template DNA dATP ﬁ . dGTP
—— . (b A scrp
m‘- Taq
polymerase l Primer B
1. DENATURACE ROV
QOAMOAMY.
/ Heat to 95°C
> NASEDANI PRIMERD A strands separate 3. PRODLUZOVANI PRIMER U

>

Number of copies
of template DNA
doubles with each cycle

Cool to 55-60°C 25-40 cycles Heat to 72°C
complementary DNA original DNA template P ry

starting from primers

Research centre

for toxic compeuEs Clin. Microbiol. Rev. October 2004 vol. 17 no. 4 903-925
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Obvyklé teploty & ¢€asy PCR

Pocateéni
denaturace

Nasedani
primer U

Prodluzovani
primer U

Ukon ¢eni
reakce

Research centre
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90° — 950 C 1-3
min

90° — 950 C 05-1
min

450 — 65° C 05-1 AVl

. cyklu

min

70° —75° C 05-2
min

70° —75° C 5-10
min

4° C

20



Obvyklé teploty & ¢€asy PCR

1X 35X 1X
94°C | 94°C
3 min 1 min 72°C
1 min
550C
Pocatecni denaturace 45 sec [
DNA
% T
B E
= Q. 4°C
© =
o] CND< ©0 ydrzovani
-

juepaseu

21
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-—
—
=
Lg]
-~
Qo
Le]

wanted gene

=<3!h cycle <

/\

— { 2nd cycle

Isteyele — eeeeeeeeeeee P 35th cycle
template DNA < <
L S o=
. . 2 < , 6 . _
4 copics S copies  16copies 32 copies 2 =68 billion copics

(Andy Vierstracte 1999)

po n-tém cyklu => 2" molekul DNA
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PCR:

0 GELOVA ELEKTROFOR EZA
® horizontalni elektroforéza na agarézovem gelu
® DNA fragmenty: 100 az 300 pb

Verification of PCR product on o
agarosc or separide gel d pOtVI’ZGI’lI' speC|f|C|ty

. fragmentu
sekvenacnimi
metodami

Ikb -

500 -

300 :

ladder PCR. fragments
(_@) EES;EEEEE%TWUSHS.ugent.be/~avierstr/principles/pcr.html o




0 GELOVA ELEKTROFOR EZA
® horizontalni elektroforéza na agarézovem gelu
® DNA fragmenty: 100 az 300 pb

Verification of PCR product on

agarosc or separide gel d pOtVI’ZGI’lI' specificity

. fragmentu
sekvenacénimi
metodami

1kb o

: —KONVENCNI PCR
" (,end-point PCR)
300 4
ladder PCR. fragments
(_6) %TEEE%}EE%:?WUSHS.ugent.be/~avierstr/principles/pcr.html 24




KONVENCNI PCR: LIMITACE

Phases of a PCR reaction

10000000 -
1000000
100000
10000
1000
100
10
1
0.1

Plateau

F
E
&
3
=L
rad
o

25
Cycle Number
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KONVENGNI PCR:

= | citlivost

= | rozliseni

= | dynamicky rozsah < 2 logs
= neautomatizovatelna

= pouze rozliseni velikosti

» ethidium bromid je spise pro semikvantitativni
barveni

Research centre
for toxic compounds 26
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GG R

Figure 4: PCR Phases in Log view

Traditoenal
PCR detection
Ares of Detection =
for Real-Time. _ LIﬂEE_iI' - Plateay/
High Variability
Ethidium-Gel
D etection
Log [DNA]
Exponential

High precision
LN AT

Cycle #

http://www.gene-quantification.de/block.html
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Gl

= fluorescencni barva vazajici se na dsDNA

K o J o e . "
-]

“of L o &
° o e dagese TS T CTET R
#‘;Mi I3 @ 2 e L]
El..|.|.|.|.|=|.|.|.|.|.|.|.5. ® @ 5 -]

® o © 3m5. o BOeCECTTL

el o
-:’! s & e * o e * o

http://www.sigmaaldrich.com/life-science/molecular-biology/pcr/quantitative-pcr/sybr-green-based-gpcr/syber-green-
animation.html
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GO R

= fluorescencni barva vazajici se na dsDNA

& =

Plateau Phase

Linear Phase

Mormalized Fluorescence
T

T Exponential Phase
Baseline Region
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ﬁSYBR green  Primer e <O>

LR LR CEEEERRTY =
LLLI | | | DNA Template

l Primer Annealing

As PCR progresses,
double stranded DNA is produced

%} SYBR green intercalates
<VA> %> into double stranded

DNA products and fluoresces

YERETYRRNRNY =

SYBR green has

minimal fluorescence in the

presence of single stranded DNA After multiple cycles, fluorescence rises

above background (threshold cycle) and this
is used to quantify amount of DNA template
present in the original sample

DeBiasi R L, and Tyler K L Clin. Microbiol! Rev. 2  004,;17:903-925

Research centre
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' Real-Time Monitoring of PCR.

Lower
Cancentration

Higher
Conceniralion

Fluorescence

« Time (Cycle Number)

1c l.U”lPUUIIU5
Attps /dnatitah.edu/LightCycler/Top LightCycler.html
P ghtt-y P_HIght-y P S R



= limitace = SYBRG GREEN se vaze nespecificky na jakoukoliv dsDN A

(“primer-dimer”, nespecificky produkt atd.)

B. Normalized Melting Curves

= o, i
oo — & a
E - i
® 157 .= |
E Double-stranded DNA | Single-stranded DNA
= is DNA) ' (random coils)
—— 5':._ ______________________
@ .
c l
a i
r [
@ 25 |
5 I
=3 !
L I
0 . : L : .
76 79 82 Tm 88 91

©)

Temperature [°C]

http://hrm-dyes.gene-quantification.info/
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Improving Real-time Specificity
Acquire data above nonspecific product Tm

nonspecific specific
: product . product |
12l |'h'

-FidT
&

L
il ki3 ] {141 ]
Tamperature {"C}

https://dna.utah.edu/LightCycler/Top_LightCycler.html
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O Fluorescenéné znacene proby vazajici se specificky na cilovy

produkt PCR

5’Nuclease Oligoprobe (Tagman)

Cleaved %
Fluorophore
Emits @ @

Fluorescence — @

A

\ Fluorophore  Quencher

Primer
5, ﬁ
3 v

Target DNA
5 ’

DeBiasi R L, and Tyler K L Clin. Microbiol. Rev. 2

3!

004;17:903-925

Molecular Beacon Probe

Target DNA

Unbound Probe in
Hairpin Configuration
(Fluorescence quenched)

Fluorophore Quencher

p
/ﬁo\wjﬂ'ﬂmﬁ

Bound Probe
Fluorescence Emitted

Clinical Microbiology Reviews

Journals ASM.Org | Copyright & American Society for Microbiology. Al Rights Reserved.
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SYBAH Groan

Research centre
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UG UL http://www.labome.com/method/Current-PCR-Methods.html
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Gl R

Absolute Quantification

1=.I i i

Yo [initial tesmplate]

b > e

ﬁl-

" % & & @ 1o
kog Jindies femplaie]
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(|PCR:

Fluorescence

Relative Quantification
Relative Copy Mumber = eff S

C Tast C mefarence
" - T

——-___-.-

. A — |

Cycle Mumber (C)

Resea ch centre
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1 “Reverse transcription polymerase chain reaction®

mm AAA RNA
= RNA
Reverse I N e (tOtal, MRNA, mlRNA)
Transcription q -
= Reverzni transkriptaza
| c
E———— """ coNA = Primery pro RT:
PCR l X oligodT
X specificky primer
———————— 1 -« s s .
_— AmPlifed X nahodny primer
1
Ampliﬁcation>\_
VIDEO =
[ — ]
e — https://www.youtube.com/watch?v=0

http://en.wikipedia.org/wiki/Reverse_transcription_polymerase_chain_reaction

(@) Research centre
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1 “Reverse transcription polymerase chain reaction®

— AAA RNA

Reverse
Transcription

-—

2 |
O
A
—

Ampliﬁcatiun>\

[ Primer

cDNA

RMHL

Primers
ReverseTranscripiase
DHAPalymerase
Bufer Reagants

RHA,

Monspecific PHmer
Rewarse TransipiEse
CHA Polymerase

Amplifie
DN

Buffer Reagarits

» [

Qhe-Step
RT-FCR

Reuarse

Transatption FCR

‘ W + IEF:-e-:'rﬁ-:F'rimEI * W
GCM o, Twa-Step
FT-PCR
VIDEO =

https://www.youtube.com/watch?v=0

MJlbrS4fbQ

http://en.wikipedia.org/wiki/Reverse_transcription_polymerase_chain_reaction

Research centre

©)
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RT-(c)PCR:

Steps and variables of a successful
MRNA guantification using real-time RT-PCR (1)

issue RNA cDNA PCR
sample
I hucleic acid RT real-time PCR
sampling isolation amplification
Sampling method: Extraction method:  Efficiency of RT: PCR Efficiency / Specificity:
e Biopsy * total RNA e RT enzyme type e Primer design
s Fixed material -rnRNA o RT temperature s Primer specificity
s Fresh blood . -_rnpro_RNA = Primers: s Consensus Frimer
s liquid-liguid —
= Tissue storage e columns = poly-T Primer » mMRMNA abundance
s Liquid Mitrogen s Rohot vs hand made s Random-hexamers o RMNA/ cDNA input
s RMNA Later s RNA integrity: s Specific primer o Polymerase types
s 15t extraction buffer e Bioanalyzer 2100 s Primer mixtures s Polymerase Mixtures
s RNA storage —80°C e Experion s one-step qRT-PCR s PCR Inhibitors & Enhancers
=> native RNA * Nano-Drop e two-step RT-gPCR o Robot vs. hand made
s mFold algorithm
http://www.gene-quantification.de/optimization2.html#overview @ MW Plaffi 2008

for toxic compounds 40
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RT-(¢)PCR:

mRN

tissue
sample

sampling

Sampling metho
s Biopsy

s Fixed material

s Fresh blood

s Tissue storage
Ligquid Mitrogen
FEMA Later

15t extraction buff
RMA storage —80°
=» native RNA

http://www.gene-(
for toxic compour
in the environment

( Y
RNA quality
= Purity

» Integrity

¢ Inhibition

b, "

rAI'IEI}I"EiE

+ >1 reference
gene

* Reference-
gene

|\ validation

~ ~
Reverse transcnption

+ RNA input amount

* RT enzyme or kit

* Priming method
\. W,

J

-~ ™
Polymerase and conditions
* Tag polymerase and
conditions
* Primer concentration
* Template amount
* Primer and probe
sequences
= Efficiency and
specificity
* Cycling conditions
and instrument

Figure 1 | Key parameters that determine the

quality of gPCR data.

(1)

PCR
ation

icy [ Specificity:
il

specificity

sus Frimer
lance

input

types

i xtures

rs & Enhancers
ind made

& MW Praffi 2008
41
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1 KONTROLA ,no-RT“ = bez reverzni transkriptazy
® kontaminace genomovou DNA (vyuziti primeru
vazajicich se na introny)
® kontaminace DNA

d PCR KONTROLA ,NTC “= bez DNA templatu
(DNA, cDNA)

® kontaminace DNA

® nespecifické produkty

d POZITIVNI KONTROLY

http://bitesizebio.com/4074/the-pcr-controls-you-mu st-use /

©)|:=
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RT-(¢)PCR:

Quantification Strategies in real time qRT-PCR

MW Pfafl BioSZpektram 2004 (Sondgarayagabe PCR)

absolute quantification relative quantification

e AN / AN

external calibration external calibration Vyuz Va tzv:, i
curve curve REFERENCNI GENY
one color detection two color detection i
system system “ "
SYBR Green | e.g. Probes, ROX housekeeplng genes
ROX X stabilni exprese
| XGAPDH, B-Aktin, 18S
external calibration curve L R NA
+ RT-PCR product = ==
_ without real-time PCR with real-time PCR
* plasmid DMNA efficiency correction efficiency correction
« IR vitro transcribed REMNA * l
« gynthetic DMNA Oligos
+ synthetic RNA Oligos 2 (-AA CP) 'T_is;r;f?ﬁ:p:

Research centre o
for toxic compounds http://www.gene-quantification.de/strategy.html 43
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RT-(c|)PCR:

Clinical Chemistry 2009, 55(4): 611-622

http://mwww.rdml.org/MIQE_checklist.pdf

TECHNOLOGY FEATURE |

Setting up for igher throughput 209
Physical limitations 209
Cycting 211
Data starcdands 212

Box 1: Melting shifts shew genetic variation 208

qPCR: quicker and easier but don't be sloppy

Monya Baker

Gene profiling using quantitative PCR 15 becoming higher throughput, but researchers must be careful
in gathering their data.

Research centre
for toxic compounds 44
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RT-(c)PCR:

(— - ‘
—ppe /
Clinical Chemistry 2009,

—
http://www.rdml.org/MIQI

R _— : NOLOGY FEATURE]

sughput 209
209

211
212
genetic variation 208

'PPY

E

qPCR: c

Monya Baker

Gene profiling 1 hers must be careful

in gathering th

Research centre
for toxic compounds 45
in the environment
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d PCR ARRAY
e vice sad primeru ve 96] nebo 384 desce
e exprese az 88 genu (96j deska)

 stanovuje specifické produkty v jednotlivych jamkach
desky

o referencni geny

 biologicke drahy = oprava DNA, bunécny cyklus,
oxidativni stres, apoptdza, cytokiny & zanét, signalni
drahy atd.

for toxic compounds 46




d PCR ARR
e vice sad pr
* exprese az

 Stanovuje 9
desky

 referencni (

* biologicke
oxidativni st
drahy atd.

Research centre

©)

for toxic compounds

cOiA 1

-

1'.
i i"

2. Add cDNA to RT* qPCR Master Mix & Aliquot Mixture Across
PCR Array.

Praifie 1 Profile 2

— 1. Convert Total RNA to cDNA. -

mkach

cyklus,
ignalni

47
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Q PCR &ip

e mikrofluidni Cip

* rychlejSi

* neni nutna standardni kfivka pri absolutni kvatifikaci
 vysoka citlivost

Research centre
for toxic compounds
in the environment
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(a) PCR Mixture PCR
Chamber Chamber Outlet

o [ Imiet? RT-PCR LOC
RT Mixture
® I'Y ehamber Pinch
* N¢ Intet2 Valve
o V)
RTIncubation Detection
Chamber Chamber
(b) FPCR Mixture PCR Detection
Chamber Chamber Chamber
RT Mixture |
Chamber
RT Incubation Finch Valves
Chamber
Research centre Lab Ch|p, 2008,8, 2121-2127

©)

for toxic compounds
in the environment
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(a) PCR Mixture PCR

D I Chamber Chamber Outlet
o [ Imiet? RT-PCR LOC
RT Mixture
® I'Y ehamber Pinch
) n‘ Inlet 2 "I'-N"I
° WA Sfbsh‘ate.ﬁ*rﬂ
L-h“--h“_ Y, - \ -
Binding _* *ﬁ‘\
! .
Probe DNA. - =P - f => ¥ streptavidin.
Amplified DNA
RTMixture .
Chamber ¢
RT Incubation Pinch Valves
Chamber
Research centre Lab Chip, 2008,8, 2121-2127
(@) for toxic compounds 50
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Experimental needs

determine if a target
NA sequence is
present or absent in a
few samples

determine quantities
of target NA in many
samples

determine quantities
of many target NA for
a few samples

detect target NA in
the field

detect very low
abundance NA
targets or need
extremely accurate
guantitation

for toxic compounds
in the environment

PCR method

standard or
conventional

real-time

PCR arrays

microfluidic chip

digital and drop digital

advantages

seasy access to
equipment
eminimal cost

scan generate
guantitative results
ecan be sequence
specific

*up to 88 genes can
be measured per
sample at a time

ofast results
esmall size
sportable

svery precise absolute
guantitation

http://www.labome.com/method/Current-PCR-Methods.html

limitations

equalitative results
only

spost reaction
handling

emore expensive than
conventional

*PCR speed is mid-
level

eONe array is needed
per sample

scostly for many
samples

*specialized
equipment
scostly

sspecialized
equipment
*Costly

o1



O multiplex PCR

v jedné PCR smési vicero primerovych paru

—_— e — —
o "I L "~ b
e 1 1 L R R L TR R AT Y e £ T L R U R T L R
Y
e

AR

Multiplex PCR primer sets

Research centre
for toxic compounds
in the environment
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O direct” PCR

* PCR bez precisténe DNA nebo RNA

PCR with mouse tail
Conventional method vs. Direct PCR method

Lysis of mouse tail Gmm
(55~65°C overnight)

¥

Inactivation of PK
(95°C 10 min)

4

Obtaining of DMNA pellet
using chemicals

¥

PCR
(with purified DMNA)

Research centre
for toxic compounds
in the environment
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Lysis of mouse tail 1-2Zmm
(60°C 10 min)

PCR
(with 1ul of supernatant of lysate)

53



d AFLP (,Amplified fragment length polymorphism®) =
Polymorfismus délky amplifikovanych fragmentu

Princip

« metoda zalozena na restrikci DNA dvéma enzymy
« selektivni namnozeni jen nékterych prouzku

« vizualizace prouzku na gelu

Vyuziti

e polymorfismus DNA

 geneticka variabilita

« fylogenetické studie

Research centre
for toxic compounds
in the environment
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Total genomic DNA

4 I 1 1 | — -

Pc *

(1) Restriction digestion

| | o A
«(2) Adapter ligation V

(3) Preamplification £ i S

\ — .

‘ N—

(4) Selective amplification ‘(

. ¥

(5) Gel electrophoresis

http://www.nature.com/scitable/content/outline-of-the-aflp-procedure-41047

https://botany.natur.cuni.cz/dna/index.php?option=com_content&view=article&id=47:aflp-

princip&catid=35:aflp&ltemid=55

Research centre
for toxic compounds
in the environment
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d RAPD-PCR (,Random Amplified Polymorphic“ DNA)
o kratké nespecifické primery (8—12 nukleotidu)

e neni potreba znat sekvenci celé genomové DNA nebo
studovaneho useku

« VYUZITI
X DNA polymorfismus
X geneticky otisk
X otisk mikrobialni komunity

t

©)|:=

mp unds
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4 RAPD-PCR (,Random Ampllfled Polymorphlc“ DNA)

. RAPD S o

F‘E y| :FJJ

i it
PCR e
7yl

i Polymerase Chain Fluaftilnn F' ‘A

N

5' 3'
3' - 3'

RAPD type

Purified genomic DNA

- F

http://www. majordlfferences com/2013/02/difference-between-rapd-and-rflp.

\U} | in the enwronment




Heavy

DNA + restriction enzyme Restriction TR Nitrocellulose weight
4 . I‘mgmmm L ONS i id paper (blot)
%2 = = =
= e — Gel
L] “ = -
{ | il — EE= . -
L ¥ L === SPonge~ NS
I Normal |l Sickle-cell Il Heterozygote = o = e ——
jp-globin  allele = ::::::E o r' o
allele owe
&) Preparation of restriction fragments ) Gel electrophoresis &) Blotting
Probe hydrogen-
T bonds to fragments i nom

Radicactively ! | containing normal

labeled probe I . m or mutant i-globin — = —

for p-globin

gene is added J— ' é —

to solution in Fragment from e T A \

— — p-globin allele paper blot
<Fmgrn¢nl: from
Paper biot normal [i-globin

) Hybridization with radicactive probe alielo & Autoradiography

http://www.majordifferences.com/2013/02/difference-between-rapd-and-rfip. _

(\j/ | in the environment



 SSH-PCR (,Suppression subtractive hybridization*®
PCR)

 dovoluje namnozit pouze cDNA fragmenty, které se liSi mezi
kontrolou (,driver”) a experimentalni skupinou (,test")

Test Control

Subtracted cDNA library
Cloning

Research centre Sequencing

,f: rtf,zxéi\fi?;?,?jﬁﬁngss://celluIarphysiology.wikispaces.com/Suppression+su btractive+hybridization+%28SSH%29 59
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o klonovani DNA

o sekvenace DNA

o fylogenetické analyzy zalozené na DNA
o geneticka diverzita

o geneticky otisk

o detekce genu

0 exprese genu a jejich funkce

O mutace

Research centre
for toxic compounds 60
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Gene 1

Gene 2

Chromosome

Genes

Length 40
El!co RI E:co RI
Repeated sequences
EcoRI Eco RI

l ]
Length 70

VNTR - variabilni pocet
tandémovych repetitivnich

sekvenci
http://www.thenakedscientists.com/HTML/uplo
ads/tx_naksciimages/dalya8 vntr_diagram.gif
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d Typy sekvenci DNA

eeeee

- jedinecné sekvence
= geny (Clovek — 80-100 000)

e repetitivni sekvence

— tandemové - bloky opakujicich se repetitivnich
sekvenci usporadanych za sebou e | B_M
® satelitni DNA - —

E.co RI
Repeated sequences

® minisatelitni DNA S R
® mikrosatelitni DNA

Length 70

VNTR - variabilni pocet
tandémovych repetitivnich

sekvenci
http://www.thenakedscientists.com/HTML/uplo

:> ro Z ptYI e n é ads/tx_naksciimages/dalya8 vntr_diagram.gif
® SINE — kratké rozptylené repetice
® LINE — dlouhé rozptylené repetice

Research centre
for toxic compounds 62
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d Typy sekvenci DNA

eeeee

- jedinecné sekvence
= geny (Clovek — 80-100 000)

e repetitivni sekvence

— tandemové - bloky opakujicich se repetitivnich
sekvenci usporadanych za sebou e | B_M
® satelitni DNA - —

E.co RI
Repeated sequences

® minisatelitni DNA S R
®(mikrosatelitni DNA

Length 70

VNTR - variabilni pocet
tandémovych repetitivnich

sekvenci
http://www.thenakedscientists.com/HTML/uplo

:> ro Z ptYI e n é ads/tx_naksciimages/dalya8 vntr_diagram.gif
® SINE — kratké rozptylené repetice
® LINE — dlouhé rozptylené repetice

Research centre
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 Mikrosatelity

e kratké tandemove repetice STR (,short tandem repeats®)

* repetice jednoduchych sekvenci SSR (,simple sequence repeats”)
e kOdujici i nekodujici oblasti

« hlavni zdroj vysoké proménlivosti — sklouznuti nukleotidoveho

retézce behem replikace (,replication slippage®)

. A rbeLfor2 beL
- alely se lii delkou e e

IRERE
11111
H 1 | |

> PCR primers 4 bp repeat

B

Research centre
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Osobni stranky K. Mullise, obsahuji popis objevu a pr
PCR (v€. videa)
http://www.karymullis.com/pcr.shtml

Video o pr ubéhu PCR
http://www.youtube.com/watch?v=2KolLnlwoZKU

PCR song, povedena pise n firmy BioRad
http://www.youtube.com/watch?v=x5yPkxCLads

PCR song, text
http://bio-

Incipu

rad.cnpqg.com/lscal/videos/ScientistsForBetterPCR/assets/BioRad PCRsonqg

Lyrics.pdf

Research centre
for toxic compounds
in the environment
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The PCR Song

There was atime when to amplify DNA,
You had to grow tons and tons of tiny cells.

Then along came a guy named Dr. Kary Mullis,
Said you can amplify in vitro just as well.

Just mix your template with a buffer and some primers,
Mucleotides and polymerases, too.

Denaturing, annealing, and extending.

Well it's amazing what heating and cooling and heating will do.

PCR, when you need to detect mutations.

PCR, when you need to recombine.

PCR, when you need to find out who the daddy is.
PCR, when you need to solve a crime.

(repeat chorus)

Research centre
for toxic compounds
in the environment
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Kvantifikace gPCR
http://www.qgene-guantification.de

Fora, diskusni skupiny
http://www.researchgate.net/topics

http://www.bio.net/

www.molecularstation.com

www.protocol-online.org

ARE You COMING To BED?

I CANT. THIS
19 IMPORTANT.

WHAT? |

/ SOMEONE 1S WRONG
ONTHE INTERNET.

/

AR

molecularbiology.forums.biotechnigues.com

www.sclenceforums.net

www.biotechnologyforums.com

www.biology-online.org

(7@) Research centre

for toxic compounds
in the environment
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N\
Al
Al

7
00
o

H4HF0FP 44200 0F00
HAFO0Fr-—HH4>Fr000F00

Chromosomes Genes DNA

PNA CRIME LAB!

Who stole the necklace?

ATCCAGGCCTTTGG
TAGGTCCGGAAACC

Be the one t0 solve the Case!

Research centre
for toxic compounds 68
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1) Predstupe n: PCR s pouzitim dvojice primer U
* namnozeni studovaneho useku DNA

2) Sekvena€ni reakce
e pouziti pouze jednoho primeru
e produkce fragment u liSicich se p fesné o 1 bazi

3) Elektroforeticka separace fragment U na gelu

Research centre
for toxic compounds 69
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AT ENEYANT
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Sangerova metoda terminace retézce

« zalozena na terminaci replikace nového  retézce
podle matrice zkoumane sekvence
dideoxynukleozidtrifosfatem (ddNTP)

 na 3’-uhliku deoxyribozy chybi OH - skupina a
proto k nim DNA polymeraza nem uze navazat dalSi
nukleotid

e pokud b eéhem replikace dojde k nahodne
Inkorporaci dideoxynukelotidu (ddA, ddC, ddG,
ddT), replikace se zde zastavi

mp unds 70
in the envi nnnnnn t



https://www.youtube.com/watch?v=0YpllblOgF8
http://biologie.upol.cz/metody/Sekvenovani%20DNA.ht

1 Reaction rixture

» Primer and DMA template = DMA polymeraes

r JdNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and 4TTP}

= -

5 ————— ¢

A T e Y
Tenp ;s
ddHTPs
AdTT=
- AT
k adaT=
AdST=

z Primer elangation
and chain termination

r

5 P ———

5 P,

L o B B e e
5 T T T T ——

Sy —
ey —

S
e —

5 T T ——— -

Research centre
for toxic compounds
in the environment

l',.-ﬂ“_

—_—

—_——

g

m

N

3 Capillary gel electrophoresis
separation of DNA fragments

4 Lazer detectior of flourochrames
and computational sequence analysis
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https://www.youtube.com/watch?v=0YpllblOgF8

http;//bi(\lnnin 1innl c7/matac\/

1 Reaction n
« Primar and

r ddMNTPs wi

g
5 q———
5 qer—r——
5 P
5 1

EHA

El B B AL T T B B B N S B e

C

|

E e |

5 T T T T T —————
Research centre
for toxic compounds
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QalnviannvianitA?2NNNIA

T

ht

N

3 Capillary gel electrophoresis
separation of DNA fragments

g;,

[y ged

N

Dedeciar

-

S

4 Lazer detectior of flourochrames
and computational sequence analysis

-_

C hramalagrgh
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https://www.youtube.com/watch?v=0YpllblOgF8

http;//bi(\lnnin 1innl c7/matac\/

1 Reaction n
« Primar and

r ddMNTPs wi

g
5 q———
5 qer—r——
5 P
5 1
5 ———
5 Sp——

B e

(@)

A

5' ACGATTCGGCACT 3
| _

Research centre
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C

G

Qalviennvanith?20NNA Wt m

N

3 Capillary gel electrophoresis
separation of DNA fragments

g;,

[y ged

N

Dedeciar

S

4 Lazer detectior of flourochrames
|| and computational sequence analysis
I
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SElATENEN AN

http:/ /www.nchi.nlm.nih.gov/

~=MNCBI
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http://web.natur.cuni.cz/zoologie/biodiversity/pred nasky/GenetickeMetodyVZoolo
gii/Prednasky 2012/NextGenerationSequencing 2012.pd f

Pyrosekvenovani
 detekce aktivity DNA -polymerazy b eéhem syntezy DNA

Research centre
for toxic compounds 75
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Sy =N EN AN

http://
gii/Pr

0

454 sekvenovani
useky 300 bp

1 -
- éteno 400 tisic fragmentd wﬁ M

1o

Ligace adaptord
- B adaptor ma biotinovou znacku pro prichyceni
na streptavidinem obalenou magnetickou kulicky

. 5, |
Py, najednou AL Al
Fragmentace DNAD DI A
- 300-800bp %
o nhe KB B0 R a N N Eh o B
3 Pico-titer plate {sekvenacni Cip
; @ FA - obsahuje 1,6 mil jamek Sirokych
:-':I e 1’.:1 . 441.II'I'I
b A F Egﬁmér DNA kulicky je 26 um
4 ) -pridavek meniich kulidek
'3 & dvou typl - jeden obsahuje
chemikalie pro pyrosekvenaci,
% {;‘x / druby typ fixuje kulicky s DNA
b
& 8 T/
A /
Emulzni PCR (' (
- DHA kulicky do roztoku olaje a vody 8 |
- Protrepani = vznik mikroreaktoru ckolo Y
kulicky b

©r

Sekvenacni reakce

- Ma desticku se cyklicky nanasi

roztok polymerazy a vidy jednoho ail .

nukleotidu... viz. pyrosekvenace ACGAT -
TGCTACG

i i ful |
e i M ia A
| I I
i
.|llI . =
=
F =
[ - T
Zaznam a zpracovani dat gy
g i
==

TOT TOXIC COMpPOUNas
in the environment
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RNA-seq
(RNA Sequencing), "Whole Transcriptome Shotgun Sequencing"("WTSS")

» sekvenovani RNA (total, mMRNA, siRNA, miRNA atd.)

Multiplexed
Sample
Preparation:

-rRNA Depletion

or PolyA
Enrichment
Library
Preparation: Eragmeniation;
Linker Ligation
e —— & cDNA
Synthesis
—
SNP Detection -Adaptor
N Ligation &
Cluster F Barcoding
Generation,
Sequencing & Splice Junction Analysis

Data Analysis:

Transcript Quantification

h@)\/m@gﬁ;m;ﬁfom/method/l?NA-seq-Using-Next-Generation -Sequencing.html#réf2



e Stanoveni genoveé exprese

* Objeveni a popsani vSech transkript U

e Charakterizace alternativnino sest Fihu (hranice

Intron) a polyadenylace

m
J Fragmentation
—— e — ™
— wo— . — Fragmented

Convert to cOMNA and
add sequencing adapters

— ==

— DNA

http://rnaseq.uoregon.edu/

Research centre
for toxic compounds
in the environment
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2.Double-strand cDNA
synthesis

3.Enzymaticfragmentation |

of cDNA

\W// | inthe environment

Front. Plant Sci., 28 August 2012

Allreactions on 96-

96 RNA-seq libraries

_ ./

well plate

4.

6. Amplificationby PCR

“On beads” reaction \;\/ \
- B , e \ /

g

h g
4.

5.Addition of adapters
with 96 unique barcodes

—A
- A

4.End repair and A addition




Table 1 Advantages and disadvantages of RT-PCR and RNAseq

Technique Advantages

Disadvantages

» High sensitivity
» High sequence-specific
RT-PCR

» A single experiment can provide information
about all the genes (translocation, ...)

» High reproducibility

» Require low amount of RNA

RNA-seq

YV VV V V V VY

Time consumed

Analyze one gene each time

Variability of the results depending the laboratory
Necessary to know the gene sequence

Require many amount of RNA
Needs a bioinformatician for the analysis of the results

High cost for one analysis

Transl Lung Cancer Res 2013;2(2):87-91

Research centre
for toxic compounds
in the environment
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Ecological value Mechanistic value

Ecosystem

Individuals

Phyvsiological functions

Molecular parameters
(transcriptomics, proteomics etc.)

Fig. 3. Conceptual framework for ecotoxicogenomics.

Aquatic Toxicology 67 (2004) 143-154

Research centre
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Exposure (Structure—activity relationships) =

|
}

Multiple genes/proteins/metabolites (Annotation)
Gene/protein groups (Functional characterization)

Biological pathways (Sequental events)

|

Networks and systems (Integrated responses)
1 :

.

Toxicology/pathology (Phenotypic anchoring)

Research centre
for toxic compounds
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Associated data

Database of transcriptomics, proteomics, metabolomics and

toxicology/pathology data on chemicals, drugs

and stressors.

v
\ Compendia of functional

Literature and clinical info
resources, toxicology

- LINKS | =

databaseslandwr/i l\
[NOVNGEL = — B

(GEnomiC reSOLICES | m—|

Hertnevﬂ 4 > ganﬂ groups with associated |+ [ Store and EUIWEF[
and networks
[}fﬁﬂunaries and metadata
ry
External links
¥

FEthways =— | Funciion

F’mtern da‘tabaae& W |

Gene/protain descriptions |

J

| Gene/protein functional

(" -+ 'NATURE REVIEWS | GENETICS VOLUME 5 | DECEMBER 2004 | 937
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s ARNSIKRIPTOM KA ¢

TRANSKRIPTOM = vycet a kvantifikace RNA v
bunce, tkdni nebo organismu (MRNA, microRNA,
SiRNA, dlouha nekodujici RNA)

d METODY
= PCR
= RNA-seq

= microarray

©)|:=

mp unds
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1 DNA ARRAY a cCip

 dvouretézcové useky molekul cDNA (komplementarni
DNA) vzniklé reverzni transkripci mRNA

e oligonukleotidové sondy sekvencné specifickeé pro
kazdy gen z genomu

* hybridiza¢ni technika

» vychazi z tzv. Northern blotu = imobilizovana mRNA
se hybridizuje se znaenou probou reprezentujici jeden
gen

e geny nebo fragmenty genu (cDNA, EST) jsou
roboticky v presné danych souradnicich umistény na
mikroskopické sklo (plast)

©)|:=

mp unds
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4 PRINCIP

e funguje na principu specifické hybridizace = na
principu parovani komplementarnich bazi nukleotidu
(spojeni vodikovymi mustky)

o destiCka (sklenéna nebo silikonova) s mnoha (bézné
desetitisici, statisici, vyjimeCné az miliony) vzorky
jednovlaken DNA oligonukleotidu nebo cDNA

[

LR N N fas DBOo0eaDad T ad s

PR PITESERD re2ep . ap

Fehama iR wanp s BB a
sl -A=N N N N-T & Bl B NN
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N EN-E NE'N R R NN WA Rl N
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s ee -] coSPEeEra B

s bBabe s epopae -

»

EEENEEE RN & s B

- L I
PEDUTDIEERO
s m@@gr ¥ S0e0a

.
s B @& s ®mm " @ a8 B8 ad g8 n
[ ]

Y s Hodoe DBOoOOHSS
Eae= 3 508 R L N LN
H9Y O 8 R e P - " C D [ ]
80 “rPOrePDeED aesdtD
e o es@ "S54 0Batne o8 &
LN R Be  X- N W] sftosB
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L
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a & ® LI I B N N I S &8 BP9
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Klin. Biochem. Metab., 14 (35), 2006, No. 2, p. 89-95./



POSTUP:

1. Vytvo feni DNA €ipu
X Navazanim oligonukleotidu (sondy) kovalentni vazbou na destiCku

2. Priprava vzorku (cDNA nebo genomova DNA)
X nezbytny krok oznaceni molekul (fluorescentni, radioaktivni) a
denaturace

3. Hybridizace vzorku s ¢€ipem
X naneseni vzorku na Cip

4. Omyti €ipu
X sondy pevné pfichycené kovalentni vazbou k povrchu Cipu a
molekuly vzorku pfichycené dostatecCné pevné na sondach.

5. Skenovani €ipu
X Vicekanalovy skener

6. Zpracovani vysledk 0
X podle intenzity vyzareného svétla lze ur€it mnozstvi
komplementarnich molekul pfitomnych ve vzorku

(@) Research centre

for toxic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdf 8s
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prepare CONAWIODe prepareivicroarray

X podle Intenzity vyzareneho svétla Ize urcit mnozstvi
komplementarnich molekul pfitomnych ve vzorku

(@) Research centre

for toxic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdf 89
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]
]
[ ]
-
L ]
-
[ ]

X podle Intenzity vyzareneho svetla I1ze urcit mnozstvi
komplementarnich molekul pritomnych ve vzorku

(6) for toic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdf 20

in the environment




Microarray

Hybridization.
Scanning images.
Quantification.

Raw intensities

Preprocessing:
Background correction,
Normalization,

Summarization.

Expression levels of
Transcripts (continuous)

RNA-Seq

Sequencing,

Base call.

Short reads
Aligned to
reference genome,
known isoform & exon-
junction sequences.

Expression levels of
Transcripts (counts)

Novel
transcripts

Statistical analysis

Statistical analysis

Cellular
functional/pathway

analysis

Differentially
expressed
transcripts

Research centre
for toxic compounds
in the environment
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Histopathology

Clinical chemistry

&

Weight, physiclogy

Absorbtion, distribution,
metabolism, excration

L8] {FiE
— —

Research centre
for toxic compounds
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identily gane/proten Muiti-domain

functional groups,
pathways and networks

miti-genome
knowledgebase

NATURE REVIEWS | GENETICS VOLUME 5 | DECEMBER 2004 | 937
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/ Known Toxicants \

P i ;s
Oestrogen Pr:ﬁ;;:t‘:; Cytochrome Effluent containing a
mimic " P450 inducer putative ogstrogen mimic

v
Exposure

kS

L TTRRE
Sl -5
TRl a4

-

Transcript
signatre

No Match |<

No Match |

Aquatic Toxicology 67 (2004) 143—-154

Research centre
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(a) Identification of toxicant specific key genes

Toxicant

(b) Development of a toxicant specific reporter

TRENDS in Biolachnalogy

TRENDS in Biotechnalogy
for toxic compounds TRENDS in Biotechnology Vol.25 No.10 94

in the environment
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Genetic Engineer.

Knockour Mice

Research centre
for toxic compounds
in the environment
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REGCCMBINACE DINA

http://worldwide.promega.com/resources/multimedia/r eporter-assays-and-
transfection/introduction-to-reporter-gene-assays/

Balll (28)
Regulatory sequence to Reporter gene S s
be studied (e.g. encoding GFP or Sac|(12) promoter
a Hindll (47)
(e.g. a gene’'s promoter) luciferase) Kpni (6) | T —

flor enhancer

DNA luciferase

L Luciferase
S~ mRNA amor | Reporter Vector
¢ (pTL-Luc)
48kb

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)

Xbal (1736)
X svio oA
BamHI (1998)
pUCon Sall (2004)

Research centre
for toxic compounds 96
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http://worldwide.promega.com/resources/multimedia/r eporter-assays-and-
transfection/introduction-to-reporter-gene-assays/

Balll (28)

Regulatory sequence to Reporter gene Nhel m,g

be studied (e.g. encoding GFP or 5-“'“2’\ —" T
(e.g. a gene’s promoter) luciferase) @ -

Apply Stimulus Measure luciferase activity
Transcription factors are
. activated and bind to
remotsr  Luciferas promoter
2 Luciforase
; Researcn centure
(@) for toxic compounds 97
in the environment




v, Sie of cleavage

o *

Host Plasmid

Cleawvage by Restriction
Endonucleases

Point o- attatchment

Anneaaling
and an-ealing

Sticky ends %y Recombinant
Specified Genes Plasmh‘j DNA

http://en.wikipedia.org/wiki/Biomolecular_engineering

Research centre
for toxic compounds
in the environment
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Prosmated

Vector Delivery to
Living Cells

Promoter

Clane inta
reporier

Light signal = promoter activity

3'UTR

Clone injo

reporter
secior

I'UTR
Reporter Vector

Genome

Viector Delivery to
Living Cells

Light signal = UTR activity

http://www.activemotif.com/catalog/900/lightswitch-luciferase-assay-system

©)

Research centre
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Promoter nebo 3'UTR
responzivniho
elementu

Tvorba plazmidu a
jeho namnozeni
(restrik éni  enzymy,
klonovani, selekce a
izolace plazmid )

Preneseni konstruktu
(plazmidu) do bun ék
= transfekce

ele)



il L LT T T
]

http://worldwide.promega.com
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il Tol2 ERE TATA Galaff PolyA  Tol2
— _ HH N

Tol2 UAS E1B GFP PolyA  Tol2

- M H N — H H

EHP 120 (2012): 990

Research centre
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RESOMBINACE DNA

0 “GENE KNOCK OUT”
— kombinace technik vede k vyrazeni genu z provozu
= DNA konstrukt pfenesen do bunécné kultury

= U zvirat jsou embryonalni kmenové buriky geneticky
upraveny a vneseny do ranniho stadia embrya

O ,GENE KNOCK -IN“ jedn&a se o nahrazeni genu, ne
0 jeho vymazani

0 ,GENE KNOCK -DOWN* jedna se o snizeni Ci
Inhibici genove exprese

©)|:=
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RECOMBLNACE DNA

Research centre
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How it works:

in vivo Model

Knock-in Mouse Generation

) Embryos with atip sites are collected
from TARGATT™ mouse.

N7 (212 ]

TARGATT™ Vecior with
Gene of interest (eg. GFP)

0 Screening pups for site-specific gene integration

Knock-in Mouse
within 3 months

TR

Applications

in vivo screenings

Zeneration of humanized models

Generation of disease models

zeneration of drug / genome interaction models

Research centre
for toxic compounds
in the environment
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in vitro Model

Stable Cell Line Generation

D Generste master TARGATT™ Celis
with afip sites (8 months)

-0 -
% e Transfection
| !

€} TARGATT™ Cell Lines Expressing Gene of Inferest

Knock-in Cell Line
within 1 - 3 months

Applications
in vitro screenings
Drug discovery
Study drug interactions

Toxicity Study
Personalized medicine
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A. Gene targeting of embryonic stem cells

Targeting vector

introduced by f
electroparation A—\
I aeBSE:

Rare cell carmying
targeted gene

Positive-negative

Pure population selection

of targeted ES cells

http://www.nobelprize.org/nobel
_prizes/medicine/laureates/2007/
advanced.html
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. Generation of gene targeted mice

.T’r-_- P

Targeted ES cells .which are .
are injected implanted into
into blastocysts... foster mothers
-.which give birth
to chimeric mice &— @‘ @—
| b
Mating between
chimeanc mouse o
and normal
moLse.

Eag (S3@~ D) Eag

Sperm Sperm

N
L L LT
Lo Lo

MNormal mice

Gene targeted mice

AMHIKA ROHL
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d “siRNA 7, ribozymy,

sIRNA technologies . dsR N A
synthetc, manmfactured, molecule =
{norestandard delvery)

Transient i
duration

4 et TN THTITTTIL]

Emzymatic

COMm

[

Soparates sIRMA ingg RN
single strands REILILT T

Cfmvagt of : B %
tarpet miA
Gene silencod . e, S - b

" ..
LI, k‘-“j cOmicals.com

-
.-—_"=




( Eh,whatevs)
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CmNCEEO) XTI TTA:

Comet Assay Overview
e ey
ONA darmage
(C hemical, U
of yrirradixtion)
g2 — ’:- = e f"
_..- - - - 8 “I.Jr__.l' = p. ‘r’r__r
Cells with darmaged single cefls are After electrophoresis:
(relaxed) DNA having  embedded on agarose- and flugrescent
single-strand / double- coated slide and ysed stahlng.thedaamged
strand breaks DA i5 separated
- fram the intact DA
a {the “head®) and
. - 1 generates a comet
il
Living calls frarm
culture media,

of tissue : : : :
r%w.agmaaldnch.com/l|fe-SC|ence/ceII-b|ology/cancer-research/learnmg-center/cancer-research-

(@) protocols/comet-assay.html 108



GENOTOXICITA: COMET ASSAY

Comet Assay Overview

o ¥ "tail™

Lirving cells frarm
culture media,

ﬁl%w S|gmaaldr|ch com/life-science/cell-biology/cancer-research/learning-center/cancer-research-

(@) protocols/comet-assay.html
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Mo-mal el LM A& Damiage

0 c
Y N

lis-seigrag aied
Caromcsae

@@

Lraug rer c2l s ContEir ng reicraru s g

ormal daughites celly

@O®;

http://www.gentronix.co.uk/product/micro-nucleus-test/
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http://www.nature.com/scitable/topicpage/fluorescence-in-situ-hybridization-fish-327#



24 flow-soried

i o i A T T |
a II | \ human
b j \ j U chromosomes
Y

-~
i
.-. e

S e o oy L \ o . at
’__’ ” =T ‘ f = Probe mixture,
, A which contains all
b + Cot-1 DNA '.l‘, | of the differentially
'/ labelled chromosome-
Labelllng of the individual chrnmnsome— painting probes
painting probes using various
combinations of fluorochromes
Hybridize, detect and analyse Metaphase
using interferometer or multiple \_ chromosome
c fluorescence filters /., \Eﬁ .’ \\Ereparaunn
R
d
T
e
re

112



©)

Gene Fixed Cells
HONDNRENN (on slides)
DNAase ),
(random cut) T
Tl T T o} SO I i I T A A N
- Dig-dUTP (or Biotin-dUTP) Denaturation
%( -dCTP + dATP + dGTP (Formamid 42°C)
NICK
TRANSLATION TTTETT T T T T T
| il L D R 2 X O 5 0 RO M 6 i O

) Hybridization
Denatu ratlon\ (on slides)
(75°C) ? 9
U L \ ’

L+ %

\i, Antibodies anti-Dig (or Avidin)
” ~

linked with a fluorophor

) \_/
il ] N @G
" T
<
[
EpifluorescentMicroscopy
= The gene is located

ARASDrEITN

kel

FISH (Fluorescent In Situ Hybridization)

http://commons.wikimedia.org/wiki/File:FISH_%28Fluorescent_In_Situ_Hybridization%29.jpg
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