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CO NAS, (EKO)TOXIKOLOGY, ZAJIMA PRI

STUDIU NUKLEOVYCH KYSELIN?

M‘WM“M by T. McCracken

DNA Testing.
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0 NUKLEOTIDOVA SEKVENCE = analyza variaci

U O 0000
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0 NUKLEOTIDOVA SEKVENCE = analyza variaci
J POLYMORFISMUS DNA = bodovy nebo repetitivni
a

U O 0 D
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NK: PROC ZKOUMAME?

0 NUKLEOTIDOVA SEKVENCE = analyza variaci

J POLYMORFISMUS DNA = bodovy nebo repetitivni
O GENETICKY OTISK

d OTISK MIKROBIALNIHO SPOLECENSTVA

d MUTACE

0 GENOVA EXPRESE, REGULACE A FUNKCE

1 REKOMBINACE DNA
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PCR: ,,KOPIRKA“ PRO DNA

d PCR = ,,Polymerase Chain Reaction®

d Polymerazova retézova reakce
X objevena v roce 1983 = Kary Mullis
X Nobelova cen 1993
Xustredni metoda v biochemii a molekularni
biologii
»polymerazova® — vyuziti DNA polymerazy = replikace In
VItro
,retezova reakce®“ — vice reakci za sebou, produkt prvni

reakce se stava ,Sablonou” v dalSi reakci atd. atd. atd. atd.
atd. atd.

for toxic compounds 19



Exponential amplification
Q PCR ath cydle
3 Poly ==<Grd (yde _ —=
:é\d Cyde f

='< — ularni

s— u
& 15t Cyde == 40th Cycle

~polyn == e ace in
vitro —_—<=

,,FetéZ( e E ! prvnl'

reakce <=< — d. atd.

atd. atc 2 copies 4 copies 8copies 16 copies
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Exponential amplification
Q PCR ath CQycle
Q Poly S 3“,=<d p—
< N —
== 2nd Cyde >
=< — ularni
== == Y
& 15t Cyde == 40th Cycle
~polyn =< e ace in
vitro —_—=
,,FetéZ( —— E [ prvnl'
reakce < — d. atd.
atd. atc 2 copies 4 copies 8copies 16 copies

240 =1 099 511 627 776 kopii
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Q PCR ath CQycle
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From for example a
drap of blood ...

By raising the temperature
to about 90°C the strands
are separated.

the threa

The temparalure is now
raised to about F0°C amd

the anzyme DNA palymerass
which is acddled blds up two
new complete copies af the
DA strands.

Research centre
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The temperature is lowered
about 55*C and synthetic
DHA framgents are added.

These bind to the strands
at the correct positions.

By cycling through

temperatures '
the strands m_/# itk
e

Aare I
HHI"‘.H ;
A i
il wp ;
——LE PCR-copy |
EEEEase s Ty

The whale procass warks
like a copying machine,

CONCEFT: MARTIN LE, SVENSES DAGELALFL]



1. TEMPLAT
DNA

2. PRIMERY = kratké oligonukleotidy DNA
= Specifické pro napr.
— gen (receptor, enzym, membranovy prenasec atd.)
— kmen bakterii (16S rRNA)

— Nespecificke
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PCR: CO POTREBUJEME? |.

Polymerase chain reaction(PCR)

s

[T °
¢ Thermostable DNA
polymerase
P
.
o <€ 1111111
TI1111] > O
2 p- TTILL11

Template-DNA

Denaturation,
primer hybridization

otidy DNA

Primer elongation

‘enasec atd.)

Denaturation,
primer hybridization
and slonaation

Denaturation,
primer hybridization
and elongation

25
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5’-ACGGATACGTTACGCTGAT-3’

5’-ACGGATACGTTACGCTGATAAGGTACATCTGGA-3’
3’-TGCCTATGCAATGCGACTATTCCATGTAGACCT-%’ 100-»

PCR: (NE)SPECIFICKE PRIMERY

20 az 30 bazi

Teplota nasedani zavisla na sekvenci primeru (~ 50%
Obsahu GC) S'TAGTCAHCATGACGC3'

by

Nemél by tvorit sekundarni struktury, i c.
zejména na 3’ konci aet
Nemeély by tvorit tzv. dimery = komplementarita sekvenci
primeru 5123 4

3’-GACTATTCCATGTAGACCT-%’ 1500

—_
-
—
—

e

400—»

v Sekvence primert by méla konc¢it GC = silnéjsi vazba na
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OLIGO
WWW.0liIgo.ne

PRIMERS3
http://biotools.umassmed.edu/bioapps/primer3 WWW.Cal

PrimerQuest
http://www.idtdna.com/primerquest/home/index

fo to ccompo nds 27
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http://www.oligo.ne/
http://biotools.umassmed.edu/bioapps/primer3_www.cgi
http://www.idtdna.com/primerquest/home/index

3. PRISTROJ
umoznujici rychlé a precisni stridani teplot

95 °C = denaturace DNA
50-60 °C = nasednuti primeru
72 °C = prodlouzeni viakna

Research centre
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Prubéh PCR
pred vynalezenim thermocykleru

95°C 55°C
5 min 3 min
35 cyklu

8 NUDNYCH hodin !!!

29



Prubéh PCR

2
>

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

Techne TC-PLUS (2010)

Starsi prototyp
termocykleru

Eppendorf G-STORM GS4 (2006) Biometra Toptical
Research centre Mastercycler EP (2012)
@) | cotimens ™ 00y




PCR: CO POTREBUJEME? lIl.

5. REAKCNi SMES VE ZKUMAVCE

Vzorek DNA

Primery pro (ne)specifickou detekci
Nukleotidy

Enzym — termostabilni DNA polymeraza




L
LY

o
Termostabilni ()
DNA polymeraza Q;
(Tag polymeraza) o Pufr
— | o
7
5

et

M©

MEguesitin
24,3050

LLLLELBLLE

ddH,O

Research centre Polymera'zava' retézova reakce aneb Dé'kujeme,
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http://www.zivaveda.ivb.cz/

VI D EO = http://www:dnale.org/view/15475-The-cycles-of-the-polymerase-chain-reaction-PCR-3D-animation.html

Primer A ‘

m Taq

polymerase

Template DNA dATP ﬁ . dGTP

Wﬁ ! l I dTTP (b A dCTP

Primer B

1 1. DENATURACE ROV
RARVARC Y

/ ~~

Heat to 95°C
> NASEDANI PRIMER( ) strands separate 3. PRODLUZOVANi PRIMERU
RRRVAROV™
OTOW'Y .

COANCATY Nomber of coplos

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 Y

starting from primers

Research centre

for toxic compounds Clin. Microbiol. Rev. (2004) 17: 903-925
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Obvykleé teploty & casy PCR

Pocatecni
denaturace

Nasedani
primeru

Prodluzovani
primeru

Ukonceni
reakce

Research centre
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909=952C

90°-95° C

45° - 65° C

70°=75°C

70°=75°C

40 C

20 — 40
cyklu

35



Obvykleé teploty & casy PCR

1X

94°C

94°C

/ 3 min

Pocatecni denaturace

DNA

1 min

gdelnjeusp

35X

1 min
55°C

45 sec

|

luepaseu

72°C

_

|poad

1uazno

1X

4°C

% udrzovani




dth cvele

yC cd::
<"th eyl {:z

wanted gene

= { 2nd cycle

lgteyele e = 35th cvele
template DNA —
2= 3 —_—
2 2 = < .
4 copics 8 copies |6 copies 32 copies 2 =68 hillion copies

{Andy Vierstracte 1999)

po n-tém cyklu => 2" molekul DNA

Research centre
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PCR: JAK DETEKUJEME NAMNOZENE KOPIE
DNA?

0 GELOVA ELEKTROFOREZA
® horizontalni elektroforéza na agarézovém gelu
® DNA fragmenty: 100 az 500 pb

Verification of PCR product on o
agarose or separide gel 4 potvrzenl' speC|f|C|ty
e fragmentu
sekvenacnimi
metodami
1kb -
S0 :
300 _
ladder PCR fragments
o mp nds http://users.ugent.be/~avierstr/principles/pcr.htm/ 38
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PCR: JAK DETEKUJEME NAMNOZENE KOPIE
DNA?

0 GELOVA ELEKTROFOREZA
® horizontalni elektroforéza na agarézovém gelu
® DNA fragmenty: 100 az 500 pb

Verification of PCR product on ) o
agarose or separide gel 4 potvrzenl speC|f|C|ty

fragmentu
sekvenacnimi
metodami

3kb

—KONVENCNI PCR
(,,end-point“ PCR)

300 4

ladder PCR fragments

fo to mp nds http://users.ugent.be/~avierstr/principles/pcr.htm/ 39
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COMNYENCMN] PCR: LIMITACE

Phases of a PCR reaction

10000000
1000000
100000
10000
1000

100

10

1

0.1

Plateau

5
E
:
3
=L
ral
o

Cycle Number

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

Research centre
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= | citlivost

= | rozliseni

= | dynamicky rozsah < 2 logs
= neautomatizovatelna

* pouze rozliseni velikosti

» ethidium bromid je spise pro semikvantitativni
barveni

Research centre
for toxic compounds 41
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¢(|PCR: DETEKCE V REALNEM CASE
kvantitativni PCR

Figure 4: PCR Phases in Log view

Traditional
PCR detection
Area of Detection =
for Real Time. Linear Plateay/
= High Variability

Ethidium-Gel

D etection
Log [DNA]

Exponential
High precision
IR TR

Cycle #

http://www.gene-quantification.de/block.html/
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= fluorescencni barva vazajici se na dsDNA

®

5 @ .‘ i 5] * ® . e ® . : @ L]

o o, o T SmmoemgEl g

"‘; ™ o . o . ] 6 >
g ettt i e o ; * o ; ,

s \ ° 0’ 3.m:.|-u.u-h5. g m5. gw
v e o »® g » © - ° ®
@ ® \

@ @
©,

http://www.sigmaaldrich.com/life-science/molecular-biology/pcr/quantitative-pcr/sybr-green-based-
gpcr/syber-green-animation.htm/
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= fluorescencni barva vazajici se na dsDNA

12 ~

Plateau Phase
w | »{_Positive Sample |
4 —
g 12 —
g 9 —
= Linear Phase
3 (O !
g 6 —
=
O Exponential Phase
Baseline Region
2
0 1 L 1 L 1 L ] J
0 s 11 15 20 Fal » 35 ®
Cycle

1V \WVUAIG \-UIII'JUUII\JD 44
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Primer

ﬁSYBR green

DNA Template

l Primer Annealing

SYBR green has
minimal fluorescence in the
presence of single stranded DNA

DeBiasi R L , and Tyler K L Clin. Microbii

Research centre

(€)

HENE Y A g P P

As PCR progresses,
double stranded DNA is produced

SYBR green intercalates
into double stranded
DNA products and fluoresces

After multiple cycles, fluorescence rises
above background (threshold cycle) and this
is used to quantify amount of DNA template

present in the original sample

bl. Rev. 2004;17:903-925

VL R WRRRCETT ey 1Y SRR T (R (RIS | TR, (S
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Real-Time Monitoring of PCR

Loweer
Caoncentration

Higher
Conceniration

Fluorescence

Time (Cycle Number)

(é))t tﬁé@iﬁﬁ;’ﬂiﬁﬁ edu/LightCycler/Top_LightCycler.htm/



= limitace = SYBRG GREEN se vaze nespecificky na jakoukoliv dsDNA
(“primer-dimer”, nespecificky produkt atd.)

B. Normalized Melting Curves

M

= o i Improving Real-time Specificity

100+ - ~< : Acquire data above nonspecific product Tm
—) =" '
E S . i nons delﬂtic spelé:ifig[
— 1 =" roduc
s 75] = | | P 2 :
E . L i . 2L fﬂl
= Double-stranded DHA : Single-stranded DNA I
= (ds DNA) | (random coils) j
@ SO e s |I '
o : ¥ [
T ! N .
o i o4 | f l'
x i YN
E i ‘l i i i l‘\I"‘-‘
L : El Fr &0 [T o

0 , 1 L : Tamparaturs ("C)
76 79 g2 Tm g8

%}tps:/ '/dna.utah.edu/LightCycler/Top_LightCycler.html
Temperature [°C]

http://hrm-dyes.gene-quantification. info/
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¢(|PCR: PROBY
U Fluorescencne znacCene proby vazajici se specificky na cilovy
produkt PCR

5’Nuclease Oligoprobe (Tagman) Molecular Beacon Probe
Target DNA
Unbound Probe in
Cleaved v\/‘// Hairpin Configuration
Fluorophore (Fluorescence quenched)
Emits

/»é‘j \ Fluorophore  Quencher

Target DNA %fﬁ - \
g 3’ L]

Target DNA with
Bound Probe
Fluorescence Emitted

DeBiasi R L , and Tyler K L Clin. Microbiol. Rev. 2004;17:903-925 Cllnl Cal Ml CrOb ' OI Ogy ReVi ews

JOUI’H&IS.ASM.OFQ | Copyright © American Society for Microbiology. All Rights Reserved. 48



' SYBR Green

Research centre
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Absolute Quantification

" % 4 & @ 1oz
Jogg [inaxal Semplate)
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Fluorescence

Relative Quantification
Relative Copy Mumber = eff o ot

C Tost C mefarance

— AC

Cycle Mumber (C)

ch t

Research centre
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RT-(¢|)PCR: PCR PRO RNA

d "Reverse transcription polymerase chain reaction”

el AAA RNA

1 Primer
Reverse

Transcription

[ ————|
AAA cDNA

pcx |

Amplified
DNA

Ampliﬁcation>\

o)

= RNA
(total, mMRNA, miRNA)

* Reverzni transkriptaza
* Primery pro RT:

HoligodT
X specificky primer
X nahodny primer

VIDEO =

https://www.youtube.com/watch?v=0
MJIbrS4fbQ

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

Research centre
for toxic compounds
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RT-(¢)PCR: PCR PRO RNA

d "Reverse transcription polymerase chain reaction”

el AAA RNA

= Primer [po RT-PCR
Reverse el : .
- ReverseTranschptase
Transcription DNAPolymerase
Bufer Reagents One-Step
- RT-PCR
L T —
—
SNP' e Transcription PCR
onspecme Frnmer
PCR 1 Reverse Transciptase » + Eoec'rﬁc Pt‘img' ’
DNA Polymerase
[ ——1] | BuﬁerReagents cDNA Two-Step
| ———— ] 3 — —
Amplifie RT-PCR
=1
I — DN~
Ampliﬁcation>\
VIDEO =
https://www.youtube.com/watch?v=0
MJIlbrS4fbQ

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

©)
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RT-(c|)PCR: KRITERIA USPESNOST!I

Steps and variables of a successful

MRNA quantification using real-time RT-PCR (1)

tissue RNA cDNA PCR
sample
I nucleic acid RT real-time PCR
sampling isolation amplification
Sampling method: Extraction method:  Efficiency of RT: PCR Efficiency / Specificity:

EBiopsy

Fixed material
Fresh blood

TissUe storage
Liguid Mitrogen
RMA Later

13t extraction buffer
EMNA storage —80°C
=» native RNA

s total RNA

s MRMNA
s microRMNA

liquid-liquid

columns

Robot vs. hand made
RMNA integrity:

s Bicanalyzer 2100
s Experion

s Mano-Drop

s mFold algorithim

ET enzyme type
ET temperature
Primers:

s poly-T Primer

s Fandom-hexamers

s Specific primer

s Primer mixtures
ohe-step qRT-PCR
two-step RT-qPCR

gene-quantification.de/optimization2.html*overview

http://www.
( ) for toxic compounds
in the environment

o Primer design
s Primer specificity
s Consensus Primer
s MREMNA abundance
o RMNA/cOMNA input
s Polymerase types
s Polymerase Mixtures
s PCR Inhibitors & Enhancers
o Robot vs hand made

B MW Plaffl 2008



RT-(¢)PCR: KRITERIA USPESNOSTI

mR

tissue
sample

sampling

Sampling meth
s Biopsy

s Fixed material

s Fresh blood

s Tissue storage

s [jquid Nitrogen

s RRMA Later

s 15textraction bu

s RNMA storage —8
=» native RNA

http://www.gene-¢
( ) for toxic compo
in the environment

/
RNA quality
* Purity

¢ Integrity

¢ Inhibition

\

\

( Analysis
¢ >1 reference
gene
¢ Reference-
gene
\ validation

—>

s i
Reverse transcription

* RNA input amount

¢ RT enzyme or kit
* Priming method
. _J
' )
Polymerase and conditions
¢ Tag polymerase and
conditions

¢ Primer concentration

* Template amount

¢ Primer and probe
sequences

e Efficiency and
specificity

¢ Cycling conditions
and instrument

L S

Figure 1 | Key parameters that determine the
quality of qPCR data.

R (1)

e PCR
zation

ancy [ Specificity:

ign
r specificity

snsus Primer
ndance

Adnput

g types

& Mixtures

tors & Enhancers
hand made

B MW Plaffl 2008
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d 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

® nespecificke produkty

Q POZITIVNI KONTROLY

nttp://bitesizebio.com/4074/the-pcr-controls-you-must-usel
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RT-(¢))PCR: KVANTIFIKACE

Quantification Strategies in real time qRT-PCR
MW Piail BinSpektrum 004 (Soncerausgabe 2R

absolute quantification

relative quantification

N

N

external calibration external calibration normalisation external
curve curve calibration
one color detection twio color detection via one via reference curve without
system system reference gene index any referenece
S5YBR Green | e.g. Probes, ROX gene »3 HKG fene
ROX ROX
external calibration curve
+ RT-FCK product
_ without real-time PCR with real-time PCR
» plasmid DNA efficiency correction efficiency correction

« nvifro transcribed FMNA

+ synthetic OMNA Oligos

L

. . . (-AA CP) REST, qGene
synthetic RMA Oligos 2 LC software
(@) ?;Sfixrfihc‘fnﬂgﬁunds http://www.gene-quantification.de/strategy.html
in the environment
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RT-(¢))PCR: KVANTIFIKACE

Quantification Strategies in real time qRT-PCR
MW Piail BinSpektrum 004 (Soncerausgabe 2R

absolute quantification

relative quantification

v

N

/ AN

external calibration
curve
one color detection
System
SYBR Green |

external calibration

tewo color detection
System
e.g. Probes, ROX

vyuziva tzv.

— REFERENCNI GENY

' “housekeeping genes”

ROX

X stabilni exprese

'

/

X GAPDH, B-Aktin, 18S

external calibration curve / RNA

+ RT-PCR product — —
_ without real-time PCR with real-time PCR

» plasmid DNA efficiency correction efficiency correction

« Inwifro transcribed BEMNA ¢ l

+ synthetic OMNA Oligos

« synthetic RMNA Oligos 2 (-A4 CP) T_E:S:‘;;:E:p:

(@) ?;Sfixrfihc‘fnﬂgﬁunds http://www.gene-quantification.de/strategy.html 59
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The MIOE Guidelines - Minimum Information for Publication of
Quantitative Real-Time PCR Experiments

Clinical Chemistry 2009, 55(4): 611-622
http://mige.gene-quantification.info/
http://www.rdml.org/MIQE_ checklist.pdf

TECHNOLOGY FEATURE |

Setting up for higher throughput 209
Physical limitations 209
Cycling 211
Data standards 212

Box 1: Melting shifts show genetic variation 208

qPCR: quicker and easier but don't be sloppy

Monya Baker

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

Research centre
for toxic compounds 60
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http://www.gene-quantification.de/miqe-bustin-et-al-clin-chem-2009.pdf
http://miqe.gene-quantification.info/

RT-(¢|)PCR: PUBLIKOVATELNOST DAT

P =pipctie. "~ /
)LOGY FEATURE |

¥ . ’
I { put 209
: 200
211
212

tic variation 208

PY

Clinical Chemistry 2009, 55(

http://www.rdml.org/MIQE_c

qPCR: quip®

Monya Baker

Gene profiling usin must be careful

in gathering their |

for toxic compounds 61


http://www.gene-quantification.de/miqe-bustin-et-al-clin-chem-2009.pdf
http://miqe.gene-quantification.info/

(RT)-(c|)PCR: Modifikace

4, direct* PCR

* PCR bez precistene DNA nebo RNA

PCR with mouse tail
Conventional method vs. Direct PCR method

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

$

Inactivation of PK
(95°C 10 min)

3

Obtaining of DMA pellet
using chemicals

4

FCR
Rese II'I.I'I.I'IJ[h DUFiﬁEd DHJ""'-]

for t
inth

©)

Lysis of mouse tail 1-2mm
(60°C 10 min)

PCR
(with 1ul of supernatant of lysate)



U multiplex PCR

* v jedné PCR smési vicero primerovych paru/préb

. ] ra—— 4 — ——
b, T < < - -
wed || T R T T g LT T T T
N
~—

Vi

Multiplex PCR primer sets

Research centre
for toxic compounds 63
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d PCR ARRAY

* vice sad primeru ve 96] nebo 384j desce

* exprese az 88 genu (96j deska)

« stanovuje specifické produkty v jednotlivych jamkach desky
 referencCni geny

* biologické drahy = oprava DNA, bunecny cyklus, oxidativni
stres, apoptoza, cytokiny & zanet, signalni drahy atd.

for toxic compounds 64



d PCR ARR

e vice sad pr 1

=
c0OMA, 1 cDMA, 2 ' ’

1. Convert Total RNA to cDNA.

* exprese az

° StanOVUje S 2 ﬂlgdttlli uﬂlf:lr'-l;tuﬂT’qFEH Master Mix & Aliquot Mixture Across (éCh deSky

* referencni (

* biologicke yklus, oxidativni
stres, apoptd td.

3. Runin Your Real-Time PCR Instrument.

Prafie 1 Frofile 2

Research ¢
for toxic cg
in the envir|
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d PCR cip

* mikrofluidni Cip

* rychlejsi

* neni nutna standardni krivka pri absolutni kvantifikaci

* vysoka citlivost

Research centre
for toxic compounds
in the environment
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d PCR ¢ip

(a) PCR Mixture PCR
. Chamber Chambaer Outlet
* Mikr
Imletq RT-PCR LOC
* rych
RT Mixture
, Ghamber Pinch
( ]
neni nlet 2 Valve
* VYSO
RTincubation Detection
Chamber Chamber
(b) PCR Mixture PCR Detection
Chamber Chamber Chamber
RT Mixture -'
Chamber

e =

RT Incubation Pinch Valves

in the environment

Chamber
R h t .
(@) e Lab Chip, 2008,8, 2121-2127 -




EI PCR[!?iD

PCR Mixture PCR
. Chamber Chamber Cutlet
e Mikrt
Imlet 1 RT-PCR LOC

* rych

RT Mixture

, Chamber Pinch
[ )

nenl nlet 2 Valve
* VYSO
RTincubation Detection

(2) «  Amplified DNA (b) + Denaturation (© @ Smmh#E-n 1‘1‘ s Light generation

Chamber

RT Incubation Pinch Valves

Chamber
R h t q
(@) for tove compounds Lab Chip, 2008,8, 2121-2127 5

in the environment



d dPCR (,,digital PCR*) a ddPCR (,,droplet digital PCR")

 alternativni metoda ke konvencni qPCR vyuzivana napr. pro
detekci vzacnych alel a sekvenci a pri analyze 1 bunky

 mnoho individualnich, paralelnich PCR reakci
 absolutni kvantifikace

« kombinace nanofluidniho Cipu, microarray ¢Ci tocCici se
mikrofluidni disk a TagMan® prob

Preparation Distribution PCR reaction Readout

SO000 .0
Q00 | 238
“O000 882
elolele

0000

gDNA, cDNA, RNA, Sample partitioned @ Positive reactions Absolute
( plasma into many reactions ® Negative reactions quantification
/| inthe environment http://www.bio-rad.com/de-de/applications-technologies/digital-pcr



Preparation

Distribution

| = | =
=

et

| =m | -

PCR reaction

Target of interest
== Background DNA

\V

Readout

@O0
OOO®
QOO0
OOO00O

gDNA, cDNA, RNA, Sample partitioned @ Positive reactions Absolute
plasma into many reactions @ Negative reactions quantification

/' | Inthe environment http://www.bio-rad.com/de-de/applications-technologies/digital-pcr



= Target of interest

| s
A == Background DNA
A
Iv s 2
==y

—
PCR Real-Time PCR Droplet Digital PCR
Qualitative Relative Quantitation Absolute Quantitation

http://www.bio-rad.com/de-de/applications-technologies/digital-pcr
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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 quantitation

for toxic compounds

PCR method

standard or
conventional

real-time

PCR arrays

microfluidic chip

digital and drop digital

Advantages

*easy access to
equipment
*minimal cost

scan generate
gquantitative results
ecan be sequence
specific

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

fast results
small size
*portable

svery precise absolute
guantitation

Limitations

equalitative results
only

*post reaction
handling

*more expensive than
conventional

*PCR speed is mid-
level

*One array is needed
per sample

costly for many
samples

*specialized
equipment
scostly

*specialized
equipment
costly

12

in the environment Attp://www.labome.com/method/Current-PCR-Methods.html/



O AFLP (,Amplified fragment length polymorphism“) = Polymorfismus
délky amplifikovanych fragmentu

Princip

- metoda zalozena na restrikci DNA dvema enzymy
- selektivni namnozeni jen nékterych prouzku

- vizualizace prouzku na gelu

Vyuziti

 polymorfismus DNA

« geneticka variabilita

- fylogenetické studie

for toxic compounds 73
in the environment
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dA
delk

(1) Restriction digestion

Prin«

t
(2) Adapter ligation
- sele

« VIZL(3) Preamplification

Vyuz(4) Selective amplification
* pol

* gen
(5) Gel electrophoresis

- fylo

Research centre

©)

in the environment

yrfismus

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

for toxic compounds  pttns: //botany.natur.cuni.cz/dna/index.php?option=com_content&view=artié¢lfe&i
d=47:aflp-princip&catid=35:aflp&Itemid=55



L RAPD (,,Random Amplified Polymorphic“ DNA)
- kratké nespecifické primery (8—12 nukleotidu)

* neni potreba znat sekvenci celé genomove DNA nebo
studovaneho useku

- VYUZITI
X fylogeneze
X DNA polymorfimus
X geneticky otisk
X otisk mikrobialni komunity

75



RAPD

5'
3'

Purified genomic DNA

©)

Research centre
for toxic compounds
in the environment
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74 U
PCR e
vl 924
Polymerase Chain Reaction "7. A
>
3!
S
. 5'
RAPD type
>

http://www.majordifferences.com/2013/02/difference-between-rapd-and-
rfip.htmi#.VDD5SBawRSM 76



L SSH-PCR (,,Suppression subtractive hybridization“ PCR)

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

Control

Subtracted cDNA library
Cloning

Sequencing

R h t
f;rstes;.cc c‘;er: prsunds https://cellularphysiology.wikispaces.com/Suppression+subtractive+hybridization+

in the environment 2% 28SSH% 29
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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

o exprese genu a jejich funkce

O mutace

Research centre
for toxic compounds 78
in the environment
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(¢)PCR: POLYMORFISMUS DNA

d Typy sekvenci DNA

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

* repetitivni sekvence

eeeee

— tandemové - Dbloky opakujicich se repetitivnich

sekvenci usporadanych za sebou e et
® satelitni DNA A e
® minisatelitni DNA B EE

Length 70

¢ mlkrosate“tnl DNA VNTR - variabilni poCet

tandémovych repetitivnich

sekvenci
. 7 http://www.thenakedscientists.com/HTML/uplo
— rOZp ty/en e ads/tx_naksciimages/dalya8_vntr_diagram.gif

® SINE — kratké rozptylene repetice
® LINE — dlouhé rozptylené repetice

Research centre
for toxic compounds 79
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(¢)PCR: POLYMORFISMUS DNA

d Typy sekvenci DNA

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

* repetitivni sekvence

eeeee

— tandemové - Dbloky opakujicich se repetitivnich

sekvenci usporadanych za sebou e et
® satelitni DNA A e
® minisatelitni DNA B EE
. . g Length 70
¢ mlkrosate“tnl DNA VNTR — variabilni pocCet

tandémovych repetitivnich

sekvenci
Y. b http://www.thenakedscientists.com/HTML/uplo
— rOZp ty/en e ads/tx_naksciimages/dalya8_vntr_diagram.gif

® SINE — kratké rozptylene repetice
® LINE — dlouhé rozptylené repetice

Research centre
for toxic compounds 80
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d Mikrosatelity

- kratké tandemoveé repetice STR (,short tandem repeats™)

* repetice jednoduchych sekvenci SSR (,simple sequence repeats”)
« kodujici I nekodujici oblasti

« hlavni zdroj vysoke promeénlivosti — sklouznuti nukleotidoveho

retézce béhem replikace (,replication slippage”)

R A rbcLfor2 bel
- alely se lisi delkou i R

> PCR primers B4 bp repeat

B

Research centre
for toxic compounds 81
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Osobni stranky K. Mullise, obsahuji popis objevu a principu
PCR (v€. videa)
http://www.karymullis.com/pcr.shtml

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

PCR song, povedena pisen firmy BioRad
http://www.youtube.com/watch?v=x5yPkxClLads

PCR song, text

http://bio-
rad.cnpg.com/Isca/videos/ScientistsForBetterPCR/assets/BioRad PCRsong Ly
rics.pdf

Research centre
for toxic compounds 82
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http://www.karymullis.com/pcr.shtml
http://www.youtube.com/watch?v=2KoLnIwoZKU
http://www.youtube.com/watch?v=x5yPkxCLads
http://bio-rad.cnpg.com/lsca/videos/ScientistsForBetterPCR/assets/BioRad_PCRsong_Lyrics.pdf

©)

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 qPCR ARE You COMING To BED?
http://www.gene-quantification.de I CANT THIS
1S IMPORTANT.
WHAT? |
Fora, diskusni skupiny / SOMEONE 15 WRONG
http://www.researchqgate.net/topics ONT;'E INTERNED,

http://www.bio.net/ m
3 ;

www.molecularstation.com

www.protocol-online.org

molecularbiology.forums.biotechniques.com

www.sclenceforums.net

www.bilotechnologyforums.com

www.biology-online.org

(@) Research centre

for toxic compounds 84
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http://www.gene-quantification.de/
http://www.researchgate.net/topics
http://www.bio.net/
http://www.molecularstation.com/
http://www.protocol-online.org/
http://www.scienceforums.net/
http://www.biotechnologyforums.com/
http://www.biology-online.org/

C C

G G

&2 ;T‘ G G

| r:.'. g r:-v < - G G

: ) o \ o G G
A A A A

«\ &7 — \ ¥ °F
’ & g

A A

T 7T

Chromosomes Genes DNA

JAK ZJISTIME SEKVENCI NK?

PNA CRIME LAB!

WhO stole the necklace?

ATCCAGGCCTTTGG
TAGGTCCGGAAACC

Be the one to solve the Case!

7 Research centre
for toxic comp d
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1) Predstupen: PCR s pouzitim dvojice primert
* namnozeni studovaného useku DNA

2) Sekvenacni reakce
e pouziti pouze jednoho primeru
e produkce fragmentu liSicich se presné o 1 bazi

3) Elektroforeticka separace fragmentu na gelu

Research centre
for toxic compounds 86
in the environment

©)




SEKVENOVYAN]: SANGEROVA METODA

Sangerova metoda terminace retézce
e zalozena na terminaci replikace nového retezce
podle matrice zkoumaneé sekvence
dideoxynukleozidtrifosfatem (ddNTP)

e na 3’-uhliku deoxyribézy chybi OH - skupina a
proto k nim DNA polymeraza nemuze navazat dalsi
nukleotid

e pokud beéehem replikace dojde k nahodné
iInkorporaci dideoxynukelotidu (ddA, ddC, ddG,
ddT), replikace se zde zastavi

87



https://www.youtube.com/watch?v=0YpliblOgF8
http://biologie.upol.cz/imetody/Sekvenovani%20DNA.htm

I Reaction mixture

* Primer and DNA template = DNA polymerase

» ddNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP)

Primar

e o o e o e e

Tt ettt T
Tampiats —

ddHTPs

ddTTF

dACTP

(" a4

2 Primer elongation
and chain termination

i
T T T

i o e e

EL o o e

s o e e e e e e

EE o o o o o o e

7 P — 1

EE o o o o e o e e e o S
Ak o e e e e e e e e e

ST T p—p————
Research centre

for toxic compounds
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3 Capillary gel electrophoresis
separation of DNA fragments

Capillary gel

-

@ Laser detection of flourochromes
and computational sequence analysis

88



https://www.yol
http://biologie.L

I Reaction mixture
* Primer and DNA template
= ddMTP= with floures hromi

2 Primer elor =
and chain ten —

3. L ies
I l |

P=EPpPPPPPO-SNOPOPPOOOO--00~D

i
T T T

o e e e e e e
EL o o e
E L o e e e e e e e e

s o e e )

s e e o

wetion of flourcchromes
itional sequence analysis

T rrrrrererreree:

YT rrrorreem-
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for toxic compounds . 89
in the environment -

—
—

> 11111
4 |

®
o



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

Mam sekvenci a neznam

WCH Hoare: _‘
Welcome to MCEI Popuakar -
sy 2 g organismus, gen
AR — Tree Halieral Genbs bor Bigtechroda gy Inkormesbion gdonces srence and
Health by providin g 3ccees n Enmed ey and penamic nfomakan. Bagkanall
Chiavesdl & Biassis Cona
P—— et £ PCE | NS 5b0n | Crganizaiean | Asssaarch | Ao3S Feeds
HARR hucksotide
DHAB RFA SEL S 1 o
Drmans & Sndues
Treds: Sazhze datausing HOB sofivar Pratean
Girsc & BEgmsskn Cern bocwctn - Gest ICE] §213 £r oo
Conatics & Weddrg Fhowe T Lasam Niow b acar plsh spa i ks at HCE Fustrem
Sk b ke, Subenil dat iy CenBiani o i HCH dalabages Pukled
S o hledam sekvenci
Homodagy )
Linie 1
organismu, genu
Protuic
HEDE Hews
Sequeree gl
T P B sl i
TaInreeT =D
Il maian o T Fiedd Gl 0N 50N, i red
Traiin g & Turkds 1723 BLAST datnbowms upduien fo Fsquin,
wangien "1 2 31 &8 5 8 T N
KCBIwl cavinge by opesrate SRA o
Sukeequeatiin an annouacamarn] nF.-h.;zn
2011 el HCH whic plannine] 10 Bl iss ol Tr
T
-
=
kT A LAR R RESOLALES POMILAR FERTLURED HCBIINFCAMATION i i b Haip Do sk
WS Edecaton Cromcsa & Bommrn Fabled GanBass et O8I
HCH Hen ianis [uia & Eatware el o e T Faest ot WEB
WIS Hckaok DHLA B RS BLAST Map 'fwwu HCB Sranikn:
Trgrimg & Tl Cerming | Torechres Pl g i i | Cerg =y Prepech MO FTP D
dees § Eapresiain Qe Ham (i HCH i PR Dok
Dty § g B oa s G e WL T
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d Entrez:
http://www.ncbi.nlm.nih.gov/Class/MLACourse/Original8Hour/Entrez/

- prohledava vSechny databaze asociované s NCBI (,National Center for
Biotechnology Information®) — napf. databaze ,Nucleotide®, ,Gene",
,Genome*

O GenBank: http://www.ncbi.nlm.nih.gov/genbank/
- nazev mista, délka sekvence, typ molekuly (DNA/RNA),
nukleotidova sekvence

a EMBL: http://www.embl.de/
- databaze Evropského bioinformacniho institutu

O http://molbiol-tools.ca/
- sekvence a jejich analyza

Research centre
for toxic compounds 91
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http://www.ncbi.nlm.nih.gov/Class/MLACourse/Original8Hour/Entrez/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.embl.de/
http://molbiol-tools.ca/

2

lirnitace

Sangerova metoda — limitace:

e nutna PCR amplifikace €i klonovani jednotlivych
DNA fragment

« sekvenace jednotlivych DNA fragmentu (v 1
sekvenacnim béhu = max. 96 vzorki - 96
kapilarové sekvenatory)

» délka ziskané sekvence cca 650 bp

e max. sekvenacni vytézek jednoho sekvenacniho
behu cca 60 kb

SEKVENOVYAN]: SANGEROVA METODA -

92
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SEKVENOVAN]: SEKVENOVANI NOVE
GENERACE

,Next generation sequencing®:

Paralelizace procesu sekvenovani, kdy dochazi Kk
sekvenovani tisicu az milionu sekvenci soucasné;:

1. templatova DNA fragmentovana na useky nékolika set bazi dlouhé

2. konce ziskanych fragmentu jsou enzymatickou reakci zatupeny a
napojeny k oligonukleotidum uréité sekvence (tzv. adaptéry)

3. jednotlivé fragmenty jsou oddélené amplifikovany PCR reakci (u
nékterych technologii tento krok chybi) a pak v jednom kroku paralelnée
sekvenovany. Pri tomto paralelnim sekvenovani se sekvenuji miliony
sekvenci najednou.

e Délka ziskanych sekvenci je cca 20-700 bp. Sekvenacni vytézek jednoho
béhu sekvenatoru muze byt az nékolik tisic Gb, pfiéemz cena
sekvenovani za 1 b je az o dva rady nizsi nez by byla u kapilarniho
sekvenovani Sangerovou metodou.

eb:natur.cuni.cz/zoologie/biodiversity/prednasky/GenetickeMetody
Vz I/Prednasky 2014 /NextGenerationSequencing_2014.pdf



SEKVENOVAN]: SEKVENOVANI NOVE
GENERACE - VyuZiti

» celogenomové sekvenovani, tzn. de novo sekvenovani
neznamych genomu

» sekvenovani jednotlivych chromosomu, plazmidu ¢i mitochondrii

* studium genetickeé variability, mutacni analyzu, kvantifikaci
jednotlivych alel

* transkriptomovou analyzu (,RNA-sequencing”) — analyza
exprese kodujici i nekddujici RNA v genomu

« studium DNA-proteinovych interakci (,ChlP-sequencing®)

 metagenomika (analyza biologicke diverzity) — napfr. pro
genotypizaci bakteri

h ntre

mpounds i . 94
inthe smuronment http://labguide.cz/sekvenovani-nove-generace/
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Vyvoj sekvenacnich metod za poslednich 30 let

1,000,000,000
100,000,000 -
10,000,000+
1,000,0004

100,00004

Massively parallel
sequencing

Capillary sequencing

10,000

Gel-based systems

1,000

100+

Kilobases per day per machine

10+

Automated
slab gel

First-generation
capillary

Single
molecule?

Short-read
sequencers

 Microwell
pyrosequencing

Second-generation
caplllary sequencer

1995 2000 2005
Year

20; 0 f'-'uture

101 LOXIC Cormnpourius
} | in the environment

Stratton et al. 2009 Nature 458:719-724
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SEKVENOVAN]: SEKVENOVANI NOVE
GENERACE - Platformy

Platforma

454 (Roche) Solexa (lllumina) SOLID (ABI)

Sekvenacni princip Pyrosekvenovani | Polymerase-based Sekvenovani zaloZzene
sequencing by synthesis | na ligaci

Zpusob amplifikace PCR v emulzi Mistkova” amplifikace PCR v emulzi
Par. konce/vzdalenost | (Ano)/3 kb Ano/200 bp Ano/600 bp -10 kb
Mb/béh 200 Mb 1300 Mb (2 600 Mb 30 Gb (120 Gb)
Cas/béh (par. konce) | 7.5 hod (10 hod) 4 dny 5 dnd
Délka ¢tené sekvence | 400 bp (1000 bp) | 35 bp (70 b 20 bp
Naklady na 1 Mb 84.39 % (250 bp) 5,97 % (35 bp) 5,81 % (35 bp)

Sangerovo sekvenovani (ABl) - 1700 % /1Mb
wem  perspektiva

Upraveno podle Mardis E. (Cell, 2008)

©)
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SEKVENOYAN]: PCR v emulzi (emPCR)

http://inovace-mbb.upol.cz/files/vyukovy-portal/portal-old/genomika_-
_simkova/sekvenovani-web.pdf

PCR v emulzi (emPCR)
 fyzické oddéleni jednotlivych fragmentu NK

Cteni sekvence
e sekvenovani syntézou (,,sequencing by synthesis®)

sekvenovani zalozeném na ligaci (,ligation Dbased
sequencing®)

Research centre
for toxic compounds o7
in the environment
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£,

[ds)

454 sekvenovani

2 Ligace adaptoru
useky 300 bp - B adaptor ma biotinovou znacku pro prichyceni
1 2 na streptavidinem obalenou magnetickou kulicku
- &teno 400 tisic fragmentu M .
. E
najednou AL ARAUUARASARARIAAAR, Ad
Fragmentace DN 4
- 300-800bp : B
3 4 Pico-titer plate (sekvenacni cip
A - obsahuje 1,6 mil jamek Sirokych
@ 44um
- primér DNA kulicky je 26 um
-pridavek mensich kuliek
& dvou typd - jeden obsahuje
chemikalie pro pyrosekvenaci,
druhy typ fixuje kulicky s DNA
d
Emulzni PCR

- DNA kulicky do roztoku oleje a vody
- Protfepani = vznik mikroreaktoru okolo
kulicky

Sekvenacni reakce
- Na desticku se cyklicky nanasi
roztok polymerazy a vzdy jednoho
nukleotidu... viz. pyrosekvenace

ACGAT.
TGCTA

') [

W10 AR Dty bomss T1 et |

B b

Zaznam a zpracovani dat




SEKVENOYAN]: PYROSEKVENOVANI

http://inovace-mbb.upol.cz/files/vyukovy-portal/portal-old/genomika_-
_simkova/sekvenovani-web.pdf

Pyrosekvenovani

—zalozeno na cyklickych reakcich (pridavani T, A, G, C, T, A,
...) a uvolnéni pyrofosfatu v pripade, ze se inkorporovala
specificka baze

— nasleduje kaskada reakci, ktera na konci vede k emisi
viditelného svetia

— pred dalsim cyklem - degradace neinkorporovaného
nukleotidu.

Research centre
for toxic compounds 99
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http://inovac (a) s d/genomika_-
_simkova/sel (ONA), + ANTP D Apoy'"?!‘*f (DNAJ,,, + PP
Pyrosekve ) T e
> S lase  Luciferase -
...) a uvol e 3 SR N T e Inkorporovala
specificka ©
= nasledt " apyse dﬂm’*m*": e g vede k emisi
viditelnéh | 4" | ADP*&MP*P‘ |
= pred _da ['maé ovaného
nukleotidt | Kuticky
S enzymy
(@) o o 1o




RNA-seq
(RNA Sequencing), "Whole Transcriptome Shotgun Sequencing"("WTSS")

e sekvenovani RNA (total, mRNA, siRNA, miRNA atd.)

Multiplexed
Sample
Preparation:

-rRNA Depletion
or PolyA

ALSANN ALSANN .
SO A AR Enrichment

Preparation: : -Fragmentation,
Linker Ligation

_— & cDNA
Synthesis

-

SNP Detection -ﬂ}da[_)tor
£ s Ligation &

Barcoding
Cliistsr mrr

Generation,
Sequencing &
Data Analysis:

Splice Junction Analysis

Transcript Quantification

h(@wvmfmgmﬁtom/m ethod/RNA-seq-Using-Next-Generation-Sequencing.html#ref2



« Stanoveni genoveé exprese
* Objeveni a popsani vSech transkript

« Charakterizace alternativniho sestrihu (hranice exon-
Intron) a polyadenylace

m
J Fragrmentation
J— —_—
- : Fragmented

Convert to cDNA and
add sequencing adapters

* = e DNA

e i - LIbI"Ell"j’
(@) for soxic ¢ http://rnaseq.uoregon.edu/ o
in the environment




1.Direct mREVA extraction

NN\ NVAAAAA
NN \N\NVAAAAA
N\ VAAAAA

2.Double-strand cDNA

Front. Plant Sci., 28 August 2012

All reactions on 96-

well plate 96 RNA-seq libraries

4
6. Amplificationby PCR

“On beads” reaction | — \

syntFﬁSis 5.Addition of adapters
with 96 unique barcodes
—A
. . | - A
3.Enzymaticfragmentation | — -,
of cDNA — 4.End repair and A addition

1M




Table 1 Advantages and disadvantages of RT-PCR and RNAseq

Technigue 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 VYV V V VYV 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
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NK: TRANSKRIPTOMIKA

Ecological value Mechanistic value

Individuals

Physiological functions

Molecular parameters
(transcriptomics, proteomics etc.)

Fig. 3. Conceptual framework for ecotoxicogenomics.

Aquatic Toxicology 67 (2004) 143—154
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Exposure (Structure—activity relationships)

Multiple genes/proteins/metabolites (Annotation)

Gene/protein groups (Functional characterization)

Biological pathways (Sequential events)

Networks and systems (Integrated responses)
|

'

Toxicology/pathology (Phenotypic anchoring)

Research centre
for toxic compounds 107
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Associated data

_Datd:ase of transcriptomics, proteomics, metabolomics and

v

pathways and networks

Compendia of functional

gene groups with associated |+

Dictionaries and metadata

1

‘Store and convert

External links

Literature and clinical info

l

oA

 Links |z

resources, toxicology
databases and NT/ 1 \

Genomlc resources_]—> Ger

ﬁaﬁway;'ﬁ

m——- | ENCHION

ﬁ_’mfém databa&%“—t




TRANSKRIPTOM = wvycet a kvantifikace RNA v

bunce, tkani nebo organismu (MRNA, microRNA,
SIRNA, dlouha nekodujici RNA)

d METODY
= RT-gPCR/RT-PCR-array
= RNA-seq

=> microarray

Research centre
for toxic compounds
in the environment
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TRANSKRIPTOMIKA: DNA array a Cip

(d DNA ARRAY a cipy

» dvouretézcove useky molekul cDNA (komplementarni DNA)
vzniklé reverzni transkripci mRNA

* oligonukleotidové sondy sekvencné specifické pro kazdy gen z
genomu

* hybridizaCni technika

* vychazi z tzv. Northern blotu = imobilizovana mRNA/cDNA se
hybridizuje se znacenou probou reprezentujici jeden gen

* geny nebo fragmenty genu (cDNA, EST — ,expressed seguence
tag”) jsou roboticky v presné danych souradnicich umisteny na
mikroskopické sklo (plast)

e r
for toxic compounds 110




4 PRINCIP

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

* destiCka (sklenéna nebo silikonova) s mnoha (bezné
desetitisici, statisici, vyjimecné az miliony) vzorky
jednoretézcovych DNA oligonukleotidu

. ®
csDean e DO eaDad T ae 0O
PCeET R BITEeERD | B N ..I..
sshena OB wvasosw RN -
feDecsdsOP® » G ew o »
vre® TOHOSEP CO20DGQODvE D0
LR aD & s s eCew. -9 [
'."\JQDQO ‘Douvﬂ‘v:wf-oo oo
h."ﬂ'i.' " 8% ~“DPOE>AD

2
9 o0 e e e c.*uaw P20 p009
] ’

SN NN s ePpopDe
»
FEEEETFEE & nw "R - .

L

s B &S B B - - m e a8 g mmw
RN L] .06.0 BooGascan D@
Ees @ NN R LR LN 0089
HOTVO8TU00 29 O eCO 8¢ 0O
A0 s rMOUOreareon s edPDe 2l - |
' FY R AET TR T K Baloy "g-ae B D
soe Ees Boea oTOaB O 2
YUSs reaesEeeR A L R B B LR
' - . LR N G B L B
a e as " BPArOES > 88 s 8P .
a -

Klin. Biochem. Metab., 14 (35), 2006, No. 2, p. 89-95.1



POSTUP:

1. Vytvoreni DNA Cipu
X Navazanim oligonukleotidu (sondy) kovalentni vazbou na desticku

2. Priprava vzorku (cDNA)
X nezbytny krok oznaCeni molekul (fluorescentni, radioaktivni) a
denaturace

3. Hybridizace vzorku s Cipem
X naneseni vzorku na Cip

4. Omyti Cipu
X sondy pevné prichycené kovalentni vazbou k povrchu Cipu a
molekuly vzorku pfichycené dostateCné pevné na sondach.

5. Skenovani Cipu
X Vicekanalovy skener

6. Zpracovani vysledku
X podle intenzity vyzareného svétla Ize ur€it mnozstvi
komplementarnich molekul pritomnych ve vzorku

(@) Research centre

for toxic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdf
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Prepare CONAWIODEe prepare Microarray

NUITTIPITIHHITTHI AU TTTVISAUL PHWVLLTINIyoll ve vZUlnNu

(€)) | =i comure http://www.molbio.upol.cz/stranky/vyuka/cgi/5ipdf

in the environment




NUITIPITIHHITTHIAii ol 1mivIGnul PHIwvliiniyuvll v v4ZUInNU

(@) for toic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdf
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Microarray RNA-Seq

Hybridization. .
Scanning images, Sequencing.
Quantification. Base call.

I Raw intensities Short reads I

Aligned to

reference genome,
known isoform & exon-
junction sequences.

Preprocessing:
Background correction,
Normalization,
Summarization.

Expression levels of
Transcripts (continuous)

Expression levels of Novel
Transcripts (counts) transcnpts

| Statistical analysis

Statistical analysis ]

Differentially
expressed
transcripts

Cellular
functional/pathway
analysis

ﬂ " m

Research centre Cell Biosci, 2012;2:26

for toxic compounds
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Histopathology Yutational ans

s A A sl Miti-domain
' ' ' multi-genome
Clin|CﬂJ Cf‘EFﬁIE’[I’}I‘ pEl'thE['g‘E and nemrks hnoﬂ%dgeba&e

&

Weight, physiclogy

Absorbtion, distribution,
metabolism, excretion

NATURE REVIEWS | GENETICS VOLUME 5 | DECEMBER 2004 | 937
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Transeript
signature

Research centre
for toxic compounds
in the environment

Known Toxicants

S

Oestrogen
mimic

Peroxisome
proliferators

\

Cytochrome
P450 inducer

Effluent containing a
putative oestrogen mimic

+*-
H

Exposure

+
‘
.

v

S

.. ”
<o 5% ‘-

ey PR LA
gy T

No Match |€

No Match |&

Match

Aquatic Toxicology 67 (2004) 143-154
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(a) |dentification of toxicant specific key genes

Toxicant

(b) Development of a toxicant specific reporter

TRENDS in Biotachnology

TRENDS in Biotachnelogy
for toxic compounds TRENDS in Biotechnology Vol.25 No.10 118

in the environment
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nnnnnnnnnnnn

JAK VYTVORIT REKOMBINANTNI MODEL
PRO (EKO)TOXIKOLOGII?

Knockour Mice

Joiw THE Fieut!

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

Bglll (28)
Regulatory sequence to Reporter gene Nhel 22
be studied (e.g. encoding GFP or Sac1(12) b 3 PromoterH.nd" "
(e.g. a gene’s promoter) luciferase) Kpnl @ —3 =" )

B Ncol (80)

f1 ori

) enhancer
DNA

luciferase

v

- mRNA pam
v

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

Luciferase

Reporter Vector
(pTL-Luc)
48kb

Xbal (1736)
— 5V40 polyA
X BamHI (1998)

pUCon Sall (2004)

Research centre
for toxic compounds 120
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http://worldwide.promega.com/resources/multimedia/reporter-assays-
and-transfection/introduction-to-reporter-gene-assays/

Bqlll (28)

Regulatory sequence to Reporter gene Nhel 22)
be studied (e.g. encoding GFP or 53"“2’\ "
(e.g. a gene’s promoter) luciferase) Kpol© —>g g—"" '™ (8(0,)
Apply Stimulus Measure luciferase activity
Transcription factors are SRSl R
activated and bind to Sad2SRlll nlliilal,
Promoter J
Luciferase promote{ B s < - 40
4da.

Luciferase

—

Researcn centre
for toxic compounds 121
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> Site of cleavage
&
v

Host Plasmid

Cleavage by Restriction
Endonucleases

Annealing Point of attatchment

and annealing
ZASN

Sticky ends cﬂl‘:y Recombinant
Specified Genes PIasm'd DNA

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

Research centre
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Promoter lh Genome

“z“";:f % 1. Promoter nebo 3’UTR

responzivniho
elementu

Promoter Luciferase

_— 2. Tvorba plazmidu a
Reporter Vector jeho namnozeni
R (restrlkf;n] enzymy,

Living Cels klonovani, selekce a
izolace plazmidu)

Promoter
Reporter Vector

Vector Delivery to
Living Cells O

3. Preneseni konstruktu
(plazmidu) do bunék

Promoter Luciferase

Luciferase

Q = transfekce
Light signal = promoter activity Light signal = UTR activity
http://www.activemotif.com/catalog/900/lightswitch-luciferase-assay-system
Research centre
(@) for toxic compounds 123
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External Stimuli *
l

ml.’b'nutuooo "'l""ﬂvnuo-u."““
e
Tres
e,
.

Protein-Protein
Interactions -

.

Transcription

Faciors g
' N promoter - — e
»_X e

Y
Viral Infection
and Propagation

»
¥
-
-

Transcription

PEL LA YT

T .
R L

9

;:'

~

'

i |

e > ’ 4 ”
— _—
== Blo &= X
— —-— »
” s .'-.
. — HNA Processing Deletion Analysis
o’l"...

.".
.
l.-'
.
gl =y
4,..‘
)

Pratein Folding

Translation

A Aivozyme

SENAMIRNA

http://worldwide.promega.com
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A Tol2 ERE  TATA Gal4ff PolyA  Tol2

= M HH o

Tol2 UAS E1B GFP PolyA  Tol2

EHP 120 (2012): 990
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REKOVIBINACE DNA: JAK
VYPNOUT/ZAPNOUT GEN?

d “GENE KNOCK OoUT”
— kombinace technik vede k vyrazeni genu z provozu
— DNA konstrukt prenesen do bunecne kultury

= U zvirat jsou embryonalni kmenove bunky geneticky
upraveny a vneseny do ranniho stadia embrya

4 ,,GENE KNOCK-IN“ jedna se o nahrazeni genu, ne
0 jeho vymazani

d,,GENE KNOCK-DOWN®“ jedna se 0 snizeni Ci
Inhibici genoveé exprese

for toxic compounds 126



REKOVIBINACE DNA: JAK
VYPNOUT/ZAPNOUT GEN?

Research centre
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How it works:

in vivo Model in vitro Model

Knock-in Mouse Generation Stable Cell Line Generation

€& anﬁmm;ﬂ:shesareedleched @) Generate master TARGATT™ Celis

with attp sites (8 months)

R 00

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

€) Pronuclear injection into & % © Transfecton

o Screening pups for site-specific gene integration o TARGATT™ Cell Lines Expressing Gene of Interest

s (e Yy, ) mrms
il B
Applications Applications
in vivo screenings in vitro screenings
Generation of humanized models Drug discovery
Generation of disease models Study drug interactions
Generation of drug / genome interaction models Toxicity Study

Personalized medicine

Research centre
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A. Gene targeting of embryonic stem cells

Targeting vector
introduced by
electroporation

™
()
e
5
&
Sof
3

——

d

Pasitive-negative
selection

blastocyst )
Rare cell carrying

targeted gene

Pure population
of targeted ES cells

http://www.nobelprize.org/nobel_

prizes/medicine/laureates/2007/a
dvanced.html

Research centre
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Generation of gene targeted mice

ﬁ
Targeted ES cells .which are
are injected implanted into

into blastocysts.. foster mothers

which give birth
to chimenc mice

Mating between
chimernc mouse
and normal
MoUsE,

Gene targaeted mice

Mormal mice

ANHIEA ROHI
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 “siRNA”, ribozymy,

siRNA technologies i dsRINA
synthetic, manufactured, molecule =
(nonstondard dekvery)

Transient UEIRIEIAL
duraton

siIRNA i

Enzymatic
com
(RISC)

Separates sIRNA into M
single strands Aueung

\\\\\“‘“

Cleavage of . 1 Yy
target mRNA

I

Gene silenced _- e S

www. biocomicals.com
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GENOTOXICITA: COMET ASSAY

Comet Assay Overview

DNA damage
(Chemical, UV
ar yeirradiation)

: i /
& T | . F
| j g B -] o "':-+ E-r i: ":;

T —

Cells with damaged  Single cells are After electropharesis

(relaxed) DNA having  embedded on agarose- and flusrescent
single-strand f double- coated slide and lysed  staining, the damaged
strand breaks DA I separated

fram the intact DNA
- {the *head®) and
i o ganerat-eﬁ a Comat
%-; “tail”,

Living cells from
culture media,

Wmﬁgmaaldﬁm.com/life-sa'ence/cell-biology/cancer-reseamh/leaming-
center/cancer-research-protocols/comet-assay.htm/

i



GENOTOXICITA: COMET ASSAY

Comet Assay Overview

)/03/introduction-to-comet-assay.html

o, *:_:":E :ail'. |

Living clls fram
culture media,
blood, or tlssue



GENOTOXICITA: MIKROJADROVY TEST

Mormal Cell DMA Damage
? ? ?
Y Q'

Mis-segregated
Chromosome

@©®

Mormal daughter cells Daughter cells containing micronuclei

http://www.gentronix.co.uk/product/micro-nucleus-test/
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ENJTJXUQHTA FISH ,,Fluorescence in situ

%gg:?
WY T I rn-rnrmnmﬂmrrrrm-m
MY LG LAY AL LR DL

Probe Target

‘“‘f‘”i 1“‘“@‘““1‘

% %mﬂm
e e

C

TSV T T T TTTTITre T
% % Y Hapten o Fluorophore 136
http: / ww.nature.com/scitable/topicpage/flu. i11-Si ish-3274




CENOIR®. 00 0 0 O n situ

I ] l B | \ 7 " ‘ T 1 I 24 flow-sorted
a |\ | ) | ) \ human
v\ S A \
\/ \ / \/ \/ o \/ chromosomes
1 2 3 ------- »22 X Y
P = | ﬁ* </ | == Probe mixture, s
N ¥® which contains all
b ' ' + Cot-1DNA .‘? of the differentially
‘" labelled chromosome-
Labelling of the individual chromosome- painting probes

painting probes using various
combinations of fluorochromes

Hybridize, detect and analyse Metaphase
using interferometer or mumple % N chromosome
P fluorescence filters ./ \ / = \preparatnon
& .
d
T
Rese
(@) for t« ;Il
in the ish-3274




http://commons.wikimedia.org/wiki/File:FISH % 28Fluorescent_In_Situ_Hybridization%29.jpg
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FISH (Fluorescent In Situ Hybridization)

Gene Fixed Cells
G A (on slides)

DNAase »
(random cut) T

ITL.TIT.TIT Co MM ==

TRANSLATION )% O O R N O IO R O O G O P

Il |II lll A T A A O L O R O 0 1 O

) Hybridization
Denaturation (on slides)
(75°C) T T

|\ RS R LU URL ) \

Dig-dUTP (or Biotin-dUTP) Bensturstion
.3< - dCTP + dATP + dGTP (Formamid 42°C)
NICK I

ipi AW TR EFEYY pdd.40

_ A+
i iy
e
<

EpifluorescentMicroscopy
- The gene is located

Nl
N &7
7 OUN

[ 1]

1 T T O

fo i 1]

it Antibodies anti-Dig (or Avidin)
/i\ linked with a fluorophor
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