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0 NUKLEOTIDOVA SEKVENCE = analyza variaci
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0 NUKLEOTIDOVA SEKVENCE = analyza variaci

d 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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e

ad PCR = ,Polymerase Chain Reaction*

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

biologi
,polymerazova“ - 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

Q PCR ath Cycle
3 Poly p— mﬁ{ rro—
.{..—_Tff-': pom—
and Cyde
= .
S —_—— arni
A 15t Cydle T =m0 Cycle

,polym — e ace in
Vitro =< o=
, retez( — . prvni

reakce — d. atd.
atd. atc 2 copies 4 copies 8 copies 16 copies
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Exponential amplification

Q PCR ath Cycle
3 Poly p— mﬁf: rro—
and Cyde
e Si——
— pr— — arni
NA [1st oyde = . ...+ &0th Cycle

P c—r _
.polym — or— ace in
VItro - ==
, retez( — — . prvni
reakce —_—<l = d. atd.
atd. atc 2 copies 4 copies 8 copies 16 copies

240 =1 099 511 627 776 kopii
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Exponential amplification

Q PCR ath Cycle
3 Poly p— mﬁf: rro—
and Cyde
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By raising tke temperature  The temperature is lbowered
to about 90%C the strands about 55°C and synthetic

DHA framgents are added.
Thirze hind tnfthe =trand=

at the correct positions.

Milkiom
The temparalure (s nas Tha whale process warks
raised to aboul 70°C and like a copying machine,
tha anryima DA palymerase
which is added builds up twe
el Cariplele Copies of tha
DHA srands,
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1. TEMPLAT
DNA

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

= Nespecificke
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Polymerase chain reaction{(PCR)

1. TEMPL| & OIS rerpieona
DNA [T O Denaturation,

o TTITIT] primer hybridization

Thermostable DNA
1 polymerase

2. PRIMEI 111111 E— ' DNA

E Primer elongation

= Speci |

—gen ( > Sec atd.)

ARRERN Denaturation,
2 -
primer hybridization
—kmer e and slongation
M
p EEIEEN > Q
O > Denaturation,
3 4 ....... primer hybridizalion
> and elongation
b
. TITII
Research centre *
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e

v' 20 az 30 bazi

v Teplota nasedani zavisla na sekvenci
obsahu GC)

v Nemaél by tvo Fit sekundarni struktury,
zejmena na 3’ konci

primer U (~ 50%

N

r
"A-G.T-C-A-T,
=

| ®
SA-G-T-A"

OEO

.G~
'E;G

v Nemély by tvo fit tzv. dimery = komplementarita sekvenci

primer U s 1 234
5-ACGGATACGTTACG CTGAT-3
3'-GACTATTCCATGTAGACCT-%’ 1500
Primer 1 oo
5-ACGGATACGTTACG CTGATAAGGTACATCTGGA-3’
3'-TGCCTATGCAATGC GACTATTCCATGTAGACCT-5’ 100
Primer 2

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

Late
(@) for to compounds
in the environment
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OLIGO
www.oligo.ne

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

PrimerQuest
http://www.idtdna.com/primerquest/home/index
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3. PRISTROJ
umoznujici rychlé a precisni stridani teplot

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

for toxic compounds 38




Praubéh PCR
pred vynalezenim thermocykleru

35 cykl U

8 NUDNYCH hodin !

=
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Prubéh PCR

We couldn't afford one of those cool PCR robots,
50 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 I\/IaSterCyC|€‘r EP (2012)
@) | siziccomois (2003
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5. REAKCNI SMES VE ZKUMAVCE

Vzorek DNA

Primery pro (ne)specifickou detekci
Nukleotidy

Enzym — termostabilni DNA polymeraza

fo t mp unds
in the envi nnnnnn t
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Termostabilni
DNA polymeraza

(Tag polymeraza)

Pufr

Slozky PCR:

ddH,0
Research centre Polymerazova retézova reakce aneb Dékujeme,
for toxic compounds pane Mullis!, Mgr. Tereza Krélovd 43
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VI DEO = http://www:dnalc.org/view/15475-The-cycles-of-the-polymerase-chain-reaction-PCR-3D-animation.html

Template DNA dATP ﬁ . dGTP
Primer A dTTP Q) A dCTP
m Taq ,
polymerase l Primer B
1. DENATURACE ROV
/ Heat to 95°C

> NASEDANI PRIMERU — 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 compounds Clin. Microbiol. Rev. (2004) 17: 903-925
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Obvyklé teploty & c¢asy PCR

Pocateéni
denaturace

Nasedani
primer U

Prodluzovani
primer U

Ukon ¢eni
reakce
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90° — 95° C 1-3
min
90° —95° C 05-1
min
450 — 650 C 05-1 Upted
min
700 —75° C 05-2
min
700 —75° C 5-10
min
4° C

45



Obvyklé teploty &

casy PCR

1X

94°C

94°C

/ 3 min

Pocate¢ni denaturace

DNA

1 min

adelinjeusp

35X

1 min
55°C

45 sec

|

juepaseu

72°C

_

|poud

Juazno

1X

4°C

0 ydrzovani
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dth cyele

YE c{:
<"th cyel {:

wanted gene

= { 2nd cycle

=<

/\

/\

lgtewele e = 35th cyele
template DNA < r-'.:"_:
d = 3_ <
2 ) = S .
4 copics B eopies 16 copies 32 copies 2 =68 hillion copies

{Andy Vierstracte 199%)

po n-tém cyklu => 2 " molekul DNA
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0 GELOVA ELEKTROFOREZA
® horizontalni elektroforeza na agarozovem gelu
® DNA fragmenty: 100 az 500 pb

Verification of PCR product on o
agarose or separide gel d pOtVI‘ZGﬂI’ speC|f|C|ty

b fragmentu
sekvenacnimi
metodami

1kb =

500 -

300 ]

ladder PCR fragments
(_6) Research cenve «  http://users.ugent.be/~avierstr/principles/pcr.html "
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0 GELOVA ELEKTROFOREZA
® horizontalni elektroforeza na agarozovem gelu
® DNA fragmenty: 100 az 500 pb

Verification of PCR product on

agarose or separide gel u pOtVI‘ZGﬂI’ specificity

b fragmentu
sekvenacnimi
metodami

1kb =

: —KONVENCNI PCR
" (,end-point“ PCR)
300 4
ladder PCR fragments
(_@) ?5{55;5%3?5::35 http://users.ugent.be/~avierstr/principles/pcr.htm/ A9




LIMITACE

Phases of a PCR reaction

10000000
1000000
100000
10000
1000

100

10

1

01

Plateau

5
E
&
3
=L
&
o

Cycle Number

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

= | citlivost

= | rozliSeni

= | dynamicky rozsah < 2 logs
= neautomatizovatelna

= pouze rozliSeni velikosti

» ethidium bromid je spiSe pro semikvantitativni
barveni

Research centre
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Simmwine

Figure 4: PCR Phases in Log view

Traditdonal
PCR detection
Area of Detection =
for Real Time. Linear Plateay/
High Variability
Ethidium-Gel
D etection
Log [DNA]
Exponential

High precision
I ST

Cycle #

http://www.gene-quantification.de/block.htm/
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GO

= fluorescencni barva vazajici se na dsDNA

e ® J e e . "
SR ik Ll e
° o i e ORI

&
#‘;‘i 3 e 2 e ]
E|..|.|.|.|.|l|.|.|.|.|.|.|.5. ® o 5 ® e
.x‘ o 3:"*-5 o BOISCIRCIRTLL
® & & e * o & * o
. ° W

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

Plateau Phase

Linear Phase

Mormalized Fluorescence
T

I Exponential Phase
Baselina Region

IV VWUAIC WV |PUU| o
\w | in the environment



Primer

ﬁ}SYBR green

LIIIIIL DNATemplate

1 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

(€)

R P N LY Y

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

0l. Rev. 2004;17:903-925

Fllclical Fillacelalale e s Tha das

<15

e



' Real-Time Monitoring of PCR.

Loweer
Cancentration

Higher
Conceniralion

Fluorescence

Time (Cycle Number)

(éﬁ)ttﬁ,’éﬁ}ﬂifiwﬁf edu/LightCycler/Top_LightCycler.html 56
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= limitace = SYBRG GREEN se vaze nespecificky na jakoukoliv dsDNA
(“primer-dimer”, nespecificky produkt atd.)

100

=
n

B. Normalized Melting Curves

M

"y

71X

i

Double-stranded DNA

Single-stranded DHA

o~ )

dFidT

.

T
I
=
E
S
— (s DHA) {random coils)
[ ED_ ______________________
E i
c I
i I
o i
B 25 |
o I
= !
™ I
0 | S .
76 79 82 Tm 88

©)

Temperature [°C]
http://hrm-dyes. gene-quantiﬁcation.info/

Research centre
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Improving Real-time Specificity
Acquire data above nonspecific product Tm

nonspecific specific
product . product |
f

i
{1
F

=
Tamparatura ("C)

I|
/
/_/__/_/\y

|
\
¥

?11‘tps:/ '/dna.utah.edu/LightCycler/Top_LightCycler.htm/
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O Fluorescenéné znacené proby vazajici se specificky na cilovy

produkt PCR

5’Nuclease Oligoprobe (Tagman)

Cleaved W
Fluorophore
Emits @ @

Fluorescence O @

%ﬂ \ Fluorophore = Quencher

5!

Target DNA

5 3’

DeBiasi R L , and Tyler K L Clin. Microbiol. Rev. 2004,;17:903-925

Molecular Beacon Probe

Target DNA

Unbound Probe in
Hairpin Configuration
(Fluorescence quenched)

Fluorophore Quencher

X
/ﬁfmﬂi

Target DNA with
Bound Probe
Fluorescence Emitted

Clinical Microbiology Reviews

Journals ASM.Org | Copyright & American Society for Microbiology. Al Rights Reserved.
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SYBAR Grean

Research centre
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Amplifiuor  1stcycle

(@) for toxic compounds 60
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ek,

Absolute Quantification

tog initial templata]
B O @3 @ &

@ 2 4 & @ W 3
log [Nl templati)
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Sl &

Fluorescence

Relative Quantification
Relative Copy Mumber = eff oL ot

C Test C refarance

e A —

Cycle Mumber (C)

Resear ch centre
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0 “Reverse transcription polymerase chain reaction®

:Im RNA
= RNA
Reverse N e (tOtal, MRNA, m|RNA)
Transcription . T,
» Reverzni transkriptaza
= ;| c
Ee———— """ coNa = Primery pro RT:
PCR l Xoligod T
X specificky primer
T — ] X nahodny primer
N |
Ampliﬁ{:atiun>\
VIDEO =
) I—
e https://www.youtube.com/watch?v=0
OS] MJ|bI’S4be

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

(6) Research centre

for toxic compounds 63
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AR,

0 “Reverse transcription polymerase chain reaction®

— AAA RNA

RHA,
LI PAmer  oimers fili
Reverse . ’
A ReuwerseTranscrptase
Transcrlptmn DHAFolymerase
Bufer Reagyarts - Step
o e RT-FCR
"] AAA cDNA . .
__:I Renerse
E”'ﬂ' 8 Transcriptor PR
anspecms Famer
PCR l Revarse Transciptase ’ + IEFJEl:'rﬁ-: F'rimEI ’
DMA Folymerase
| Bufier Reagents | DML Tuwo-Step
e — Amplifie RT-PCR
71 1
I —— DN~
Ampliﬁ{:atinn>\
- 1 .
e https://www.youtube.com/watch?v=0
S
MJIbrS4fbQ

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

(@) Research centre
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R Pl

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

fissue RNA cDNA PCR
sample
i hucleic acid real-time PCR
Sarpiig isolation U amplification
Sampling method: Extraction method:  Efficiency of RT: PCR Efficiency / Specificity:
e Biopsy * total RNA o RT enzyme type » Primer design
s Fixed material -m_RNA o RT temperature s Primer specificity
s microRMNA . i
# Fresh blood o liquic-liquid = Primers: s Consensus Primer
= Tissue storage e columns = poly-T Primer = mRMNA abundance
s Liquid Mitrogen s Fobot vs hand made sRandom-hexamers o RNA/ cDNA Input
e RMNA Later s RNA integrity: s Specific primer s Polymerase types
s 1%t extraction buffer e Bicanalyzer 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  » Robot vs. hand made
s mFold algorithm
http://www.gene-quantification.de/optimization2. html*overview © MW Pafft 2008
(é for toxic compounds 65
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ARk ime

mR

tissue
sample

sampling

Sampling meth
s Biopsy

s Fixed material

# Fresh blood

s Tissue storage

s |jquid Mitrogen

s REMNA Later

o 1%t extraction bu

s RMNA storage -8
=> native RNA

http://www.gene-¢
( ) | frionc cameo
in the environment

i ™
BNA quality
* Purity
» Integrity
# Inhibition

b Iy

"'Analysis

+ >1 reference
gene

* Reference-
gene

validation
e o

r +
Reverse transcrnption

*« RNA input amount

* RT enzyme or kit

* Priming method

o, -
) ‘L )
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 qPCR data.

R (1)

e PCR
sation

ancy / Specificity:
ign

r specificity

:nsus Primer

ndance

Adnput

e types

e Mixtures

tors & Enhancers
hand made

B MW Prafft 2008
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IR -(PCR:

1 KONTROLA ,no-RT* = bez reverzni transkriptazy
® kontaminace genomovou DNA (vyuziti primeru
vazajicich se na introny)
® kontaminace DNA

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

® kontaminace DNA

® nespecifické produkty

d POZITIVNI KONTROLY

nttp://Ditesizebio.com/4074/the-pcr-controls-you-must-usel

©)|:=

mp unds 67
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Fida B

Quantification Strategies in real time qRT-PCR
W Ffaffl, BloSpeakiim 2004 (Sonceraldaiabe PCR)

absolute quantification relative quantification

/ N\
‘/ \‘ vyuziva tzv.

e:-:tern::l:luc::llbration externiluiillbration R E F E R E N é N I' G E N Y
one color detection twwo color detection iy . ”
system System housekeeping genes
SYBR Green | e.gq. Probes, ROX
ROX X stabilni exprese

/ X GAPDH, B-Aktin, 18S

Y
— RNA
external calibration curve ¥ o ~d
+ RT-PCK product
, without real-time PCR with real-time PCR

* plasmid DNA efficiency correction efficiency correction

« 0 wiro transcribed BEMNA * l

+ synthetic DMA Oligos

+ synthetic RMNA Cligos 2 (-44 CP) T_E:S;r;%?:r;
R h

(6) f;rste:):ii; ccoer:::u nes http://www.gene-quantification.de/strategy.htm/ 68
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(e PO

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 thraughput 209
Physical limitations 200
Cycting 211
Data standands 212

Boe 1: Melting shifts shew 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 69
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Clinical Chemistry 2009, 55(

http://mwww.rdml.org/MIQE_c

put 209
200

211
212
e EH'HH‘“ m

qPCR: qu

Monya Baker

Gene profiling usin s must be careful

in gathering their |

Research centre
for toxic compounds 70
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(R PCR:

4 ,.direct* PCR
* PCR bez precisténe DNA nebo RNA

PCR with mouse tail
Conventional method vs. Direct PCR method

Lysis of mouse tail Gmm Lysis of mouse tail 1-Z2mm
(B5~65°C overnight) (60°C 10 min)

¥

Inactivation of PK
(95°C 10 min)

¥

Cbtaining of DMNA pellet
using chemicals

¥

FCR FPCR
Rese (with purified DNA) {with 1ul of supernatant of lysate)

fort
in th

71
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L multiplex PCR

v jedné PCR smési vicero primerovych paru/prob

— B — —
- o - - .
e 1 1L R L T T L L LR R AT 1 1 e T W U A L R s
.
—

AR

Multiplex PCR primer sets

Research centre
for toxic compounds 72
in the environment
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d PCR ARRAY

e vice sad primeru ve 96] nebo 384j desce

e exprese az 88 genu (96j deska)

e stanovuje specifické produkty v jednotlivych jamkach desky
o referencni geny

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

for toxic compounds 73




d PCR ARR

e vice sad pr 1

-E,
cOMA, 1 A, 2 "

1. Convert Total RNA to cDNA.

e exprese az

e Stan OVUj e S 2. ﬁI;{l!.:tlli cﬂl?rl;d; to RT* gPCR Master Mix & Aliquot Mixture Across (éC h d es ky

o referencni

* biologické yklus, oxidativni

stres, apoptc td.
3. Runin Your Real-Time PCR Instrument.
Profdas 1
jue
o W
4. Data Analysis.
" E—r—p—
N -
;1, R I'-.'.
Research ¢ !" ) £r ==
(@) for toxic cg 4 oa a T v o1 3 5 74
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4 PCR ¢ip

» mikrofluidni Cip

e rychlejsi

* neni nutna standardni kfivka pfi absolutni kvantifikaci

o vysoka citlivost

Research centre
for toxic compounds
in the environment
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N PCR[,?iD

e mikre

* rychl

©)

PCR Mixture PCR
Chamber Chamber Outlet
Inlet RT-PCR LOC
RT Mixture
Chamber Pimch
Inlet 2 Valve
RTIncubation Detection
Chamber Chamber
(b) PCR Mixture PCR Detection
Chamber Chamber Chamber
RTMixture
Chamber
RT Incubation Pinch Valves
Chamber
apibbhals Lab Chip, 2008,8, 2121-2127 .

for toxic compounds
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N PCR[PD

PCR Mixture PCR
. Chamber Chambear Outlet
e mikre
Inlet RT-PCR LOC
e rychl
RT Mixture
, Chamber Pinch
°* Neni inlet 2 Valve
'VySO
RTincubation Detection
(@) «  Amplified DNA (®) . Denaturation (© (@) smmm#-?-.. ‘ * Light generation
™~ e 1 \ -
™~ T Binding -~ ;ﬁf
ProbeDNA - => => Streptavidin-

Probe DNA HRP
N

;‘gi Amplified DNA

Chamber

RT Incubation Pinch Valves

Chamber
Research centre Lab Chip, 2008,8, 2121-2127 77

for toxic compounds
in the environment

©)




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

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

 mnoho individualnich, paralelnich PCR reakci
 absolutni kvantifikace

« kombinace nanofluidniho Cipu, microarray ¢i tocici se
mikrofluidni disk a TagMan® prob

Preparation Distribution PCR reaction Readout

@O0
0000
@000
OO0

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




e )
de _ ¥ == Target of interest
o = A =) = mm Background DNA
|' - - - 4
. / I .-
e g ." ] =5 l
(
! - - -
° | e B0 == W T 2
M
Preparation Distribution PCR reaction Readout
T 0000 2338
. P .
QOO0 2833
O®0O0O °
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



o, s=Target of interest
== Background DNA

\v

! J Lk I_. :. LFe M L
w_—_-—-:r
Real-Time PCR Droplet Digital PCR
CGualitative Relative Quantitation Absolute Quantitation

http://www.bio-rad.com/de-de/applications-technologies/digital-pcr
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Experimental needs PCR method

determine if a target

NA sequence is standard or
present or absentin a conventional
few samples

determine quantities
of target NA in many
samples

real-time

determine quantities
of many target NA for PCR arrays
a few samples

detect target NA in the
field

detect very low
abundance NA targets
or need extremely
accurate quantitation

for toxic compounds

Advantages

microfluidic chip

digital and drop digital

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

fast results
small size
eportable

svery precise absolute
guantitation

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

especialized
equipment
scostly

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



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

Princip

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

- vizualizace prouzku na gelu

Vyuziti

e polymorfismus DNA

* geneticka variabilita

« fylogenetické studie

Research centre
for toxic compounds 82
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Al
Al
délk (1) Restriction digestion

Princ

« met
(2) Adapter ligation

. Sele

e \VIZL(3) Preamplification

VYUZ 4y gelective amplification
* pol

* gen
(5) Gel electrophoresis

e fylo

Research centre

in the environment
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rfismus

Vo

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

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



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

 neni potfeba znat sekvenci celé genomové DNA nebo
studovaneho Useku

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

mp unds
in the envi nnnnnn t
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RAPD

5!
3!

Purfied genomic DNA

©)

Research centre
for toxic compounds
in the environment

IFJ LA
At
PCH W v
Ziy'ed
Polymerase Chain Reaction F' A
*
ik 3.
. 5"
RAPD type
-

http://www.majordifferences.com/2013/02/difference-between-rapd-and-
rfip.html#.VDD5SBawRSM 85



M AP

Heavy
E mll.h-tmllllfﬁﬂllﬂllﬂlllﬂ ﬁiﬂl‘l‘ﬂ‘nﬂn I nom Nitrocellulose weight
. y e % %u @ paper (blot)
o ==
T, — e — Gel
T i | _— = ! = = = ==
[ '.i El I‘I _— _—
INormal 1l Sickle-cell  1Il Heterozygote e — —
p-globin  allele _—— 2;!;.;:::: - 1P‘ p'f
o allele owels
&) Preparation of restriction fragments ) Gel electrophoresis &) Blotting
Probe hydrogen-
B y bonds to fragments Lonom
Radicactively ' B containing normal
labeled probe R or mutant fi-globin = = =
for p-globin
gene is added - é — e L
to solution in e = = \Filmover
a plastic EE—— = —
Fl b‘ﬂ — — 4&“'“““ allele P'IPH"H'H
Fragment from
Paper biot normal [}-globin
) Hybridization with radioactive probe allole ) Autoradiography
Research centre http://www.majordifferences.com/2013/02/difference-between-rapd-and-
(@) ifr?ft ;EX; ;m::::tds fip.html#.VDD5SBawRSM 86




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

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

Control

Subtracted cDNA library
Cloning

Sequencing

R h cent
f;sf:;; c‘;e,ﬂ 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

0 exprese genu a jejich funkce

O mutace

Research centre
for toxic compounds 88
in the environment
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d Typy sekvenci DNA

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

e repetitivni sekvence

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

Repeated sequences

® minisatelitni DNA T
® mikrosatelitni DNA e

VNTR - variabilni pocet
tandémovych repetitivnich

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

:> rOZ 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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d Typy sekvenci DNA

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

e repetitivni sekvence

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

Repeated sequences

® minisatelitni DNA T
®| mikrosatelitni DNA e

VNTR - variabilni pocet
tandémovych repetitivnich

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

:> rOZ 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

« kratké tandemoveé repetice STR (,short tandem repeats®)

o repetice jednoduchych sekvenci SSR (,simple sequence repeats”)
e kodujici I nekddujici oblasti

* hlavni zdroj vysoké promeénlivosti — sklouznuti nukleotidového

retezce behem replikace (,replication slippage®)

oy A rbeLfor2 beL
- alely se li3i delkou i i
. .

> PCR primers 4 bp repeat

B

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

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

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

PCR song, text

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

Research centre
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The PCR Song

There was a time 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.gene-quantification.de

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

http://www.blo.net/

www.molecularstation.com

www.protocol-online.org

ARE You COMING To BED?

I CANT. THIS
1S IMPORTANT.

WHAT? |

/ SOMEONE 15 WRONG
ONTHE INTERNET.

/

L

molecularbiology.forums.biotechniques.com

www.scienceforums.net

www.blotechnologyforums.com

www.biology-online.org

(6) Research centre

for toxic compounds
in the environment
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PN

HF0FPA4F2000F00
H4PrPO0PrP-HA44FP000P00

Chromosomes Genes DNA

PNA CRIME LAB!

whd stole the neCklace?

ATCCAGGCCTTTGG
TAGGTCCGGAAACC

Be the one 10 solve the Case!

Research centre
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1) Predstupe n: PCR s pouzitim dvojice primer u
e namnozeni studovaného useku DNA

2) Sekvenaéni reakce
 pouziti pouze jednoho primeru
e produkce fragment U liSicich se presné o 1 bazi

3) Elektroforeticka separace fragment 0 na gelu

Research centre
for toxic compounds 96
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SERVENOVANL

©)|:=

Sangerova metoda terminace retéezce

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

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

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

mp unds 97
in the envi nnnnnn t



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

1 Reaction mixture
 Primer and DMNA template = DNA polymerase

 JdNTPs with flourcchromes = dNTPs (dATP, dCTP, dGTP, and dTTP}

= e

T T —————

I R R A e e
T praxs
ddNTPs
4dT™=
ST = il
4da" T
SA5T = —i

z Primer elongation
and chain terminaton

r

5 Pe———

5 P,

L o B B B s
5 T T ——

5 P ———

5 —————

» e ————
L B B B B B B E B B A A e e e
5 T T pe——— -

©) -
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3 Capillary gel electrophoresis
. separation of DNA fragments

Capillary ged

‘..'x

Detestar ™

4 Lazer detzction of flourochromes
and computational sequence analysiz

98



https://www.yout
http://biologie.up
1 Reaction mixture

* Primer and DMNA template
* ddMTPs with flourcshromi

-y
= o
5 T ¢
> etk el bl
T praxs 1_.l'r

R B-B-B-B - R-E_R-B-N-B-B E-N-N-R-E R R R~ -

r,fi L - ctrophoresis
fragments
— -
2 Primer elor - '
and chain ter — 3
— : i
] - T,
5 ]
i —— o '
L o o — EE. |
T o o b o — EE t
— -4
e LI B R B 5 -4
- ction of flourochromes
[ | : .
E 2 I I tional sequence analysiz
=
5 T 1T B F T T ] ] Im
=3
2 B B S B B - T
Research centre
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SERVENOVANT

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

Mam sekvenci a neznam
TS " Welcome fo NCBI T S - ' S
| s g _ i D]’gﬂl‘l[ﬁ-ﬂ’lﬂﬁ, g&“

Thes Haliprad T ende: L Begwectrmda gy brlormmosbon aances ecience 3ad

Fectihy By prrviding ccees oS omedical and greomie nlomaian Baskaned
Crarmecals & By o
A DR PR | MG S | Grganaaion | B essencn] RS Fogdn —
kaxietide
| DR&R AhA GeL s i s
| Drrepem & Sesmeee Ll
- : - Toeln. Anecr satausng NGB s ik
| Gef L R s L Meranbowts Gk KGRI f7ty 1easfass
Biradics | iuaiice e Tif: LT R 8 e A g 2 Fs, L HCED iyl
4 e Sirvha kb Subevid dala b GenBland o i’ HCH data biess Pusled ' . =
Tean i hledam sekvenci
Aompiagr ] - e Nt . Ak
e : - - = = = . =L
I ']
E M :
Beanerce Az Coaniva] poin of acesss B bl
= docurrenis laarteng reronaly. neves [P P T
I . m'mdmmm‘mm ETIFIEREA o B Pl Ll § CIFSCTHE, o [
| Tinwinp & Tukdisls VST AT debrem Lty f | B
LT LR I R R T SR
) ) ) ' HCE 1 cavina e in nossate SRA
Srrreareril m wmaoym e inFrbroan
it st HEEE sk PG T phass bl i
Mo
5
LTI AR AESCMCEY POMILAR FENTLIFED) HCBIRTHIAANDN parphs et bos o Chms
NS Blacaton Cremm § ooy Fabtded Garfam S A
N R b [ty & EEAwetE Vi o e ] Bt a1 7 0 W50
T P - [T 8.5 BT TR WO Nrvanai
Tigemy | Teieni Dejemern B Sremprey Pl ped I prid Sere s Prepmcly WO FTT CBe
ey | Eajregas e Vi (1 TR s
Msrabis § iadEs [T s Mn s HEH o Tals
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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*,
,aenome”

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

Q EMBL: http://www.embl.de/
- databaze Evropského bioinformaéniho institutu

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

Research centre
for toxic compounds 101
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SERVENOVANL

Sangerova metoda — limitace:

 nutna PCR amplifikace ¢&i klonovani jednotlivych
DNA fragment U

 sekvenace jednotlivych DNA  fragmentu (v 1
sekvenaénim béhu = max. 96 vzorku - 96
kapilarove sekvenatory)

 délka ziskané sekvence cca 650 bp

« max. sekvena ¢éni vyt ézek jednoho sekvena €niho
beéhu cca 60 kb

mp unds 102
in the envi nnnnnn t
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SEIOVEROV AN

,Next generation sequencing®

Paralelizace  procesu sekvenovani, kdy dochazi k
sekvenovani tisic U az milion G sekvenci sou ¢asné:

1. templatova DNA fragmentovana na useky n  ékolika set bazi dlouhé

2. konce ziskanych fragment U jsou enzymatickou reakci zatupeny a
napojeny k oligonukleotid uam ur €ité sekvence (tzv. adaptéry)

3. jednotlive fragmenty jsou odd élené amplifikovany PCR reakci (u
nékterych technologii tento krok chybi) a pak v jednom kroku paraleln e
sekvenovany. P fi tomto paralelnim sekvenovani se sekvenuji miliony
sekvenci najednou.

» Délka ziskanych sekvenci je cca 20-700 bp. Sekvena €ni vyt ézek jednoho
béhu sekvenatoru m uUze byt az nékolik tisic Gb, p fFiéemz cena
sekvenovani za 1 b je az o dva frady nizSi nez by byla u kapilarniho
sekvenovani Sangerovou metodou.

eh:natur.cuni.cz/zoologie/biodiversity/prednasky/ GenetlckeMetady

XiC compoun

VZ iPredmnasky_2014/NextGenerationSequencing_2014.pdf



SERVENOVAL]

e celogenomove sekvenovani, tzn. de novo sekvenovani
neznamych genomu

e sekvenovani jednotlivych chromosomu, plazmidu ¢i mitochondrii

e studium genetické variability, mutacni analyzu, kvantifikaci
jednotlivych alel

o transkriptomovou analyzu (,RNA-sequencing“) — analyza
exprese kodujici i nekodujici RNA v genomu

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

* metagenomika (analyza biologickeé diverzity) — napr. pro
genotypizaci baktéri

Research centre
for toxic compounds 104
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Vyvoj sekvenacnich metod za poslednich 30 let

Single
molecula?
1,000,000,000
o 100,000,000+ Massively parallel
= sequencing
-
g 10,000.000 4 Short-read
E SECUINCErs
E_ 1,000,000+
= 100,00004 : , Microwall
_g Capillary sequencing yrotasrmncing
§ 10,000
Gel-based systems
1,000 Second-generation
Automated Capiflary sequencer
S 100 S
= capiliary
10~
| | ] I 1 | 1 1
1980 1985 1990 1995 2000 2005 2010 Future
Year

Stratton et al. 2009 Nature 458:719-724
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SERVERNOVANT

Platforma
454 (Roche) Solexa (lllumina) SOLID (ABI)
Sekvenacni princip Pyrosekvenovani | Polymerase-based Sekvenovani zaloZzene
sequencing by synthesis | na ligaci

Zpusob amplifikace PCR v emulzi JMistkova® 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 dnu
Délka ctené sekvence | 400 bp (1000 bp) | 35 bp (70 bp) 90 bp (100 bp)
MNaklady na 1 Mb 84,39 5 (250 bp) 5,97 % (35 bp) 5,815 (35 bp)
Sangerovo sekvenovani (ABl) - 1700 $ /1Mb
wem perspektiva
Upraveno podle Mardis E. (Cell, 2008)

Research centre
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SEIVENOVALLL

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

PCR v emulzi (emPCR)
o fyzické odd éleni jednotlivych fragment G NK

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

esekvenovani zalozeném na ligaci (,ligation based
sequencing®)

Research centre
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(n

454 sekvenovani

. Ligace adaptord
USE‘r‘k—'_‘,f 300 bp - B adaptor ma biotinovou znafku pro pfichyceni
1 1 na streptavidinem obalenou magnetickou kulicku
- Eteno 400 tisic fragmentd M N
- 3]
ﬂﬂjed nou ey AMALAALAALLLAALALAALA AL
Fragmentace DNATS QT DH-qD-IDTD-CDLDCL. A
- 300-800bp 2
DDA DT AdAALALALLALALLRLLESA L
3 i Pico-titer plate (sekvenacni &ip
- obsahuje 1,6 mil jamek Sirokych
4dyum
- priomé&r DNA kulicky je 26 pm
-pridavek mensich kulicek
dvou typd - jeden obsahuje
chemikalie pro pyrosekvenaci,
druby typ fixuje kulicky s DNA
Emulzni PCR
- DNA kuli€ky do roztoku olaja a vody
- Protrepani = vznik mikroreaktoru ckolo
kulicky
5 &
5 T
ﬂ| G | l (I
S
e
fliss
Sekvenacni reakce == -
- Ma desticku se cyklicky nanasi , o i T
roztok polymerazy a vidy jednoho %/ ZAZnAm: A Tpracovant dat =
nukleotidu... viz. pyrosekvenace ACGAT - y—.
4 [.: — |
TGCTACG PR i, S




SERVENOVALLL

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

Pyrosekvenovani

—zalozeno na cyklickych reakcich (p fidavani T, A, G, C, T, A,
...) a uvoln éni pyrofosfatu v p fipadé, ze se inkorporovala
specificka baze

— nasleduje kaskada reakci, ktera na konci vede k emisi
viditelneého sv étla

= pred dalSim cyklem - degradace neinkorporovaného

nukleotidu.

Research centre
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SECVENOVANL

http://inovac | (a}

_simkova/sel DNA polymerase

11}!-.,{:1'_ b+ dAMNTP - {ﬂ'ﬂ{"}m. -+ PFI :

Pyrosekvel

. {b) . Lughforase: |
...) a uvol | | LR T R

specificka '

— nasledu ||id.f'-“"l'F' Apyrase ANDP & dNMP -« 1
viditelného | A" AREROG T

= predda ¢ oo o malé
nukleotidu. & === R kuligky

Researcr
for toxic curmpuunius
in the environment
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Inkorporovala
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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: Eramieniafion:
; Linker Ligation
ey —— & cDNA
Synthesis
T
SNP Detection -Adaptor
e Ligation &
Barcoding
Cluster “
Generation,
Sequencing & Splice Junction Analysis

Data Analysis:

Transcript Quantification

h(@ R Faeie . tom/method/RNA-seq-Using-Next-Generation  -Sequencing.html#réf2



e Stanoveni genove exprese

e Objeveni a popsani vSech transkript U

e Charakterizace alternativniho sest Fihu (hranice

Intron) a polyadenylace

m
J Fragmentation
—— "'"._-"'l- — L
— wo— . — Fragmented

Canvert to cDMA and
add sequencing adapters

— =

— DNA

http://rnaseq.uoregon.edu/

Research centre
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Front. Plant Sci., 28 August 2012

All reactions on 96-

well plate 96 RNA-seqlibraries

4.
6. Amplificationby PCR
1. Direct mR\li_A extraction “On beads”reaction \,=< \
N\ \NNVAAAAA —— %’
N\ \ NN \VAAAAA \ / |
N\ NN VVAAAAA Ty \e—/
2.Double-strand cDNA )
syntl'wiﬁsis 5.Addition of adapters
with 96 unique barcodes
=—=A
. A
3.Enzymaticfragmentation | —_— — v
of cDNA _— 4.End repairand A addition

— — -

\WR// | inthe environment



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

Y VV V V VYV V

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
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aiay

Ecological value Mechanistic value

Ecosystem

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) -

Y
Muitiple genes/proteins/metabolites (Annotation)

L
Gene/protein groups (Functional characterization)

L )
Biological pathways (Sequental events)

Y
Networks and systems (Iniegrated responses)

v
Toxicology/pathology (Phenctypic anchoring)

Research centre
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Associated data

Database of transcriptomics, proteomics, metabolomics and
tﬂ:ﬂﬂd:}g}r!paﬂ'rubgy data on chemicals, drugs and stressors

\ ﬁémpmmtﬁﬂ of 'ftmclinnai /

| Database of SNPs and n

to environmental disease

pattmay"a and networks
Dictionaries and metadata

External links

Lterature and clinical info
resources, toxicology

databases and NTP

% Links | s | F"'alhways. —

NLM/NCE

Function

e e

=Y

Query

mundfclassfshucm Effacts

A - -4
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TIRANSKRI | OMIKA

TRANSKRIPTOM = wvyc€et a kvantifikace RNA

bunce, tkani nebo organismu (MRNA, microRNA,

SiRNA, dlouha nekodujici RNA)

d METODY
= RT-gPCR
= RNA-seq

= microarray

©)|:=
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TINAINOIRIOR O e

O DNA ARRAY a &ipy

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

* oligonukleotidové sondy sekvencné specifické pro kazdy gen z
genomu

 hybridizacni technika

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

e geny nebo fragmenty genu (cDNA, EST — ,expressed seguence
tag“) jsou roboticky v pfesné danych souradnicich umistény na
mikroskopické sklo (plast)

©)|:=
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in the envi nnnnnn t



4 PRINCIP

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

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

»
=D& a s fwr DBboBadad®aan
e R TFTE®TEPRD L L N
smhana EBCwans ‘AN
foDesd e OP® ¢ G ww
- $ e e® -B- N E-F- N N-N-
L saDé s s 9w aTe
N AT O EEONER NN NN ol -
T LI X L 'EEE L.
ped e -] cepPSPEra e
s bBhapbDes EYEN-X
-
E E N N BT W N & = B

FEEBO

-.\;l;'.l-cll
N E-NC R N-N R E

- & o mm LI & BB e
Y A Sodeoes DoOSeras
e+ @ Sde R L N 1N o
HPTOSTOQ -9 D RGO P

T I LN
L g

E8S AP eoDeODNasBDAD

e e B "B9000aDe on b

esa Be: BosasCORd )
VR P aP RS N N B N B &

' AETe9

e LB L N RN R
N NN NN N NN
-

Klin. Biochem. Metab., 14 (35), 2006, No. 2, p. 89-951



POSTUP:

1. Vytvo Feni DNA €ipu
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 ¢€ipem
X naneseni vzorku na Cip

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

5. Skenovani ¢€ipu
X Vicekanalovy skener

6. Zpracovani vysledk 0
X podle intenzity vyzafeneho svétla Ize urcit mnozstvi
komplementarnich molekul pfitomnych ve vzorku

(@) Research centre

for toxic compounds http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdfi22
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Prepare CONAWIrobe prepareicroarray

NUITIMITIHHITIHIIALTHTUHT TTIVITRAUL DETWVTTINIyull ve vZUIRNU

() | =i comvoune. http://www.molbio.upol.cz/stranky/vyuka/cgi/5.pdfi22

in the environment




L]
L]
[ ]
L]
-
L]
[ ]

NUILTTIPITIHHITHIALL T TTTUITAUL PJHiwvliniyvell ve vZulnu

(@) fr 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 |

Preprocessing: Alifgned to
Background correction, reierence genome,
izati known isoform & exon-
Normalization, ' o
Summarization. junction sequences.

Novel
transcripts

Expression levels of
Transcripts (continuous)

Expression levels of
Transcripts (counts)

Statistical analysis Statistical analysis ]

Differentially

expressed
transcripts
Cellular
functional/pathway
analysis ‘ \ ‘ I
Research centre Cell Biosci. 2012;:2:26
(@) for toxic compounds 125
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|dentify gena/protein

s functional groups, Fﬁﬂﬁg’;‘rﬁ“}p
Clinical chamistry pathways and networks knowle d'gaba_se

&

Weight, physiclogy

Absorbtion, distribution,
metabolism, excretion

NATURE REVIEWS | GENETICS VOLUME 5 | DECEMBER 2004 | 937
Research centre
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g

Oestrogen
mimic

Known Toxicants

Peroxisome
proliferators

\\

Cytochrome
P450 inducer

Effluent containing a
putative ogstrogen mimic

v
Exposure

kS

. bl 1 1 1]

b R LR
Lol adR
B

- T} BRATE >
Transcript e hwil s
signamire T
JI No Match |<
No Match &
Match

Research centre
for toxic compounds
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(a) Identification of toxicant specific key genes

Toxicant

Activator

(b) Development of a toxicant specific reporter

THENDS in Biolachrclogy

TRENDS in Biotechnalog)
for toxic compounds TRENDS in Biotechnology Vol.25 No.10 128

in the environment
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[urtsf mate !

Genetic Engineer.,

Knockour Mice

Research centre
for toxic compounds
in the environment
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RORCHTSTRIRCE e

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 Sac”m\\ pmmmerﬂ' dil 47)
(e.g. a gene’s promoter) luciferase) REOlE =

e ——— Ncol (80)

f1ori enhancer
" DNA e luciferase
¢ Luciferase
e mRNA Ampr Reporter Vector
'L (pTL-Luc)
4.8 kb

A reporter protein
. Amount is easily measured

(e.g. GFP by fluorescence)

Xbal (1736)

pUCon Sall (2004)

Research centre
for toxic compounds 130
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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 Sacl(12) promoter
(e.g. a gene’s promoter) luciferase) Kol (9 ) iﬁgi:st;:ﬂ

Apply Stimulus Measure luciferase activity
Transcription factors are
. activated and bind to
remola’  Luciferas promoter
. Kesearcn centre
(@) for toxic compounds 131
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o :
- Site of cleavage

-
7

Host Plasmid

Cleavage by Restriction
Erndonuclzasas

Point of attatchment

Annealing
and annealing

—»

n

3”&?&
Sticky ends %y Recombinant
Specified Genes PIasm'd DNﬁ

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

Research centre
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Promoter Genome
3'UTR
o Clani injo
Topatr rporte 1. Promoter nebo 3'UTR
RO . ’,
responzivniho
elementu
Proumated
bromoter _— 2. Tvorba plazmidu a
Reporter Vector Reporter Vectar je ho namnozeni
— RN (restrlk,cr,n enzymy,
Living Cells Living Cells klonovani, selekce a

izolace plazmid )

3. Preneseni konstruktu
(plazmidu) do bun ék

= transfekce
Light signal = promoter activity Light signal = UTR activity
http://www.activemotif.com/catalog/900/lightswitch-luciferase-assay-system
Research centre
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http://worldwide.promega.com
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il Tol2 ERE TATA Gal4ff PolyA  Tol2
— _ HH N

Tol2 UAS E1B GFP PolyA  Tol2

o I N, I

EHP 120 (2012): 990
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RERGONBINACE DNA

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

= U zvifrat jsou embryonalni kmenové buniky geneticky
upraveny a vneseny do ranniho stadia embrya

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

d ,GENE KNOCK -DOWN* jedna se o snhizeni Ci
Inhibici genoveé exprese

©)|:=
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RERONBINACE DNA
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How it works:

in vivo Model

Knock-in Mouse Generation

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

PR (212}

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

a Sereening pups for site-specific gene integration

Knoch-in Mouse
within 3 months

TR

Applications

in vivo screenings

Zeneration of humanized models

Zeneration of disease models

Generation of drug / genome interaction models

Research centre
for toxic compounds
in the environment
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n vitro Model

Stable Cell Line Generation

€D Generate master TARGATT™ Celis
with aftp sites (& months)

-0) -
% B Transfecton
| !

) TARGATT™ Call Lines Expressing Gene of Interest

Knock-in Cell Line
within 1 - 3 months

Applications
in vifro 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 r.'.‘-‘—':""-’::l

alectroporation

ﬂ
0 hﬂ' O'-’

— K @

blastocyst ]
Rare cell carrying
targeted gene

Pasitive-negative
selection

Pure population
of targeted ES cells

http://www.nobelprize.org/nobel_

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

Research centre
for toxic compounds
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. Generation of gene targeted mice

Targeted ES cells .which are

are injected implanted into

into blastocysts.. foster mothers
.. which give birth

to chimernic mice

Mating between
chimenc mouse
and normal
MoUsE,

Sperm Sperm

@@@@5@*
S @ @

Mormal mice

Gene targeted mice

ANHIEA ROHL

139



L “sIRNA ", ribozymy,

sIRNA tecl nologies i deR N A
synthedc, manafactured, moltecule =
{nor-standard delvery)

Transient i
duration

ciRMNA TR

Emzymatic
COMm

(R

Separanes siRNA inco FiRininiAi
single strands MLILILL-)

T s

Cleavage of 7 ™ «z%
target mRANA :
Gene silenced . T S

www. blocomicals.com
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| —
|
|

Living cells fram
culture media,

Ll -
LR ] L -':::l-.l. -\.'-'

Cells with damaged
(relaxed) DNA having
: g

single-strand f double-
strand breaks

Single cells are After electiophoresis
embedded on agarose- and fluorescent

BLLL St St
coated slide and lysed  staining, the damaged
DA s separated
from the intact DHA
{the *head") and

il




COMET ASSAY

Comet Assay Overview

-, .-'- "ail™

Linvimey cells frarm
culture media,
blood, or tisswe
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OENCOTCPNUEH

Mormal Le | LiMA amage

> $ AN
N ¥ N A

Mis-seqragated
Caramcs oo

©O®. . @®.

sormal daughte cells Lraugter c2l scontdir ng rricror ug ei

http://www.gentronix.co.uk/product/micro-nucleus-test/
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human
chromosomes

= Probe mixture, g
@ which contains all
I of the differentially

. 1__r % ﬁ—r
b ‘ ' y
'/ labelled chromosome-

Labelllng of the individual chrnmnsnm&— painting probes
painting probes using various
combinations of fluorochromes

Hybridize, detect and analyse Metaphase

using interferometer or multiple chromosome

fluorescence filters /., m ., m \\Preparam:-n
B

Rese
for t«
in the

(=]
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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
NORDENREN {on:slicies)
DNAase ™
(random cut) T
T THT 0T i T PR T Yy,
- Dig-dUTP (or Biotin-dUTP) Denaturation
%( -dCTP + dATP + dGTP (Formamid 42°C)
NICK I
TRANSLATION I I L L L O O )
iIEEEA B 0 Tl O A T T T
’ Hybridization
Denaturatlon\ (on slides)
(75°C) ?

Bl el s e

— ;

07 o T T O O

L+ %

linked with a fluorophor

skt Xt Antibodies anti-Dig (or Avidin)
” ~ /i\

WNEENA|

HETEETE

EpifluorescentMicroscopy
= The gene is located
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