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RNA interference (RNAi)

RNA interference (RNAI) je v oblasti genomiky jednim z nejvyznamnéjsich objev
poslednich let, za ktery byli v roce 2006 Andrew Z. Fire a Craig C. Mello ocenéni
Nobelovou cenou za fyziologii a medicinu.

Proces slouzici k regulaci genové exprese prostrednictvim dvouvlaknové RNA,
dochazi tedy k interferenci mezi dvouvldknovou RNA a komplementarni mRNA (TGS
- exprese genl ovlivnéna jiz na urovni DNA, PTGS — degradace mRNA)

Vyznam:

Obrana v(di abiotickému stresu
Regulace transpozomalnich element(l, chromatinu

Ochrana bunék pred cizorodymi molekulami - nukleové kyseliny virového plvodu ¢i
transgeny

DilleZitou metodou pro analyzu funkce genl u eukaryot. Selektivnim vyrazenim
funkce urcitého genu mlizeme pozorovat utlumeni prislusného fenotypového
projevu.
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Flavonoid Genes in Petunia: Addition of a Limited
Number of Gene Copies May Lead to a Suppression of
Gene Expression

Alexander R. van der Krol,' Leon A. Mur, Marcel Beld, Joseph N.M. Mol,? and Antoine R. Stuitje
Department of Genetics, Free University, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands

To evaluate the effect of increased expression of genes involved in flower pigmentation, additional dihydroflavonol-
4-reductase (DFR) or chalcone synthase (CHS) genes were transferred to petunia. In most transformants, the
increased expression had no measurable effect on floral pigmentation. Surprisingly, however, in up to 25% of the
transformants, a reduced floral pigmentation, accompanied by a dramatic reduction of DFR or CHS gene expression,
respectively, was observed. This phenomenon was obtained ‘with both chimeric gene constructs and intact CHS
genomic clones. The reduction in gene expression was independent of the promoter driving transcription of the
transgene and involved both the endogenous gene and the homologous transgene. The gene-specific collapse in
expression was obtained even after introduction of only a single gene copy. The similarity between the sense
transformants and regulatory CHS mutants suggests that this mechanism of gene silencing may operate in naturally
occurring regulatory circuits.
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Figure 5. DFR mRNA Steady-State Level in Leal Tissue of

VIP178 Tranasganic Petunia

e Do rostlin vnesen gen pro chalcon syntdzu uplatiujici se v biosyntéze flavonoidu

e Ziskané transgenni rostliny ovsem nemély ocekavané tmavé nachové zbarvené kvéty, ale
vytvarely kvéty s bilymi oblastmi na tmavém podkladu nebo kvéty kompletné bilé

e Kontrolni rostliny, do kterych nebyl vpraven gen pro chalkon syntazu, vykazovaly

prirozené se vyskytujici kvéty nachového zbarveni

e Analyza RNA z kvét(l z 12 transformovanych rostlin prokazala oproti rodicovskym
rostlinam vyrazné snizenou uroven mRNA produkovanou genem pro chalcon syntazu
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Potent and specific genetic interference by double-stranded RNA in Caenorhabditis elegans.
Fire A"i Xu S, Montgomery MK, Kostas SA Driver SE, Mello CC.

+ Author information

Abstract

Experimental introduction of RNA into cells can be used in certain biological systems to interfere with the function of an endogenous gene.
Such effects have been proposed to result from a simple antisense mechanism that depends on hybridization between the injected RNA and
endogenous messenger RNA transcripts. RNA interference has been used in the nematode Caenorhabditis elegans to manipulate gene
expression. Here we investigate the requirements for structure and delivery of the interfering RNA. To our surprise, we found that double-
stranded RNA was substantially more effective at producing interference than was either strand individually. After injection into adult animals,
purified single strands had at most a modest effect, whereas double-stranded mixtures caused potent and specific interference. The effects of
this interference were evident in both the injected animals and their progeny. Only a few molecules of injected double-stranded RNA were
required per affected cell, arguing against stochiometric interference with endogenous mRNA and suggesting that there could be a catalytic
or amplification component in the interference process.

e Molekularni podstatu RNAi odhalili Andrew Z. Fire a Craig C. Mello (1998) pfi pokusech
provadénych na hlistici C. elegans

e Cilem bylo vneseni antisense vlakna RNA do C. elegans a zablokovani genu unc-22, jehoz
MRNA byla komplementarni k antisense RNA. Jak ocekavali, jednovldknova antisense
RNA se navazala na mRNA genu, vznikla dvouvlaknovd RNA (dsRNA) a translaci cilového
proteinu bylo zabranéno



Dvouvlaknova RNA ma schopnost umlcovat geny prostrednictvim degradace
homologni RNA

Tato degradace se muze dit na Urovni transkripce (Transcriptional gene silencing,
TGS), kdy v jadre dochazi k metylaci DNA a k modifikaci chromatinu, nebo na uUrovni
posttranskripéni (Post-transcriptional gene silencing, PTGS). Toto umlcovani gen(
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Gene silencing by interfering RNAs
miRNA (21-24 nt), piRNA (26-31 nt), siRNA (20-25 nt)
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Transcriptional gene silencing (TGS)

e Transkripniho umlcovani je dosazeno modifikacemi chromatinu

e Nejvyznamnéjsi a nejprobadanéjsi modifikace predstavuje metylace DNA a

Upravy histonl v podobé jejich metylace a acetylace — sestaveni methylacniho
komplexu

e RdDM (RNA-directed DNA methylation)
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Schéma RdDM: (1) transkripce Pol IV, (2) pfevod transkriptu na dsRNA, (3) vyStépeni duplexd sRNA, (4)
Upravy sRNA duplexd, (5) asociace s AGO4, (6) transkripce Pol V, (7) navedeni RISC na transkript Pol V, (8)
ustaveni metylaéniho komplexu, (9) metylace DNA a (10) modifikace histonii. Pfevzato z: (Haag & Pikaard 2011)




Post-transcriptional gene silencing (PTGS)

Posttranskripéni umléovani genli (PTGS) ma primarné vyznam v ochrané rostlin proti
virové infekci a transpozomalnim elementiim, uplatiuje se vsak i v regulaci
endogenni exprese genl

PTGS je vyvolano pritomnosti dsRNA v cytoplazmé rostlinné buriky, bez ohledu na to,
jakého je dsRNA plvodu

Endogenni a exogenni cesta

Endogenni cesta vede k inhibici translace a dalSim efektdm uplatriiujicim se ve vyvoji
rostliny. Exogenni cesta se uplatnuje v reakci na infekci patogeny, vede ke specifické
degradaci komplementarni RNA a dsDNA vir( ¢i transpozomalnich elementu.



e siRNA - Vznikaji v iniciacni fazi RNA interference z prekurzoru, kterym je
dlouha, linearni, dvouvlaknova dsRNA; dvounukleotidovy presah na 3"-konci;
dsRNA se muze nachazet bud pfimo v cytoplazmé, nebo se muize do burky

dostat z vnéjsiho prostredi

MiRNA — nejvice zastoupenym typem RNA u
rostlin a Zivocich(;

v jadre exprimovany jako primarni miRNA (pri-
miRNA) a zpracovany enzymovym komplexem
Drosha do 70 nukleotidového vlasenkového
prekurzoru (pre-miRNA).

pre-miRNA je v cytoplazmé nasledné rozstipana
Dicerem na dvouvldaknové miRNA; Jedno z miRNA
vldken je specificky rozpoznano, napf. proteinem
Argonaut (AGO), druhé je degradovano.

AGO protein je soucasti RISC komplexu, ktery fidi
stépeni cilové sekvence nebo inhibici translace

Dicer je specificka dsRNA endoribonukleaza typu
Il nachazejici se v cytoplazmé.
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Mechanismus RNA interference

1. EXOGENNI CESTA - Aktivace RNAI prostfednictvim exogenni siRNA, cilova
MRNA je rozstipana - pozastaveni exprese odpovidajiciho genu

2. ENDOGENNI CESTA - Regulace exprese endogennich gent prostfednictvim
MiRNA - mRNA je rozpoznana za pomoci endogenni miRNA a vysledkem je
zastaveni translace

siRNA- transcriptional gene silencing by methylation miRNA — posttranscriptional gene silencing by RNA interference
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Endogenni cesta

Iniciacni faze — pre-miRNA — miRNA

Efektorova faze — miRNA zaclenéna do RISC komplexu a dochazi k degradaci sense
vldkna, druhé vldkno (vedouci) miRNA z{stava asociovano s komplexem RISC

miRNA - posttranscriptional gene silencing by RNA interference
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Exogenni cesta

Inicia€ni faze - dsRNA exogenniho puvodu rozstipana enzymatickym komplexem Dicer

Vysledkem Stipdni jsou malé fragmenty o velikosti 21 — 25 nukleotid( (nt). Tyto
fragmenty se nazyvaji malé interferujici RNA — siRNA a je pro né typicky
dvounukleotidovy presah na 3'-koncich obou fetézcu

Efektorova faze —

1. siRNA zaclenéna do komplexu RISC (RNA-
induced Silencing Complex) a rozvolnéna
na jednotliva vlakna.

2. Sense vlakno siRNA je degradovano,
antisense vlakno z(stava soucasti RISC
komplexu a navaze se na komplementarni
cilovou mRNA.

3. siRNA zde tedy slouzi jako voditko k
nalezeni cilové sekvence.

4. mRNA je naStipana a tyto fragmenty jsou
poté degradovany nukleazami, coz vede ke
ztraté exprese daného genu.

5. Po degradaci cilové mRNA se RISC rozpada
na jednotlivé slozky, vedouci vldkno siRNA
se mUzZe opét uplatnit

double-stranded RNA
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Srovnani miRNA a siRNA

miRNA je cilené exprimovana (ridi * SiRNA je primdarné exogenniho puivodu
regulaci endogennich genu) a jejim zdrojem jsou invasivni nukleové
miRNA vznika z vldsenkového kyseliny, jako jsou viry, transpozony Ci
prekurzoru transgeny

e SiRNA vznikd z dlouhé, zcela

MiRNA ma velmi presné koncové
komplementarni dvouvlaknové RNA

sekvence, pouze s malou variabilitou
e SiRNA ma sklon k vétsi rozmanitosti

siRNA i miRNA jsou vystfihnuty ze svych prekurzorti pomoci enzymu Dicer a
jednovldknova forma siRNA i miRNA asociuje s enzymovym komplexem RISC



Gene Knockout

Gene expression is eliminated by
creating InDels in the DNA

Using CRISPR

sgRNA
Cas9

Using TALEN

33 amino acid repeats,
differing by 2 amino acids,
each of which binds 1 nucleotide
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DNA binding Nuclease

@ Gene Knockdown

Gene expression is reduced by
targeting the mRNA

Using RNAi

SiRNA RISC

siRNA is loaded into RISC

domain domain

sgRNA is complexed with Cas9 TALEN protein consists
of a specific DNA-binding domain l

l and a nuclease domain

l Target mRNA G111 SR
PAM
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complementarity and presence

A pair of TALENSs bind based
on protein-DNA interactions

of PAM site _PIIIII_ AAAAAA
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¥ leads to mRNA OR  leads to blockage of
degradation translation
l I

Cas9/TALENSs cause a dsDNA break. The process of
repair via Non-Homologous End Joining (NHEJ)
introduces InDel mutations which disrupt the
reading frame of the gene.
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° € 100% KO ~30% gene function remains
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Target mRNA

1. Design siRNA with
complementarity to target
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sgRNA
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4 Verify knockdown by
gRT-PCR or Western Blot
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Cas9 sgRNA

3. Transfect cells
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4. Screen & validate for biallelic
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Cleavage Detection Assay and
Sanger Sequencing
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2. Order or clone
TALEN vectors

3. Transfect cells

Gene Knockdown Workflow

Gene Knockout Workflow



Srovnhani

Table 1: Summary of Gene Silencing Methods.

CRISPR TALEN RNAI
Target Genomic DNA Genomic DNA MRMNA
Loss-Of-Function Type Knockout Knockout Knockdown

Casy & sgRNA
Transgenes (spCas9: ~4.2 kb, 2 TALENs (~3 kb each)
saCas9: ~3.4 kb)

SIRNA (~20 bp) or
shRNA (~80 bp)

Time to Phenotype Short (oligo delivery)/

(design to validation) ot Long Medium (vector delivery)
: Low (vector delivery)/
Lot i i High (oligo delivery)
Ease of Experiment Moderate Difficult Easy
Off-Target Effects Low Low High
Ease of Design Easy Moderate Easy

M. Boettcher, M. T. McManus, Choosing the Right Tool for the Job: RNAi, TALEN or CRISPR. Mol.
Cell. 58, 575 (2015).



Kvantifikace pomoci real-time PCR




DNA replikace in vivo
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Uvod do PCR

© Denaturation at 94-96°C original DNA “"m' <
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1983 Kary Mullis (Nobelova cena za chemii, 1993)
“Lets you pick the piece of DNA you’re interested in and have as much of it as you want.”

1986 - Tag DNA polymeraza (termostabilni) — Thermus aquaticus,
1987 - prvni PCR thermocycler - automatizace PCR
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Academic Applications of Real-Time PCR (%Total Respondents)

Quantitation of gene expression (1) —. 749
Microarray verification (2) 38%
siRMA/RMNAI experiments (3) 0%

Copy number variation (4) 9%
Genotyping (5) 6%

MicroRNA analysis (6] WS 239
Infectious disease/pathogen detection (7) 16%

Viral quantitation (8) 13%
SNP genotyping (9) 12%
Quality control and assay validation |10) 123
Drug target validation (11) 7%
Other applications (12) F 5%
GMO detaction (13) 3%
Food safety testing (14) . 2% . . . . . . . .
e 10% 200 309 A0% 504 10 Tow B

Pharma-Biotech Applications of Real-Time PCR (% Total Respondents)

Quantitation of gene expression (1) — 57%
Genotyping (2) I 34
Copy number variation [3) 3%
Quality control and assay validation (4) 3%
Drug target validation (5] 3%
Infectious disease/pathogen detection (6) 28%
siRMA/RMNAI experiments (7) 26%
MicroRNA analysis (8) — 25%
Microarray verification (9) 25%
SNP genotyping (10) 21%
Viral quantitation (11} | 19%
Other applications (12) Q%
Food safety testing (13) 5%
GMO detection (14) - B
i

|

%
e 20% 0% A% S0% o)



Overall Ranking of Real-Time PCR Templates (% Total Respondents)

mRNA (1) ]
Total RNA (2)
Eukaryotic genomic DNA (3)
Microbial {bacteria, fungi, yeast) DMNA (4)
miRNA or other small RNAs (5)
Viral DNA (6}
Mitochondrial DNA (7)

Other DNA templates (8)

Other RNA templates (9) 4%,

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% ab.00% F0.00%

Overall Ranking of Real-Time PCR Primers and Probe Types (% Total Respondents)

SYBR Green (or other saturating binding (1)
TagMan (hydrolysis) probes (2)
Dual hybridization probes (3)
Meolecular beacens (4)
EvaGreen (or other non-saturating bindin) (5) .
LMA probes (&)
QZyme PCR primers (7)
Other PCR primer/probe chemistry [8)
LUX PCR primers (9)
Simplexa probes (10]
Scorplons PCR primers (11)
Eclipse probes {12)

Plexar primers {13)

0% 105 i 0% 0% 50 G0 0% 0%



Reakcni smés (mastermix, MM)

slozka

funkce

deionizovana voda

bez DNas, RNas

reakéni pufr

vhodné prostiedi pro polymerasu (iontova
sila, pH)

Mg#*

vazba s nukleotidy — kofaktor polymerasy,
(MgCl,, MgSO,)

dNTP (dCTP, dATP, dTTP,
dGTP)

nukleotidy - stavebni kameny polymerace

primer A, primer B

synteticky pfipravené oligonukleotidy o délce
20-25 nukleotidu, ohrani¢eni amplifikovaného
useku

DNA polymerasa

termostabilni DNA polymerasa, polymerace

templat DNA

DNA izolovana z bunék, plazmidova DNA
(genomoveé knihovny), bunécny extrakt
podrobeny lyzi




Reakcni smeés (koncentrace)

slozka obvykla koncentrace | nizka koncentrace vysoka koncentrace
v reakéni smési
templat DNA 0,01 ng-1000ng nizky vytézek nizka specifita nasedani
(plazmid-genomova primeru
DNA)
pfitomnost inhibitori PCR reakce- EDTA, heparin,
(PO,)*
primer A 0,1-1pM nizky vytézek nizka specifita nasedani
primer B 0,1-1uM s
DNA 0,01-0,05 U/l nizky vytézek nizka specifita
polymerasa
Mg?* 1-5mM nizky vytézek nizka presnost DNA

(mnozstvi Mg?* je
primo umérné
mnozstvi dNTP)

polymerasy

stabilizace ds DNA -
neuplna renaturace - nizsi
vytézek

stabilizace nespecifické
vazby primeri-nespecifické

Reakéni pufr 10mM Tris-HCI, pH<7 poskozeni

50mM KCI templatu
dNTP (dCTP, 200uM pro kazdy vyssSi presnost chybné zarazeni
dATP, dTTP, nukleotid

dGTP)




Tag DNA polymeraza

o termofilni bakterie Thermus aquaticus (nyni
rekombinantné)

e aktivni pri pokojové teploté — nutnost pracovat na ledu

e priteplotach nad 90°C je inaktivni, ale pri ochlazeni se
znovu aktivuje

e pouze 5’exonukleasova aktivita (degradace Okazakiho fr.),
nikoliv 3"exonukleasova aktivita (proofreading) ® 1 chyba
na 10-20tisic nukleotidu



Problemy

PCR je velmi citliva na kontaminace
Casty problém - nespecificka amplifikace
Taq DNA Polymerasa pracuje i pfi nizkych teplotach (e.g., béhem nastavovani reakce)

“Hot start” PCR je feseni (protilatka proti Taq)

Amplifikace je ¢asto moznd i pro ne zcela znamou sekvenci primerd napt. DNA jiného
biologického druhu

“Degenerované primery” (multiple verze s rGznymi bazemi v klicové pozici (tryptofan +

methionin): P R E T T Y F L Y
< . CCA CGA GAA ACA ACA TAC TTC CTA TAC
stupen degenerace: 8 & 8 6B &6 T & T
prettyfly protein ma kdd degenerovany na 11 pozicich C C C C C
tzn. (4)(2)(4)(2)(4)(4)(2)(2)(2)(4)(2) = 65.536 krat T T T T T
A T

“Touchdown PCR” s vyssi presnosti v prvnich cyklech

Maximalni velikost produktu +/-5000 bazi pro standardni PCR: Long PCR kits mohou
amplifikovat az 35 kbazi



Navrhovani primeru

Formace dimert

Primery by mély byt 20-25 bazi dlouhé

Nutna znalost alespon casti sekvence
amplifikované DNA

Formace vlasenky

Primerové sekvence musi korespondovat se
sekvencemi, které na templatové molekule lemuiji
cilovy usek, 3‘konce hybridizovanych primer0 by
mely smérovat k sobé

Délka primer0 (kratké = nespecifita, dlouhé =
efektivita pcr se snizuje)

|

Procentualni zastoupeni G + C by mélo byt 50- Forward primer 5
60% - ovliviiuje Tm (teplota kdy se vaze primer na sCAT Gl ~ " "

templét) Reverse primer

Primery v jedné reakci by mély mit srovnatelné scrcals

Tm

e, , Nasedani primerl a smér syntéz
Vyvarovat se repetitivnim sekvencim ¥ LY

Vyvarovat se komplementarité uvnitr ¢i mezi “C/ATG _ Homividkno  TGAL:
- a1 s
primery
s QAT G —mérantézy 3,

Tm= (G+C)x4 + (A+T)x2




Navrhovani primeru

Priklad navrzeni primeru:
Konvence: DNA se vzdy zapisuje ve smeru od 5°ku 3°konci

Cilova sekvence: (priming misto podtrzeno):

>"TATAAGCCATAACGATATTGCTGAGTCAAGTCCACATATCATATGG
ATGAGAAATGCTTGTGGAGCTGATGTTGATTTGGAGAGACTCTCTCT

CTCTCTCTCTCTCTCTCTCTCTCTCTCTCAAACCAGTTAAAGAGTGT

GCCAGTAGAG 3’

Forward Primer > ATG GAT GAG AAA TGC TTG TGS

Reverse Primer °'ACT GGC ACA CTC TTT AAC TGG3



Kvalitativni PCR (konvencni)

Ethidium bromid na agar6zovém
gelu

Intenzita bandu odpovida mnozstvi
PCR produktu na konci PCR reakce

Izolace PCR - Amplifikace y
DNA/RNA (piepis)
MW ¢ 4 4 4 = = = 4 4 = = = = = = = P

Kozni karcinom

351 bp z Merkelovych bunék

Qualitative PCR detects the presence of Merkel cell polyomavirus in cutaneous squamous cell carcinoma (SCC) in immunocompetent individuals. From
Drowkin et al, 2009: MCPyV detection. (a) The presence of MCPyV in SCCs, genomic normal DNA, and adjacent skin DNA was determined by PCR using
VP1 primers. A representational result is shown with 6 of 16 samples tested showing a PCR product at 351 bp. All experiments included DNA from an

MCPyV plasmid as a positive control (P) and a negative water control (W). M, molecular weight marker; +, positive for virus; —, negative for virus.

Vyhody: efektivita, rychlost analyzy, specifita, citlivost, levna
Nevyhody:
nemoznost automatizace
nizka presnost, obtizna kvantifikace,
rozliSeni pouze na zaklade velikosti produktu
vysledky tézko interpretovatelné v Cislech
end-point analyza



Kvantitativhi PCR

e Real-time PCR monitoruje fluorescenci emitovanou v pribéhu reakce jako indikator tvoreného
amplikonu v kazdém cyklu PCR (v redlném case)

e Specialni real-time PCR termocykléry s detektory umoznuji kvantifikaci v realném case a diky sbéru
dat i automatizaci

1. Pozadi
* fluorescence jesté nedosahuje méritelnych hodnot
2. Exponencialni faze

* Jestlize je efektivita reakce 100% — produkt se e S
presné zdvojnasobi (4-6 cykll ze 40)

* Narust mnoZstvi DNA je dle 2n

e V&rné odrazi mnozstvi templatové DNA = odeéteni g Eikiie?’
Ct :

3. Linearni faze g

e 2n+l

* Jsou spotrebovavany reakéni komponenty a PCR FxponentisFoNse-3 er
produkty zacinaji degradovat

4. Plateau — s

* End-point analyzy - reakce je ukoncéena, PCR Cycles

produkty degraduiji



Relative fluorescence

Kvantifikace
Mnozstvi DNA se méfi v kazdém cyklu pomoci fluorescenéniho barviva — rostouci signal je
pfimo umérny k poc¢tu amplikona

Fluorescence
Signal méren pfistrojem, ktery v sobé spojuje tepelné cyklovani s moznosti skenovani
fluorescencniho barviva.
Vynesenim fluorescence proti po€tu cyklu, real-time PCR pfistroj generuje amplifikacni graf,
ktery pfedstavuje akumulace produktu po dobu trvani celého PCR reakce

4,000

3,500 4
3,000 -
2,500 4
2.000 -
1,500 +
1,000 4

Target Input

m 10F
L Blol
m i
= 10"
m 10
| 10°
"1

o
B NTG

Baseline lluorescencs

500

o -*

C,

H
e 1 7

TErFrITT N FE N NT e N}

H
- .-

»

e s e " Fluorescence

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cycle number

thrashald



1. SYBRGreen real time gRT-PCR (passive reference dyes)

n-l.l.‘.ﬁ..- i .1" 5 .'ll.5 ﬁ.'. : '.a
o e 5 e o CORCIRCI JIAL T 7

- M o™ 3 » ® o - .

g1 bbbttt . % _® ol L

: TR 3'_"?““:“':"'“ 3".""“'"":"'—" 3‘:&'““‘::5

-6 @ ’ * “t 8
1 1)
i'.g:..l ‘
® /
NS DNA-SYBRGreen | komplex absorbuje modré svetlo
S

e (h

.. =488 nm) a emituje zelené (A, =522 nm).
s8N l\l I

Fluorescence SYBRGreenu | umeérna PCR produktu

G uv Lanp

Vyhody - levné a snadné

Nevyhody - nespecificke, fluoreskuje nespecificky PCR produkt !!
-proto musi nasledovat melting curve analyza




Analyza krivky tani

-jelikoz SybrGreen detekuje nespecificky, specifita PCR produktu musi byt ovérena Metling analyzou

Double-stranded (ds) DNA
100- : QuantiTect SYBR Green PCR Kit
E N 041 |
8 E Single-stranded DNA 034 % '.‘
5 = (random coils) g a
o g eSS | g Bl . £ 021 » &
S 3 L e
O ¢ 2] | : 'C‘?“" 0.1 -
= = = ;
= 5 : :
Y =2 i N
. (T | 0 -
0 I T T T T T
76 79 82 Tm 88 91 0 10 20 30 40
T ” Cycle
emperature [°C]
Melting curve Real-Time PCR Kit from Supplier |
] 100
'© bl .| Nonspecific PCR products
S a > 0254
_ U 5 g 14
LGy | § 021 ol
° 3 g . \ € 0154
= o F 0 E
2 I | | N 6 04
~ O o0 ] R =z
% > 10 o il . 0.05 -
I “_- [} — :
10 | 0
62 54 56 S8 60 62 64 66 €6 70 72 74 76 78 80/ 82 04 86 89 90 92 94 55 96 100002 . . | . .
b 0 10 20 30 40
Blue=1000 cells [—10ng —1ng — 100pg
Pink=100 cells N i
Green=10 cells Specificky produkt — stejna Tm
Black=0 cells

Nespecificky PCR produkt s jinou Tm



Fluorescence Resonance Energy Transfer (FRET) metody

qRT-PCR metody:
TagMan Probes
Molecular Beacons
Hybridization Probes
Eclipse Probes
Amplifluor Assays
Scorpions Primers
LUX Primers

Qzyme Primers

v RealTime RT-PCR

Fluorofory pouiivané pro FRET RT-PCR

FAM-TAMRA

nebo kombinace s BHQ
Black Hole Quenchers -zhaseci

BHQ Dye Absorption Maxima and Quenching Range

Quencher Abs max Quenching Range (nm)
BHQ-| 534 480 - SBO
BHQ-2 5m9 550 - 650
AHQ-] &r2 620 - 730

BHQ Dye / Reporter Combinations

Quencher Suggested Fi

BHQ-| FAM, TET, JOE, HEX, Oregon Green”

BHQ-2 TAMRA, ROX, Cy3, Cy35, CALRed ™, Red 640
BHQ.3 Cy5, Cy5.5

Dye MaxAbs Max Em

FAM

(nm)

494

520

R110
TET

505
521

535\
536

HEX

RE&G

S20
535

530

By-3

TAMRA

546

556

By-3.5

588

ROX

By-5

585

By-5.5

683

By-T

By-7.5

750

T80

uv

Dabeyl
Labsima) 453 nml
QR: 350 - 810 nmy

BHQ-1

rabs|max) 534 nm
QR 480 - 580 nm

habs{man): 578 nm
OR: 553 . 6T0nm

BHOQ-3

Jabs(max): 672 nem
QR 6320 - T30 nm




gRT-PCR s TagMan probami

sekvence o velikosti primeru
komplementarni k specifickému mistu
templatu

kovalentné vazany fluorofor na 5 konci
proby

kovalentné vazany zhasec¢ (quencher) na
3" konci poby

princip zalozen na vyuziti 5°-3°
exonukleasové aktivity Taqg DNA
polymerazy

mnozstvi detekované fluorescence je pfimo
umeérné mnozstvi fluoroforu uvolnéného z
DNA pfitomné v PCR reakci

vysoka specifita detekce

Fluorophore Quencher

Forward PCR. primer

f“: TagMan s'
Probe

qﬁ-—
Reverse PCR primer

I Amplification Assay

Polymerization ( .ﬁ. ?
—t i

ﬁﬁﬁﬁﬁ

e S @ o e

"v Probe displacement

Fluorescence and deavage

_h‘&ﬂjuarf-hq

e T

PCR Products Cleavage Products



Mclecular beacons are halrphn probes with

'l‘tao taporter and quencher

Curing annealing, the probe binds to the
farget saquence o separate reporter and
quencher. The reporter fluoresces

Q reporter

O ouvencrer

a m @ oonor fucrphore

@ Acceptor fluorophore

m— During annealing, the two probes bind

to the target In a head-to-tall orentation.

- The accaptor Nluorophora fluoresces

Molecular beacons proby.
Oligonucleotidy (25—40 bp) , které
tvori vlasenku ,hairpin“ diky 5-6
komplementarnim bazim . Po
hybridizaci nastava uvolnéni FRET a
donorovy fluorofor emituje s kratsi
vinovou délkou.

Pouziva se DNA polymeraza BEZ
5-exonukleazove aktivity, beacons
nejsou degradovany béhem PCR
reakce.

Hybridization Probes
Hybridizuji pouze k jednomu
fetézci, proby se uvolfiuji béhem
syntézy komplementarniho
fetézce (zhasi se FRET).

FRET nastava, hybridizuji-li obé
proby soucasné v tésné
blizkosti. FRET koreluje s
mnozstvim PCR produktu.



Zakladni principy kvantifikace

- denzitometrickeé urceni ,velikosti“ bandu

kontrola experiment

e |g—3rget gene 1"l

s e Je——it€Nal control gene 2!
actin, GAPDH, RPLPO etc

NORTHERN, ethidium bromid

Relativni indukce exprese testovaného genu 10/2=35



Kvantifikace — absolutni vs. relativni

Absolutni
» Pfimo determinuje vychozi poCet kopii cilovych molekul (napf. kopie ug/ulL)
« Zalozena na existenci linearniho vztahu mezi logaritmem startovniho poctu
templatovych kopii a CT pfislusné amplifikaéni kfivky
« Amplifikuje se vzorek o neznamé koncentraci spole¢né s diluéni sérii
standardl o znamé koncentraci, vznika kalibacni primka (standard curve), ze
které Ize odecist vychozi koncentraci neznameého vzorku
» VWyuziti v detekci specifickych mikroorganismu

A8l Ny, 10° .

& e KALIBRACNI PRIMKA
% ':N.jﬁz_ W “ n
e ) ~ standard curve
2 =
s g
N Ng = vychozi koncentrace
J1H]
= C; = "“threshold cycle”
| — _/ _fluorescenéni i S t 4

[ [ prah o,

| | |

I I ) [ T P oo o ety

| | | | |

[ [ [ [ [ I\

(C); (C), (C)s pocetcykl @ Cs 16D Cy



Relativni

» Porovnava se relativni zména genové exprese (relativni expresni pomer) v
testovaném vzorku oproti kontrolnimu vzorku

» CT amplifikacni krivky daného genu se vzdy normalizuje oproti CT
housekeeping genu

» Pouziti referencniho vzorku (endogenni, interni kontroly)

* Idealni pro stanoveni miry genové exprese, zpravidla nevyzaduje sestrojeni
kalibraCni primky

Srovnavaci

» Matematické stanoveni

« Kalibracni vzorek pouzit jako 1 standard

» Idealni v pfipadech, kdy staci vyjadreni v podobé pomérd, k ovéfovani trendu



ARN (Rn-baseline)

Rn+ je hodnota Rn reakce obsahujici vSechny komponenty, hodnota Rn- je hodnota Rn
slepé (negativni, bez templatu, NTC) reakce (hodnoty baseline)

ARn hodnota predstavuje rozdil mezi Rn+ a Rn-, zaroven je tedy indikatorem velikosti sily
signalu tvoreného béhem PCR

ARn je vyndseno proti poctu cykll PCR, ¢imz jsou tvoreny amplifikacni krivky a stanoveny
hodnoty CT

040 r

080 +
0.7 +
0.8l +
AR
050
s 040 +
Threshold
A e e e s ra T aTRTRSY
oan | f€ - ::i No Template
|~ Baseline
01a
0,00

] 5 10 i5 20 25 a0 35 40



C ; (cycle of threshold)

Threshold — pozadi/prah detekce vznikajici fluorescence (v misté protnuti amplifikacni

krivkou je definovano CT)

Hodnota CT udava cyklus, ve kterém dojde poprvé k vyznamnému vzestupu ARn, coz
koreluje s pocatecnim mnozstvim templatu v reakci

Zakladni parametr pouzivany v kvantifikaci

Hodnota CT nad 40 znamend zddnou amplifikaci a nemuze byt pouzita k vypoctim pro

kvantifikaci

Teoreticky jedina kopie cilové molekuly by méla vytvorit CT hodnotu 40 za predpokladu

100% efektivity reakce

UETH

040

UE TR 5

Threshold
hice £ T IETS

Le

|H

Baseline

AR

No Template

210 25 an 35 a0



Zakladni principy kvantifikace pomoci Real Time RT-PCR

10000 ]
Q000 T | / im s r v r
2 8000 | 7 Kfivka ukazujici mnoZstvi PCR
el 0001 1T 1111 I | / = r .r W ¥ri
& sooo M- H-HH-HAHHHHHAH A produktu v ,redlném cCase
b | + T VWS W 4
- e | / | -méfi se v kazdém cyklu
U 40007 | 7 Tt
£ 3000 |
Treshhold Ct___ g aoor T Treshhold (prah)-
-kvantitativnf parametr o o —— ——— = S——————  nastaven automaticky nebo
mnoZstvi mRNA ve vzorku & | o .
. L 1000 manudlné na zacatku
“cim menst ki ver 2000 L — e — exponencialni faze PCR
mnoZstvi mRNA 0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34
Cycle 5 P ey
Faze ,platd” — PCR reakce jiz
16000 % T
HHHL ] neni kvantitativni 1
. . 14000 - =REE FEbaas
Stejna exprese vzorkd D : |: : : e S
na gelu I111] & 12000 T TR T A
~chyba ! Jg' o000 : ' :' ' | éﬁ:'“ .i d L
i T Ty R -
g 800 | | | £ Y
n B
| | ' 4 | A | 1
£ 00077 NENEEN 1 AL A
B 40001 H d H HA LA LY ; ki -
2 Ses t VA A Faze exponencidlniho rastu
& o R MU AL PCR produktu
T T LT i 1T
2000 kbt e L[] ] [ EEERE
7 4 6 B 101214 16 1820 22 24 26 28 30 32 34 36 384042 44
Cycle

Rzna exprese vzorka= rGzné Ct !1!
-real time pfistup eliminuje chybu pfi kvantifikaci mRNA pfi RT-PCR



2087152 714209 279468
4194304 1356998 413042
8338608 2578296 743477

CYKLUS (n)

100% =2.00x s  reakce b€z 2" 16777216 4898762 1338258
33554432 9307649 2408865

67108864 17684534 4335958

80% = 1.80x reakce bezi eff 134217728 33600614 7804725
70% = 1.70x 268435456 63841168 14043506
536870912 121298219 25287310

1073741824 230466617 45517159

v 7 7 Ve . - 7
Zohlednéni ucinnosti — p 3
. s s 7 5
(efektivity) PCR e 13w
s 2 » w
e o4 a7 H
S iz g9 61
v . .. L 169 110
® Presn€jsi kvantifikace 1o 555 198 100 %= 210
V. 4 V. ‘ 1024 613 357
* 100% uCinnost pouze v idealnich pripadech I: S it s
. V.. ] 4096 2213 1156
 UCinnost plisedani primertl, sloZeni reakce, = R e o
pYitomnost PCR inhibitor(l, enhancert M e i K8
32768 15181 6746
- 65536 28844 12143
T 12102 54803 21859
262144 104127 39346
224288 197841 70823
- 1048576 375899 127482
(.



Efektivita gPCR (%)

UCinnost reakce lze kalkulovat ze sklonu (slope) standardni kFivky

* Je dana smérnici linearntho vynesen{ CT viiCi logaritmu poCtu kopit

Eff = 10C1/slope) -1 (x100 pro %)

. Exponenciélm' amplifikace:

Eff = 10¢! /slope)

* Efektivita reakce:
- 100% (2 kopie v kazdém cyklu) d€la smérnici -3,3219

_ ideadlné v rozmezi 90-110%

Slope Amplification Efficiency
-3.60 1.8957 0.8957
-3.55 1.9129 09129
' Sklon: -3.32 -3.50 1.9307 09307
' -3.40 1.9684 0.9684
£ 432 | -3.35 1.9884 0.9884
-3.30 2.0092 1.0092
T S — -3.25 20309 1.0309
-3.20 2.0535 1.0535
i i 5 : -3.15 20771 1.0771
-4 -3 = -1 KX
Redéni

Efektivita v rozmezi 90 % aZ 110 % (-3,58 az -3,10)



Calculation of real-time PCR efficiency
358 4

—— ngcDOMNA ws CP{TyrA) slope=-3.122 E=204
—&— ng cOMA vs. CP{PyrB) slope =-2 842 E =216
—y— ng cOMA vs CP{Gst) slope =-3.337, E=1548
reqressions

a0 -

25 1

20 1

15 4

cycle number of crossing point (CP)

10 : . : : : : : : : :
0p25 005 0 026 05 1 25 A 10 25 50
cDNA input {ng)

Gene.Quantifiaction@Ewze tum.de & 2002

Priklad: stanoveni efektivity PCR pro referenCni gen (Gst), analyzovany gen 1 (TyrA) a 2 (TyrB).
Smeérnice pIimek vypoCitany z CT (v prUseCicich s regresni pI'imkou) vli¢i poCateCnimu mnozstvi
DNA (prumer ze tf'{ m€Feni)



PFAFFLova metoda kvantifikace s kalkulaci efektivity PCR
M.W. Pfaffl, Nucleic Acids Research 2001 29:2002-2007

AFTER 1 CYCLE
100% = 2.00x
90% = 1.90x
80% = 1.80x

70% =1.70x

CYCLE AMOUNT OF DNA AMOUNT OF DNA AMOUNT OF DNA AMOUNT OF DNA
100% EFFICIENCY| 90% EFFICIENCY | 80% EFFICIENCY | 70% EFFICIENCY

=l M=o

1
2
4
8

16

32

&4

128

256

512

1,024

2,048

4,096

8,192
16,384
32,768
65,536
131,072
262,144
524,288
1,048,576
2,097,152
4,194,304
8,388,608
16,777,216
33,554 432
67,108,864
134,217,728
268,435,456
536,870,912
1,073,741,624

1
2

4

7

13

25

a7

89

170

323

613

1,165
2,213
4,205
7,990
15,181
28,844
54,804
104,127
197,842
375,900
714,209
1,356,998
2,578,296
4,898,763
9,307,650
17,684,534
33,600,615
63,841,168
121,298,220
230,466,618

1
2
3
6

10

18|

34
81

110

198

357

643

1,187
2,082
3,748
6,747
12,144
21,859
39,346
70,824
127,482
229,468
413,083
743,477
1,338,259
2,408,866
4,335,959
7,804,726
14,048,508
25,287,311
45,517,160

1
2

3

5

8

14

24

4

70

119

202

343

583

990

1,684
2,862
4,866
8,272
14,063
23,907
40,642
69,002
117,456
199,676
339,449
577,063
981,007
1,667,711
2,835,109
4,819,686
8,193,466

ratio = (E )ﬁCt target (control-treated)

(E )&Ct ref (control-treated)
ref

target Testovany gen

housekeeping

Ratio - udava relativni zménu exprese
(nasobek zmény exprese cilového
genu mezi kontrolou a treatovanym
(testovanym) vzorkem

E.arger Ere— €fektivita PCR reakce vypocitana
z kalibracni krivky
-je-li E=2 — idedlni exponencialni mnozeni

PCR produktu — neexistuje !

naproti tomu Delta-Delta metoda

ratio=2 AACt

Rozdil AACt= ACt -Act

target referenéni {

housekeeping)



Pfafflova metoda kvantifikace

> Ziskanou hodnotu Cinnosti PCR zahrneme pf‘i kvantifikaci srovnévan)’fch vzorku

R (ratio) = Eff.(ref.) €T(et) / Eff. (target) €T(targe)

VZOREK GEN

C.1(UT) GAPDH
CYP1A1

Reference:

Target:

R,= 1.8917:37/1,95 3078=(,000075

GAPDH

Eff,,pp = 1.89 (95%)
Effoyp g = 1.95 (98%)

17.37
30.78
16.91

Z téchto V}'fsledklol mUzeme konstatovat, ze exprese
genu CYP1A1 je u vzorku .2 1906x vy$§inez u

vzorku 1.




Relativni kvantifikace - vliv dioxinu na expresi genu CYP1A1

1.

Na bun€Cnou linii LS180 byly aplikovany latky: DMSO (neg. ctrl), TCDD

2. Izolace celkové RNA a prepis do cDNA
3. qRT-PCR — studovane geny GAPDH a CYPIAI
GAPDH CYP1A1
1 2 3 aver SD 1 2 3 aver SD delta ct SD delta delt delt SD delt fold to UT  range aver range
uT 17.4 17.33 17.37 17.37 0.04 |30.68 30.76 30.89 30.78 0.11 |13.4 0.11 0.0 0.11 1.00 1.08 0.93 0.11
TCDD |16.88 17.18 16.67 16.91 0.26 |18.89 18.87 18.94 1890 0.04 (2.0 0.26 -11.4 0.26 2740.08 3278.55 2290.04 698.99

ACt,= Ct (target 1)— Ct(ref 1)
ACt,= Ct (target 2)— Ct(ref 2)

ACt;cpp= Ct (target CYP1A1)— Ct(ref GAPDH)
ACt = Ct (target CYP1A1)— Ct(ref GAPDH)

Fold induction = 2ACt! —AC®2

Fold induction = 2ACtTCDD —ACUT




Dékuji za pozornost!




