UVOD DO KVANTITATIVNI
REAL-TIME PCR

MIQE - Minimum standard for the

provision of information in quantitative
PCR



KvantifikaCni strategie

Statistické vyhodnoceni

Nulova hypotéza (neni rozdil), kterou se test bud’ potvrdi nebo vyvrati

Zakladni statistické parametry — priimér +£ SD nebo median + x-percentil
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Parametrické testy
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- Normalni rozlozeni

- Stejny rozptyl 3 2 4 n | 2 3

- Dva vzorky t-test (one/two tailed)

- Ruzné nezavislé proménné - ANOVA (i tehdy, neni-li rozloZeni uplné Gaussovské)

Genova exprese (expresni pomeéry) miva obvykle normalni rozlozeni,
pokud je vyjadrena v log scale.



KvantifikaCni strategie

Statistické vyhodnoceni

Neparametrické testy

- Nezname parametry rozlozeni

- Testovani rozdili mezi nezavislymi skupinami (Independent samples)

dva vzorky, u kterych porovnavame prameéry nékteré z proménnych
- Mann-Whitey U test; Kolmogorov-Smirnov test

vice skupin

- Kruskal-Wallis test; Medianovy test

-Testovani rozdili mezi zavislymi skupinami

- Porovnavani proménnych, zjiStovanych na jednom vzorku
- Wilcoxonuv test (parametricka alternativa — t-test/ANOVA)

- Hodnoty typu ,mRNA pfitomna/nepfitomna“ (dichotomické hodnoty) — McNemaruv y? test

-Testovani vztahtl mezi proménnymi

- Regrese a korelace (Spearmanuv/Pearsonuv korelaéni koeficient)

- Standardni kfivky



KvantifikaCni strategie

Statistické vyhodnoceni

Kdy pouzit ktery test

Parametrické vs. neparametrické testy

RT-PCR
Obvykle maly pocet hodnot, s velkym rozptylem, vétSinou nesledujicich normalni rozlozeni
-> neparametrické testy

V pfipadé vétsSiho pocCtu hodnot (>100), Ize pouzit parametrické testy

Neparametrické testy jsou méné nachylné k a-chybam (nespravné zamitnuti nulové hypotézy), ale
jsou méné citlivé nez parametrické (napf. srovnani p u para < p u neparametrickych testl), jako

signifikantni oznacCi vétSi rozdil nez parametrické testy.



KvantifikaCni strategie

Statistické vyhodnoceni

Analyza vice genul/vzorkU (clustering)
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KvantifikaCni strategie

Statistické vyhodnoceni

Analyza vice genl/vzorkl (hledani trendu, clustering)

N ruznych genu — n raznych proménnych — n rozmérny graf ?

Pf. 10000 gend... (microarray)

Principal component analysis (PCA)

Redukce poctu rozméra (dimenzionality) na zakladé
vypoctu kovariance mezi jednotlivymi vzorky. - PC1

Plavodni osy jdou nahrazeny tzv. komponentami

1003

GDSE2. softbd GSM1179 (raw)
T T T T T T T T T T T
10 100 1000

Fig 1. Football-shaped data set with two main components.



Kriticka mista statistickeho vyhodnoceni

Kontrola dat (outliers)
Uprava efektivity PCR
Kompenzace variability mezi jednotlivymi PCR (inter-plate calibration)
Normalizace na stejné mnozstvi vzorku (RNA/DNA)
Pramérovani technickych replikatu
Vypocet mnozstvi/poméru

Vlastni statisticka analyza



MIQE guidelines
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Standardy MIQE

PCR & qPCR

jednoducha, snadna, rychla, citliva metoda

— Popularita ve védecké komuniteé

adaptace, upravy, specifikace protokolu...

— Publikace dat s ruznou kvalitou

problematicka data zpochybnuji i opravnéné interpretace

— Nutnost standardu



..there is a lamentable lack of transparency of
reporting, with the material and methods
sections of many publications, especially those
with high impact factors, not fit for the purpose
of evaluating the quality of any reported qPCR
data. This poses a challenge to the integrity of
the scientific literature with serious
consequences not just for basic research but
potentially calamitous implications for drug
development and disease monitoring....

Bustin 2009



Variabilita a jeji priciny

1. Biological variability

Biologicka variabilita

— experimenty odrazeji
ruznorodost reality — nebudou
nikdy identické

Technicka variabilita
— chyby v méreni, znemoznuijici
adekvatni popis reality

Sample selection

Experimentalni design Sl Wty S e Normalsation
— chybna hypotéza vedouci k = St
vysledku platnym pouze v ramci

experi mentu 3. Inappropriate experimental design

— biologické nebo klinické
vyznamnosti

— data overestimation

2. Technical variability

Bustin SA. 2010. Methods 50(4):217-226.



Biologicka variabilita

* hallmark of life

« kombinace genotypovych a fenotypovych variaci mezi jedinci
 tkane a bunky — dynamicke systemy se schopnosti komplexni
adaptace a reakce na ruzné podminky

Geneticka variabilita
polymorfismy, copy-number variace, alternativni splicing,
posttranskripCni a posttranslacni regulace, epigeneticke
modifikace

Fenotypova variabilita
environmentalni interakce, intra- a extraindividualni faktory
(vek, zivotni/reprodukcni cyklus, pohlavi, Cas, nutricni
stav...)



Biologicka variabilita

Stochasticka variabilita na urovni kinetického Sumu
biochemickych reakci uvnitr jediné bunky

= dynamickeé chovani jediné bunky neni presné reprodukovatelné

!

Expresni profily jednotlivych bunék se lisi,
| v ramci homogenni kultury

Interakce mezi regulacnimi molekulami a DNA
Lokalizace mRNA a proteinu v ramci bunky
Epigenetické modifikace

!

| geneticky identické bunky ve stejném prostredi
mohou mit ruzny fenotyp



Biologicka variabilita

Biologické informacni drahy jsou robustni, redundantni, zavislé na
bunécném, tkanovém i environmentalnim kontextu

!

Biologicky relevantni interpretace
pozorovaneho jevu a jeho odliseni od
prirozene variability a heterogenity v danem
systéemu vyzaduje spravny experimentalni
design, analytické metody a vhodny
statisticky model

!

Slepé neprejimat cizi protokoly, premyslet @



Technicka variabilita

 Mnoho protokolu, které se liSi v kazdém kroku
= rozdily ve vysledcich

* Meticulous attention to sample isolation,
storage and preparation, mnozstvi replikatd,
design assays, samotny gqPCR proces,
normalizace a statisticka analyza

e Sample size je relativné mal3, statistickeé
analyzy maji malou silu, fold change je malo
precizni a zvysena pravdéepodobnost falesné
pozitivnich vysledkU roste



Proc€ je to problém?

e Puvodni jednoduchy protokol se zménil na
mnoho slozitéjsSich Spatné popsanych
protokolu, které je tézké zkontrolovat

* gPCR = neadekvatni standardizace, komplexni
a nekonsistentni technika vedouci ke Spatnym

vysledkim
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Optimisation
Analysis

Reliability ?

Fig. 2. PCR evolution. The evolution of legacy, gel-based PCR, established as a powerful method for the qualitative detection of nucleic acids into the quantitative qPCR assay
of to-day proceeded through a protracted phase of trial and error. This scrutiny resulted in a more detailed understanding of both the technological as well as biological
limitations and challenges of this technology. The serious question marks surrounding both the reliability and relevance of qPCR data contributed heavily to the development
of the MIQE guidelines.



Technicka variabilita
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Bustin SA. 2010. Methods 50(4):217-226.



Cile standardizace

Guidelines for

assessing technical
quality of publication

Practical scaffold for
gPCR experiments

qPCR

Progress towards Support
“best practice” communication
gPCR protocols  between researchers

Bustin SA. 2010. Methods 50(4):217-226.



Technicka variabilita

gPCR assay

Nucleic acid Reverse
extraction | transcription |

ligo- ate
,qPCR target o lgq Protocol Validation an_
information nucleotides analysis

Published results

Bustin SA. 2010. Methods 50(4):217-226.



Tahle 1. MIQE checklist for authors, reviewers, and editors.”

ltem to check

Experimental design

Definition of experimental and control groups

Number within each group

Assay camied out by the core or investigator's laboratory?

Adenowledgment of authors” contributions
Sample

Diescripticn

Volumedmass of sample processed

Microdissection or macrodissection

Frocessing procedurs

If frozen, how and haw quicdy?

If fixed, with what and how quickly?

Sample storage conditions and duration (especially for FFPE? samples)
Hudeic acid extraction

Procedure andior instrumentation

Mame of kit and details of any modifications

Source of additional reagents wsed

Details of DNase or RMase trestment

Contamination assessment (DMA or RNA)

Mucksic acid quantification

Instument and method

Purity (Azedizac)

ield

RNA integrity: methodinstrument

RINROI ar Cy of 3' and 57 transcripts

Electropharesis traces

Inhibition testing (C, dilutions, spike, or other)
Reverss transcription

Complete reaction conditions

Amount of RNA and reaction volume

Friming oligonudeatide iif wsing GSP) and conceniration

Reverse transaipiase and concentration

Temgerature and ftime

Manuiacturer of reagents and catalogue numbers

Storage conditions of cOMA
qPCR target information

Gene symbol

Sequence accession number

Location of amplican

Amplicon length

Ini silico specificity screen (BLAST, and so on)

Pszudogenes, retropsewdogenes, of other homologs?

Sequence alignment

Secondary structure analysis of amplicon

Location of each primer by exon or intron {if applicable)

What splice variants are targeted?

Importance
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Item to check
qPCR oligonucleotides
Primes sequences
RTPrimerD8 identification number
Probe sequences
Location and identity of any modifications
Marufacturer of oligonudeotides
[Purification method
qFCR protool
Complete reaction conditions
Reaction volume and amount of cDMATING
Primes, {probe), Mg?*, and dNTP wncentrations
Polymerase identity and concentration
Bufferkit identity and manufacturer
Exact chemical composition of the buffer
Additives (SYBR Green |, DMS0, and so forth)
Manufacturer of platesfubes and @talog number
Complete thermocycling parameters
Reaction setup (manualobatic)
Manufacturer of gPCR instrument
qPCR validatian
[Evidence of optimization {from gradients)
Specificty {gel, sequence, melt, or digest)
For SYBR Green |, C; of the NTC
Calibration curves with slope and y intercept
IPCR efficiency calculated from shape
s for PCR efficiency or SE
7 of calibration curve
Linear dynamic range
1y variation at LOD
Ols throughout range
Evidence for LOD
If multiplex, efficiency and LOD' of sach assay
Data analysis
qPCR analysis program (source, version)
Method of C; determination
Dutlier identification and dispasition
Results for NTCs
Justification of number and choice of reference genes
Description of normalization method
Number and concordance of biclogical replicates
Number and stage (reverse transcription or gPCR) of tednical replicates
Repeatability (infraassay variation)
Reproducibility {interassay variation, CV}
Power analysis
Statistical methods for results significance
Softwarz (source, version)
g or raw data submission with ROML

Importance
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# All essential information (E) must be submitted with the manusaript. Desirable information (D) should be submitted if available. If primers are from RTPrimerDB,

information on gPCR target, oligonucleatides, protocols, and validation is available from that source.
® FFPE, formalin-fixed, paraffin-embedded; RIN, RMA integrity number; ROH, RNA guality indicator; GSP, gene-spedific priming; dNTP, decxynudlenside triphosphate.
© Assossing the absence of DNA with a no—reverse transcription assay is essential when first extracting RNA. Once the sample has been validated as DNA free,

g

inclusion of 3 no—reverse transaription control is desirable but no longer essential.

Bustin et al 2009



Experimentalni design



power analysis ®
gene versus sample o
maximization

preparation e
quality control ®

design *
in silico validation ®
:mpirical validation

Derveaux

o efficiency correction
e multiple reference gene
normalization

quantification @ inter-run calibration
\ ® error propagation

® biological replicates

® log transform data

* selection of proper
statistical test

P o repor!lng ® RDML

guldcllncs * MIQE
referance \
selection o

gene
validation e \

S. etal. 2010. Methods 50(4):227-230.



Typicky experiment

1. Plan
2. lzolace RNA
3. RT

4. gPCR



Minimalizace propagace technickych chyb (errors of
measurement) v experimentu

Gene vs. sample maximization o . o o
Technicke chyby jsou nezavislé v kazdém experimentalnim kroku a aditivni

Planovani experimentu — priklad: exprese jednoho genu ve dvou mysich:

Schéma: napf. 2x3x3x3

Subjekty 2 mysi 2
Vzorky 3 3 odbéry vzork( a izolace RNA 6
RT 3 3 RT ze kazdého vzorku 18
PCR 3 3 PCR replikaty z kazdé RT o4

Kitchen RR et al. 2010. Methods 50(4):231-236.



Clinical Chemistry 55:10 Molecular Diagnostics and Genetics
1816-1823 (2009)

Design and Optimization of Reverse-Transcription
Quantitative PCR Experiments

Ales Tichopad,’?” Rob Kitchen,? Irmgard Riedmaier," Christiane Becker,' Anders Stahlberg,?* and
Mikael Kubista®®

Table 1. Variance in biological experiments.®

Confounding variance Studied variance
Intersubject variance Processing noise Treatment effect
Source Different baseline expression Sampling The difference between groups induced
by treatment
Different responses to treatment RT
qPCR
Intervention Randomize Replicates Maximize effect (e.g., dose selection)
Large N Normalization to internal standard
or spike

Paired measures

2 The confounding variance consists of the intersubject variance and the processing variance. To maximize the resolution of the effect, the confounding variance
must be substantially lower than the effect.




Clinical Chemistry 55:10

Molecular Diagnostics and Genetics
1816-1823 (2009)

Design and Optimization of Reverse-Transcription
Quantitative PCR Experiments

Ales Tichopad,'?" Rob Kitchen,? Irmgard Riedmaier, Christiane Becker,' Anders Stahlberg,”* and
Mikael Kubista®®

Group A Group B Group C
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Fig. 1. Comparison of 3 groups with a nested experimental design.

Each group consists of 3 subjects, from which 3 samples are collected and extracted. The extracted and then split into 3 RT
reactions, which are then finally into 3 qPCRs. The nested design is 3 % 3 X 3 X 3 X 3 and produces a total of 81 Cq values.




Conclusion

Jak navrhnout spravny experiment?

— Definovat jej pfed vlastnim zaCatkem experimentu

— Brat v uvahu hypotézu

— Byt maximalné jednoduchy (co nejméné komplexni)

— Maximalné kontrolovatelny

— Technicky a ekonomicky proveditelny, statisticky vyhodnotitelny

Variabilita dat

Nezadouci
Technicka: zpracovani vzorku (sampling, izolace, RT-PCR)
Reseni: replikaty, normalizace k internimu standardu

Biologicka: rozdily mezi vzorky (bazalni exprese, odpovéd na treatment)
ResSeni: opakovana mereni, normalizace ke kontrolni skupine

Hledana
Rozdily mezi testovanymi skupinami
Nahodny sampling, velky soubor



