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Recent advances and new perspectives

in quantitative RT-PCR



Ý MIQE is a set of guidelines that describe the minimum 

information necessary for evaluating qPCR experiments

Ý The goal is:

To increase reliability of results to help to insure the integrity of 

scientific work, with major focus on biological relevance

Å To provide guidelines for authors, reviewers and editors to measure the technical 

quality of submitted manuscripts

Å To establish a clear framework to conduct quantitative RT-PCR experiments

Å To increase experimental transparency

Å To promote reproducibility between laboratories worldwide

Å To promote more consistent, more comparable, and more reliable results

Å To standardize international qPCR nomenclature



The MIQE checklist:
Å9 titles

Å85 sub-titles

Å57 essential information

Å28 desirable information

ÅExperimental design

ÅSampling

ÅNA extraction

ÅRT

ÅqPCR target information

ÅqPCR primers

ÅqPCR protocol

ÅqPCR assay validation

ÅData analysis & Statistics



Steps and variables of a successful

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

tissue

sample
RNA cDNA PCR

nucleic acid

isolation
sampling RT

real-time PCR

amplification

¶Sampling method:

¶Biopsy

¶Fixed material

¶Fresh blood

¶Tissue storage

¶Liquid Nitrogen

¶RNA Later

¶1st extraction buffer

¶RNA storage ï80°C

=> native RNA

¶Extraction method:

¶total RNA vs. mRNA

¶liquid-liquid

¶columns

¶Automatic via robot

¶RNA integrity:

¶Bioanalyzer 2100

¶Experion

¶Nano-Drop

¶M-fold

¶Efficiency of RT:

¶RT enzyme type

¶RT temperature

¶Primers:

¶poly-T  Primer

¶Random-hexamers

¶Specific primer

¶Primer mixtures

¶one-step RT-PCR

¶two-step RT-PCR

¶Efficiency & Specificity 

of real-time PCR:

¶Primer design

¶Primer specificity

¶ multi-species Primer

¶mRNA abundance

¶cDNA input

¶Polymerase types & Mixtures

¶Robot  vs. hand made

quantification 

strategy
RT-PCR product

Ct processing

¶Detection method:

¶SYBR Green I

¶Probes: Beacons, Scorpions, etc.

¶raw data vs. background correction

¶Fit point method

¶TaqMan fitting (10x SD)

¶2nd derivative maximum

¶other models (Log. or Sig.)

¶Mixed models

¶other curve manipulations

¶2-step, 3-step, or 4-step qPCR

¶Quantification strategy:

¶ñabsoluteò quantification

¶type of calibration curve?

¶normalization with RG

¶relative quantification

¶total RNA, cells, tissue mass

¶normalization with RG

¶normalization via an index of 

more (> 3) RGs

¶geNorm, REST, BestKeeper, 

qBASE, Normfinder, etc.

¶BioInformatics:

¶CP vs. quantified molecules

¶Normality of data (???)

¶t-Test (?)

¶ANOVA (on the ranks ?)

¶SAS, SPSS, Excel, Sigma Stat

¶Permutation test

¶Randomization test (REST)

¶éééééé.???

detection

& software

statistics

success
= 

biological

meaningful

results

test

Steps and variables of a successful

mRNA quantification using real-time RT-PCR  (2)

FOCUS:

Absolute quantification  &  post-analytical data analysis

Quantification strategy:
¶«absolute¬ quantification

¶ type of calibration curve?
¶normalization with RG
¶on single-cell level

¶ relative quantification
¶ total RNA, single-cell, mass
¶normalization with RG
¶normalization via an RG Index  (> 3 RGs)
¶RefGenes pre-selection
¶geNorm, Normfinder, BestKeeper
¶REST, qBASE, GenEx, Kineret

BioStatistics & BioInformatics:
¶Cq  vs.  quantified molecules
¶Normality of data (?)
¶t-Test (?)
¶ANOVA (on the ranks ?)
¶SAS, SPSS, Excel, Sigma Stat
¶Permutation test

¶Randomization test (REST)

¶Bootstrapping (REST-2009)

¶Cluster analysis
¶Multiple regression analysis
¶Multi-dimensional modeling



ERastandard curve

109ï100 plasmid DNA molecules

Rotor-Gene 6000 (Corbett Life Science)

109 100
107 105 103 101



using a recombinant plasmid DNA calibration curve (mean °std.dev.;  on molecule basis)

MW Pfaffl 2009; book chapter in ñThe PCR Revolutionò (editor SA Bustin)

input ss cDNA molecules
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ERa intra-assay variability  (n = 4) over all CV = 1.35%

                   [ 4.99   ? ]  0.80   1.15   1.69   0.70   1.93  1.13   2.10   1.89   0.75

input ss cDNA molecules
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ERa inter-assay variability  (n = 10) over all CV = 2.58%

                     [ 10.57   ? ]  1.34   0.83   2.14   1.45   1.07  1.51   3.10   4.36   7.41

ERa intra-assay & inter-assay  variation
intra-assay variation:  within one RG-6000 run  (n = 4)

inter-assay variation:  between different RG-6000 runs  (n = 10)

Invitrogen two-step SYBR GreenER Kit (beta testing)



plasmid start molecules
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(on basis of 10 independent runs)



One single cell

Å contains a set of all genes

Å can represent an organism

Å might be the starting point of a population

ïreproductive biology (IVF)

ïcancer biology (CTC)

ïstem-cell research

Why focusing on single cell analysis ?

Ý Life starts with one single cell é

Ý To learn about life, you have to go back to the roots é



Why test cell-by-cell genetic/expression  heterogeneity?

What if: ÅSamples contain varying mix of normal and 

diseased cells

ÅSmall subset of aggressively expressing 

cells drive true association

ÅExpression pattern is changing between 

cell types and cell layers

ÅExpression pattern is changing cell-by-cell

ÅExpression dynamic is changing over time

Current testing: ÅMarkers based on features observed in 

tissue samples in clusters of cells, e.g. 

100s ï10.000s of cells 

Stahlberg & Bengtsson

Methods (2010)



Expression analysis of a cell population can be misleading

10 20 30 40 50 60

HpRT

IFNg

mRNA expression levels

Rocha B., qPCR Event 2007, Freising

qPCR of cell 
population

Single cell 
analysis

= low expression level
= high expression level



Validation of a single cell DNA and RNA quantification

Questions:

ÅWhat is the dynamic quantification range on DNA and RNA level?

ÅDNA and RNA assay sensitivity?

ÅVariability of quantification?

ÅWhat is the influence of the biological material? 

ÅTranscriptional quantification noise ?  Is it a technical or biological effect?



Stahlberg & Bengtsson, Methods ñThe ongoing Evolution of qPCRò (2010)

Single-cell analysis workflow overview

101ï102ï103ï104ï105ï106

DNA or RNA start molecules

with & without single WBCs

n = 3/4 replicate slides



AmpliGrid AG480F ïDNA free slide


