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Quantification of specific mRNAs and microRNAs
(cattle, sheep, pig, rat, horse, monkey, buffalo, humans, …. etc.)

Molecular Physiology – Immunology - Endocrinology:
• Immuno-modulation and immuno-stimulation of the gastro-intestinal tract of 

farm animals (cattle, pig & sheep)
• Growth Physiology (cattle & pig) 
• Lactation Physiology
• Immunology in Mammary Gland  (cattle & sheep)

mRNA quantification assays:
competitive RT-PCR, real-time qRT-PCR
• Hormone and Hormone Receptors
• Cytokines, growth factors and their receptors
• Cytokines, factors and receptors of the Immune System
• Enzymes & Housekeeping Genes (UBQ, β-actin, GAPDH, Histon, 18S, …)

microRNA quantification assays:
• real-time qRT-PCR
• microRNA array

RNA integrity:
Bioanalyzer 2100, Experion
• Improvement of RNA extraction
• Total-RNA and microRNA integrity measurement
• Algorithm development

Software application development:
• Relative Expression Software Tool (REST)
• BestKeeper
• Efficiency calculation (algorithm development)
• Kineret



Genotype      =>        Phenotype =>       Function

DNA =>  pre-mRNA =>  mRNA => Protein => Function
↓ ↓ ↓

Transcription Splicing Translation
post-translatoric modifications

microRNA

Genome Transcriptome Proteome Metabolome
& microTranscriptome
& Splicome



Transcriptome
RNA content of a cell
T.A. Brown, GENOMES  2nd Edition

• ribosomal RNA rRNA 80-85% ( 5S, 18S und 28S )
• transfer RNA tRNA 10-15%
• microRNA 1-10%
• messenger RNA mRNA 1-5% ( ∅ length 1930 bases)

• high abundant > 100 genes > 1,000 copies/cell
• intermediate abundant ~ 500 - 1,000 genes 100 - 500 copies/cell
• low abundant ~ 27,000 genes < 1 - 20 copies/cell

• RNA quantity &  RNA quality



Richard A. Young     http://web.wi.mit.edu/young/expression/transcriptome.html

Transcriptomics in Yeast
5460 transcript were investigated

estimated 15000 poly-A RNAs per cell
average level:   2.8 copies/cell
median level:    0.9 copies/cell

80% of the yeast transcriptome is expressed at 0.1-2 copies/cell
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Pre-analytical RNA processing  &  post-analytical data analysis

Quantification strategy:
• “absolute” quantification

• type of calibration curve?
• normalization with RG

• relative quantification
• total RNA, cells, tissue mass
• normalization with RG
• normalization via an RG Index  

(> 3 RGs)
• geNorm, REST, BestKeeper, 

qBASE, Normfinder, etc.

BioStatistics & BioInformatics:
• CP  vs.  quantified molecules
• Normality of data (???)
• t-Test (?)
• ANOVA (on the ranks ?)
• SAS, SPSS, Excel, Sigma Stat
• Permutation test
• Randomization test (REST)
• Bootstrapping (REST-2008)
• Cluster analysis
• Multiple regression analysis
• Multi-dimensional modeling

Extraction method:
• total RNA  

• mRNA
• microRNA

• liquid-liquid
• columns
• Automatic via robot
• RNA integrity:

• Bioanalyzer 2100
• Experion
• Nano-Drop
• mFold algorithm



Experion  &  Bioanalyzer 2100

• Lab-on-chip technology
• Electrophoretic separation of total-RNA on mikrofabricated chips
• RNA samples are detected via laser induced fluorescence detection



Experion & Bioanalyzer 2100
RNA chip



E-Gram &  Electopherogram



Various total-RNA qualities analysed in the Bioanalyzer 2100

Intact RNA
RIN:  9.5

marker

5S                18S    28S rRNA

RIN:  5.6marker degraded RNA
RIN:  2.8

marker

ladder

marker

Fleige & Pfaffl, et al., Mol Aspects Med 2006;      Fleige, et al., Biotechnolgy Letters  2006



Q: Impact of RNA integrity on the qRT-PCR performance ?

Q: Impact on physiological result ?



RIN in different tissues and cell lines
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Degradation scale

total RNA extracted 
from bovine tissues

total RNA extracted 
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analyzed in 
Bioanalyzer 
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Fleige, et al., Biotechnolgy Letters  2006



RIN 10.0 9.2 9.2 8.6 8.1 7.8 7.2 6.7 6.0 5.0 4.4 4.0

18 S

28 S

5 S

Degradation of extracted total-RNA

The intensity of bands decreases with increasing total-RNA degradation



bovine ileum total-RNA

28S
18S

β-Actin
IL-1β



RIN 9.5      RIN 2.8

bovine WBC total-RNA

Δ CP



RNA integrity number [RIN]
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Normalisation according to an internal reference gene
“delta-delta Ct method” for comparing relative expression results between 

treatments in real-time PCR
ABI Prism Sequence detection System User Bulletin #2  (2001)

Relative quantification of gene expression

expression 
ratio = 2

- [ ΔCP treatment - ΔCP control]

=   2
- ΔΔCPexpression 

ratio
Livak KJ, Schmittgen TD.  (2001) 
Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2 [- delta deltaC(T)] method.
Methods, 2001 25(4): 402-408.

ΔCP  =  CP target gene – CP refence gene
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RNA integrity number [RIN]
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Impact of total-RNA integrity on qRT-PCR  CP (Ct)
IL-1: Crossing Point
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Impact of total-RNA integrity on qRT-PCR efficiency

28S: Amplification
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Influence of qRT-PCR product length on RIN
beta-actin procuts in various lenghts
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PCR efficiency in dependence of RIN
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Comparison of E-Grams:   Experion &  Bioanalyzer 2100
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Run performance
Experion &  Bioanalyzer 2100

Experion:  165.34 [71.47 ng/µl]
Ratio [28S/18S]: 0.93

Ladder Area:  370.14

Bioanalyzer: 63.3 [27.0 ng/µl]
Ratio [28S/18S]: 1.30
RIN: 7.4

Ladder Area:  354.1

Experion:  130.31 [45.07 ng/µl]
Ratio [28S/18S]: 1.36

Ladder Area:  ----

Bioanalyzer:  44.8 [25.0 ng/µl]
Ratio [28S/18S]: 1.80
RIN: 5.2

Ladder Area:  ----
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CV [%] 39.1 57.1 14.7 27.4

n = 207 n = 171

A: Experion (50 ng/µl)

B: Bioanalyzer (50 ng/µl)

C: Experion (200 ng/µl)

D: Bioanalyzer (200 ng/µl)

P <0.001
P = 0.025

Variability in total-RNA quantification
Experion  &  Bioanalyzer 2100

Pfaffl et al., submitted  2008



Concentration input ng/µl
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Pfaffl et al., submitted  2008



Linearity of quantification

RNA input vs. RNA concentration measured

Pfaffl et al., submitted  2008
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Quantification Strategies in real time qRT-PCR
M.W. Pfaffl,  BioSpektrum 2004   (Sonderausgabe PCR)

absolute quantification

external calibration
curve

one color detection
system 

SYBR Green I

external calibration
curve

two color detection
system

e.g. Probes

relative quantification

external
calibration

curve without
any referenece

gene

normalisation
via one

reference
gene

via reference
gene index

>3 RG

external calibration curve

• RT-PCR product

• plasmid DNA

• in vitro transcribed RNA

• synthetic DNA Oligos

• synthetic RNA Oligos

without real-time PCR 
efficiency correction

2 (-ΔΔ CP) REST, qBase
LC software, etc.

with real-time PCR 
efficiency correction

ROXROX



“Absolute quantification” using calibration curves

• calibration curve using a purified RT-PCR product (Einspanier et al. 1999,  etc……)

• recombinant DNA (recDNA) calibration curve (Bustin, 2000;  Pfaffl & Hageleit, 2001)

• calibration curve using a synthetic DNA oligo-nucleotide (Bustin, 2000;  Bustin 2005)

• recombinant RNA (recRNA) calibration curve (Pfaffl & Hageleit, 2001)

• calibration curve using a synthetic RNA oligo-nucleotide (Bustin et al. 2000, 2004, etc……)

• calibration curve using a pool of biological samples

⇒ Valid calibration curve needs to have comparable biological matrix background
like the biological sample!

⇒ Valid calibration curve needs same RNA integrity like biological sample!

⇒ Amplification efficiency and over all reaction performance of calibration curve 
needs to be identical to the biological sample!

⇒ „Copy & Paste“ of previously performed curves is NOT the right approach!



IGF-1 receptor recombinant RNA and native mRNA start molecules
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(n = 4; r = 0.998;   2 * 105 - 2 * 109 recRNA standard molecules)
two step qRT-PCR efficiency (native mRNA molecules) = 1.78

(n = 4; r = 0.939;  0.1 - 25.0 ng total muscle RNA)

Pfaffl et al., 1998

Absolute quantification of IGF-1 receptor



ER-alpha intra-assay variation CV = 18.7% (n = 3)

input ss cDNA molecules
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ER-alpha inter-assay variation CV = 28.6% (n = 7)

ERα intra-assay  &  inter-assay  variation
intra-assay variation:  within one LightCycler 1.0 run
inter-assay variation:  between different LightCycler 1.0 runs

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

Pfaffl, unpublished 1998



SYBR Green I standard curve of RT-PCR product
106 to 102 start molecules in Bio-Rad CFX96



ERα standard curve
109 – 100 DNA molecules

109 100



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

Pfaffl, unpublished 2007

input ss cDNA molecules

NTC 1 10 10
0

10
x3

10
x4

10
x5

10
x6

10
x7

10
x8

10
x9

de
te

ct
ed

 m
ol

ec
ul

es

1e-1

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7

1e+8

1e+9

1e+10

ERα 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

NTC 1 10 10
0

10
x3

10
x4

10
x5

10
x6

10
x7

10
x8

10
x9

de
te

ct
ed

 m
ol

ec
ul

es

1e-1

1e+0

1e+1

1e+2

1e+3

1e+4

1e+5

1e+6

1e+7

1e+8

1e+9

1e+10

ERα 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

ERα intra-assay  &  inter-assay  variation (2007)
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



Precision in the estimates
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AR ERα ERβ PR
product length 172 bp 234 bp 262 bp 227 bp

detection limit 12 molecules 2 molecules 10 molecules 14 molecules

quantification limit 120 molecules 165 molecules 106 molecules 760 molecules

quantification range
test linearity

Pearson correlation coefficient

120 - 1.20*1010

molecules
(r = 0.998)

165 - 1.65*109

molecules
(r = 0.995)

106 - 1.06*1010

molecules
(r = 0.996)

760 – 7.60*109

molecules
(r = 0.998)

PCR efficiency 90.7% 81.2% 81.3% 93.9%

intra-assay variation [CV]
molecule basis

31.2% (n = 3) 18.7% (n = 4) 17.6% (n = 4) 5.7% (n = 4)

inter-assay variation [CV]
molecule basis

24.3% (n = 7) 28.6% (n = 4) 29.7% (n = 4) 25.7% (n = 4)

Species specific  Tmelt (°C)
Homo sapiens
Rattus norvegicus
Callithrix jacchus (primate)
Bos taurus
Ovis aries
Sus scrofa

85.4
84.4
85.0
85.5

--
84.5

86.0
85.0

--
85.3
85.4
86.0

[  87.9  ]
89.0

[  89.9  ]
90.1
90.5
90.2

83.5
[  82.9  ]

83.9
83.8
83.1
83.5

Validation of an „absolute quantification“ of steroid receptors
suitable for multiple species

Pfaffl et al., APMIS 2001



ER-alpha [molecules/25 ng RNA]
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Estrogen receptors (ERα & ERβ) expression pattern in cattle tissues

Pfaffl et al., APMIS 2001



Comparison of bio-equipment:
iQ5  vs.  Realplex

white plates (EPW)  vs.  transparent plates (EPD)
heat sealing  (hs)  vs.  adhesive sealing (as)



Comparison of bio-equipment:
iQ5  vs.  Realplex

white plates (EPW)  vs.  transparent plates (EPD)
heat sealing  (hs)  vs.  adhesive sealing (as)



Comparison of bio-equipment:
iQ5  vs.  Realplex

white plates (EPW)  vs.  transparent plates (EPD)
heat sealing  (hs)  vs.  adhesive sealing (as)

Reiter & Pfaffl,  Biotechnology & Biotechnology Equipment 2008

Kineret software detection of significant outliers

Tichopad et al. 2008



Relative Quantification

The mRNA expression is relative to WHAT ???
• relative to a non treated control

• relative to a time point zero

• relative to another gene-of-interest  (GOI)

• relative to the mean expression of all GOIs

• relative to an universal calibration curve

• relative to the expression of one constant expressed reference-gene
GAPDH, tubulins, various actins, albumins, cyclophilin, micro-globulins, histone subunits, 18S, 28S…

• relative to an index containing more reference-genes ( >3 RGs )
geNorm   (Vandesompele et al.;  Genome Biology, 2002)
BestKeeper  (Pfaffl et al.;  Biotechnology Letters 2004)
Normfinder  (Andersen et al.;  Cancer Research 2004)
Statistical modeling  (Szabo et al.;  Genome Biology 2004)
REST versions:   REST–384, REST-MCS, REST-RG, ………. (Pfaffl 2008;  review in press)
qBASE (Hellemans & Vandesompele; Genome Biology 2007)

• ………………………….  ???



First GOI expression is normalised.................
• according to known amounts of extracted RNA

(molecules/ng RNA;   ag transcript/ng RNA;  RIN quality check ? )
• according to mass / volume / cells of extracted tissue

(molecules/mg tissue;   mass of transcript/mg tissue;   copies per counted/selected cells,
transcripts per single-cell)

• according to one reference-gene (=> ΔCP)
GAPDH, actins, albumins, cyclophilin, micro-globulins, histone subunits, rRNA, ……….

• according to an index containing more reference-genes (> 3) (=> ΔCP)
geNorm,  BestKeeper,  Normfinder,  qBASE,  REST versions

Second relative parameters, e.g. comparing the normalized GOI (ΔCP)
expression level to a further parameter (=> ΔΔCP):

• a non treated control =>  ΔΔCP
• the time point zero =>  ΔΔCP
• a healthy individual =>  ΔΔCP
• ……………………… ???

Commonly used normalisation strategies



Relative Quantification in real time qRT-PCR

without real-time PCR 
efficiency correction

2 (-ΔΔ CP)

relative quantification

external
calibration

curve without
any referenece

gene

normalisation
via one

reference
gene

via reference
gene index

>3 HKG

ROX
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Normalisation according to an internal reference gene
“delta-delta Ct method” for comparing relative expression results between 

treatments in real-time PCR
ABI Prism Sequence detection System User Bulletin #2  (2001)

Relative quantification of gene expression

expression 
ratio = 2

- [ ΔCP treatment - ΔCP control]

=   2
- ΔΔCPexpression 

ratio
Livak KJ, Schmittgen TD.  (2001) 
Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2 [- delta deltaC(T)] method.
Methods, 2001 25(4): 402-408.

ΔCP  =  CP target gene – CP refence gene
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Relative Quantification in real time qRT-PCR

without real-time PCR 
efficiency correction

2 (-ΔΔ CP) REST, qBase
LC software, etc.

with real-time PCR 
efficiency correction

relative quantification

external
calibration

curve without
any referenece

gene

normalisation
via one

reference
gene

via reference
gene index

>3 HKG

ROX



liver

m. splenius m. gastrocnemius

Tissue “matrix” interfere with real-time PCR efficiency 
and amplification fidelity

IGF-1 mRNA amplification in three cattle tissues



Theoretical real-time PCR kinetics

Bar et al., 2008 (in preparation)



real-time PCR efficiency and 
amplification performance

PCR inhibitors:
Hemoglobin, Urea, Heparin

Organic or phenolic compounds
Glycogen, Fats, Ca2+

Tissue matrix effects
Laboratory items, powder,  etc.

RNA / DNA 
degradation

PCR reaction 
components

DNA 
concentration

tissue 
degradation

PCR enhancers:
DMSO, Glycerol, BSA 

Formamide, PEG, TMANO, TMAC etc.
Special commercial enhancers:

Gene 32 protein, Perfect-Match, Taq-Extender, 
AccuPrime, E. Coli ss DNA binding

unspecific
PCR products

DNA dyeslab management

hardware:
PCR platform & cups

cycle conditions



Relative quantification of a target gene versus an internal 
control = reference gene (mostly a housekeeping gene)

Etarget
ΔCPtarget (control - sample)

relative
expression =

Ereference
ΔCPref (control - sample)

Pfaffl,  Nucleic Acids Research 2001

relative
expression = 2

- [ ΔCP sample - ΔCP control ]
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Determination principles 
of real-time PCR amplification efficiency

Direct methods:
Dilution series
(Rasmussen 2001, Peirson et al. 2003, etc.)
Determination of absolute increase in fluorescence
(Rasmusen 2001; Peccoud & Jacob 1998; Pfaffl 2001)

Indirect methods:   ( fit of mathematical models )
Sigmoidal model
(Lui & Saint 2002; Rutledge 2003; Tichopad et al. 2002)
Logistic model
(Wittwer et al. 2000; Tichopad et al. 2003)
Exponential model
(Tichopad et al. 2003, Bar et al. 2003)
Multiple-model fit
sigmoidal, linear, and exponential (Tichopad et al. 2003)
Comparative Quantitation Analysis
Rotor-Gene software (Corbett Life Science)
[ CalQPlex algorithm ]
realplex software (Eppendorf)
E-Method algorithm
Light-Cycler software (Roche Applied Science)

http://Efficiency.gene-quantification.info
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Determination principles of real-time PCR efficiency:
Dilution series
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Calculation of real-time PCR efficiency: LinRegPCR Interface
Ramakers et al., Neurosci Lett 2003 339(1): 62-66

1. 4-6 data points in exponential phase
2. Data input from LightCycler and ABI software



Principal of “Second Derivative Maximum” methods (1)
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Principal of “Second Derivative Maximum” methods (2)
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Standardized determination of real–time PCR 
efficiency from a single reaction setup

multi-model fitting Tichopad et al., 2003 NAR 31(20): e122
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Comparison of different methods

for optimal CP and real-time PCR efficiency determination

Tichopad et al.,  2003  Nucleic Acids Research 31(20): e122



Future of relative Quantification in real time qRT-PCR

without real-time PCR 
efficiency correction

2 (-ΔΔ CP) mean efficiency
REST, qBase, LC software

with real-time PCR efficiency correction

relative quantification

external
calibration

curve without
any referenece

gene

normalisation
via one

reference
gene

via reference
gene index

>3 HKG

ROX

single-run efficiency
REST 2008



Relative Expression Software Tool (REST)

REST-384 for high throughput applications    (August 2006)

REST-MCS multiple condition solver (August 2006)

REST-RG direct import for sample specific qPCR efficiency and 
TOP from Rotor-Gene software (August 2006)

REST-2005 Stand alone application (March 2005)

REST-2008 Stand alone application (June 2008)
standard Mode + single run efficiency correction

http://REST.gene-quantification.info/

Pfaffl MW, Horgan GW, Dempfle L. (2002)  Nucleic Acids Res. 2002 30(9): e36
Relative expression software tool (REST) for group-wise comparison 

and statistical analysis of relative expression results in real-time PCR. 

© 2001 & 2004   M.W. Pfaffl  &  G.W. Horgan
© 2005  M.W. Pfaffl  &  G.W. Horgan &  Y.Vainshtein &  P.Avery

© 2005 & 2008   M.W. Pfaffl  &  Corbett Life Science



REST-2008
=>  new features:

• Ct data copy-and-paste 

• multiple reference gens

• single-run efficiency correction

• advances bootstrapping method

• advances graphical output

• online help manual







The evolution of relative quantification software
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• ΔΔCt method (Livak & Schmittgen, 2001)
assumptions:

– PCR efficiency = 2.00
– one stable expressed reference gene

• Efficiency correction (Pfaffl, 2001)
assumptions:

– corrected PCR efficiency
– one stable expressed reference gene

• Relative Expression Software Tool - 1st REST version (Pfaffl et al., 2002)
assumptions:

– corrected PCR efficiency
– multiple stable expressed reference gene (REST 384)
– statistical testing

• qBase / qBASE plus (Hellemans et. al, 2007, Vandesompele et al., 2008)
assumptions:

– adjusted PCR efficiency
– multiple reference genes
– data management system

• REST 2008 (Pfaffl et al., 2008)
assumptions:

– corrected PCR efficiency
– multiple stable expressed reference gene
– statistical testing
– Single-run efficiency correction (REST 2008)

• Software download
– http://bioinformatics.gene-quantification.info/
– http://download.gene-quantification.info/



http://www.gene-quantification.info



http://TATAA-Germany.de



Thank you team !
Thank you for your attention !
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