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Quantification of specific mMRNAs
(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 gqRT-PCR

. Hormone and Hormone Receptors

Cytokines, growth factors and their receptors

Cytokines, factors and receptors of the Immune System
Enzymes

Housekeeping Genes (UBQ, B-actin, GAPDH, Histon, 18S, etc.)

RNA integrity:

Bioanalyzer 2100, Experion

. Improvement of RNA extraction
. RNA integrity measurement

Software application development:

Relative Expression Software Tool (REST)
BestKeeper

Efficiency calculation (algorithms development)
Kineret

Genotype -> Phenotype -> Function

DNA => pre-mRNA => mRNA| => Protein => Function
N2 2

Transcription Splicing Translation

post-translatoric modifications

Genome Transcriptome Proteome Metabolome
& Splicome




Transcriptome
RNA sub-classes in a mammalian total RNA

ribosomal RNA rRNA 80-85%  (5S, 18S und 28S)

transfer RNA tRNA 10-15%

messenger RNA MRNA 2% (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 <15 copies/cell

4= 28S rRNA 3898-6333 bases
¢ 18S rRNA 1898-1976 bases
= 5SS rRNA 120 bases

www. Qiagen.com

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

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




Gene E—"w % %‘;iﬂl E/;)sg:]g Line™ €2000 Proteome, Inc. Reprinted with permission, [last updated:
Copies/Cell] [(min) mRINAs/hr)
TAS] 12 21 22 Histone acetylransferase of the MY ST family
TEF1 0% 12 25 Teleomere binding protein that binds to TTAGGG repeats
TCI1 12 11 43 Protein that interacts with protein phosphatase 2C
TCHMI10 0.6 38 0.6 Protein of unknown function
Component of Chaperonin-cont: T-complex (TCP complez, TRIC), homelogous to
IcP1 il . i mous}; TCPUCCTII) e vl (o e i ¢
ToH1 16 10 127 il;fj:’paiiz};ii;isii:phate dehydrogenase 1, converts D-glyceraldehyde 3-phosphate to
HEF1 173 17 33 Histone H4
HHEZ 239 14 65.3 Histone H4
HHO1 1.6 10 5.8 Histone H1
@ 455 16 103.3 Histone H3,
HHT2 37.6 12 1117 Histone H3
UEP1 335 14 9 Ubiquitin-specific protease (ubieuitin C-terminal hydrolase), cleaves at the C-terminug of ubiquitin
UEP11 02 30 0z Ubiquitin-specific protease
UEP12 06 16 13 Ubiquitin-specific protease
UEP13 0.6 14 16 Ubicuitin C-terminal hydrolase
UEP14 07 1§ 17 Ubiquitin-specific protease
UEP2 13 20 2.4 Ubiquitin-specific protease (ubiquitin C-terminal hydrolase), cleaves at the C-terminus of ubiquitin
UEP3 0% 27 13 Ubiquitin-specific protease
J% 06 26 07 Ubiquitin-specific protease (ubiquitin C-terminal hydrolase), hemologous to Doadp and human Tre-2
UEE7 06 #I/A-nc #ITIA Dutative ubiquitin-specific protease
UEBPY 01 H#T/ A -nc HTA Ubicuitin C-terminal hydrolase, has similarity to Thp 13p
UBE1 07 30 0 ﬁiﬁ:‘ﬁ?tm ligase (M-recognin or E3 enzyme), involved in selection of substrates for the M-end
Steps and variables of a successful
mRNA quantification using real-time RT-PCR
22;”;6 RNA ¢DNA PCR RT-PCR product q“:t'r‘;it‘l‘;a;im statistics
N nucleic acid real-time PCR detection N =
sampling isolation G amplification / & software Ctiproces=iia
results
Detection method: Quantification strateqy: BioStatistics & Biolnformatics:
e SYBR Green | o “absolute” quantification e CP vs. “quantified molecules”
* Probes: Beacons, Scorpions, etc. o type of calibration curve? « Normality of data (?)
e raw data vs. background correction e normalization with RG o t-Test (?)
¢ Fit point method o relative quantification e ANOVA (on the ranks ?)
» Background fitting (10x SD) o total RNA, cells, tissue mass e SAS, SPSS, Excel, Sigma Stat
o 1stor 2nd derjvative maximum e normalization with RG e Permutation test
o other models: logistic / sigmoidal / e normalization via an RG Index e Randomization test (REST)
NLR / CalQPlex / E-method (> 3RGs) ¢ Bootstrapping (REST-2007)
o Multiple and/or mixed models e geNorm, REST, BestKeeper, o Cluster analysis
o Other curve “manipulations” gBASE, Normfinder, etc. * Multiple regression analysis

o 2-step, 3-step, or 4-step qPCR

Multi-dimensional modeling




Quantification Strategies in real time qRT-PCR

M.W. Pfaffl, BioSpektrum 2004 (Sonderausgabe PCR)

absolute quantification

relative quantification

/

N\

AN

external calibration external calibration normalisation external
curve curve calibration
one color detection two color detection via one via reference curve without
system system reference gene index any referenece
SYBR Green | e.g. Probes gene >3 RG gene
ROX [ | ROX

l

/

« plasmid DNA

external calibration curve

* RT-PCR product

synthetic RNA Oligos

without real-time PCR
efficiency correction

with real-time PCR
efficiency correction

« in vitro transcribed RNA 1
synthetic DNA Oligos

2 (-AACP)

4

REST, qBase
LC software, etc.

Quantification strategies in real-time RT-PCR

Absolute quantification using calibration curves

recombinant DNA (recDNA) calibration curve

(Bustin, 2000; Pfaffl & Hageleit, 2001)

recombinant RNA (recRNA) calibration curve (pfaff & Hageleit, 2001)

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

calibration curve using a synthetic RNA oligo-nucleotide (Bustin et ai. 2000, 2004, etc......

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

,Copy & Paste* of previously performed calibration curves (Lc software; Roche Diagnostics)




Absolute quantification using calibration curves

Calibration curve using a purified RT-PCR product

or a synthetic ss / ds oligo-nucleotide

application: two-step setup => RT-qPCR

advantages: quick set up, highly defined DNA content

disadvantages: instable, “problems with re-amplification”, ,short templates”

Calibration curve using a cloned recombinant DNA (recDNA)

application: two-step setup => RT-qPCR
advantages: very stabile, no problems with re-amplification, ,mimic mRNA better”
disadvantages: cloning, linearization and purification of recDNA

Calibration curve using a in vitro transcribed recombinant RNA (recRNA)

application: one-step setup => qRT-PCR

=> recRNA and native mRNA undergoing RT and PCR in parallel

advantages: mimics the natural mMRNA situation best (MRNA ~ recRNA)
disadvantages: very instable recRNA, complicate cloning, linearization,

purification of recRNA, storage and stability problems, reproducibility (???)
=> Production and storage of stable recRNA is necessary !!!

2Copy & Paste“ of previously performed calibration curves

advantages: very easy and very high reproducibility ( at least for calibration curve !!!')
disadvantages: do NOT cover any variation in real RT-PCR experiment: e.g. slope of std.

curve, PCR efficiency, batch to batch variations, etc. => truth ???

Standard curve FAM label with Lambda Phage
10° to 10" start molecules (Eppendorf 2004)
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SYBR GreenER (Invitrogen) standard curve with Estrogen Receptor alpha (ERa)
107 to one start molecule (s.s. plasmid DNA)

The “fat line” represents one ERa start molecule

Cycling A Green (Page 1)
R=0 25592
RA2=0 25785
hi=-3,260
B=28 524
Efficiency=1,03
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04| /
0.2] /
U Thresholde————— ————— —
0 5 0 15 20 25 '30 '35 Cycle
Absolute quantification of IGF-1 receptor
two step qRT-PCR efficiency (recombinat RNA) = 1.81
(n=4;r=0.998; 2*10°-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)
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IGF-1 receptor recombinant RNA and native mRNA start molecules
Pfaffl et al., 1998




ER-alpha intra-assay variation CV = 18.7% (n = 3) ER-alpha inter-assay variation CV =28.6%(n=7)

ERa intra-assay & inter-assay variation

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

1e+10
1e+9
1e+8

1e+7

detected molecules
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1e+3

31.4% 144% 73% 79% 33.6% 13.7% 22.8% 1e+10 N2% 31.9% 462% 206% 151% 214% 238%
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detected molecules
& 3
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1.65e+3 1.65e+4 1.65e+5 1.65e+6 1.65e+7 1.65e+8 1.65e+9 1.65e+3 1.65et4 1.65et5 1.65et6 1.65e+7 1.65et8 1.65e+9
input ss cDNA molecules input ss cDNA molecules
using a recombinant plasmid DNA calibration curve (mean + std.dev.; on molecule basis)

Pfaffl, unpublished 1998

Precision in the estimates

Distance from center

SE, = _orf D
SElgzn(teSt): - li-*l».L—CT’ T —
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Number of test Number of standards
replicates

Confidence interval for estimated concentrations

loge, + L9594 21ails n—2 X SElogéi




Validation of an ,,absolute quantification* of steroid receptors

suitable for multiple species

AR ERo ERB 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

120 - 1.20*10"°

165 - 1.65*10°

106 - 1.06*101°

760 —7.60*10°

test linearity molecules molecules molecules molecules
Pearson correlation coefficient (r - 0.998) (r - 0.995) (r _ 0.996) (r _ 0.998)
PCR efficiency 90.7% 81.2% 81.3% 93.9%
intra-assay variation [CV] 31.2% (n=3) 18.7% (n = 4) 17.6% (n =4) 5.7% (n=4)

molecule basis

inter-assay variation [CV]
molecule basis

24.3% (n=7)

28.6% (n = 4)

29.7% (n = 4)

25.7% (n = 4)

Species specific T, (°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 [ 879 ]
85.0 89.0
- [ 89.9 ]
85.3 90.1
85.4 90.5
86.0 90.2

83.5
[ 829 ]
83.9
83.8
83.1
83.5

Pfaffl et al., APMIS 2001

Estrogen receptors (ERa & ERp) expression pattern in cattle tissues

ratio = 1
1e+5
<Z( @ @ @ uterus
o W liver
2 A lung
© 1e+4 - @ longissimus dorsi
o H@ [ hind leg muscles
3 @ A shoulder muscles
?os @ neck muscles
<@ Bl heart
g A spleen
= @ mammary gland
S - [l rumen
o 1e+3
2 A abomasum
o O jejunum
N [J kidney medulla
/A kidney cortex
1e+2 T T T
1e+3 1e+4 1e+6

1e+5
ER-alpha [molecules/25 ng RNA]

Pfaffl et al., APMIS 2001




Relative Quantification
The mRNA expression is relative to WHAT ?7?

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 GOls

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 2007; review in press)
qBASE (Hellemans & Vandesompele 2006, in preparation)

Commonly used normalisation strategies

First GOl 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 (=> ACP)

GAPDH, actins, albumins, cyclophilin, micro-globulins, histone subunits, rRNA, ..........
according to an index containing more reference-genes (> 3) (=> ACP)

geNorm, BestKeeper, Normfinder, qBASE, REST 384, REST 2005, .............

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

a non treated control => AACP
the time point zero => AACP
a healthy individual => AACP




Relative Quantification in real time qRT-PCR

relative quantification

AN

normalisation external
calibration
via one via reference curve without
reference gene index any referenece
gene >3 HKG gene
ROX

without real-time PCR
efficiency correction

}
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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

ACP = CP -CP

target gene refence gene

. - [ ACP treatment - ACP control]
expression _ o

ratio

. - AACP
expression _ 2

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.

TNFalpha[deltaCP]

Immunological response of pro-inflammatory marker on
LPS stimuli in various bovine cell types

TNFa response in WBC and milk TNFa response in purified
somatic cells monocytes and macrophages
8 WBC 81 —e— Blood Monocytes
o - Milk Somatic Cells * Milk Macrophages
6 6
4 4
2 4
0 4
0 2 4 é 8 0 2 4 s 8
T Lps T Lprs

time [h] after LPS induction
Prgomet et al, 2006




Relative Quantification in real time qRT-PCR

relative quantification

AN

normalisation external
calibration
via one via reference curve without
reference gene index any referenece
gene >3 HKG gene

Zs

without real-time PCR
efficiency correction

}

2 (-AACP)

with real-time PCR
efficiency correction

4

REST, qBase
LC software, etc.

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

IGF-1 mRNA amplification in three cattle tissues
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Noise in real-time PCR!

= Effect of different types of background on an amplification history

A. No background B. Constant background (Roche Biochemicals 1999)
2000 & 2003)

C. Linear rising background (Tichopad et al.
D. Decreasing non-linear background (Johnson et al., 2004)

(SoFar, Wilhelm et al., 2003).

E. Increasing non-linear background

A B C
S| e Sl jeemmererena = » =
c c - =
o o - h=
5] [7] ] .
0 0 30 30 10 20 30
Cycle Cycle Cycle
D E
i JRETIITTITeY S IEPTTTEITEERE
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[ [%7]
5 Y signal axe is in log. scale !
Bar, Tichopad, Pfaffl, 2007
0 10 20 30 0 10 20 30 i i
Cycle Cycle (in preparation)

Theoretical real-time PCR kinetics

Efficiency
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Bar et al., 2007 (in preparation)




PCR inhibitors: PCR enhancers:
Hemoglobin, Urea, Heparin DMSO, Glycerol, BSA
Organic or phenolic compounds Formamide, PEG, TMANO, TMAC etc.
Glycogen, Fats, Ca2* Special commercial enhancers:
Tissue matrix effects Gene 32 protein, Perfect-Match, Tag-Extender,
Laboratory items, powder, etc. AccuPrime, E. Coli ss DNA binding

N /

real-time PCR efficiency and
amplification performance

unspecific hardware:
PCR products PCR platform & cups

RNA/DNA |~ ~— DNA

degradation / concentration
tissue. PCR reaction

degradation components

lab management H DNA dyes ‘ ’ cycle conditions

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

. -[ ACP sample - ACP control ]
relative _ 2

expression
E ACPyarget (cOntrol - sample)
relative _ target
xpression
eXPressio E ACP:: (control - sample)

reference

Pfaffl, Nucleic Acids Research 2001




of real-time PCR ampilification efficiency

Determination principles

Direct methods:

>

>

Indirect methods:

>

>

>

Dilution series

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

( 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

8

8

yele number of crossing point (CP)

20 \
1 \\
S~
10
ws 005 01 0 05 1 25 5 10 B %
CDNA input (ng)
exponential phase A A A

(cycle 23-28)

o © fluorescehice (log) &

inter ghase
(cycle 29-34)

Determination principles of real-time PCR efficiency:

Dilution series

35 4
—@— ng cDNA vs. CP(TyrA) slope =-3.122, E = 2.09
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F2F1

E=10 -1islope

i

Calculation of real-time PCR efficiency

==

My = My; x E?

Far M, =M,
Mg/ Npy = EB " = B

For Myy = 10 % Ry, (10-fold dilutions)

Ry = My X E™

E=10-1#5%87 => E=1002% => E=199

an=1/legE  E = q1(Q -1/slope
N S E=20 An=332
eg =2 n=3.
a' E=14 An=358
ACP = An E=18 An=391

Roche Diagnostics, LT rel Quantification software, March 2007

Rasmussen, R (2001) Quantification on the LghtCycler. in: Meuer, 5, Withwer, C, Nakagawara, K, eds.
Rapid Cycle Reaktime PR, Mathods and Appications Sprnger Press, Heldeiberg, page 2{-34

fluorescence (log)

3

N
o

-
o

75

25

exponential phase

(cycle 23-28)

lateau phase

(cycle 35-50)
i inter phase
(cycle 29-34)
template exponential phase inter phase plateau phase
(cycle 23-28) (cycle 29-34) (cycle 35-50)
native 1.428 +0.013 1.114 + 0.006 1.017 £0.002
IGF-1 mRNA (r =0.997) (r=0.987) (r=0.952)
recombinant 1.408 +0.018 1.162 £ 0.001 1.015 £ 0.001
4 BE-E-8-F IGF-1 RNA (r=0.992) (r=10.974) (r=0.933)
) water 1018 1.026 1.004
2 24 26 (no template) (r=0831) (r=0952) (r=0.789)




Calculation of real-time PCR efficiency: LinRegPCR Interface
Ramakers et al., Neurosci Lett 2003 339(1): 62-66

3F LinRegPCR: Analysis of Real-Time PCR Data
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Principal of “Second Derivative Maximum” methods (1)
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Principal of “Second Derivative Maximum” methods (2)
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Calculation of SDM according to a 4-parametric sigmoidal model
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Zyklus Logistic Model: Tichopad et al. (2003) NAR 31(20): e122
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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

E14it point E1som EZ2rpm E2spm Enew
CV% cvul| . €Y CV%| _ CV% oV cV% V%
Conc. |n CPgp CPsdm| Ean Y sl Ear Y Y] E '2, Y \3! E [E] Y ) E [E] Y \4)

2.65E+07 |3 11.02 14.10 8.58E+10 138.40 267E+11 540 |1.37 023 2.50E+080 549 [1.47 019 1.04E+09 1.47 J1.84 040 143E+11 746
2.65E+06 |3 1593 17.20 1.10E+11 28.62 2.03E+11 036 |1.37 016 6.74E+06 1.99 [1.47 017 1.35E+08 042 1.85 067 1.04E+11 1186
2.65E+05 |3 18.47 2053 582E+10 16.70 1.79E+11 512 |137 022 202E+08 792 |1.48 025 1.72E+07 159 §1.85 028 7.8BE+10 564
2.65E+04 |3 2145 24.88 424E+10 1515 3.09E+11 13.33 |1.37 0.37 7.25E+07 7.52 |1.47 0.14 2.20E+08 1.33 J1.88 159 1.36E+11 3054
2.65E+03 |3 26.086 28.18 1.25E+11 69.40 2.67E+11 1456 |1.36 048 1.83E+07 7.45 [1.46 061 255E+05 1.21 |1.84 134 7.TIE+I0 2479
2.65E+02 |3 3031 32868 1.74E+11 6565 S509E+11 2413|138 038628E+06 791 |146 058 3.04E+04 109 §1.83 015 925+10 2472
summary for n=18 [1.95 797 |1.92 415 [1.37 0.46 159.8/1.47 0.71 195.0f1.84 062 30.8

9.81E+10 2.89E+11 593E+08 1.99E+08 1.05E+11

Conc. — input concentration of nucleic acid in sample.

n - FEPEB[E

CPy, — Crossing point based on Fit—point method.

CP.um— Crossing point based on second derivative maximum — SDM computing method by LightCycler software 3.3 (Roche Diagnostics)

E ¢ poir — Amplification efficiency computed from calibration curve'! where crossing points are oblained as Fit-points.

E1sem - Amplification efficiency computed from calibration curve where crossing points are computed as SDM.

E2¢4m — Amplification efficiency computed from absolute fluorescence increment in point of inflexion (first derivative maximum) of amplification trajectory (22).
E2.4m = Amplification efficiency computed from absolute fluorescence increment in SDM of amplification trajectory model.

Eew — Amplification efficiency computed according to the method suggested here. E — The mean value(s) of efficiency for n=3. ¥ - Fluorescence product
computed from equation (10) for respective E for n=3. CV — Coefficient of variation for n=3.

summary — either the overall mean or overall CV for n=18.

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

CalQPlex algorithm in the new ep realplex software

baseline corrected raw data
sigmoidal fit of each amplification curve
Quantification point (Ct) is defined as threshold from the exponential => non-exponential amplification
Calculation of Efficiency ???
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Future of relative Quantification in real time qRT-PCR

relative quantification

AN

normalisation external
calibration
via one via reference curve without
reference gene index any referenece
gene >3 HKG gene
ROX
without real-time PCR with real-time PCR efficiency correction
efficiency correction
1 \ 4 v
2 (-AA CP) mean efficiency single-run efficiency
REST, gBase, LC software REST 2007

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-2007 Stand alone application (May 2007)

standard Mode + single run efficiency correction

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

Pfaffl MW, Horgan GW, Dempfle L. (2002) Nucleic Acids Res. 2002 30(9): €36
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 & 2007 M.W. Pfaffl & Corbett Life Science




est-384 beta 30b April 200.

Datei Bearbeiten Ansicht Einfligen Format Extras Daten Fenster 7

|

EEHS ESRY % Be S - 10

sia =] = http //REST gene-quantlflcatlon info

A I E I I I | H I (|

[~

w
=1

reference gene GAPDH = cells for data and name input
[target gene 1] IGF-1 o -
[ reference gene] Ubiquttin I:|= data output
[target gene 3] IGF-2 [m]
[target gene 4] IGF-REC1 O [ |-cpvariations
[ reference gene] heta-Actin =]
[target gene 6] IGF-Rec2 0 [IN= run randemisation test [ 1
[target gene 71| Insulin-Rec-1 ]
[target gene 8] Insulin-Rec2 [m] Clear all fields |
[target gene 9] IGF-1BP1 O
[target gene 10] BP2 ]
[target gene 11] BP3 O .
Htarget gone 12] BPa 5 New features:
[target gene 13] BP5 m| 1. RG Index (= geometric mean)
[target gene 14] BP& O . L.
[target gene 15] GH-REC O 2. ratio variation (=> calculated std. dev.)
pre-selected reference gene = red 3. graphical output
| 2 ftarget gene(s) = blue 4. sample individual E input

* Mark gene to use it for calucation of Normalization factor. Repeat randomization test to update expressiol

2
a

Relative Expression Software TOOJ -384 = REST-384 © -version 1
Calculation Software for the Relative Expression in real-time PCR
using Pair Wise Fixed Reallocation Randomisation Test

Fublications. ucleic Scids Fesearch 2001 Yol 20 (9] e46 Mucleic Aoids Fesearch 2002 Yol 29 (9) e2E
Direct download [mirror) Pucleic Seid: 001 Yol 29 (9] e48 Mucleic Acids Becearch 2002 Vol 29 (9] 26
Direct support hitp:tirest gene-quantificationinfof Lest@gene-quantificationinfo

& 2001 & 2004 MW, PFaffl & G.W. Horgan
& 2005 MW, PRl & G, Horgan & ¥.vainshtein & P.Avery

name of the gene

general header and settings = dark red

ratie values if necessal

osoft Excel - rest-384 beta 30c April 2005.xls crosoft Excel beta 30c April 2005115
5 patei Bearbeiten Ansicht Einfigen Format Exiras Daten Eenster 7 Datel Bearbeiten Asicht Einfilgen Format Exras Daten Fenster 2
Dﬁﬂﬂ\éailéﬂ BRI oo @Al BE2EHASERY $BRY oo [& s AL BE S -
Fr T =
) \ B I C I ] I 1 I ] I E I F
N N ot N [ CPruni n mean CP
| + |Calculation Matrix for PCR efficiency (o] [referenc
= beta-Actin
| & |Publications 129(810%5 | Hucli
5
| s | cONAnput mean CP mean CP mean C mean CP 50 o
|| Inal [reference gene | [target gene 1] [reference uenel [mme( gene 3] 28 o
[ 1| G 16 Ubiqutin IGF-2 10 ]
[ | 5 o
[ o | 50 20533 20,533 2 ]
| 1« | 25 22,593 21.260 1 o
| 15 | 0 24,367 24367 05 o
| 5 | 5 23433 23433 B o
| | 2 26,740 26,625
| 1= | 1 27467 27487
E 26.867 26200 CPrum 1 CPrun2 CPrun3 n mean CP
2 siope kTS 3 Ingl [target gene 6]
[ 22| sE(siope) +0,96233 +1,00362 IGF-Rec2
| 23| Efficiency 2.01 1.92
[2e|  sEE) +0,40651 +0,35118 50 20000 20500 20400 3 20333
25 | correlation -0,9¢ 0,94 2 2260 22220 2240 3 22473
| 2 | 10 24100 25000 24000 3 24.367
| 27 | mean CP mean CP mean CP mean CP 5 23200 Z3000 24000 3 23433
B [target gene 4] [reference gene] [target gene 6] [target gene 7] B P v / eYene
| 23 | IGF-REC1 beta-Act IGF-Rec2 Insulin-Rec-1 1 6700 27900 . 3 27.133
Ed 05 27770 = 27,000 3 27423
B 50 20333 20333 20,000 N .
| 2 | 25 22,000 22473
i 10 24387 24,367
3 5 23433 23433 g = =
o5 | 2 26,260 26,655 25,250 CPrun 1 CPrun3 n mean CP
| 5 | 1 27.133 27.133 27133 [na] [target gene 7]
| o7 | 05 26,700 27.423 26,880 Insulin-Rec-1
| ¢ | D
| 33 | stope -3,39 =345 -332 50 20,000 19,800 20400 ki 20,000
[ 30| SE(stope) +0,98767 fadi 32 £0,91273 25 2220 22750 2 22250
| #1 | Efficiency 1.97 94 200 10 2400 25000 24,000 3 24.367
2] SE{E) “"07‘;?7 t"'gfg‘;" “"32’5’ & 5 23300 Z3000 2 23,150
% e 1.0 -0 ) b 2z 26560 26000 26500 3 25,350
E mean CP mean mean CP mean CP L Bz g L 2 sl
[ | [arget yene 8] [target gene 9] [target gene 10] [target gene 11] 05 T ey EETy 8 ZEHEY
| +7 | Insulin-Recz IGF-1BP 1 BP2 BP3 il o
TIEISTY \ PCR efficiency (P npuE test P varitian £ B [» [ w1 Introduction 3 PCR efficienc: CP input + test /£ CPwvariation A Ratio Plot /
Bereft it
Start: ) C:\Dokumente und Einst. .. | Wicrosaft PowerPoint - [... Micrg :art ) C:iDokumente und Einst.., | Microsaft PawerPoint - [... | Microsoft Excel - re]
=




B patei Bearbeten Ansicht Einflgen Formaf Extras Daten Fenster 7
NEHagRy|taRd o-o-|@= & L2 b @2
E77 | =| done

& I B I = I 1] I E I F I G I H I
Pair Wise Fixed Reallocation Randomisation Test © Il

75%

| ari

1

z

2 |Publications Blusl 001 ol 29 (3) ed5 Blucleie A 123 (3] 026

4 |Direct ] Blusl 001 ol 29 (3) ed5 Blucleie A 123 (3] 026

5_|Direct support hitptirest ninfct inf

6| 20018 2004 1A, Fra & G, Horgan £ 006 MW, PRaffl & G, Horgan & Y. Vainshtein & P Aveny

7

g alternative Effi 197 2,00 1,94 2,00 2,00 1,97 2,00

3 | alter 0,34 0,25 0,23
| 10 | calculated Effi 197 2,0 1,94 1,92 197 1,97 1,94

1 calculated Efficiency SE 0,34 0,41 0,25 0,35 0,39 0,23 0,31

12

13 CP input [reference gene | [target gene 1]  [reference gene]  [target gene 3] [target gene 4] [reference gene] [target gene 6]
1" * [m]

15 GAPDH 1GF-1 Ubiquitin 1GF-2 IGF-REC1 beta-Actin IGF-Rec2

1 20,34 31,33 3512 31,68 37,99

1" 20,56 31,00 22,34 25,50 31,69 22,69 38,22

18 2122 29,92 22,91 23,52 34,21 23,01 36,99

19 2333 30 2198 3541 31,70 22,61 37,99

0 22,38 3101 5,28 35,07 22,34 32.01

2t 22,34 30,38 31,57 3348 20,56

22 23,01 33,23 22,83 34,34 34,68 20,59 3772

23 22,15 33,56 22,67 3197 34,68 20,78 35,07

2 22,01 31,98 22,68 33,38 34,70 22,67 33,48

25

2 cantrol 11

27 contral 12

2 conual 13

2 contral 14

0 conual I5

El conual 16

2 contral I7

EE] conural 18

) contral 19

% cantrol 20

3 * Mark gene to use it for calucation of Normalization factor. Repeat randomization test to update epie ssion ratid¥silues if necessary.

a

3 CP input [reference gene ] [target gene 1] [reference gene]  [target gene 3] [target gene 4] [retesence gene] [target gene 6]

GAPDH IGF-1 Ubiqutin IGF-2 IGF-REC1 beta-Actin IGF-Rec2
ER sample 1 22,89 Z0,01 21,98 366 35,12 22,00 37,82
| 42 | sample 2 22,34 30,02 22,05 34,69 35,54 22,34 36,17 ]
sample 3 22,51 30,02 22,69 24,21 33,52 3 =

14| 4 [ [p[%_Introduction £ PCR efficiency % CP input + test { CP wariation / Ratio Plot / Ji] L : _'Ir
Berelt I I [ [ =

Micrasoft PowerPoint - [ | icrosoft Excel - rest...

d;start| |- ©\Dokumente und Einst... |

« WD § BT a0z

B Datei Bearbelten Ansicht  Einfligen Format  Exfras Daten  Femster
NEHdS SR Vi %Gl @ = - - Bl .12V|E|gg
B R B R = Bearbeitung zuriicksenden. .. Bearbeitung beenden.
C45 - fe =WENN(CE28-00"UND(CFIE>0)*UNDICIZ=FALSCH); CE34/Mormalization_facto
A | E | C [ ] | E | F =] H —

| + |Variation data output - calculation based on group means Il
2
| 3 |Publications Pluclsic 8 rids Feseaich 2001 Vol 24 (3] 245 Blucl 002 Wol 29 (3) 636
|+ |Dirset dounioad imirar) Bluchsic ficids Fiesesrch 2001 Vol 29 (3] a45 Blucl 002 o) 23 (3) 36
| 5 |Direct support hutpirest gene-quantific ation.infot Lest@gene-quantification nfe
| 6| 20014 2004 M. Fiai] & G, Horgan
| 7 |® 2005 1A Praiil & G, Horgan & Y. Wainshein & P Auery
ER
ER
|-
[ | efficiency 1,97 2,01 1,00 1,02 1,07 1,07 1,04
| 2 | standard error 0,05 0,41 0,06 0,35 0,39 0,03 0,31

13
|
| 15 | centrol [ reference gene | [target gene 1] [ reference gene]  [target gene 3] [target gene 4] [ reference gene]  [target gene 6] I
| 16 | IGF- Ubigutin IGF-2 IGF-REC1 eta-Actin IGF-Rec2
| 7 | m] N a a a
| 15 | n a g 8 9 g 8
| | mean N7 56 22,41 34,05 3521 21,88 36,81
| 20 | standard error 0,32 0,38 013 0,47 018 0,29 0,58
Ea Cv %] 445 3,71 1,67 418 1,59 3,94 4,56

)
B
ER
Ed sample(s) [ reference gene | [target gene 1] [ reference gene]  [target gene 3] [target géne. 4] [ reference gené] ““[target neng 6] |
| 26 | GAPDH IGF-1 Ubigutin IGF-2 IGF-REC1 beta-Actin IGF-Rec2

il

23 n " 12 12 10 10 12 =
| 29 | mean 2136 29,86 21,75 34,41 39 2224 36,59

30 standard error 014 INNS 018 0,13 0,21 018 0,47

3 CV[%] 214 1.96 2,80 1.18 1.93 279 3.86

32
E=R
| 54 | E(targeh)*CP [ 0,672 3273 1,552 0,704 2,410 0,781 1,157

S
| 3 [Nermalization Factor = 0,931

a

£ -~
14 4 » W[ Introduction / PCR efficency £ CP input + randomisation test__,CP variation { Ratio Plot / 14l nin
Bereit
d;start| [ [©] & (] Lautstarker=gelung | | @] Microsoft PowerPoint - [... | 3 FACHINA-2007 3] Microsoft Excel - rest... ‘« G A D L A 2




REST error calculation using Taylor’s series
by Peter J. Avery, University of Newcastle, Mathematics and Statistics

calculated expression ratio = (0
calculated variation is dependent of 6 different SEs [ 2 x SE(Eff.); 4 x SE(mean CP) ]

SE (expression ratio by REST) = around 20-50% .
* Cptargm test 32 61 Cplargm control ~ 25 88

' CFJrer test = 22.35; Cprercumrel 22.53;

* Ejuger =1.670 and E,,, = 1.885.

* This gives 1/F =1.12/0.032 = 35.35.

* SE(E.a) = 0.036 and SE(E,.) = 0.102

(CP rarg.cont _CP u-.ruu)
SE(P)=0¢ N
(C ref :rrm‘
*: (]Obc Hl' LONt )+S[‘: (D

yircont )+ SE* (Chrr 1o IT>

expression ratio [ log2 scale ]

relative expression ratio plot [mean £ S.E. ]
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qPCR training courses

and workshops ﬁ

@J tataabiocenter » L

germany

http://ITATAA.gene-quantification.info

Thank you team !
Thank you for your attention !




