Advanced and universally applicable
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Differences in RQ due to:

= different gene expression level
= variation of interest
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U ' Differences in RQ due to:
= different gene expression level
MM ' = different total starting amount
= #+ cell b
MMM” ” ”\ . % RNA isolatior
= +# RNA degradation

= +# cDNA synthesis
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é Differences in RQ due to:

T = different gene expression level
EROE = different total starting amount
S ”\N * run dependent differences

Mf ”r r = # data analysis settings
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% Differences in RQ due to:

Pcis < St = different gene expression level
| S I e Rt = different total starting amount
MMIM HeTet ’”\' = run dependent differences
| M r” ” r = # data analysis settings
= instrument related variation

g = # reagents
-- = # optical properties of plastics

M|

)
3rd International gPCR Symposium - Freising 2007 - Jan Hellemans @en t



Cg — RQ —— NRQ —— CNRQ

Normalization M >< Inter-run calibration

Avoid variation
> Minimize & correct variation
>>> Ignore variation
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Cqg — RQ —— NRQ —— CNRQ
T

RQ = 24
R Calculate gene specific

RQ = EAC amplification efficiency

= Dilution series
= Average of well specific amplification efficiencies
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E  =0.9629
SE(E)=0.0168

1 3 —\
° Quantity . o SX - \/E Z (Qa - Q)

a=1

_ E-In(10)- SE(slope)
slope®

SE(E)

Decrease SE(E)

= Increase number of dilution points (n)
=» Increase range of dilution
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RQ = EAC SE(RQ) = \/RQZKACC‘ED(E)) +(In(E).SD(quef))2}

ACC| — quef CC|soi
Choice of Cq,.; does not affect the RQ ratio between samples
= Choice of Cq,. does affect the error on RQ (if SE(E) is taken into account)

= Minimize error: Cq,.s = average Cq
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ACq-SD(E)
E

RQ = EA SE(RQ)=\/RQ2K j +(In(E>.SD(quef))2}

ACq = quef - CC|soi
= Choice of Cq, does not affect the RQ ratio between samples

= Choice of Cq,. does affect the error on RQ (if SE(E) is taken into account)
= Minimize error: Cq,.s = average Cq

Calculate the correct error on RQ
without overestimating it
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Cg — RQ —— NRQ —— CNRQ

UL

Rng
NRQ = RQref Multiple reference genes
RQq, - More accurate results
NRQ = —
R/HRQref X
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Multiple reference genes
= quality control on reference gene stability

= coefficient of variation of NRQ, ¢
= 1 reference gene = NRQ =1

ref™

= multiple reference genes = NRQ, . fluctuate around 1

ref

= geNorm M value

Detect & exclude unstable reference genes

= prevent skewing of results
m

)
3rd International gPCR Symposium - Freising 2007 - Jan Hellemans @en t



tissue type gene CV (%) M mean CV% mean M Sa m Dle Da nel

neuroblastoma UBC 31.84 0.740 30.89 0.703
SDHA 27.40 0.660 = Homogenous
HPRT1 37.11 0.736
. (o)
GAPDH 27.21 0.675 = CV: 25%
fibroblast YHWAZ  18.19 0.408 14.81  0.365 = M: 0.5
HPRT1 8.84 0.308
GAPDH  17.40 0.378 = Heterogenous
leukocyte B2M 15.76 0.400 15.81 0.394 = CV: 50%
UBC 15.79 0.389
YWHAZ  15.89 0.393 = M: 1.0
bone marrow YWHAZ 17.77 0.383 15.47 0.372
UBC 13.60 0.356
RPL13A  15.03 0.376
normal pool TBP 47.51 1.099 43.73 0.925

HPRT1 46.99 0.988
HMBS 31.16 0.849
SDHA 49.50 0.869
GAPDH 43.50 0.819
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Cg — RQ —— NRQ —— CNRQ

W
LS

= Inter-run differences are generally ignored
= Inter-run differences can be corrected for with IRCs

inter-run calibrator = identical sample measured for the same gene in different runs

IRCrunl U + % NRQ|OW \
IRC,, 5 U T == = NRQuq

CNRQ
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= Inter-run calibration needs to be performed for
each gene seperately

0« <]
< <
0O« >0
o >0
0« >0
0« »®
gene A gene B gene A gene B

= Inter-run calibration on the level of

- Cq values (U = U)
- NRQ values (U or ')

= Enables comparison with an IRC from a fresh cDNA synthesis

CNRQ = 8%
R/H NRQirc,x
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= Limitation: same set of IRCs required in all runs

000
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\
® o)X
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000

vy

X

3
i/H NRQirc,x 3 le, X ?i/ﬁ |\IRQirc,x

i/ﬁ |\IRQirc,x

Solutions:
= No calibration for that gene in that run
= Exclude this IRC in all runs
= Complex inter-run calibration
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Complex inter-run calibration:
based on multiple imputation

H i

Same NRQ ratio between identical samples in different runs
Use this ratio to impute missing data (in several ways)
Calculate calibration factor (multiple times)

Average all instances of the calibration factor

i o\

Multiple inter-run calibrators
=» more accurate results
=» |less increase in error
= allows quality control

®
3rd International gPCR Symposium - Freising 2007 - Jan Hellemans @en t



RI%.12 Genome Biology 2007, Volurne 8, lssue 2, Article R19

Hellernans et al

] k3
3 ( Cagit measmred — Cgt, predicted )
g

Se il ( formula 2 )

( formmla 3)

Se it
s, lth-1)

SE( slape | ( formula 4)

The base for exponential amplification E, and its standard
error SE(E) are calculated from these values:

Ey= 1(:[ slope 4 ‘ ( formula 5_]

.\ Ej-In(10)-SE(slopey )

SE( Ep)= (formula 6 )

slope®

Conversion of Cq values into relative quantities

Step 1

Caleulation of the average Cq value for all replicates of the
same gene/sample combination jk within a given run [:

n
¥ Cagi
Cqyy = =2 { formula 7)
i = |

SE(Cquy) = (formula 8)

Step 2
Transformation of mes into RQ using the gene spe-
cific PCR efficiency zation of the overall error:

5
¥ Caj

Clreernce.n = Cajt Lo F (formula )

ACHR = Cllpegerence, 1~ Cgy  (formula 10}

. ACqg
RQu=Ez "

r ( formula 11)

sr.‘m,,,:.‘{m?,.. qp SD{Bg)| |

(B ) &0iaa0) [ formmia sz
(2] s0iEqa)

g

MNormalization: inter-run calibration
The procedures for normalization and inter-ran calibration
are highly analogous and are therefore described in parallel.

Ittpeiigenomebiology.corm/2007/872/R 19

Step |
“alculation of the normalization factor NF for sample k based
on the RQs of the reference genes p.

Step 1"

Calculation of the ealibration factor CF for gene j in run [
based on the NRQs of the IRCs m:

i
NFy, = { 1'1 RQy
ﬂ,, :
CFp = f“ [1 ~rQ,
)

see formula 15

( formula 13)

{formula 13" for definition of NRQ,

SE( NF; ) = NF, formula 14 )
k k. /

L. SE(RQu) I
o FRQpe

.‘IE((.'F_"-] =CFy ( formula 14”)

Step 2
Conversion of R(s into NRQs.
Step 2°
Conversion of NRQs into CNRQs:
RQp ,
NRQg = formula 15
Qi N A 5)
NRQ ;
CNRQ g, = ijj“ { formula 15")

[ formuls 16)

Coefficient of variation of NRQs of a reference gene
Step |

Calculation of the mean NRQ for all samples k and a given ref-
Erence gene p:

3. NRQ

NRQ, Lii ( formula 17)

Geneme Biology 2007, 8:R19
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L] 2
3 ( Cagit measmred — Cgt, predicted )
o= ( formula 2 )

( formmla 3)

sE( slape; | I ( formula 4)

Se.j
s, lth-1)

The base for exponential amplification E, and its standard
error SE(E) are caleulated from these values:

Ey= 1(:[ slope 4 ‘ ( formula 5_]

¢y Ej-ln(10)-SE( slope ;)
SE|Ey )= - — (formula &)
: slope;®

Conversion of Cq values into relative quantities

Step |

Calenlation of the average Cq value for all replicates of the
same gene/sample combination jk within a given run I:

n
¥ Cagi
Cqyy = =2 { formula 7)
i = |

SE(Cqzy) = (formula 8)

Step 2
Transformation of me:
cific PCR efficiency Ej,

into RQ using the gene spe-
ization of the overall error:

5
¥ Caj

Crefernce.t = Cajt Lo F (formula )

ACHE= Clrefinence, 1= Oy (formula 10)

. ACq
RQuq = Ey A

r ( formula 11)

[ formmls 52 )

SE( 1, r
{ ..._‘{

MNormalization: inter-run calibration
The procedures for normalization and inter-run ealibration
are highly analogous and are therefore described in parallel.
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Step |
“alenlation of the normalization factor NF for sample k based
on the RQs of the reference genes p.

Step I'

Caleulation of the calibration factor CF for gene j in run [
based on the NRQs of the IRCs m:

i
NFy = I 1'1 RQy
ﬂ,, :
CFy = ,“ [ ¥RQj,
)

see formula 15

( formula 13)

{formula 13" for definition of NRQ,

£ se(rOW) T
SE(NF)=NF | ¥ (RO) ( formula 14)

,.‘[ fRQy

.‘IE((.'F_"-] =CFy ( formula 147)

Step 2
Conversion of RQs into NRQs.
Step 2
Conversion of NRQs into CNRQs:
RQp ,
NRQg =2 formula 15
Qi N A 5)
NRQ ;
CNRQp, = ijj“ { formula 15")

SE(NRQ, | = NRQy [ formula 16)

Coefficient of variation of NRQs of a reference gene
Step [

Caleulation of the mean NRQ for all samples k and a given ref-
ErENce gene p:

3. NRQ

NRQ, Lii ( formula 17)
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gBase

Implements most discussed methods

Interest demonstrated by downloads
= >2700
= >7/0 countries

= Has a number of limitations
= =» professional gBasePlus
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= Advantages of gBasePlus (Biogazelle)
= Platform indipendent (Windows, Mac, Linux, ...)
= Appealing graphical interface with calculations on the fly
= Direct import from instrument software export files
= Data exchange and online sharing
= Error estimation on PCR efficiency

= Quality control
e Raw data
 Normalization
o Inter-run calibration

= Inter-run calibration for any experimental setup

= Biostatistical analysis
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[ Project Explorer CIpen = N Experiment Calculation Parameters 22
+- My Project nr 0 Calculation Pathway amplification EFficiency Types
+- My Praject nr 2 #a-c-d (%) one default amplification efficiency For all targets

—I- My Praject nr 1
Annakations
+- Defaulk experiment settings

=I- Experiments Murnber of PCR Replicates
—|- Experiment nr 2
i : Mumber of Wells
Annokations
=~ Settings

Calculation parameters

Cuality contral settings b
Targets \4
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Runs a C C q
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Analysis a
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Project Conclusions H H
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1 Project Explorer

+

My Project nr 0
My Project nr 2
My Project nr 1
Annotations
+1- Defaulk experiment settings
- Experiments
—I- Expetiment nr 2
Annatations
+|- Settings
=~ Targets
- Reference targets
Targetnr 1 BT
Targek nr ORT
Targek nr 2 BT
—I- Targets of interest
Targek mr 1 TOI
Targek nr O TOI
= Samples
= Grouping wariables
iarouping variable nr 3
Grouping variable nr 1
Grouping wariable nr 2
Grouping wariable nr 0
= Labels
Label nr 0
Label nr 1
Defaulk grouping and sarting
1 Samples
Runs
uality control
Intermediate resulks

Analysis

Conclusions

+

T - -
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] Project Explorer Cpen

+-My Project nr O
+- My Project nr 2
=My Praoject nr 1
Annatations
+- Defaulk experiment settings
= Experiments
= Experiment nr 2
Annaotations
=I- Sekkings
Calculation parameters
Guality control settings
=I- Targets
—I- Reference targets
Targetnr 1 RT
Target nr ORT
Target nr 2 RT
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Samples
Runs
Quality contral
Intermediate results
= Analysis
CMRG makrix
Carrelations
Heat map
Mulki-gene
Conclusions
+- Experiment nr 0
+- Experiment nr 3
+- Experiment nr 1
Project Conclusions

- - -

Z Expetiment Annotations =

Experiment Name :
Es
SE (E) ¢

Experiment nr 2

1,92

1]

1 Target Froperties 52

Samplel ,

Properties | Results

8 run 22

Sample nr 2
Sarple nr 5
Sample nr 4
Sample nr 3
Sample nr 1

Sample nr 0

Sample2 |

Sample3 .

Sample4 ,

Target nr 1 BT

0,927
1,379
0,725
1,079
0,996

1,004

+

+

0,312
0,91

0,213
0,905
0,403

1,038

Sample5 |

Sample& ,

Target nr ORT

1,572 % 1,346

1,008
0,911
0,636
0,619

1,616

=

+

0,272

Sample? ,

Sampled |_

Target nr 2 RT

0,685 £ 0,456

0,661
1,513
1,457
1,623

0,616

+

E

0,759
0,471
1,573
0,935

0,401

SampleS

Sample10

Samplel1

Target nr 1 TOI

0,675 £ 0,806

0,652
1,466
1,481
1,362

0,734

*

£+

0,793
0,453
0,788
1,125

0,577

Sample12

Samplel3

Target nr 0 TOI

1,154
1,324
0,755
0,867
0,721

1,397

+

+

+

0,303
0,742
0,256
0,658
0,389

0,539

Samplel4

4

Sample15

Samplel6 |
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[ Project Explarer Cpen &l M Armplification Efficiency 27

+- My Project nr 0
+- My Project nr 2
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+- Default experiment settings 28
=I Experiments
=~ Experiment nr 2 26
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—I- Reference targets
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= Intermediate results
Amplification efficiency 10 !
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= Analysis Quaﬂtit‘f
CMRG makrix
Correlations -
Heat map | Target Propertiss 3
Multi-gene
Conclusions 8
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