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qPCR workflow 71 data processing
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absolute vs relative quantification

A fabsoluteo quantification
how many copies or molecules (molarity)

standard (dilution series)

guantification relative to the standard

> I >

A fdal l guantification is relativeo

the accuracy of external standard quantification is entirely dependent
on the accuracy of the standards

log linear relationship between input and Ct + reproducibility

precise and reproducible answer, but not necessarily an accurate
answer

exception: digital PCR

>

> >

)

A relative quantification
A one sample relative to another
A one transcript relative to another (e.g. splice isoforms)
Vandenbroucke et al., Nucleic Acids Research , 2001

A comparative Cq method / delta -Cq method
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relative quantification I Cq values to relative quantities

fluorescence

threshold

Cq, Cg, Cqs PCR cycle
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relative quantification I variation

differences in RQ due to
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Data processing - relative quantification

U ' differences in RQ due to
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relative quantification I variation

% differences in RQ due to
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relative quantification I variation

— differences in RQ due to
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relative quantification I variation

technical variation

Aavoid

Aminimize

KAcorrect Y

Cg —» RQ — 3 NRQ — CNRQ]

1 .
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relative quantification I Cq values to relative quantities

g —— RQ |—— NRQ —— CNRQ

l] | || | || |

RQ =2 9%
Calculate gene specific amplification
. efficiency (E) from
RQ=E Adilution series
Afluorescence curve
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relative quantification I amplification efficiencies
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relative quantification

I amplification efficiencies

increase number of points

~

A 1-2 SE(E)=0.032

Standard Curve

24

1 10
Quantity

Computed Amplification EFficiency

E 4 2,062 SE (E): 0,032 r2 0,995 slope : -3,181 SE {slope) : 0,069

increase range of points

~

A 182 SE(E)=0.032

Standard Curve

28

26

24

1 10
Quantity

Computed Amplification Efficizncy

E 4 2,062 SE {E}: 0,032 2 0,995 slope : -3,181 SE {slope) : 0,069

o
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relative quantification

increase number of points

SE(E)=0.032

A 1-2
A 1-3 SE(E)=0.013

Standard Curve

22
1 10 L]
Quantity
Computed Amplification EFficisncy
E 4 2,04 SE (E): 0,013 P2 0,998 slope : -3,231 SE {slope) : 0,029

I amplification efficiencies

increase range of points

A 1&2 SE(E)=0.032
A 1&3 SE(E)=0.018

Standard Curve

28 g

26

24

22

1 10 100
Quantity

Computed amplification Efficiency

E 4 2,04 SE (E}: 0,018 G 0,999 slope @ -3,231 SE (slope) @ 0,041
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relative quantification

I amplification efficiencies

increase number of points

A 1-2 SE(E)=0.032
A 1-3 SE(E)=0.013
A 1-4 SE(E)=0.008

Standard Curve

20 g
26
24

8

22

20

1 10 L]
Quantity
Computed Amplification Efficiency
E 4 1,99 SE(E): 0,008 P2 8 0,998 slope @ -3,345 SE (slope) : 0,02

increase range of points

A 1&2 SE(E)=0.032
A 1&3 SE(E)=0.018
A 184 SE(E)=0.008

Standard Curve

20 g

26

24
22
20
1 mn 100
Quantity
Computed amplification Efficiency
E 4 1,987 SE (E}: 0,008 G 1 slope @ -3,352 SE (slope) : 0,02
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relative quantification I amplification efficiencies

increase number of points

1-2 SE(E)=0.032
1-3 SE(E)=0.013
1-4 SE(E)=0.008
1-5 SE(E)=0.005

> I>» > I>

Standard Curve

1

Quantity

Computed Amplification Efficiency

E 8

1,996 | SE(E): 0,005 | pA2 0,999  slope: 3,332

1000

SE (slope) : 0,011

increase range of points

20 o
2
24

522

20

18
1

1&2 SE(E)=0.032
1&3 SE(E)=0.018
1&4 SE(E)=0.008
1&5 SE(E)=0.004

> > > I>

Standard Curve

10 100 1000
Quantity

Cormputed amplification EFficiency

N

2,007 SE(E) 0,004 rE 1 slope ;@ -3,305 SE {slope) : 0,009
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relative quantification

increase number of points

> I>» I>» > I>

1-2
1-3
1-4
1-5
1-6

SE(E)=0.032
SE(E)=0.013
SE(E)=0.008
SE(E)=0.005
SE(E)=0.003

Standard Curve

Computed Amplification EFficisncy

E 3

1,995

SE (E3:

10

100
Quantity

0,003 | a2 0,999

slope :

1000

3,327

10000

SE {slope) : 0,007

I amplification efficiencies

increase range of points

1&2
1&3
1&4
1&5
1&6
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SE(E)=0.032
SE(E)=0.018
SE(E)=0.008
SE(E)=0.004
SE(E)=0.002

Standard Curve

1 10

Computed Amplification EFficiency

E¥ 2,008 SE(E):

100 1000 10000
Quantity

0,002 rE 1 slope ;@ -3,300 SE {slope) : 0,006
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relative quantification I amplification efficiencies
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relative quantification I normalization

Cg —— |RQ —— NRQ [—— CNRQ

] \ .

A minimize technical variation
A sample: size and type
A RNA extraction: quality and quantity
A RNA degradation
A cDNA synthesis
A correct for technical variation

A normalization
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relative quantification I normalization

~

A Livak and Schmittgen (2001)

A 100% PCR efficiency
A 1 reference gene

~

A Pfaffl (2001)
A adjusted PCR efficiency

-~

A 1 reference gene

~

A qgBase model (2007)
A adjusted PCR efficiency

~

A multiple reference genes

N RQ — ZAACt
AQt,goi
NRQ= _%C, o
E
ACt goi
NRQ=
H EACt ref;
\ ref;
M
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relative quantification I inter -run calibration

Cg —— RQ —— [NRQ —— CNRQ

~

A different analysis settings

>

Q Q
o o
QCJ '/’,/" p- 6 : ,’/;,
g / 3 /}/
& / & :
S / RQy =27 S / RQy, = 2
3 / 16-1 = !
= / RQ,, = 2 = // RQ,, = 2
'/ = 2" = 1/4 ’/’ =2 " = 1/8
/ ¥
g //,/’ Threshold i /;/’" ' Threshold
- > - >
Cq PCR cycle 1, Cq PCR cycle
o [0
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relative quantification I inter -run calibration

Cg —— RQ —— [NRQ —— CNRQ

different analysis settings

A
A instrument, reagents and consumable variation

S
:

fluorescence

Threshold

g
PCR cycle
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relative quantification I inter -run calibration

Cg —— RQ —— [NRQ —— CNRQ

y X '

A avoid inter -run variation

A use sample maximization
A minimize inter -run variation

A use the same instrument, reagents and consumables
A correct for inter  -run variation

A inter -run calibration
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relative quantification I inter -run calibration

~

A [3 GOI + 3 REF] x [11 samples + 1 NTC]

Gane maximization Sample maximization

REF1 REF2 REF3 GO GOR2 GOIE 51 52 B3 584 55 S5 57 GE 58 510 ST NTG

&1

2 I I N B
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| REF{{ =
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sl T Tl .
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REF1 REF2 REFZ GO GOR2 GOIE 81 52 B3 B4 BL S5 57 BB 50 540 ST NTC
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bt
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relative quantification I inter -run calibration

A sample maximization is to be preferred
A no increase in variation due to absence of inter -run variation
A suitable for retrospective studies and controlled experiments

A gene maximization

introduces (under -estimated) inter -run variation

A applicable for prospective studies or large studies in which the number
of samples do not fit on the plate anymore

A inter -run variation can be controlled and corrected for using inter -run
calibrators (IRC)

>

A inter -run calibration
A possible on two levels:
o Ctvalues
0 normalized relative quantities
A the more inter -run calibrators, the better
A simple vs. complex inter  -run calibration
A specialised software is needed
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relative quantification I inter -run calibration

Cg —— RQ —— [NRQ —— CNRQ

l] | || | || |

X

A correctforinter -r un variati on by i ncluding | RCb6s
A IRC:
A inter -run calibrator
A identical sample measured for the same gene in different runs
|
IRC .4 \ L+ : — NRQy, \
J I CNRQ
| Pl
IRC,,, > \ S % — NRQpugn
Y
o[
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relative quantification

RI19.12 Genome Bielegy 2007,

WVolume 8, Issue 2, Ardcle RIS

[h =
| X Cagit measured — Ciigit presicted |

g
I|I| h-z

[ formula 2)

1 & 2 ] .
Sea= ‘I‘IEEE(Q@ —Q'.-_u) { formmla 3)

Se jt

— =k [ formul
s, (-1 (formula4)

SE(slope; ) =
The base for exponential amplification E, and its standard

error SE(E) are calculated from these values:

()
Ej;=10\ stopey | { formmla 5)

-Inf10)- SE( slopey; |

.‘1'};'[ Ey J (formula 6

n‘l'thJ('j‘:

Conversion of Cq values into relative quantities

Step |

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

{formula 7)

n 2
SE|Cqgy )= IIJIHHTEJ Ciing = O |

( formula 8)

|
lim

Step 2
Transformation of mean Cq value into RQ using the gene spe-
cific PCR. efficiency E;, with minimization of the overall error:

5
_ XCgum _
Clrefernce jt = Ot = _T {formmla g)
ACG; = O gorere o~ Oy (formmla 10)
RQui =E ﬂmq’" { formmla 11)
SE[ RO )= .IJ-QL.- |.A'""‘"\'”.' ) {farmelz 12)

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

Hellemans et al.

- gBase

htipeiigenomebiclogy .com/2007/8/ 2R 19

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

Step I'
Calculation of the calibration factor CF for gene j in run [
based on the NRQs of the IRCs m:

I r
NF. = 1 [TRQp ( formula 13
Vs

| e
CF = ¢l ] NRQjtm

m=t (formmla 13'; for definition of NRQ,
see formula 15)

r{se(ro.) T
SE(NF, )= .’\'J’-'l.‘llll.gl ﬁ l (formula 14 )
o | e [ sE(vrC
SE|CFy | =CFy \I ¥ \ Trj J (formula 14')
Step 2
Conversion of RQs into NRQs.
Step 2'

Conversion of NRQs into CNRQs:

RQ; . .
NRQj = ;\,L}—: ( formula 15)
NRQ .
CNRQy = C}?- :I“ {formmla 15°)
i

| formula 16 )

SE{ CNRQz | = CNRQ g | formula 167

Coefficient of variation of NRQs of a reference gene
Step |

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

(formmla 17

Ganome Biology 2007, 8:R 19

htepeif genomebioloagy .com/2007/8/2/R19

[ = -
SE(NRQ, ) = I;E | MRQy - NRQ, 5 ( formuls
R J

Step 2
Calculation of the coefficient of variation CV of a given refer-
ence gene p across all samples k:

{ fornmla 19 )

Step 3
Calculation of the mean coefficient of variation for all refer-
ence genes:

f r
o 20V
oV = b=

f

Reference gene and IRC stability parameter M
Since normalization and inter-run calibration are highly anal-
ogous, quality evaluation using the stability parameter M is
similar as well. Therefore, both methods are explained in
parallel.

( formmla 20

Step |

Calculation of the s » 1 matrix Aser=in which the kth element is
the log, transformed ratio between the relative quantities (not
yet normalized) of two reference genes p and p'in sample k;
matrix Asenrl s calculated in an analogous manner.

Step 1"

Calculation of the g « 1 matrix Airin which the j* element is
the log, transformed ratio between the NRQs of two IRCs m
and m'for the same gene j within a run /; matrix Anen is calen-
lated in an analogous manner:

( . . . Re), .
(vo.p'e[nr]p=p): .-1}?:.‘: =log, [m:— ] { formula 21)

L A

o [ 20 |
ey

| Formula 21")
NRQmyp

(W nd = [1,0],m = m): A

Step 2

Calculation of the mean log transformed ratio and the stand-
ard deviation Ve for all samples k and a given reference
gene combination (p, p7). Veersis the geNorm pairwise varia-
tion V for two reference genes,

Step 2'

Calculation of the mean log transformed ratio and the stand-
ard deviation Vi for all runs [ and a given IRC combination
(m, m") and a given gene j. Vsample and Vrun are calenlated sim-
ilarly from Asemple and Aren, respectively:

Genome Biology 2007, Volume 8, lssue 2, Artcle R19

gene
Ene kz‘qppl
Afpe == { formmla 22)
T .
ire
2‘4mm;r
At = =r— ( formula 227}
5
i = gpl Al )= |3 [ g g0 ( formula 23)
I Vi sl e )
Vi = 80( 405 ) (formula 237)

Step 3

Calculation of the arithmetic mean Moen of all pairwise vari-
ations Veene of a given reference gene p with all other tested
reference genes p', Me=ne represents the geNorm gene stability
measure M for a particular reference gene p.

Step 3'

Caleulation of the arithmetic mean Mere of all pair wise varia-
tions Vi of a given IRC m with all the other IRCs m', for the
same gene f, Meample and Mren are calculated similarly from
Veample and Vrun, respectively:

-gene
,ﬁ Vep

 formula 24 )

( formmla 247)

Step 4
Calculation of the mean stability measure for all reference
gemnes.

Step 4'
Calculation of the mean stability measure for all IRCs:
{ M gene
. % .
Mgene _P= ( formmla 25
f
i qire
Ay

Myf-m=_ (formmla 257)

Genome Bielogy 2007, 8:R19
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relative quantification I gBase & gBasePlus
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relative quantification - gBasePlus
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Experiment design Normalization

Awhy reference genes?
Sample prep Assay design Awhy multiple reference genes?
AgeNorm

gPCR reactions Aeffect of sample quality

Anormalization quality control

Cq values

Data processing
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normalization

~

A 2 sources of variation in gene expression measurements
A gene -specific (biological) variation (true fold changes)
A non -specific (technical) variation
0 RNA extraction yield
0 RNA quantity & quality
0 reverse transcription efficiency
0 PCR efficiency (inhibitors)

~

A purpose of normalization is reduction of the technical/experimental
variation
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normalization
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