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Real-time PCR principle
= amplification curve
E Cqg value determination methods

Absolute quantification
Comparative quantification

Efficiency determination
E Dilution series
E Single curve efficiency

Correcting for technical variation
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ALLLUUL LU bbb L LLLLLLLLY 30-45 cycles of a 3-step process

Luwiginenneueneunuuys denaturation (95 ° C 15's)

e annealing (50-70 ° C 15 s)
s gy 20bp ~1/1000 000 000 000
3 5
5 3

extension (72 ° C 1 min)
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Not really quantitative
Carry-over contamination
Laborious

gazelle
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i.e. measure every cycle the amount of fluorescence

i.e. the sooner fluorescence is visible, the more template was present, and vice
versa
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Amplification curve

exponential function
(y=ax + b)
sigmoid amplification curve
biogazelle Amplification curve
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threshold

biogazelle Quantification cycle value: 2nd derivative maximum method

accelerating your analysts




ell@/e=r = SWM Quantification cycle value: 2nd derivative maximum method

accelerating your analysis

0.8

04+
0.2 L
o

-0.24

ellele=r ==l Absolute quantification

accelerating your analysts

Cq
35 I

- unknown sample

1 103
25 1

B 350 copies 106
15 |

I | L ] I ]

log, quantity




el@/e=ri=!Sl Comparative Cq quantification

accelerating your analysis

E Delta-Cq=ACq=19-17=2

E Relative quantity (RQ)= Edelta-Ca = 22 = 4
»  E value represents the amount of fold change per cycle per gene
»  E=2represents 100% PCR efficiency

biogazelle PCR efficiency
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Determine PCR efficiency
E Standard dilution series
E Single curve efficiency

Standard dilution series - Standard curves
E Gold standard
E Slope (a) of the standard curve ~ efficiency of the PCR
E Efficiency = 10¢Va) -1
E ldeal efficiency
100 %
1
slope of -3.322
E = 2 (base exponential amplification)

- W w W
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Single curve efficiency
E Calculate the amplification efficiency from the shape of the amplification plot
E Different algorithms
»  LinReg - Ramakers, Nucleic Acids Res. 2009 Apr;37(6):e45
»  PCR Miner - Zhao, Comput. Biol. 2005 Oct;12(8):1045-62
»  LRE (Linear Regression of Efficiency) > Rutledge, BMC Biotechnol. 2008 May 8;8:47
>

| exponential function

igmoidal amplification curve

biogazele ety
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E Estimation of PCR efficiency by exponential fit

<:‘':,Oc,oooooooooooo

Bar T et al., 2003, NAR
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E Problem with single curve efficiency determination
»  Different algorithms give different efficiencies

150+ 120 3 150-

; - g 100 ; 100+ 4

~— b ; ; mo—

i ; =

j : - P
E 8 - LinReg ui . £ - LinReg
* PCR Miner 60 * PCR Miner
100 200 300 400 60 80 100 120 0 50 100 150
E, LinReg Cumulative fraction
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s Problem with single curve efficiency determination
»  Different algorithms give different efficiencies
> Single curve efficiencies do not correspond to standard curve efficiencies
> Imprecise estimates due to noise on limited number of usable data points

150 - LnReg 8

"= LinReg
w— PCR Mner = PCRMw
= Diktion series. 6 -
& 100 =
: g
£ u
£w ¢
2
o 0
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E Problem with single curve efficiency determination
»  Different algorithms give different efficiencies
»  Single curve efficiencies do not correspond to standard curve efficiencies
»  Imprecise estimates due to noise on limited number of usable data points

E Individual efficiency values can not be used in comparative Cq quantification model

E Individual efficiency values may be averaged across all measurements for a given
assay to replace standard curve efficiency estimates

E References
»  Nordgard et al., Anal Biochem, 2006
»  Goll et al., BMC Bioinformatics, 2006
4 Karlen et al., BMC Bioinformatics, 2007
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Relative quantification
E One sample relative to another
E One transcript relative to another (e.g. splice isoforms)
Vandenbroucke et al., Nucleic Acids Research, 2001

Comparative Cq method / delta-Cq method



biogazéle REEERVETERRGE))

accelerating your analysis

)
(8]
c
()
[&]
(%]
g
o
= 4
A RQ,;;=2"=16
RQy3 = 2°=4
RQa3 = 2°=1
o @/ 6
S - i
| ; threshold
4 k
2 |
Cq; Cqg, Cas PCR cycle

biogazelle Relative quantities (RQ)
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= different gene expression level




biogazéle REEERVETERRGE))

accelerating your analysis

= different gene expression level

= different total starting amount

biogazelle Relative quantities (RQ)
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= different gene expression level
= different total starting amount

= run dependent differences
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= different gene expression level
= different total starting amount

= run dependent differences

biogazelle Correcting for unwanted variation
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= avoid
= minimize
= correct

[Cq — % RQ —— NRQ —— CNRQ ]

W 4 %
$
Normalization M € 3 Inter-run calibration
e

2 ©
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Calculate gene specific amplification efficiency
(E) from dilution series

biogazele EEIEYes
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RQ = E*cd SE(RQ) = \/RQZ[[ACO"TSD(E)j +(In(E)-SD(quef))2}

ACC] - quef - Cqsoi

E Choice of Cq,; does not affect the RQ ratio between samples
» Sample of choice
» Sample with lowest expression
» Average Cq
» Cycle 20

E Choice of Cq,; does affect the error on RQ (if SE(E) is taken into

account)

E Minimize error: Cq,, = average Cq

» gbasePLYS approach
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Hellemans et al., 2007, Genome Biology

biogazelle Error on amplification efficiency estimate
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increase number of points

s 1-2 SE(E)=0.032

Error on amplification efficiency estimate

increase range of points

s 1&2 SE(E)=0.032

Standard Curve

Standard Curve

Quantity

10

Quantity

10

e[

o[ e | [

- e

3,181 ][ SE (slope) : 0,068
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increase number of points

s 12 SE(E)=0.032
% 1-3 SE(E)=0.013

Error on amplification efficiency estimate

increase range of points

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

28

6

Standard Curve

23

26

Standard Curve

24 3 24 s
22 2
1 10 100 1 10 100
Quantity Quantity
Computed Amplfication Efficienc Computed Ampification EFficiency
E: 2,04 H SE(E): 0,013 H B=E 0,998 H slope ¢ 3,231 H SE (slope) 0,029 ] [[ E 2,04 H SEE): 0,018 H 2 0,999 H slope 3,231 H SE (slope) : 0,041 ]]
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increase number of points increase range of points

Error on amplification efficiency estimate

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

% 1&2 SE(E)=0.032
s 1&3 SE(E)=0.018
s 1&4 SE(E)=0.008

Standard Curve Standard Curve

e} 28

2% \ 25 \

) \. 24

5 \ 5
22 22

20 20
1 10 100 1 10 100
Quantity

=

Quantity

Computed Ampification EFficiency

1,99 H SE (E) 0,008 H 28 0,995 H slope 3,345 H SE (slope) : 0,02 ]] [[ Es

1,567 H SE (E) 0,008 H 28

ramputed Amplfication Efficienc
[ E
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Error on amplification efficiency estimate

increase number of points

increase range of points

% 1-2 SE(E)=0.032 s 1&2 SE(E)=0.032
% 1-3 SE(E)=0.013 % 1&3 SE(E)=0.018
s 1-4 SE(E)=0.008 s 1&4 SE(E)=0.008
% 1-5 SE(E)=0.005 s 1&5 SE(E)=0.004

Standard Curve

Standard Curve

28 28
3 \- % \
24 \- 24

e \ 5
20 \ 0
12 18

T

Quantity

1000

10
Quantity

1000

rumputsd Amplification Efficienc
[ E

1,996 H SE(E) ¢ 0,005 H "2 0,999 H slape 3,332 H SE (slops) i 0,011 ]]

=

3,305 H SE (slope) ¢ 0,009
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increase number of points increase range of points
% 1-2 SE(E)=0.032 s 182 SE(E)=0.032
% 1-3 SE(E)=0.013 s 1&3 SE(E)=0.018
% 1-4 SE(E)=0.008 % 1&4 SE(E)=0.008
% 1-5 SE(E)=0.005 s 185 SE(E)=0.004
% 1-6 SE(E)=0.003 % 1&6 SE(E)=0.002
Standard Curve Standard Curve
B i
24 \. 24
22 \ 22
520 \4 gzn
18 ‘\. 18 -
1 10 ng?uily 1000 10000 1 10 Ql_:aaﬁmy 1000 70000
[[ E: 1,998 ][ SE (E): 0,003 l[ 2 0,999 ][ slope § 3,327 ][ SE (sloped : 0,007 ]] [[ E 2,006 ][ SEE): 0,002 ][ 2 1 ][ slope : 3,309 ][ SE {slope} 0,006 ]]
[ .

biogazelle Normalized relative quantities

o acceleratingyouranalysis
T I )
TR T
X
e

§

Minimize technical variation
E sample: size and type
E RNA extraction: quality and quantity
= RNA degradation
B CDNA synthesis
Correct for technical variation
B normalization

Huggett et al., Genes Immun, 2005
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Livak and Schmittgen (2001) NRQ = 244¢
E 100% PCR efficiency
E 1 reference gene

Pfaffl (2001) ACtgoi
ki adjusted PCR efficiency NRQ = goi

= 1 reference gene EActref
gBase model (2007)
s adjusted PCR efficiency ACt,goi
= multiple reference genes NRQ = goi
n
ACt,ref;
ri lTI Erefi
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Different analysis settings

3

4 A

g g

[ =3 =

Ig— RQZ/‘ = 2(012-0") \g— RQz" = 2(Cq2-qu)

=3 RQz/’ = 2(]5—13) [ RQ;,, = 2“6-19)

=2?=1/4 =2%=1f8
Threshold LA Threshold
Cq,Cq, PCR cycle €4, Cq; PCR cycle™

16 18 16 19
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Different analysis settings
Instrument, reagents and consumable variation

h

fluorescence

Threshold

PCR cycle>

biogazelle Inter-run calibration
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Avoid inter-run variation

E use sample maximization
Minimize inter-run variation

E use the same instrument, reagents and consumables
Correct for inter-run variation

E inter-run calibration
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Correct for inter-run variation by including IRC’s

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

ell@/e=r =!M Inter-run calibration
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CNRQ

\/

IRCrun 2 NRthgh

IRC,yn 1 @ + @ — NRQqy
i
Ny

+
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5 standards (triplicates)

36

average ACq standards

34
. §

0 /;' correction Cq samples
28

26 /‘

24 /./

22
; /
18

16

Cq gPCR instrument 1, mastermix 1

16 18 20 22 24 26 28 30 32 34 36

Cq gPCR instrument 2, mastermix 2

biogazelle Inter-run calibration - Absolute standards cross lab comparison
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ARHGEF7 gene
E 366 samples
E use of 5 standards (triplicates) for correction

36 -
34 3
., o

. pd

28 /

26

24

22 1

20

Cqg gPCR instrument 1, mastermix 1

18

16

16 18 20 22 24 26 28 30 32 34 36
Cqg gPCR instrument 2, mastermix 2
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gBase
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2= ﬁyom.a,',r (formula 3)
SE(slapey;) = ﬁf-_o (fornmia 4)

‘The hase for exponential amplification £, and its standard
ervor SECE) are calculated from these values:

£-d )

- In(10)- S8 slapey )
T e

(formula 5)

() = (formula 6)
Canversion of Cq values into ralative quantities

Calculation of the average Cq value for all replicates of the
same gene/sample combination k within a given run /

B

(formua7)

S Capr) = i =T ) (tovmuta )

Step 2

Soau
Clrgernce. =0y = 5 — {formuta 5)

A= O p” O Formula 10)

RQuu = E "™

(e [ttt o

Normalization: inter-run calibration
The procedures for normalization and inter-run calibratio
7 Highly analogous and are Serefors descrbed i paraliel.

{formla 1)

fre—

Step 1
‘o the Res of the reference genes j.

mple & based.

Stap 1!
Calculation of the calibration factor GF for gene / in ran [
‘Dased on the NRQs of the IRC 1

o i
o
NRQn
- (formla 13 for definition of NRQ,

see formula 15)

(formularz)

ot £ 2122

anfwy) ey miH:‘ }’;"“)’}:’ ]’

Sten 2
Conversion of RQs inte NRQs.

(formula 11)

(formula 14°)

Step 2
Conversion of NRQs into CNRQs:

NRQu :4L"N"i_: (formula 5)

R
RGO .??! (formulass’)

(NG )= SR, ﬂN;_Nl]‘ (formaia 6}

Gt 1)

oo {25

(R0, ) » [ (Na0ye - FRT ) (formuuta 18)

Step 2

ence gene p across all samples k:
v, = SE(NRQy {formula 19)

»
Step 3
‘Caleulation of the mean cosfiicient of variation for all efer-
ence gones:

_ fa,
=t

Reference gene and IRC stability parameter M

(formula 20)

Genarme Bisiagy 2097, Veme 8, s 2, Artila BRI

.
-l

(formuta aa)

Ay .E& (formuia 22')

v ST
(formuts 25 )

Vg8 4 [ E (8 |

Sep 3
Calculation of the arithmetic mean Mo of all pairswise vari-
ations Viere of a given reforence gene p with all other testad

, qually evaluation ualng the sabilty parameter M s
Slnlae 38 well. Theretore, bogh ruethods ste explained in
paraie,

Step t

thel

et normalzed) of (o eference genes p and p' n ample &
‘matrie A~ is caleulated in an analogous ma

Galultionof theg «  atre e wiich e sl 5
the log, transtoaed ratio o IRCE

and i for the yn-,‘wllbinlnml matsix A i calen-
lated in an analogons manner:

By

trnpelr Lo ) g o e | (rmainer)

(v s [ or): Ay (formmula a1’y

i)

mlmhuon of the mgan logtransformed o and the stand-
a given reference

Cuefficient of variation of NRQs of a reference gene
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Siep 4
Calculation of the mean stability measure for all reference
genes.

Siep o
Calculation of the mean stability measure for all IRCS:
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biogazele EEEAREILE

accelerating your analysis

Choosing a different reference sample will result in different NRQ values, but
differences between samples will be exactly the same

The entire set of NRQ values for a given gene may be rescaled
E Nicer graphs
E Easier to interpret
E Rescale to a reference / normal / calibrator sample to make all data relative to this
sample (calibrator = 1 or 100%)

Use the average of multiple reference samples if the absolute value matters
E e.g. for copy number profiling
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