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,, Tissue matrix” interference with real-time PCR
efficiency and amplification fidelity
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Determination of RT real-time PCR efficiencies

273 bp GAPDH amplicon
calculated from 729 slope of the standard curve;
six different total RNA concentrations
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) PCR efficiency
(o ———) E =1.86-1.94 triplicate

Assumption-free analysis of quantitative real-time PCR data
Ramakers et al. (2003) Neurosci Lett 339(1): 62-66



PCR inhibitors:

Hemoglobin, Urea, Heparin
Organic or phenolic compounds
Glycogen, Fats, Ca?*
Tissue matrix effects
Laboratory items, powder, etc.

\

PCR enhancers:

DMSO, Glycerol, BSA
Formamide, PEG, TMANO, TMAC etc.
Special commercial enhancers:

Gene 32 protein, Perfect Match, Taq Extender,

E.Coli ss DNA binding

i

real-time PCR

efficiency
DNA / \ DNA
degradation concentration
Tissue 4 PCR reaction
degradation components
unspecific Hardware:
PCR products PCR platform & cups
Lab management DNA dyes Cycle conditions
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M. Hunt et al.,
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Department of Pathology and Microbiology, University of South Carolina

http://www.med.sc.edu:85/pcr/realtime-home.htm
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Efficiency variation in real-time RT-PCR

Detection Cycle (n)
PCR efficiency
2.00 - - - - - -
1.97 16 %0 25 % 35 % 46 9 57 70 %
1.95 29 99 46 Uy B i 88 oo 113 U 142 5
1.590 67 B 116 B 179t 260 5 265 Up 500 Ui
1.80 187 %o 385 9 722 1y 1290 % 2 260 3900 %
1.70 408 9 1 045 % 2 480 % 5710 % 13 000 Yo 29 500 %
1.60 920 % 2740 % 8 570 9 26 400 U a0 700 Yo 246 400 %

Table 1: Errors of quantification relative to a theoretical PCR efficiency of 2.00

Error calculation: (2"/E"-1) x 100

Example:

When the difference in PCR efficiency is 0.2 between two samples in the same run and both samples are detected in

cycle 25 a more than 10-fold difference in the amount of the samples will be calculated,

Roche Diagnostics, LlghtCycler rel. Quantification software, March 2001




Quantification strategies in real-time RT-PCR

absolute Quantification

'

N

relative Quantification

'

Y

external
Calibration
Curve

[ mono colour
detection using
SYBR Green 1]

external
Calibration
Curve using
internal
reference gene

[ dual colour
detection]

normalisation by
a reference gene

Gene.Quantifiaction@wzw.tum.de

external
Calibration
Curve

without a
reference gene

with real-time
PCR efficiency
correction

without real-time
PCR efficiency
correction

REST ©

2 (-AACP) method




Absolute quantification of IGF-1 receptor

two step qRT-PCR efficiency (recombinat RNA) = 1.81
(n=4;r=0.998; 2* 102-2* 109 recRNA standard molecules)
two step gRT-PCR efficiency (native mRNA molecules) = 1.78
(n=4;r=0.939; 0.1-25.0 ng total muscle RNA)

35 A

30 -

cycle number of crossing point

25 T T T T T
1e+5 1e+6 1e+7 1e+8 1e+9

IGF-1 receptor recombinant RNA and native mRNA start molecules
Pfaffl et al., 1998




Relative quantification of a target gene versus a
reference gene (housekeeping gene)

= ACPtarget (control - sample)
relative  _ target
Xpression
eXpressio = ACP.s (control - sample)
reference
Pfaffl, Nucleic Acids Research 2001
CP
Sample
] ( Eref) ( Eref)
relative _ .
expression CPSample
( Etarget) ( Etarget)

Roche Diagnostics, LC relative Quantification software, March 2001



Determination principles
of real-time PCR 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; Tichopad et al. 2002 & 2004)

» Logistic model
(Wittwer et al. 2000; Tichopad et al. 2003)

» Comparative Quantitation Analysis
Rotor-Gene 3000 software

sing point (CP)
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Determination principles of real-time PCR efficiency:

Dilution series

—&— ng cDNA vs. CP(TyrA) slope =-3.122, E = 2.09
—&— ng cDNA vs. CP(PyrB) slope =-2.992; E =2.16
—v— ng cDNA vs. CP(Gst) slope =-3.337; E =1.99
regressions
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fluorescence (log)
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exponential phase
cycle 23-28 A&
| (loy ) ae |
A
/ plateau phase
B (cycle 35-50)
| / inter phase ]
(cycle 29-34)
template exponential phase inter phase plateau phase
(cycle 23-28) (cycle 29-34) (cycle 35-50)
native 1428 £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
~ IGF-1 RNA (r = 0.992) (r=0.974) (r = 0.933)
| | water 1018 1.026 1.004
22 24 26 (no template) (r = 0.831) (r = 0.952) (r = 0.789)




Statistical estimations of PCR amplification rates
Peccoud J & Jacob C (1998) in Gene Quantification (eds. Francois Ferre)

We have previously proposed and characternized the estimator m (Jacob and

Peccoud, 19%6a; Jacob and Peccoud. 1996b) which fits the 3 requirements

alorementioned:

A+ X +A

m, == - - (4}
X X LA
A new quantitative method of real time RT-PCR 16
assay based on simulation of polymerase chain 14 [,-“'
reaction kinetics - K
Liu W & Saint DA, Anal Biochem. 2002 302(1): 52-59 o B Ve
| S 08 | \1 '
- 06
( ff”“i 7 tA-Crn 1 o A f‘
—= = (1+£) -
1'? e -
\ “‘nB )} 0.0
] 15 al 23 a0 35 Ll
= Cycle
1 FIG. 1. Calculation of amplification efficiency from the kinetic PCR
- curve. Three curves were chosen representing GAPDH (&) and two
SuLB different target genes (' and ®). &, is measured at two thresholds
Ru { TBEL B
E = = — 1 along the exponential phase as shown at A and BE. Amplification

efficiency is calculated using Eq. [3].



Calculation of real-time PCR efficiency: LinRegPCR Interface

Ramakers et al., Neurosci Lett 2003 Mar 13;339(1): 62-66

1.
2.

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

4" LinRegPCR: Analyziz of Heal-Time PCR Data
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Kinetic Outlier Detection (KOD) in real-time PCR

Tzachi Bar et al., Nucleic Acids Research, 2003, 31(17) e105
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Figure 1. Estimation of PR eficiency by expomential fil. Three o five
data points {filled cincles) above threshold level are finted by an expomential
cquation 1 e esimate PCR efficiency. Main frame: semi-logarithmic scale,
it limear scale.
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ing numbers of emplate moelecules a5 the encirelad concenration in the
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fluorescence (f)

Standardized determination of real-time PCR

efficiency from a single reaction setup
Tichopad et al., 2003 Nucleic Acids Research 31(20): e122
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fluorescence signal

Principal of “Second Derivative Maximum” method
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fluorescence (f)
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Take first three
observations

l

Fit linear regression and
—®  inspect the last residual M

Add next
observation

Is the last
observation
outlier?

NO

Add next
observation

MO Were previous
two observations

outliers?

Flowchart of statistical estimation
of the exponential phase beginning
The first of the three outlaying based on inspection of externally

observations is the first observation of

exponential phase studentised residuals.




Comparison of different methods

for optimal CP and real-time PCR efficiency determination

E1 fit point E1 SDM E 2Flf.l'hl EESDM E'ww
CV% CV% cv CV% CV% CV% CV% CV%
Conc. |n CPtp CPsdm| Ean Y Y] Eai Y [Y] E [‘é.] Y [Y] E [E] Y [Y] E [E] Y Y]
2.65E+07 |2 11.02 14.10 8.58E+10 138.40 267E+11 540 |1.37 0.23 259E+08 549 |147 015 1.04E+0% 147 |1.84 040 143E+11 7456
2.65E+06 |2 1593 17.20 1.10E+11 2B.62 203E+11 038 |1.37 0166 T4E+08 199 |147 017 1.35E+08 042 |185 O0B7 1.04E+11 11596
2.65E+05 |2 18.47 20.53 5.82E+10 16.70 1.7OE+11 512 |1.37 022 2.02E+08 7.82 (148 025 1.72E+07 1.59 |185 028 7.BBE+10 584
2.65E+04 |2 2145 24.88 4.24E+10 1515 3.08E+11 13.33 |1.37 0.37 7.25E+07 7.52 |147 014 220BE+06 133 |1856 1.59 1.36E+11 3054
2.65E+03 |2 26.08 28.18 1.25E+11 69.40 2B7E+11 14.56 |1.36 0.48 1.83E+07 7.45 |146 081 2.55E+05 1.21 |184 134 T.71E+10 2479
2.65E+02 |2 30.31 3268 1.74E+11 6585 S5.09E+11 2413 |1.26 0.38628E+06 791 |146 053 3.04E+04 109 |183 015 B9.25E+10 2472
summary for n=18 |1.95 79.7 |1.92 41.5 [1.37 0.46 159.8/1.47 0.1 195.9|1.84 0.62 30.8
9.91E+10 2 BOE+11 5 93E+08 1.89E+08 1.05E+11

Conc. — input concantration of nucleic acid in sample

n. - repeats

CPr — Crossing point based on Fit—point method

CP.gm— Crossing point based on second derivative maximum — SOM computing methoad by LightCycler software 3.2 (Roche Diagnostics).

ET gt poire = AmMplification efficiency computed from calibration curve'" where crossing points are obtained as Fit—points

E1sam = Amplification efficiency computed from calibration curve where crossing points are computed as SOAM.

E2 i = Amplification efficiency computed from absolute fluorescence increment in point of inflexion (first derivative maximum) of amplification trajectory (22)
E2.qm — Amplification efficiency computad from absolute fluorescence increment in S0OM of amplification trajectory modsl.

E,.vo — Amplification afficiency computed according to the method suggested here. E — The mean valua(s) of efficiency for n=3. Y — Fluorescence product
computed from equation (10) for respactive E for n=3. CV - Coefficient of vanation for n=3

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

Tichopad et al., 2003 Nucleic Acids Research 31(20): €122



,» Take Off point“ and ,, Amplification efficiency*
determined by Rotor-Gene 3000 Comparative Quantitation Analysis

1 calculation of 100%
o1 amplification s
efficiency \
0. \
! 205
Take Off :
Point :
0] Maximum
0,15}




Summary

Sample
individual
determination

Overestimation
Intermediate
Underestimation

)=
%)

Combination of
Efficiency & CP
determination

Dilution series (fit point or SDM)

no
Rasmussen, 2001 + n=3-5
Fluorescence increase
various authors = n=3-6
Fluorescence increase
Peccoud & Jacob, 1998 = n=3
Sigmoidal model ¥
Lui & Saint, 2002 - n=-1
Tichopad et al., 2002 & 2004
LinRegPCR
Ramakers et al., 2003 + & n=46
KOD
Bar et al., 2003 + & n=3-5
Logistic model
Tichopad et al., 2003 + & n>7 +
Rotor-Gene 3000
+ & n=4 +

Comparative Quantitation Analysis




Biolnformatics
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in real-time PCR
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Determination of PCR Efficiency

Determination of real-time PCR efficiency

Estimation via classical "calibration dilition cinve and sfope calculation™
& oh each ndiddual cONA (Rasmussen 2007)
oo each ndididual cONA (Statiberg et al, 2002)
& ohatnbdire of mubinle cONA (e ONA poc) Bfaffil 2004
& | Experirmental validation of novel and conventional approaches to guantitative real-time FUR data analysis (Pelrson, 2003

Estimation via increase in "absofite flunorescence” method 1 {linear regression, Piafl 2001

Estimation via increase in "absolute fluorescence” method 2.(Liu & Saint 2002)

Estimation via increase in "absolute fluorescence” method'3 (3 data points Peccoud & Jacob 15998)

Estimation via increase in "absolute fluorescence” method 4 fwindow-of-linearity, Ramakers et al. 2003}

KOD (Kinetic Qutlier Detection) in real-time PCR (Tzachi Bar et al., 2003}

Estimation via "theoretical sigmoidal fit" [zl fluorescence data points, Lio & Saint 2002

Estimation via "experimental four parametric sicmolidal moded H (a3l fluorescence data points, Tichopad et al. 20029
Estimation via "experimental four parametric logistic model " (all fluorescence data points, Tichopad et al. 2003)
ERRATUM: correction of Figure 2 Tichopad et al. 2003 - Standardized deterrination of real-time PCRE effciency from a single
reaction set-up

PCR Efficiency estimation via "experirnenial four parametric sigimoidal model §it' (including all fluorescence data points,
Tichopad et al. WMCP 2003 - Inhibition of real-time BT-PCRE guantification due to tissue-specific contaminants)
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