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Equations development

Gene expression normalization

PCR dynamics can be modelled by an exponentialtiequderived from the basic template
DNA replication mechanism:

N, = N, 2°

WhereN_ is the amount of PCR DNA product at cyclein a perfectly efficient PCR reaction,

the amount, or the copy number of PCR DNA molecuiexrild double at each cycle but, due to
a number of factors, this is rarely the case ineexpental conditions. Therefore the equation

above is generalized as:

Eqg. 1
N, =N, (E°

WherekE is the PCR efficiency with 1 E < 2.

Because quantitative PCR measures fluorescence @stienator of the amount of DNA present
in the reaction at a given time, the absolute arhaininitial DNA is generally unknown.

Therefore the initial amount of cDNA correspondiiogthe gene of interest (DNA A) must be
normalized to the level of an endogenous controbga of a reference DNA standard (DNA B).

Eq.1 can be formulated for the two DNA:

A=A [E,
Bc:BOEE;



A, =B, When the amplification curves of each DNA cross theeshold fluorescence value,
A B

whereCt, andCt, are the threshold cycles of the two genes. Thea<XNA concentration ratio

becomes:

Eq. 1.2
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which resolves into:

Eq. 2
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whereRag is the normalized ratio of the molar concentration of the copy number of DNA A
relative to DNA B in a given sample. Note that Bg.a simplified form of the one developed by

Meijerink and colleagues [1].
Propagation of error on normalized expression

Assuming that in the second equality of Eg« Cta, Es andCtg are obtained from imprecise
measurements, the error on the normalized expressaim may be determined using the Taylor
expansion to the first order for the calculationeafor propagation (or the delta method), which

consists in expressing the derivativeR)f as the sum of the partial derivative relative acfe

variable:
Var (R) =Z[Z—§J Var(x)

where eachx is a measured variable€a( Cta, Eg, Ctg), and Var(x ) their associated

measurement error.

The equation above is valid for large samples andseful to determine mathematically the

propagation of error. Due to the relatively smaksof our data set, the continuods figures
must be replaced by their discrete counterpéuts to have a proper idea of how the errors

propagates.



Eq. 11
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Note that this is an approximation of the behavioluerrors, whose approximated error tends to
zero for large sample sizes, thus fulfilling thetral limit theorem.

When considering the first equality of Eq.2 (ratibthe original amount of template DNA),
AR, is given by:

Eq. 10

R = Re q/[%j [%2]
A B,

Relative induction of gene expression

Usually, experimenters are interested in the dffee of the gene expression between two
conditions (with versus without a drug, sane tisgaesus metastatic tissue, etc...) [2-4]. We
want to know whether the expression of the genentrest is induced or repressed upon
treatment. So the useful figure is the ratio of tleemalized ratios (Eq.2), that we will refer as

the normalized induction ratio thereafter:

Eq. 13
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wherel., is the difference of expression of the gene dadriggt (induction) between condition 1

and condition 2 anBag) is the normalized expression of the gene intenesbnditioni (1 or 2).

Note that Eq.13 is valid only if the gene used tfee normalization (internal standard) has an

expression that is invariant with condition 1 an@R Error on induction values is given by

Eq. 14
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Estimation of the PCR efficiency

Determination of PCR efficiency can be readily perfed by log-linearizing Eq.1:

Eq.3
logN, =logN, +cog E

Eq.3 is a linear function ologN, = f(c With a slopem = log E when amplification is in the

exponential phase. Therefore efficiency can berdeted along withNy by performing a linear
regression through the linear part of the amplifaaplot when data are represented on a half
log scale (LinReg method) [6-8]. The interceptlogtregression is directly linked to the original
DNA molecule number in the reaction, and the ihit@io of two DNA molecules can be related

to their ratio during exponential amplificationiaghe first equality of Eq. .

Whenc = Ct, Eq.3 can be rearranged as:

Eg. 4

Ct=- 1 U]OQNO"'%
logE logE

This expresseSt as a linear function oflog N, , with slope

Eqg. 5
m:——1 =E :10-%

logE
Therefore, measurinGts of a set of serially diluted samples and perfagra linear regression
through a graph of the log of known initial (orate) concentration vs their correspond®y
allows the measurement of the efficiency [9]. Te&t of equations holds true only under the
assumption that the PCR amplification behaves expially at the measure@t and that the

efficiency is identical between the different PQRpdifications.

Any linear regression generates an error on tkedfitalue of the slope and the interceptfl
). The regression function of Microsoft Excel wased to evaluate this error, providing the
standard deviation of the slope and then calcigatie associated error on the efficiency using

the previous formulas for the propagation of errors



Eq.5.1

|0E| = y/(E (n1008m)?

Propagation of error on averaged values

The different data processing models were firstgamad using experimental data averaged from
all the conditions tested (primer, sample, dilutiett), so as to avoid the potential bias that may
result from the use of a particular primer or sanfince each value used in the average has an
associated error, we used a Taylor limited expansn@thod to determine how these errors

propagate in the average value:

X =

S|

)(i
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with the expression for the errééX determined by

aX]| :% i(mg )}
i=1
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