
Melting Curve Analysis can return 
reaction specificity
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Melting Curve Analysis used in 7700 
for SNP Genotyping
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• Search for minor Ct with higher ∆Rn



Probe Titration
– Probe @ 25, 50, 75, 100, 125, 150, 175, 200, 225 & 

250nM

• Si cerca il più basso ∆Rn con la minima 
variazione di Ct



Standard curves

a sample with known concentration is used to 
construct the curve. The concentration of the 

standard (DNA or RNA) is evaluated by 
spectrophotometer at 260 nm, and converted 
to number of copies using the PM of the DNA 

or RNA (NB stability of the standards).



Relative analysis using Ct
Arithmetic forms are used to calculate the relative
expression levels in relation to a calibrator which can be a
control, for example. The amount of normalized target on the
level of expression housekeeping gene and related to a
control is given by : 2exp(-DDCT) where DDCT= DCT sample-
DCT calibrator and DCT is tareget CT – housekeeping Ct. The
equation thus represents the normalized expression of the
target gene in the unknown sample relative to the normalized
expression of the calibrator. The method is applicable if the
PCR efficiency for the target gene is similar to that of
housekeeping. For each target efficincy must be evaluated
by considering how the CT sample and the CT calibrator vary
with the dilution of the template.



Comparative CT Method: ∆∆ CT



Dynamic Range of an assay

10ng 0.001ng

• Template titration; 10, 1, 0.1, 0.01, 0.001 ng

X1/X2 = (1+E)-∆C
T

X1

X2

CT(X1) CT(X2)

∆ CT = CT (X1)-CT(X2)



Effetto dell’efficienza di  
amplificazione

Xn = X0(1+E)n

Case 1:  E = 0.9                                  Case 2:  E = 0.8

Xn = 100 (1+0.9)30 Xn = 100 (1+0.8)30

Xn = 2.3 x 1010 Xn = 4.6 x 109

Result: a difference of 0.1 in the amplification 
efficiency generates a 5-fold difference in the 
final ratio of PCR products after 30 cycles.



Comparative CT Method: ∆∆ CT

CT (Target gene, control) – CT (Endog. refer. gene, 
control)  =  ∆CT,cont (Control tissue)

CT (Target gene, exp.) – CT (Endog. refer. gene, 
exp.) = ∆CT,exp (Experimental tissue)

Target gene exp
Target gene calib

2 – (ave. ∆∆ CT)=

DCT,cont  – DCT, exp = ∆∆ CT



Better………

(Etareget gene)DCt target gene

Ratio= ——————————

(Ereference)DCt reference

Dove:
E= 10 -1/slope

DCttarget gene=(Ct control-Ct sample)target gene

DCtref gene=(Ct control-Ct sample)ref gene



Target RNA
TNFa in Control tissue

CTs - 25.645 - A12
25.971 - B12

Endogenous reference
18s rRNA in Control 

tissue
CTs -13.666 - A12

13.513 - B12

Ave ∆CT Control = 
CT(target)-CT(end.ref.) = 
12.218



Target RNA
TNF-a Experimental tissue
CTs =  21.476 - C12

21.274  - D12

Endogenous reference RNA
18s rRNA  Experimental tissue
CTs = 13.481 - C12

13.478 - D12

Ave. ∆CT(Exper.) = CT (target) -
CT (end.ref.) = 7.89



Relative quantification using ∆∆CT

∆CT (Control)       = 12.218
∆CT (experimetal) = 7.895

∆∆CT = ∆CT(Cont.) - ∆ exp.)= 4.323  ∆∆CT = 
log2(Targetexp/Targetcont)

Relative expression of TNF-a in experimental sample in 
comparison to control sample

= 2∆∆C
T = 24.323 = 20-fold increase



LoD and LoQ

The Clinical Laboratory Standards Institute 
(www.clsi.org), defines:
LoD: the lowest amount of analyte (measurand) in a 
sample that can be detected with (stated) probability, 
although perhaps not quantified as an exact value.
LoQ: the lowest amount of measurand in a sample that 
can be quantitatively determined with {stated} 
acceptable precision and stated, acceptable accuracy, 
under stated experimental conditions



LoD and LoQ

LoD for qPCR methods can be estimated from analysis 
of replicate standard curves. 
Working at 95% confidence, LoD is the measurand
concentration that produces at least 95% positive 
replicates. 
Under error free conditions, when only sampling noise 
would contribute to replicate variation, LoD at 95% 
confidence is 3 molecules. 
For most real samples, LoD is also affected by: noise 
contributed by sampling, extraction, reverse 
transcription, and qPCR, and may be substantially 
higher.



LoD and LoQ

The LoQ can also be estimated from the replicate 
standard curves. 
This is done by calculating the SD for the responses of 
the replicate samples at the different concentrations. 
SD of the data can be calculated in either log (Cq
values) or linear scale (relative quantities) and does not 
assume any particular distribution. 



Paik S Nature Clinical Practice Oncol 2005



ü Absolute quantification is
not possible in FFPE
specimens because the
level of degradation varies
among different samples.

ü Relative quantification
against the expression
level of one or more
housekeeping genes is the
most popular method.

REVIEW
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samples. This practice is being questioned as it 
becomes clear that some housekeeping genes 
may vary considerably in certain biologic 
samples. For example, Dheda et al. examined 

the levels of 13 housekeeping genes in cultures 
of peripheral-blood mononuclear cells, and in 
whole blood from healthy individuals and those 
with tuberculosis.11 All of the housekeeping 
genes commonly used as reference genes, such 
as glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), had highly variable expression 
levels (>30-fold maximal variability). Recently, 
however, a two-gene prognostic assay for breast 
cancer was described that does not depend on 
normalization with reference genes; the two 
genes used in the assay always behave contrast-
ingly and a simple ratio of the two provides 
a stable measurement without the need for 
normalization.12 However, whether such 
measurement can be done reproducibly with a 
large number of FPET samples from different 
institutions and different ages remains to be 
 demonstrated.

ONCOTYPE DX™ ASSAY
One RT-PCR assay for FPET samples, Oncotype 
DX™, is already available (Genomic Health 
Inc.).13 The assay is based on real-time RT-
PCR assay of 21 genes, which include 16 
cancer-related genes and 5 reference genes (the 
16 cancer genes include the following; mki 
(Ki67), aurka (STK15), birc (Survivin), 
ccnb, mybl, grb, erbb (HER2), the 
estrogen receptor (ER), the progesterone 
receptor PGR, bcl, scube, mmp, ctsl, 
gstm and CD68 bag). As described by Cronin 
et al.,8 in order to quantify relative expression 
levels of each gene in the list, gene-specific 
priming is used to synthesize cDNAs specific 
for each target gene, which is then amplified 
using PCR in individual reaction tubes. Perhaps 
the most important aspect of Oncotype DX™ 
is the design of the study used in the develop-
ment of this assay (Figure 6).14 First, candi-
date genes (n = 250) were selected from the 
published literature, genomic databases and 
experimental microarray data for breast cancer. 
These genes were tested in three independent 
cohort studies including cases from nsabp trial 
B-20. From this step, a multivariate prognostic 
model was developed, which used 16 cancer-
related genes and 5 reference genes to indicate 
the prognosis in terms of a calculated ‘recur-
rence score’. Final validation of the model was 
achieved by evaluating its performance in a 
completely independent cohort of patients from 
NSABP trial B-14, which was not used in the 
model-building process. In the validation study, 
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Figure 5 Mean cycling threshold values for 92 genes in 62 patient samples as 
a function of paraffin-block archive-storage time. The x axis shows the year 
each specimen was archived. The y axis shows mean expression values for all 
tested genes. Each symbol represents a separate patient. (A) Raw mean cycling 
threshold expression values for all specimens. (B) Expression values after 
normalization relative to six reference genes. Reference genes were: ACTB, beta 
actin; CYP1A1; cytochrome P450, family 1, subfamily A, polypeptide 1; 
GUSB, glucuronidase beta; RPLP0, ribosomal protein, large, P0; TBP, TATA 
box binding protein; TFRC, transferrin receptor. Lines: Linear regression best fit. 
(Reproduced with author’s permission from Cronin et al.8).
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Gene-expression levels from qRT-
PCR requires normalization of
target genes to reference genes
to remove degradation effect.
Reference genes are ideally
constitutively expressed in every
cell, but many genes used for
normalization has been shown to
vary with tissue type, cellular
proliferation, cancer progression,
and degradation of nucleic acids.
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Expression stability values (M values by GeNorm) arranged after decreasing values. Lower values indicate higher stability.
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Reference genes should 
be selected for each 

specific study cohort and 
specific organ and/or 

disease


