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The lecture of November 28th 2021 is about to begin….

• summary of the previous lesson 
• quantitative real time PCR (qRT-PCR-26-11-2021)
• example of qRT-PCR data analysis
• exercise with qRT-PCR data (Excel files)
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GTAPOTS

NRG1-III-β3

ATG STOP

NRG1-III-β3

Subcloning NRG1IIIβ3 into the expression
vector pCMV-Tag4 containing a FLAG



sense primer

antisense primer

HindIII

PstI

MCS of pEGFP-C3

Example of NRG1IIIβ3  cloned in pEGFP-C3

MCS of pCMV-Tag4A

STOP

ATG



sense primer

antisense primer

HindIII

PstI

MCS of pEGFP-C3

MscI

Single cutters of NRG1IIIβ3

SfcISnaBI

Enzymes you can use for 
subcloning in pCMV-Tag4

Example of NRG1IIIβ3  cloned in pEGFP-C3

STOP

ATG



ATT AAC CCT CAC TAA AGG GAA CAA AAG CTG GAG CTC CAC CGC GGT GGC 

GGC CGC TCT AGC CCG GGC GGA TCC CCC GGG CTG CAG GAA TTC GAT ATC 

AAG CTT ATC GAT ACC GTC GAC*CTC GAG GAT TAC AAG GAT GAC GAC GAT 

AAG TAG GGC CCG GTA CCT TAA TTA ATT AAG GTA CCA GGT AAG TGT ACC 

CAA TTC GCC CTA TAG TGA GTC GTA TTA 

pCMV-Tag 4A Multiple Cloning Site Region

pCMV-Tag 4B Multiple Cloning Site Region

pCMV-Tag 4C Multiple Cloning Site Region

TTA ACC CTC ACT AAA GGG AAC AAA AGC TGG AGC TCC ACC GCG GTG GCG 

GCC GCT CTA GCC CGG GCG GAT CCC CCG GGC TGC AGG AAT TCG ATA TCA

AGC TTA TCG ATA CCG TCG ACA CTC GAG GAT TAC AAG GAT GAC GAC GAT 

AAG TAG GGC CCG GTA CCT TAA TTA ATT AAG GTA CCA GGT AAG TGT ACC 

CAA TTC GCC CTA TAG TGA GTC GTA TTA 

TAA CCC TCA CTA AAG GGA ACA AAA GCT GGA GCT CCA CCG CGG TGG CGG 

CCG CTC TAG CCC GGG CGG ATC CCC CGG GCT GCA GGA ATT CGA TAT CAA

GCT TAT CGA TAC CGT CGA CAA CTC GAG GAT TAC AAG GAT GAC GAC GAT 

AAG TAG GGC CCG GTA CCT TAA TTA ATT AAG GTA CCA GGT AAG TGT ACC 

CAA TTC GCC CTA TAG TGA GTC GTA TTA EcoRI PstI SacII
EcoRV BamHI
HindIII SacI FLAG-> Translate the protein that you obtain after the subcloning:  

if you have the correct frame you will obtain the NRG1 
followed by  the FLAG: DYKDDDDK 
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 PCR reaction
 conventional versus real time PCR
 real time PCR principles
 threshold cycle CT

 efficiency
 relative quantification
 reference genes
 primers
 detection chemistry
 GLP in real time PCR

quantitative real time PCR (qRT-PCR)



1. DNA-binding (intercalating) agents (SYBR Green I, Eva Green, LC Green)

2. Hydrolysis probes  (TaqMan) 

3. Hybridization (Beacons, Scorpions, Pleiades) 

4. Hybridization with FRET probes (Light Cycler)

Real-Time PCR Detection Chemistry



SYBR Green technique:
• SYBR Green fluorescence is enormously increased upon 

binding to double-stranded DNA. 
• during the extension phase, more and more SYBR Green will 

bind to the PCR product, resulting in an increased 
fluorescence. 

• consequently, during each subsequent PCR cycle, more 
fluorescence signal will be detected. 

Principles of Real-Time Detection Chemistry



Hydrolysis probe technique: 
• the hydrolysis probe is conjugated with a quencher 

fluorochrome, which absorbs the fluorescence of the 
reporter fluorochrome as long as the probe is intact. 

• upon  amplification of the target sequence, the hydrolysis 
probe is displaced and subsequently hydrolyzed by the 
Taq polymerase. 

• this results in the separation of the reporter and 
quencher fluorochrome and  consequently the 
fluorescence of the reporter fluorochrome becomes 
detectable. 

• during each consecutive PCR cycle this fluorescence will 
further increase because of the progressive and 
exponential accumulation of free reporter 
fluorochromes. 

Principles of Real-Time Detection Chemistry



Hybridization probes technique:
• in this  technique the probe is labelled with a reporter 

fluorochrome at the 3’ end and a quencher fluorochrome 
at the 5’ end. 

• in the unbound conformation the quencher interacts with 
the reporter: the fluorescence is OFF

• when the probe anneals to the target sequence this results 
in the separation of the reporter and quencher 
fluorochrome and  consequently the fluorescence of the 
reporter fluorochrome becomes ON

• upon  amplification of the target sequence, the probe is 
displaced, and the fluorescence is OFF

Principles of Real-Time Detection Chemistry



Real-Time PCR for NRG1 isoforms

TaqMan/Molecular Beacon Sybr Green



)

 emits a strong fluorescent signal upon binding to double-stranded DNA 

 non-specific binding is a disadvantage

 requires extensive optimization

 requires melting curve analysis to ensure specificity

 longer amplicons create a stronger signal 

may be multiplexed when coupled with melting curve analysis

SYBR Green
(double-stranded DNA binding dye



 detection of thousands of molecules

 general screening of transcripts prior to moving to probe based assays

 when the PCR system is fully optimized 

 no primer dimers or non-specific amplicons

When to Choose SYBR Green

When Not to Choose SYBR Green

 allelic discrimination assays

multiplex reactions

 amplification of rare transcripts



GLP in qRT-PCR

The highest risk in PCR is the contamination

- it is important to have two separate laboratory rooms for real time and DNA manipulation
- use pipettes and reagents dedicated only to PCR
- change gloves when you go to the PCR room
- check everytime for contamination by introducing negative controls in your reactions
- after the PCR reaction, discard the plate in a different room
- run the agarose gel in a different room (in the conventional PCR)
- never introduce plasmidic DNA in the PCR room!!!!
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RT (reverse transcriptase)

- the cDNA can be diluted 10 folds or more for real time PCR analysis
- if you dilute 10 folds, you add 225 μl water to each sample
- for each gene, you will use 15 μl for the technical triplicate
- if you dilute 10 folds you can analyse 15 genes
- if you dilute 20 folds you can analyse 30 genes
- when you dilute 10 folds, the Ct shifts 3,3 cycles, when you dilute 2 folds Ct shifts 1 cycle



For each gene (target or reference) prepare a mix containing primers and syber mix:

For each sample (to be done in technical triplicate) 
mix 5µl diluted cDNA and 20 µl mix

Mix for n samples x 3 (technical triplicate)

Solo per uso didattico - vietata la riproduzione o la vendita





2’ 50°C
10’ 95°C

15’’ 95°C
60’’ 60°C

40x

denaturation

annealing
elongation

Solo per uso didattico - vietata la riproduzione o la vendita
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ROX
passive reference

Solo per uso didattico - vietata la riproduzione o la vendita



Rn= SYBR fluorescence normalized to 
passive reference (ROX)

Solo per uso didattico - vietata la riproduzione o la vendita



Solo per uso didattico - vietata la riproduzione o la vendita



Dissociation-Melting curve

Dissociation

Dissociation

Solo per uso didattico - vietata la riproduzione o la vendita



Tm

Solo per uso didattico - vietata la riproduzione o la vendita



Solo per uso didattico - vietata la riproduzione o la vendita



Solo per uso didattico - vietata la riproduzione o la vendita



Solo per uso didattico - vietata la riproduzione o la vendita



Relative Quantification 
(ΔΔCT) Study

Solo per uso didattico - vietata la riproduzione o la vendita



Delta Rn= fluorescence normalized to 
passive reference (ROX) subtracted the 
background (3-15)

Solo per uso didattico - vietata la riproduzione o la vendita



CTR=water+mix=
negative control

Undetectable or 39,045
Ok!!

Solo per uso didattico - vietata la riproduzione o la vendita



Solo per uso didattico - vietata la riproduzione o la vendita



Ct-target gene    Ct-Reference gene   
Calibrator Ct(target)C= 25 Ct(reference)C = 24
Sample 1 Ct(target)1= 22 Ct(reference)1 = 23
Sample 2 Ct(target)2= 23 Ct(reference)2 = 24
Sample 3 Ct(target)3= 27 Ct(reference)3 = 23

1 - copy the Ct of the target gene and of the reference gene for calibrator and samples

2 - normalize the Ct of the target gene to that of the reference gene for calibrator and samples, calculating 
the ΔCt

Ct-target gene    Ct-Reference gene   ΔCt
Calibrator Ct(target)C = 25 Ct(reference)C = 24 ΔCtC=Ct(target)C–Ct(reference)C  = 1 
Sample 1 Ct(target)1 = 22 Ct(reference)1 = 23 ΔCt1=Ct(target)1–Ct(reference)1    = -1
Sample 2 Ct(target)2 = 23 Ct(reference)2  = 24 ΔCt 2=Ct(target)2–Ct (reference)2 = -1
Sample 3 Ct(target)3 = 27 Ct(reference)3  = 23 ΔCt3= Ct(target)3–Ct (reference)3 = 4

3 - normalize the ΔCt of the samples to the ΔCt of calibrator, calculating the ΔΔCt

ΔΔCt -ΔΔCt 2 –ΔΔCt

Calibrator ΔΔCtC = ΔCtC–ΔCtC =  1-1 =  0 0 2 –ΔΔCt
c =20=1

Sample 1 ΔΔCt1  = ΔCt1–ΔCtC = -1-1 = -2                2 2 –ΔΔCt
1 =22=4

Sample 2 ΔΔCt2  = ΔCt2–ΔCtC = -1-1 = -2                2 2 –ΔΔCt
2 =22=4

Sample 3 ΔΔCt3  = ΔCt3–ΔCtC =  4-1 =  3               -3 2 –ΔΔCt
3 =2-3=0,125

4 - finally, calculate the normalized relative quantification= 2–ΔΔCT
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- If the detectable amount of DNA is 128
-the Ct value for sample A will be 6,
-the Ct value for sample B will be 5, 
-the Ct value for sample C will be 4

threshold 

Ct
4
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The logarithm of a number is the exponent to which 
another number, the base, must be raised to produce that number.
At each cycle, during the exponential phase, the DNA doubles
Ct is the number of amplification cycles necessary to obtain a detectable amount of DNA ->  
Ct are base 2 logarithms. 
- if the starting material is low, you will need many amplification cycles (Ct high), 
- if the starting material is high, you will need less amplification cycles (Ct low).



If calibrator is B, which will be 
relative expression of A and C?

If calibrator is C, which will be 
relative expression of A and B?



If calibrator is B, which will be 
relative expression of A and C?

If calibrator is C, which will be 
relative expression of A and B?
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Ct meaning

• how does Ct change when you dilute your sample?
• how does Ct change when you have different copy numbers?



If the CT of my calibrator is 18, 

Which will be the CT if
- I dilute it 2 fold? 10 fold?   
- I dilute it 4 fold? 100 fold?
- I dilute it 8 fold? 1000 fold?
- I dilute it 16 fold? 10000 fold?

If the CT of my calibrator is 20

- Which will be the CT of a sample in which the gene expression is 2 fold? 
- Which will be the CT of a sample in which the gene expression is 4 fold?
- Which will be the CT of a sample in which the gene expression is 8 fold? 
- Which will be the CT of a sample in which the gene expression is 16 fold?

- Which will be the CT of a sample in which the gene expression is 1/2 ? (=0,5)? 
- Which will be the CT of a sample in which the gene expression is 1/4  (=0,25)?
- Which will be the CT of a sample in which the gene expression is 1/8   (=0,125)?
- Which will be the CT of a sample in which the gene expression is 1/16    (=0,0625)?

(log210=3.322)



If the CT of my calibrator is 18, 

Which will be the CT if
- I dilute it 2 fold? 19 10 fold? 21,322
- I dilute it 4 fold? 20 100 fold? 24,633
- I dilute it 8 fold? 21 1000 fold? 27,966
- I dilute it 16 fold? 22 10000 fold? 31,288

If the CT of my calibrator is 20

- Which will be the CT of a sample in which the gene expression is 2 fold?  19
- Which will be the CT of a sample in which the gene expression is 4 fold? 18 
- Which will be the CT of a sample in which the gene expression is 8 fold? 17
- Which will be the CT of a sample in which the gene expression is 16 fold? 16

- Which will be the CT of a sample in which the gene expression is 1/2 ? (=0,5)?  21
- Which will be the CT of a sample in which the gene expression is 1/4  (=0,25)? 22
- Which will be the CT of a sample in which the gene expression is 1/8   (=0,125)? 23
- Which will be the CT of a sample in which the gene expression is 1/16    (=0,0625)? 24

(log210=3.322)
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Exercise with qRT-PCR data (Excel files)

• Please, prepare an expression graphic for soluble NRG1 & ErbB2 
expression, like in the following examples  focused on ErbB3

• If you need help, I will show you how to carry out CT analysis & 
graphic preparation








