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The lecture is about to begin…. 

Advanced Cell Biology & Biotechnology



• Summary of the activity of the previous lesson
• Overview of the next lessons
• Welcome test
• RT-PCR for full length cloning or gene expression analysis



Identification of specific domains
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3’ end of the EGF-like domain + 5’ end of the transmembrane domain
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5’ and 3’ ends of the EGF-like domain

a



805 869670

Query

Sbjct

916 1051 1130

5’ and 3’ ends of the EGF-like domain
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Query

Sbjct

805670

637502

5’ and 3’ end of the EGF-like domain













8/62= 12,9% exercize with ingredients of a reaction
30/62= 48,4% exercize with NaCl
2/62=3,2% primer sense and antisense
20/62=32,3% insert orientation







Genebank sequence analysis

primer design

RT-PCR

cloning in the vector pCRII-blunt

sequence analysis

subcloning in 
different
expression
vectors

• real time PCR
• protein quantification

PROJECT OVERVIEW





The internal ribosome entry site (IRES) of the 
encephalomyocarditis virus (ECMV), permits the translation 
of two open reading frames from one messenger RNA.



Which is the difference among the recombinant proteins
obtained with these three expression vectors?



N- -C

N- -C

-C -CN- N-

PROTEIN OF INTEREST
EGFP

A    B    C    

1-

2-

3-
wooclap





N- N--C -C -C -CN- N-

PROTEIN OF INTEREST
FLAG

PROTEIN OF INTEREST
HA

PROTEIN OF INTEREST
PUROMYCIN RESISTANCE



RT-PCR amplification

1 - to clone the full length cDNA to express the protein

2 -to verify/quantify  the expression of a gene/specific isoform 



Gene 
endogeno

Promoter
Exon 1 Exon 2,3...Intron1

1 2 3 4
Genomic
DNA

poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA 4 51
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1 – where do you put primers if you want to amplify & clone the full 
length cDNA to express the corresponding full length protein ?
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endogeno

Promoter
Exon 1 Exon 2,3...Intron1

1 2 3 4

poliA

RT (reverse transcriptase)
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PCR

1 – where do you put primers if you want to amplify & clone the full 
length cDNA to express the corresponding full length protein ?
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PCR product

genomic DNA



Gene 
endogeno

Promoter
Exon 1 Exon 2,3...Intron1
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2 – where do you put primers if you want to verify & quantify the 
expression of a gene?

RNA polymerase

RNA 1 2 3 4

RNA splicing

poliA
1 2 3mRNA 4 51

| |
ATG STOP
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endogeno

Promoter
Exon 1 Exon 2,3...Intron1

1 2 3 4
Genomic
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poliA

RT (reverse transcriptase)
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2 – where do you put primers if you want to verify & quantify the 
expression of a gene?

RNA polymerase

RNA 1 2 3 4

RNA splicing
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endogeno

Promoter
Exon1 Exon 2,3...Intron1

1 2 3 4
Genomic
DNA

poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA 4 5 6 7 ...1
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2 – where do you put primers if you want to verify & quantify the 
expression of a gene?

RNA polymerase

RNA 1 2 3 4

RNA splicing



Gene 
endogeno

Promoter
Exon1 Exon 2,3...Intron1

1 2 3 4
Contaminant
genomic DNA

PCR

poliA

RT (reverse transcriptase)

cDNA obtained

1 2 3mRNA extracted

PCR

4 5 6 7 ...1
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• sometime you have genomic DNA contamination.
How can you amplify only cDNA and not contaminant genomic DNA?



poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA

PCR

4 5 6 7 ...

Promoter
Exon1 Exons 2,3...Intron1

RNA polymerase
1 2 3 4

RNA 1 2 3 4

RNA splicing

1- one strategy could be to design primers 
on different exons separated by a big intron (≥1000 bp)

O
n

ly fo
r tea

ch
in

g
 p

u
rp

o
ses -

n
o

t fo
r rep

ro
d

u
ctio

n
 o

r sa
le

Contaminant
genomic DNA



poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA 4 5 6 7 ...

Promoter
Exon1 Exons 2,3...Intron1

RNA polimerase

1 2 3 4
Genomic

DNA

RNA 1 2 3 4

RNA splicing

• which strategy could you use if intron is too small (<1000bp)?
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poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA 4 5 6 7 ...

Promoter
Exon1 Exons 2,3...Intron1

1 2 3 4

• which strategy could you use if intron is too small (<1000bp)?
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PCR

PCR

Contaminant
genomic DNA

The contaminant PCR 
product is longer, 
but detectable



poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA

PCR

4 5 6 7 ...

Promoter
Exon1 Exons 2,3...Intron1

RNA polimerase

1 2 3 4

RNA 1 2 3 4

RNA splicing

2 - if introns are too small (< 1000 bp) a good strategy could be to 
design primers across two exons
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RT (reverse transcriptase)

cDNA

PCR

Promoter
Exon1

RNA polimerase

1

mRNA

• what happens if you have a single exon? 
• or if you have different isoforms sharing a single exon 

(and you have to put primers in the same exon to quantify all of them)? 
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RT (reverse transcriptase)

cDNA

PCR

Promoter
Exon1

RNA polimerase

1

mRNA

• if you design primers in a single exon, 
you need to insert a specific control in your experiment, 

to quantify possible genomic DNA contamination. 

O
n

ly fo
r tea

ch
in

g
 p

u
rp

o
ses -

n
o

t fo
r rep

ro
d

u
ctio

n
 o

r sa
le

Contaminant
genomic DNA

1

PCR



• What happen if you have pseudogenes?
• What are pseudogenes?



polyA

RT (reverse transcriptase)

cDNA

1 2 3mRNA

PCR

4

Promoter
Exon1 Exons 2,3...

Intron1

RNA polymerase

1 2 3 4
Genomic

DNA

RNA 1 2 3 4

RNA splicing

Pseudogenes are cDNA copies inside genomic DNA. 
If you have genomic DNA contamination, you can amplify pseudogenes even if 
your primers are on different exons, separated by a big intron.

O
n

ly fo
r tea

ch
in

g
 p

u
rp

o
ses -

n
o

t fo
r rep

ro
d

u
ctio

n
 o

r sa
le

1 2 3 4

PCR

PSEUDOGENE

!



If you put primers on a single exon or you have
pseudogenes, you have to insert a control to 

quantify genomic DNA contamination.
Which control?



RT
Which control can you do to verify that RNA and the reverse transcription 
ingredients are not contaminated by DNA (genomic, plasmidic, amplification 
products)?

stock 1 sample RT negative  

control

final concentration

RNA  0.1 µg/ µl µl 1 µg/reaction

Buffer                        5x µl 1x

BSA                      1 µg/µl  µl 0.1 µg/ µl

Triton                       1% µl 0.05%

dNTPs                   10mM µl 0,5mM

random primers 50 µM µl 5 µM

RT                       100u/µl µl 200u/reaction

RNAsin                  33u/µl µl 33u/reaction

Water to 25µl µl

Tot 25 µl 25 µl
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The negative control is called....



Reverse Transcription

RT on the sample that you have to analyseTube 1 -

control “RT-”: all the ingredients, except the 
reverse  transcriptase (RT-)
to detect genomic DNA contamination

Tube 2 -

* IF you find contamination, you can insert an extra control with all 
ingredients except RNA to detect contamination due to plasmidic DNA  or 
previous amplification.

Usually this control (reagents, without RNA) is not 
carried out.Tube * -



STOCK RT+ RT - PCR negative ctr final conc

cDNA 1 µl

5x buffer Taq µl ->  1x

sense primer 10 M µl -> 250 nM

antisense primer 10 M µl -> 250 nM

100%  glycerol µl ->  5%

10mM dNTPs µl ->  100 µM

Taq polimerase 1u/ul µl -> 1u

PCR reaction

H2O µl

total 50 µl 50 µl

Which control can you do to verify that the PCR reaction is not contaminated
by DNA (plasmidic, amplification products)?



STOCK RT+ RT - PCR negative ctr final conc

cDNA 1 µl RT+ 1 µl RT-

5x buffer Taq µl ->  1x

sense primer 10 M µl -> 250 nM

antisense primer 10 M µl -> 250 nM

100%  glycerol µl ->  5%

10mM dNTPs µl ->  100 µM

Taq polimerase 1u/ul µl -> 1u

PCR reaction

H2O µl

total 50 µl 50 µl

Only for teaching purposes - not for reproduction or sale

Which control can you do to verify that the PCR reaction is not contaminated
by DNA (plasmidic, amplification products)?



-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- which control is missing?  

- which result do you expect?

BA#

Only for teaching purposes - not for reproduction or sale

C

PCR for the gene of interest



CBA#

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

- which control can you do to verify that the RNA is good and 
correctly retro-transcribed?

(that is, that the negative results are really negative results and not 
just  technical problems...)

The positive control  for your gene of 
interest is useful to be sure that the 
negative results are really negative 
results and not  just PCR technical 
problems (that is: the primers are 
working well, the mix is ok).
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CBA# CBA#

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

-You can amplify an housekeeping gene (TBP, actin, GAPDH, ….). 
-You expect that the housekeeping gene is expressed also by those 
samples that do not express your gene of interest.

housekeeping genePCR for the gene of interest



CBA#

?

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

Only for teaching purposes - not for reproduction or sale

CBA#

PCR for the housekeeping genePCR for the gene of interest



CBA#

?

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

Only for teaching purposes - not for reproduction or sale

CBA#

PCR for the gene of interest PCR for the housekeeping gene



CBA#

?

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

Only for teaching purposes - not for reproduction or sale

PCR for the gene of interest



CBA#

?

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

Only for teaching purposes - not for reproduction or sale

PCR for the gene of interest



CBA#CBA#

-#- sample
-A- RT reaction negative control (RT-)
-B- PCR reaction negative control
-C- positive control

CBA#

? ?

?

Only for teaching purposes - not for reproduction or sale

PCR for the gene of interest

PCR for the gene of interest

PCR for the gene of interest



STOCK Sample  #      Conc. finale

cDNA µl

5 x buffer Taq µl ->  1x

Sense primer

gene target 10 M 
µl -> 200 nM

Antisense primer

gene target 10 M
µl -> 200 nM

100%  glycerol µl ->  5%

10mM dNTPs µl ->  200 µM

Taq polimerase 1u/ul µl -> 1u

H2O µl

totale 50 µl

CTR A CTR B CTR C MIX 4 samples

PCR for the gene of interest



STOCK Sample  #      Conc. finale

cDNA µl

5 x buffer Taq µl ->  1x

Sense primer

HKG 10 M 
µl -> 200 nM

Antisense primer

HKG 10 M
µl -> 200 nM

100%  glycerol µl ->  5%

10mM dNTPs µl ->  200 µM

Taq polimerase 1u/ul µl -> 1u

H2O µl

totale 50 µl

CTR A CTR B CTR C MIX 4 samples

PCR for the housekeeping gene (HKG)



Reverse Transcription

RT on the sample  that you have to analyseTube 1 -

control “RT-”: all the ingredients, except the 
reverse  transcriptase (RT-)

Tube 2 -

Tube 3 - “positive control”: RT on RNA extracted from a 
sample expressing the gene of interest



Final

concentration

RNA 

o

H2O

µl

µl

1 µg

Buffer 5x µl 1x

BSA 1 µg/µl µl 0.1 µg/µl

Triton 1% µl 0.05%

dNTPs 10mM µl 0,5mM

Random primers

50µM

µl 5 µM

RT 100u/µl µl 200u/25l

RNAsin 33u/µl µl 33u/25l

water to 25µl µl

Total 25 µl 25 µl

“RT+”

1

“RT-”

2 3

“control +”

MIX
x 3

_

_

_



RT-PCR

“RT+”

1

“RT-”

2 3

“control +”

25 l

1 l 1 l 1 l

1 2 3

+ 49 l mix PCR

take 1 l cDNA and amplify by PCR

RT

PCR 50 l

Only for teaching purposes - not for reproduction or sale



STOCK

RT

o

H2O

1 µl #1 1 µl #2 1µl #3       

5 x buffer Pfu µl ->  1x

Sense primer 10 M µl -> 200 nM

Antisense primer 10 M µl -> 200 nM

100%  glicerolo µl ->  5%

10mM dNTPs µl ->  200 µM

Taq polimerasi 1u/ul µl -> 1u/50l

H2O µl

total 50 µl

1 2 3 4

_

MIX x 4

_ _ _ 1 µl

PCR



“RT+”

1

“RT-”

2 3

“control +”

25 l  
REVERSE TRANSCRIPTION

1 l 1 l 1 l 1 l H2O

1 2 3 4 5

1 l 1 l 1 l 5 l H2O

1 2 3 4 5

GENE X
PCR

GENE Y
PCR

1 l H2O

Only for teaching purposes - not for reproduction or sale



Exercizes
(as soon as you finish, we will discuss your results)

1-find the length of the intron between domain 
EGF-like and domain alpha

2-find the length of the intron between domain 
EGF-like and domain beta

3-find coding exons (number and length) and introns (length) of Rattus
norvegicus TATA box binding protein (Tbp) mRNA, complete cds
(NM_001004198.1) to decide where to design primers.

4-find coding exons (number and length) and introns (length) of Rattus
norvegicus glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA, 
complete cds (AF106860.2) to decide where to design primer

5-if you still have time, you can start to prepare primers for full length
cloning, using annhyb or primer3.



poliA

RT (reverse transcriptase)

cDNA

1 2 3mRNA 4 5 6 7 ...

Promoter
Exon1 Exons 2,3...Intron1

RNA polymerase
1 2 3 4

RNA 1 2 3 4

RNA splicing

• To design primers on different exons separated by a big intron 
(≥1000 bp) you need to know the exon-intron map and length
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• How do you identify exons and introns in the genomic DNA?




