
…the lecture is about to begin…



1- DNA microinjection 
- random insertion

2- embryonic stem cell-mediated gene transfer
- random insertion
- homologous recombination (double selection)
- Rosa26 locus 
- genomic analysis to identify genetically modified animals

- knock-out animals
- knock-in animals
- conditional knock-out (cre-lox technique, inducible systems)
- siRNA
- CRISPR-CAS9

Transgenic Animals
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• pROSA26 is an example of targeting vector used to insert transgenes into intron 1 of the ROSA-26 gene
• the basic vector contains 5 kb of ROSA26 genomic sequences to drive homologous recombination and 
the gene for the Diphtheria toxin A-subunit (DTA) as negative selection marker
• the transgene (Tg), in most cases preceded by a splice acceptor (SA) site, is cloned into a unique Xba1 (X) 
site 

Targeting strategy to insert single-copy transgenes (Tg) into the ROSA26 locus.

The ROSA26 locus
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Genomic analysis to identify genetically modified animals

How do you 
obtain this 
probe?



Can PCR be used to identify transgenic animals?



- PCR can be used to identify transgenic
animals, but often it is not possible to 
verify the homologous recombination, 
because PCR product would be too long
- to verify homologous recombination
Southern blot is necessary
- PCR can be used routinely on the offspring  of transgenic animals, to identify
transgenic animals 

Can PCR be used to identify transgenic animals?



- western blot
- RT-PCR
- immunohistochemistry

Once you know you have the transgenic mice, how do you verify 
the correct  expression of the exogenous protein? 



• Which kind of construct do you have to prepare if you want to study:

• the over-expression of a protein? 
(ubiquitous / tissue specific / inducible)

• the lack of a protein? (ubiquitous / tissue specific/ inducible/ constitutive)
•the regulation of a promoter?
•the localization of a protein?

• How can you discriminate between endogenous and exogenous proteins?
• How can you study the activity of the mutated exogenous protein without  the 
expression of the wild type endogenous protein? 











• Which kind of construct do you have to prepare if you want to study:

• the over-expression of a protein? 
(ubiquitous / tissue specific / inducible)

• the lack of a protein? (ubiquitous / tissue specific/ inducible/constitutive)
•the regulation of a promoter?
•the localization of a protein?

• How can you discriminate between endogenous and exogenous proteins?
• How can you study the activity of the mutated exogenous protein without  the 
expression of the wild type endogenous protein? 



• elimination of a gene through gene targeting to generate a knock-out mouse.
• homologous recombination allows a researcher to completely remove one or more exons from 
a gene, which results in the production of a truncated protein or, more often, no protein at all. 

KNOCK-OUT MOUSE
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Example:



GENERATION OF A NULL ALLELE AT THE BMP-7 LOCUS

• If you analyse by Southern blot the genomic DNA, which restriction enzyme would you use? 



GENERATION OF A NULL ALLELE AT THE BMP-7 LOCUS

• If you analyse by Southern blot the genomic DNA digested with EcoRI, 
which bands do you expect for +/+, m/+ and m/m animals?  



GENERATION OF A NULL ALLELE AT THE BMP-7 LOCUS





GROSS MORPHOLOGICAL ANALISYS 
OF BMP-7 MUTANT EMBRYOS



Which kind of construct do you have to prepare if you want to study:

• the over-expression of a protein? 
(ubiquitous / tissue specific / inducible)

• the lack of a protein? (ubiquitous / tissue specific / inducible)
• the regulation of a promoter?
•the localization of a protein?
• ….. ?

• How can you discriminate between endogenous and exogenous 
proteins?
• the activity of a mutated exogenous protein WITHOUT  the 
expression of the wild type endogenous protein? 



WT

MUTATED FORM

How is it possible to obtain the expression of a mutated exogenous protein 
WITHOUT  the expression of the wild type endogenous protein? 



A gene can be eliminated through gene targeting  and substituted by a cDNA coding for a 
mutated form of the gene, to generate a knock-in mouse. 
Homologous recombination allows  to completely remove one or more fundamental exons from 
a gene, and substitute them with the new cDNA.

KNOCK-IN  MOUSE
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Grb-2
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THE HGF/SF RECEPTOR (MET)
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KNOCK-IN OF POINT MUTATIONS IN THE MET LOCUS
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The human MET cDNA fragment fused in-frame with the third exon of the genomic clone, codes for the transmembrane and 
cytoplasmic domain of the Met receptor. N indicates cleavage sites for NdeI. The probe identifies a 16 kb NdeI DNA fragment in 
the wild-type allele and a 12 kb NdeI DNA fragment in the mutant allele. 
“1” and “2” indicate the location of the oligonucleotides used for PCR screening of the double-selected ES cells. 
The chimeric protein can specifically be recognized by anti-human Met antibodies raised against the unique carboxy-terminal 
peptide. Asterisk indicates the carboxy-terminal SH2 multifunctional docking sites. 
MetWT: chimeric protein with wild-type multifunctional tyrosines. 
MetGrb2: chimeric protein with disrupted Grb2 binding site. 
MetD: chimeric protein with mutated multifunctional tyrosines.

KNOCK-IN OF POINT MUTATIONS IN THE MET LOCUS



Southern blots of NdeI digests of genomic DNA isolated from double-selected ES cell clones 
(lanes 1–11), transfected with the metWT, metD, and metGrb2 constructs. 
Lane 2: ES cell clone in which both alleles were targeted.
Lanes R: R1 ES cells control DNA. The probe used identifies a 16 kb NdeI DNA fragment in the 
wild-type allele and a 12 kb NdeI fragment in the recombinant allele.

Southern blot



(C) Northern blot of total RNA isolated from liver of wild-type (+/+), met WT/- (+/-) and met WT/WT (-/-) 
mice. The higher 8.8 kb band is the endogenous transcript, and the 7.2 kb band is the recombinant 
transcript. The difference in size is due to the fact that in the recombinant allele, the untranslated region 
is substituted by the 1.2 kb β-globin untranslated region and polyadenylation site. The probe used was a 
mouse Met cDNA fragment located in the extracellular domain common to both alleles.

(D) Immunoprecipitation and Western blot of extracts of E15.5 homozygous and control (+/+) embryos.
Left: the antibody used for Western blotting was specific for the human Met protein. 
Right: the antibody used for IP and Western blotting was specific for the mouse Met protein.

Western blot

Northern blot



• Which kind of construct do you have to prepare if you want to study:

• the over-expression of a protein? (ubiquitous / tissue specific / inducible)
• the regulation of a promoter?
• the lack of a protein? (ubiquitous / tissue specific / inducible)
• the localization of a protein?
• ….. ?

• How can you discriminate between endogenous and exogenous proteins?

• How can you study the activity of a mutated exogenous protein without  the expression of 
the wild type endogenous protein? 



GENETIC MODIFICATION of CELLS

- transient vs stable transfection of cells 

TRANSGENIC ANIMALS

- Two methods to produce transgenic animals:

1- DNA microinjection 
- random insertion

2- embryonic stem cell-mediated gene transfer
- random insertion
- homologous recombination (double selection)
- Rosa26 locus 
- genomic analysis to identify genetically modified animals

- knock-out animals
- knock-in animals

- conditional knock-out (cre-lox technique, inducible systems)

- siRNA

- CRISPR-CAS9



CRE-LOX TECHNIQUE

CRE-LOX technique inactivates a gene only in specific tissues 
and at certain times during development and life.

Your gene of interest  is flanked by 
34 bp loxP sites (“floxed”)

Where CRE recombinase is expressed at least once, 
the gene between loxP sites is removed

CRE recombinase expression can be: 
- tissue specific (under a tissue specific promoter), 
- inducible (under an inducible promoter).
CRE recombinase activity can be:
- regulated (tamoxifen-specific modified oestrogen receptor Cre recombinase fusion protein)



LoxP sequence (34-bp-long)

Lox P (locus of X-over P1) is a site on the bacteriophage P1 consisting of 34 bp. 
The site includes an asymmetric 8 bp sequence, variable except for the middle 
two bases, in between two sets of palindromic, 13 bp sequences.

5’-ATAACTTCGTATA NNNTANNN TATACGAAGTTAT-3’

3’-TATTGAAGCATAT NNNATNNN ATATGCTTCAATA-5’

13bp 8bp      13bp

Multiple variants of loxP, in particular lox2272 and loxN, have been used by 
researchers with the combination of different Cre actions.

https://www.youtube.com/watch?v=oLPjiwM0G7A

Cre protein (from "Causes recombination” or "Cyclization recombinase") 
consists of 4 subunits and two domains

https://www.youtube.com/watch?v=oLPjiwM0G7A
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(A)An overview of Cre-loxP system. 38 kDa Cre recombinase recognizes the loxP sites of specific 34 bp
DNA sequences. 

(B)General breeding strategy for conditional mutation using loxP and Cre driving mouse line. In principle, 
one mouse must have a tissue-specific driven cre gene and another mouse have loxP flanked (floxed) 
alleles of interest gene Y. Expression of Cre recombinase excises floxed loci and inactivates the gene Y.



CRE-LOX TO OBTAIN “TRADITIONAL” CONDITIONAL KNOCK-OUT MICE

Conditional knockout mouse model in which exon 2 is flanked with loxP sites, Neo cassette is 
flanked with FRT sites. 
Upon flippase (FLP) and Cre recombination, exon 2 is eliminated, and a loxP/FRT footprint 
remains. The deletion of exon 2 results in a frame shift and early stop codons which can be 
visualized at the protein level.



CONDITIONAL KNOCK-OUT WITH REPORTER,  DRIVEN BY NATIVE PROMOTER

Adding a reporter gene to a conditional knockout model enables the 
researcher to visualize when and where the gene is expressed, or it can 
help to show when the gene has been inactivated

Only for teaching purposes.
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CONDITIONAL KNOCK-OUT WITH REPORTER,  DRIVEN BY NATIVE PROMOTER
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• Which approach should you use to obtain a “floxed“ mouse ?
Homologous recombination or random insertion?

• Which approach should you use to get a mouse with a tissue specific 
or inducible cre recombinase?
Homologous recombination or random insertion?
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