
"Traditional" Genetic Engineering



Modern genetic engineering:
 "Recombinant DNA"



Fundamental steps for the development of the recombinant DNA technique

1967:
DNA ligases

1968:
Restiction enzymes 

discovered

1972:
Plasmidial DNA

Transgenic anim als and 
plant available 



Transgenic animals, what are they?

Animals in whose genome an exogenous gene has been inserted,
or depleted / modified an endogenous

Why? 

Production of biologically active peptides Induction

Organi per xenotrapianti Organs for xenotransplantation

Basic science 



Organisms used as transgenic models

Arabadopsis 

C. Elegans
Drosofila
Xenopus
Zebrafish

Mouse
Rat
Sheep
Bovine
Goat
Pig
Rabbit



Pioneers 

Palmister & Brinster, 1982



Phase I: synthesis and preparation of the transgenic vector



Production of a transgenic mouse:
Methodology

Injecting female mice with PMSG (pregnant Mare Serum Gonadotrophin)
HCG (induces ovulation)

Check the coupling (vaginal plug)

Recover the zygotes at the pronuclear stage

Injection (capillaries with internal filament) male pronuclear:
(1/2 picolitre linearized DNA: 100/200 copies of the gene –Eppendorf Injectman)

Transplantation into the recipient (oviduct) coupled with a vasectomized male!

Birth

https://www.youtube.com/watch?v=h-Bfc1GPWpE  

https://www.youtube.com/watch?v=h-Bfc1GPWpE
https://www.youtube.com/watch?v=h-Bfc1GPWpE
https://www.youtube.com/watch?v=h-Bfc1GPWpE


Molecular bases

Insertion of random exogenous DNA

DNA breakage due to mechanical injection action

Plasmid with exogenous DNA inserted by 
ligase during DNA repair



Screening of offspring 



7-10% animals born are transgenic (Southern blot genomic DNA)

Efficiency

1-3% transgenic animals express the exogenous gene (?)

1) Insertion of transgene in unexpressed loci

2) Methylation of the transgene 



General framework for pronuclear injection 
efficiency



Transgenesis by pronuclear injection



Random vs targeted transgene insertion:
homologous recombination

Pronuclear injection 

Strategy:
Support the transgene in 3 ’and 5’ with sequences
Complementary to the genomic region of interest



Scheme 



Homolous recombination in stem cells 
Thymidin kinase



Selection of cells with transgene 
in the correct position



Transgenic mouse :
Workflow 



Targeted insertion of a transgene serves to:





Conditional transgenesis:
The Cre-LoxP system

Eliminate / activate a given gene in a given tissue, organ, or
In a particular phase of development

“Causes recombination"





The CRE-Lox system
Conditional transgenesis





Systema Cre-LoxP



Conditional transgenesis, 
the TET OFF / TET ON system



a TET-OFF



Sistema TET-OFF



Sistema TET-ON



Systema TET-ON



Principali tipi di vettore virale: caratteristiche



Transgenesis induced with retroviral vectors.
workflow



Advantages and disadvantages of transgenesis 
with viral vectors

Advantages:
high transfection efficiency

Problems: 

Possitility to generate new viruses
May induce mutations
Small DNA can be inserted
Immunolgical complications
High costs



Yeast Artificial Chromosome – YAC

Possibility to insert large DNA sequences
Full artificial chromosomes, 

origin or duplication, telomeres, etc



Yeast Artificial Chromosome - YAC



Yeast Artificial Chromosome – YAC
SCHEME - 





Transgenesis in large animals - livestock
Advantages



Transgenesis in large animals - livestock
Advantages



Transgenesis in large animals - livestock
Application 

Milk:
Production increase

Production of 
biological action 

peptides
Compound 

elimination (- 
lactose)

Blood:
Peptides

drugs
Disease resistance

Hormones:
Pituitary release 

factors (gnrh)
Neuropeptidi Improvement

Productions of:
Meat
Wool,

leather



Transgenesis in large animals - livestock
Methods 

Pronuclear injection
Retrovirus injection
Sperm transfection
Genetic modification of spermatogonia
and transplantation into the testicle
Nuclear transplantation of genetically modified cells

Embryonic stem cells ideal tool for
 transgenic:

not isolated in the these species



Number of continuously growing transgenic animals
USA, Asia, South Korea, Japan, Europe



Pioneer: Helen Sang, first transgenic chicken by 
Nuclear Injection 



Tracy - first transgenic sheep produced by John Clark, Roslin Institute
(produced 35 g alpha-1-antitrypsin per liter of milk 1991)

John Clark
1951 – 12 August 2004

Animals as bioreactors: history



Pronuclear injection in sheep's zygote

Centrifugazione 14000 rpm x 10 mins



Main types of optics for micromanipulation

"Nomarski" interference contrast, DIC (Differential Contrast)
Indispensable glass petri dishes!

"Hoffman" interference contrast
The most used, plastic petri dishes



Animali transgenici

Bioreactors: purification of the peptide expressed in the milk of 
transgenic animals





Spermatozoa "take" exogenous DNA







Celebi C et al. Biol Reprod 2003;68:1477-1483

©2003 by Society for the Study of Reproduction

The three approaches to the production of transgenic animals
modifying the male gametes



The three approaches to the production of transgenic animals
modifying the male gametes

Exposure of spermatozoa ejaculated with the DNA construct
(sometimes with pre-treatment - thermal shock - permeabilization -
Electroporation - to facilitate DNA uptake)

Injection of the DNA construct by the endotesticular way (deferent-secret testis)

Intra-testicular injection of genetically modified germ cells
(it is necessary to eliminate the germ cells "resident" before)

Application in the mouse; method still in experimental phase
So far low efficiency



Sperm – mediated transgensis controversial ……

Eghbalsaied S et al. Reproduction 2013;145:97-108





Figure 1: A litter of α-LA transgenic piglets.
Transgenic sows produce up to 70% more milk than control non-transgenic 
litter mates. Piglets grow up to 500 gm more during a 21d lactation (Noble et 
al. 2002). © 2013 Nature Education All rights reserved. 

Increase the amount of milk with transgenesis (pronuclear injection)

http://www.nature.com/scitable


Figure 2: Can transgenic technology produce comparable milk volume?
Small improvements in milk volume in Guzerat cows (left) using genetic 
material from high-producing Holsteins (right) could have a significant 
impact on Brazilian beef production (Wheeler et al. 2010).
© 2013 Nature Education All rights reserved. 

Increase the amount of milk with transgenesis (pronuclear injection)

http://www.nature.com/scitable


By simplifying transgenesis in farm animals:
Direct injection of lentiviral vectors into oocytes or embryos



Hofmann A et al. Biol Reprod 2004;71:405-409

©2004 by Society for the Study of Reproduction

Generation of transgenic cattle (only GFP reporter gene)



Generation of transgenic swine (only GFP reporter gene)



Liu C, Wang L, Li W, Zhang X, et al. (2013) Highly Efficient Generation of Transgenic Sheep by Lentivirus Accompanying the Alteration of 
Methylation Status. PLoS ONE 8(1): e54614. doi:10.1371/journal.pone.0054614
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0054614

Generation of transgenic sheep (only GFP reporter gene)

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0054614


Human proteins produced by transgenic animals 
obtained with pronuclear injection:

• Pigs: Factor VIII
• Sheep: Factor IX; human AAT (clinical trial phase III)
• cattle: Lactoferrin (anti-inflammatory / Immunomodulatory)
• goats: Anti-thrombin IIIa (clinical trial phase III)

• Most reliable transgenic production technique at the moment
• Advantages:
• Large quantities (of the order g / L; ex. Factor Requirement IX 

= 2Kg / year)
• Production of any type of protein



Transfezion
e 

Selezione

Transgenesis with nuclear transplantation 
(cloning) with somatic cells

Oocita non 
fertilizzato

Enucleazione 

Trapianto 
nucleare

Cellule 

Elettrofusione 

Coltura 
embrionaleembryo

transfer
Agnello transgenico



Nuclear Transfer Vs Microinjection

Microinjection Nuclear trnasfer



Cupid and Diana - transgenic products (nuclear transplant)
with homologous recombination
They express the Alpha Anti-trypsin 1 (cystic fibrosis therapy).
Campbell, Nature 2003



Cellule fetali
Cellule in coltura

Cellule private del gene PrP

Clonazione 

Eliminazione del gene

Elimination of endogenous genes 
(Prion)

Primo agnello (maschio) senza gene PrP
(Denning, 2001)







Transgenic pig for "humanization" of organs
 pigs for xenotransplantation

•Lai et al & Dai et al., 2002 reported disruption of one allele of GGTA1





Xenograft risks:
Activation and passage of retroviruses (pigs) to humans



Transgenic art:

Eduardo Kac: "Edunia", a genetically engineered flower that is a hybrid of myself and 
Petunia. The Edunia expresses my DNA exclusively in its red veins. 

Weisman Art Museum,  Minneapolis, USA


