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The purpose of animal biotechnology 

- To create animal models for the study of animal/human diseases and to 

understand normal animal (human) physiology in biomedical research 

- To create animals that function as „bioreactors”, i.e. animals that produce a certain 

protein/metabolic product in a large quantity 

- To create animals/plants that are qualitatively or quantitatively better to 

breed/grow 

- To create animals for xenograft studies/experiments 

- To create animals/plants that are genetically „enhanced” (and therefore worth 

more money) 
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Animal models: why do we need them? 

- It is often very difficult to study physiological processes/diseases in 

randomly chosen animals 

- There is a huge demand for animals that can be used in a large number and 

are identical to each other, and susceptible to/carry certain prespecified 

diseases 

- Studying these animals in large numbers can reveal important information 

on the pathology of diseases 

In biomedical sciences: 
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Animal models 

Animal models 

Spontaneous models Animal cloning transgenics 
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Tools of biotechnology: Cloning 

- What is a clone?  

 In biotechnology: 

 A molecule (e.g. DNA) that is an exact copy of another molecule: this refers 

to molecular cloning.  

 A cell (or a group of cells) that is genetically identical to another cell 

 An animal that is genetically identical to another animal is a clone 

 Outside of the scope of biotechnology: 

 Identical twins can be regarded as „clones” of each other 

 Animals or plants that are created by asexual reproduction are clones of 

their parent animals/plants 
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Tools of biotechnology: Cloning  

why do we want to clone animals? 

- It is sometimes desirable to generate animals/plants that are genetically 

identical to the animals they are created from 

 These clones have the potential to be very important/precious 

 Their use in animal biotechnology is still mainly experimental  and not 

widespread in practice due to difficulties in the cloning process and to 

ethical considerations 

- Main areas in which the use of transgenic animals are envisioned:  

 agriculture (money, food) 

 medical research (scientific advances, therapeautic advances, money) 

 biotech industry (see above) 

 hobby animals 

 etc. 
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Tools of biotechnology: Cloning 

Animal cloning 

Some advantages/reasons of cloned animals: 

 - Preserving advantegous traits that were created by random (e.g. 

award winner breeding bulls in agriculture: their traditional breeding would 

cause the potential loss of their excellent genetic makeup. It would be useful 

to generate exact copies of excellent breeder bulls by cloning) 

 - Making exact copies of animals for genetic/pharmacological studies: if 

a certain mouse strain is found to be useful for modeling a particular 

disease then traditional breeding would require a long time to generate 

offsprings that are genetically very similar to the original mouse. Cloning 

could, in theory, generate a large number of genetically identical animals in 

a short time. 

In spite of the above advantages, in the long term, the ultimate goal of animal 

cloning might NOT be the generation of animals for reproduction but moving 

towards organ cloning 
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Animal cloning: the technology 

There are 3 main technologies used for cloning: 

 

- Embryo splitting 

 Earliest attempts to clone animals, it is still used 

- Parthenogenesis 

 An existing form of asexual reproduction in some animals (e.g. certain 

insects) 

 Restricted to generating female progenies from female animals 

 to recapitulate it artificially is still in a very experimental phase, no practicle 

use as of now 

- Somatic cell nuclear transfer (SCNT) 

Currently the main technology to clone animals 
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Embryo splitting 

Embryos (e.g.in a 6-8 cell stage) are mechanically split, and the resulting half 

embryos are transferred into surrogate mothers. When successful, it results 

in generating identical twins. This technique is not used routinely and is 

often combined with somatic nuclear transfer (see next). 



 
Egg donor (cytoplasm 

donor) Scottish blackface 

sheep  

Nuclear donor  

Finnish dorset sheep 

Surrogate ewe 

Blastocyst 

nucleus is removed from egg 

Nucleus free egg cytoplasm plus 

nucleus 

Somatic cell nuclear transfer  (SCNT) in animal cloning 

Isolated nucleus 
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Somatic cell nuclear transfer  (SCNT) in animal cloning: the story of Dolly 

- There were several attempts to clone animals form embryo cells (1984: cloning 

 of a  sheep, 1986: cloning of a cow) 

- None of these early results were achieved with using cells from an adult animal 

 (and therefore the potential advantages of cloning could not be realized 

- Born in 1996 at Roslin Institute in Scotland, Dolly was the first mammal to be 

 cloned from a fully differentiated adult cell by SCNT. 

- 1998: about 50 mice were cloned from a single adult mouse 

- 1999: a female rhesus monkey (called Tetra) was cloned by embryo splitting: 

 this proved that cloning should be possible in primates (and therefore in  

 humans) 

- Since Dolly, cows, monkeys, pigs, goats, rabbits and kittens were successfully 

 cloned 
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 A few things to consider (the following facts are true for Dolly but are applicable to other 

instances of cloning): 

 

- 200-300 attempts were made before the experiment went successful (think about 

the time-, money- and ethical consequences) 

- Dolly died (much) earlier than sheep die (6 vs 12 years). It is uncertain whether to 

what extent this is due to the fact that Dolly was a cloned animal. (I.e.: is cloning 

“bad for your health?”). Cloned animals are often in poor health and age faster than 

normal. 

- Worth discussing: in the US, in 2008 the FDA approved the food produced from 

cloned farm animals (cattle, goats etc.) as safe 

 

Somatic cell nuclear transfer  (SCNT) in animal cloning: a success 

story? 
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We can clone existing animals. Can we genetically modify them?   
transgenic animals 

 

- A transgenic (=genetically engineered) animal is an animal that carries a known extra 

sequence of DNA in its genome and is able to pass this extra DNA onto the next 

generation. The extra DNA in the genome is engineered by the experimenter and 

lends a favourable trait to the animal. 

- Why do we do it? 

 Agriculture: genetically altered animals can have several advantages, such as 

 A., faster growing/larger body mass (=money) 

 B., the presence of an extra, „beneficial” protein in the animal (disease resistance 

 proteins or animals with „improved” meat/egg/milk etc.). 

 Biotech industry: we can make trangenic animals that produce a human protein in 

their milk so it is lucrative to produce that protein in a large quantity 

 Hobby animals: we can create genetically engineered hobby animals (=money) 



TÁMOP-4.1.2-08/1/A-2009-0011 

 

Genetic modification of animals with classical transgenesis 

Isolated eggs IVF Fertilitzed eggs with 2 pronuclei Injection of foreign DNA 

Transfer of fertilized and genetically modified  

                eggs into foster mothers 
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+ 
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Gene 1 Gene 2 Gene 3 

Gene to be introduced 

promoter 

promoter 

promoter 

Genetic modification of animals with classical transgenesis: the fate and 
effect of foreign DNA 



 
ES cells 

Blastocysts from white mice 

Blastocysts from black mice 

Genetic modification of animals with gene targeting: the use of ES cells 
 

Genetically modified ES cells 

ES cells can be maintained in culture for a long time 

and genetically modified in petri dishes 

Gene targeting 
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Manipulation of the genome of ES cells with the help of homologous 
recombination for gene targeting: genetic replacement 
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Manipulation of the genome of ES cells with the help of homologous 
recombination for gene targeting: genetic insertion 
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Summary: methods to clone or genetically modify animals 
 

embryonic stem cells (ES cells) 

Unfertilized mouse egg 

Fertilized mouse egg 

Early cleavage 

Blastocyst 

DNA transfection 

Retroviral 

(recombinant) 

infection 

Adult cells 

Embryonic development 

Nuclear 

replacement 

Cell transfer 

DNA is attached to 

sperm 

DNA microinjection 
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Production of drugs/bioactive molecules in genetically modified 
organisms 

 

The idea:  

small metabolic molecules and large macromolecules  

are produced in cells/organisms as part of their normal life.  

With genetic modifications, biotechnology can forcefully  

make cells/organisms produce molecules in: 

A: larger than usual quantity 

B: places where the production of that molecule would not normally occur 

 

In this context, cells/organisms will behave as biofactories. 



TÁMOP-4.1.2-08/1/A-2009-0011 

 

GMO plants 
 

Increased environmental resistance Increase of crop yield Qualitative improvement of food 
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GMO plants 
 

1. Qualitative improvement of food: 

 e.g. golden rice: rice that contains vitamin A can dramatically improve public health in areas 

where rice is the staple food 

 

2. Increased environmental resistance: 

 Combating striga (whichweed) weeds with herbicide resistant plants. 

 

3. Increase of crop yield 

4. “pharmaceutical crops”: possibility of production of drugs and vaccines in plants 

 potential products: insulin, growth hormones, blood thinners…  


