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A model organism is a species that has been widely studied, 
usually because it is easy to maintain and breed in a 
laboratory setting and has particular experimental 
advantages.

Model organisms are non-human species that are used in 
the laboratory to help scientists understand biological 
processes.

What are model organisms? 



What are model organisms? 

For example, they may have particularly robust embryos?

that are easily studied and manipulated in the lab, this is 
useful for scientists studying development.

Or they may occupy a pivotal position in the evolutionary 
tree, this is useful for scientists studying evolution.?



Many model organisms can breed in large numbers.
Some have a very short generation time, which is the time 
between being born and being able to reproduce, so several 
generations can be followed at once

Mutants allow scientists to study certain characteristics or 
diseases. These are model organisms that have undergone a 
change or mutation? in their DNA? that may result in a 
change in a certain characteristic.

Why are model organisms useful in genetics research?



Some model organisms have similar genes? or similar-sized 
genomes? to humans.

Model organisms can be used to create highly detailed 
genetic maps: 

Genetic maps are a visual representation of the location of 
different genes on a chromosome?, a bit like a real map but one 
where the key landmarks are areas of interest in the genome.
For example, areas of DNA that differ between individuals in the 
same species (SNPs?) or genes.

Why are model organisms useful in genetics research?



Examples of model organisms used to study genetics

Yeast (Saccharomyces cerevisiae)
Fruit fly (Drosophila melanogaster)
Nematode worm (Caenorhabditis 
elegans)
Western clawed frog (Xenopus
tropicalis)
Mouse (Mus musculus)
Zebrafish (Danio rerio)
Monkey (Macaca mulatta)



Examples of model organisms used to study genetics



Examples of model organisms used to study genetics



-Over the past century, the house mouse (Mus musculus) has become the 
preferred mammalian model? for genetic research.
-In the early days of biomedical research, scientists developed mouse 
models by selecting and breeding specific mice to produce offspring with 
certain desired characteristics.
-Now scientists use mice to simulate human genetic disorders? in order to 
study their development and test new therapies.
-As a scientific tool, mice have helped to speed up the progress of 
research and enabled the development of important new drugs?.
-The genome? sequence is approximately 3,500 million base pairs? in 
length and contains over 23,000 protein-coding genes? (Ensembl).

House mouse: Facts 

http://www.ensembl.org/Mus_musculus/Location/Genome


House mouse: Benefits 

-Have many similarities to humans in terms of anatomy, physiology and genetics. 
-Similar genome, making mouse genetic research particularly useful for the study of 
human diseases.
-Mice are small and cost effective: they are cheap and easy to look after.
-Multiply quickly: reproduce as often as every three weeks creating lots of offspring.
-Generation time is short, around 10 weeks: several generations can be observed at once.
-Have a short lifespan (one mouse year equals about 30 human years) which means 
scientists can easily measure the effects of ageing.
-Are extremely useful for studying complex diseases?, such as atherosclerosis and 
hypertension, as many of the genes responsible for these diseases are shared between 
mice and humans. Research in mice provides insights into the genetic risk factors for these 
diseases in the human population.



-It is relatively easy to manipulate the mouse genome, for example, adding or removing a 
gene to better understand its role in the body. This provides a powerful tool for modelling 
specific diseases when a mutated gene is known to play a role in the disease.
-Mice are far better than flies or worms for studying complex biological systems found in 
humans, such as the immune, endocrine (delivers hormones? into the body), nervous, 
cardiovascular and skeletal systems. Like humans, mice naturally develop diseases that 
affect these systems, including cancer? and diabetes?.
-Immunodeficient mice (mice without a fully functioning immune system) can also be used 
as hosts to grow both normal and diseased human tissue. This has been a useful tool in 
cancer? and AIDS? research.

House mouse: Benefits 



Examples of mouse models?

Genetically modified mouse
A genetically modified mouse or 
genetically engineered mouse model is a 
mouse that has had its genome altered 
through the use of genetic engineering 
techniques. 
Genetically modified mice are commonly 
used for research or as animal models of 
human diseases, and are also used for 
research on genes.
“Transgenic mouse”



Examples of mouse models

Patient derived xenografts are 
models of cancer where the tissue or 
cells from a patient's tumor are 
implanted into an immunodeficient
or humanized mouse

Genetically engineered mouse
models



Examples of mouse models

Embryonic
Stem cells

Zygotes



Examples of mouse models



Mouse models of Human Disease



Transgenic and knockout mice

A transgenic animal is much more complex than working 
with cultured cells

Transgenics can be used for a variety of purposes, covering 
both basic research and biotechnological applications



Mice have 19 autosomal chromosomes and two sex-
chromosomes (X and Y), many of which contain large 
segments of DNA that are highly conserved 
between mouse and humans.

One of the goals of mouse transgenesis, is to use 
molecular genetic approaches to create better 
mouse models of human diseases that are based on 
known genetic lesions.

The mouse is a reliable stand-in for humans in 
medical research, thanks to a genome that is 85 
percent identical.

Transgenic and knockout mice



Synteny: The co-localization of genes on chromosomes of 
related species.

Homolog: The situation where nucleic acid or protein 
sequences are similar because they have a common 
evolutionary origin. Often  used loosely to indicate that 
sequences are very similar.

Ortholog – gene sequences are similar between species.

Paralog – gene sequences are similar within a species.

Adapted from the Department of Energy; genomics.energy.gov

Transgenic and knockout mice



Transgenic and knockout mice



Transgenic and knockout mice



Transgenic and knockout mice



Transgenic and knockout mice

Using mouse models in Progeria

A chimeric mouse gene
Targeted for the Agouti
Color gene, with its
offspring

https://progeriastudy.wordpress.com/2017/01/15/using-mouse-models-in-progeria/


Transgenic and knockout mice
• Spontaneous Mutants
– Occurs as the result of spontaneous mutation
– Examples:
• db/db (Diabetic mouse)
• nu/nu (Nude mouse)

• Induced Mutants
– Transgenics
• Overexpression
• Inducible / conditional

– Gene targeting
• Knock-outs
• Knock-ins

– Mutagenic Mice:
• Chemical mutagenesis of Embryonic Stem cells
• Chemical mutagenesis / Irradiation of Mice



Producing Transgenic mice  

Pronuclear 
Injection 

Gene Targeting 
in ES Cells



A pronucleus (plural: pronuclei) is the 

nucleus of a sperm or an egg cell during the 

process of fertilization. The sperm cell 

becomes a pronucleus after the sperm enters 

the ovum, but before the genetic material of the 

sperm and egg fuse.

Aim: to alter the germ line so that the

genetic change is inherited in a stable pattern

Producing Transgenic mice  

https://en.wikipedia.org/wiki/Sperm
https://en.wikipedia.org/wiki/Egg_cell
https://en.wikipedia.org/wiki/Fertilization


Production of transgenic mice – the construct

Sequences ensuring expression of the transgene

Random Integration



Production of transgenic mice - Introduction of genes into embryos



M2 is backcrossed to non-transgenic mates to identify founder animals containing germline 
DNA integration that results in a Mendelian inheritance pattern of the transgene.

Producing Transgenic mice  

Germline transmission



Gene Targeting in ES Cells

KO mouse



Gene Targeting in ES Cells



Production of transgenic mice using ES cell technology

Embryonic stem cells (ES cells) are stem cells derived
from the inner cell mass of an early stage embryo 
known as a blastocyst. 

embryos reach the blastocyst stage 4–5 
days post fertilization ~they consist of 50–150 cells.

ES cells are pluripotent- are able to differentiate into all 
derivatives of the three primary germ layers: ectoderm, 
endoderm, and mesoderm. 

These include each of the more than
220 cell types in the adult body



Gene Targeting in ES Cells



Gene Targeting in ES Cells



Gene Targeted Mice



Gene Targeted Mice



Gene Targeted Mice



Knockout systems – a variation on the theme

1. Conditional knockouts

2. Knockin models (an additional gene function is established)

lacZ gene as a means of detecting tissue-specific gene expression

In 1995 a database was established to collate details of knockout
mice. This is known as the Mouse Knockout and Mutation Database
There are over 5 000 entries in the Mouse Knockout and Mutation Database, 
which is a major resource for those interested in using the mouse as a model 
system for the study of gene expression, development, and disease.

MKMDcan be found at [http://research.bmn.com/mkmd



Conditional Mutagenesis

Cre-Lox recombination –
The Cre-lox system is used as a genetic tool to control 
site specific recombination events in genomic DNA. 
This system has allowed researchers to manipulate a 
variety of genetically modified organisms to control 
gene expression, delete undesired DNA sequences 
and modify chromosome architecture.

https://en.wikipedia.org/wiki/Cre-Lox_recombination


Knockout systems – the variation on the theme

Conditional gene targeting using the Cre/loxP system

The targeting vector contains three loxP sites that
flank the regions of the gene to be removed and the 
positive selectable marker neo.

After HR the selectable marker is excised - transient 
expression of Cre. 

The correct recombination is identified by screening 
by Southern analysis or PCR. 

The mutant ES cells are then used to produce mice



Using the Cre/loxP system to introduce subtle mutations

The subtle mutation is
introduced along with the selectable marker in the 
targeting vector. 

The selectable marker is then
removed by transient expression of Cre, which leaves 
only the subtle mutation and the small loxP
site in a silent location.



a transgenic animal, which is finally bred 
to an animal line expressing Cre under 
either temporal or spatial control. 

Cre can also be ubiquitously expressed to 
obtain a knockout in all tissues, including 
the germ line.

Conditional gene targeting using the Cre/loxP system

(Tissue specific knockouts/
tissue specific promoters)

Knockout systems – the variation on the theme



Conditional Mutagenesis



Conditional Mutagenesis



Knock In strategy



Knock In strategy: mutation



Humanized Knock In mouse



Genome Editing with Programmable Endonucleases



Double strand break repair

https://www.youtube.com/watch?v=1aJxXWkE3Ek



CRISPR CAS9-Mediated repair



CRISPR CAS9-Mediated genome editing



Production of transgenic mice using CRISPR CAS9



Available vector solutions

https://www.youtube.com/watch?v=HEAdu-JovLU



CRISPR vector systems - HR



All-in vector



All-in vector





CRISPR applications up to date



Mouse strains & mouse models

The survey results indicate that 
mouse is the overwhelmingly 
preferred laboratory animal; 

The most widely used mouse 
strains are C57BL/6 mice and 
BALB/c mice. Other strains, such 
as A/J mice, CD1 mice, and ICR 
mice, were also used.



Mouse strains & mouse models



Mouse strains & mouse models
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Mouse strains & mouse models



Mouse Genome Informatics



Mouse Genome Informatics


