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Model organisms are non-human species that are used in the laboratory 

to help scientists understand biological processes.

What are model organisms? 

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.



Many model organisms can breed in large numbers.

Some have a very short generation time, so several 

generations can be followed at once.

Mutants allow scientists to study certain characteristics 

or diseases. 

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.

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



-It is relatively easy to manipulate the mouse genome. 

-Mice are far better than flies or worms for studying complex biological systems 
found in humans.

-Immunodeficient mice (mice without a fully functioning immune system) can also 
be used as hosts to grow both normal and diseased human tissue (Xenografts). 

House mouse: Benefits (Mus musculus) 



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. 

Commonly used for research or as 
animal models of human diseases.

The house mouse (Mus musculus) 

Transgenic mouse
Mice that have had DNA from another 
source put into their DNA. The foreign 
DNA is put into the nucleus of a fertilized 
mouse egg. 
The new DNA becomes part of every cell 
and tissue of the 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

A humanized mouse model: xenotransplanted
with human cells and/or engineered to express 
human gene products



Examples of mouse models

Embryonic
Stem cells

Zygotes
Identifies and links a 
mutation to an observed 
disease etiology

Induces mutations 
in model organisms 
to study their role in 
disease

Accounts for the 
differences in phenotype 
exhibited among inbred 
strains (as well as 
between individuals)

Insertion of a foreign 
gene into the genome 
followed by germ-line 
transmission

N-ethyl-N-nitrosourea is 
a highly potent mutagen

Chemical Mutagenesis



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

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.



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.

Transgenic and knockout mice

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



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
• 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



Transgenic and knockout 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  
Zygote
eukaryotic cell formed by a 
fertilization event between 
two gametes. 

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!



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



GFP Transgenic
GFP mouse
These UBC-GFP transgenic mice express enhanced Green 
Fluorescent Protein under the direction of the human 
ubiqutin C promoter. Mice homozygous for the transgene 
are viable, fertile, normal in size and do not display any 
gross physical or behavioral abnormalities. These mice 
express GFP in all tissues examined.



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. 



Gene Targeting in ES Cells

Negative Selection



Gene Targeting in ES Cells



Gene Targeted Mice



Gene Targeted Mice



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

Nhlh2



Knockout systems – a variation on the theme

1. Conditional knockouts

2. Knockin models

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



Conditional Mutagenesis

Cre-loxP system:
Consists of a single enzyme, Cre recombinase, that 
recombines a pair of short target sequences called the Lox
sequences. This system can be implemented without 
inserting any extra supporting proteins or sequences. 
The Cre enzyme and the original Lox site called the LoxP
sequence are derived from bacteriophage P1. 

https://en.wikipedia.org/wiki/Cre_recombinase
https://en.wikipedia.org/wiki/Genetic_recombination
https://en.wikipedia.org/wiki/Bacteriophage
https://en.wikipedia.org/wiki/P1_phage


Cre mouse:
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



Transgenic and knockout mice

hGH



Conditional Mutagenesis



Knock In strategy



Knock In strategy: mutation



Humanized Knock In mouse



Genome Editing with Programmable Endonucleases

Pronuclear 
Injection 

Gene Targeting 
in ES Cells



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

Figure 1. Generating knockout (KO) mouse models 
using a Non-Homologous End Joining (NHEJ) approach 
utilizes optimized sgRNAs co-injected with Cas9 mRNA, 
resulting in mice with frame-shifting insertion/deletion 
(indel) mutations and gene disruption.

Use of Cas9-expressing mice in this manner reduces the 
time and resources it would take to design traditional 
gene-targeted mutants and to cross these multiple 
mutants together to create mice with the necessary 
complex genotypes. Mice that express Cas9 systemically
can be used for similar studies. With these mice, only 
injections with a sgRNA- expressing virus is required.

https://www.jax.org/strain/026179


Production of transgenic mice using CRISPR CAS9

Figure 2. Generating knock-in (KI) mouse models 
using a Homology Directed Repair (HDR) use either 
a single-stranded oligonucleotide or plasmid donor 
template are co-injected with optimized sgRNAs 
and Cas9 mRNA. 



Available vector solutions

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



CRISPR vector systems - HR



All-in vector



Faster!

Production of transgenic mice 
using CRISPR CAS9



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



Mouse strains 
& mouse models



Mouse strains & mouse models



Mouse strains & mouse models



Mouse strains & mouse models



Mouse strains & mouse models



Mouse strains & mouse models



Mouse Genome Informatics



Mouse Genome Informatics
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