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What are model organisms?

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

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.



Why are model organisms useful in genetics research?

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.




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

Drosophila

* Low cost

* Rapid generation
time

* Small genome

* Used to study
function of genes
and genetic
mutations

Zebrafish

Xenopus
+ Eggs are easily
manipulable
» Eggs are fertilized

outside the animal
+ Used to study
embryonic
development

Low cost
Rapid generation time
Embryos are
transparent

Easy genetic engineering
Used to study
developmental diseases

Rabbit

Rodents

+ The most used
animal models

« Easy access

» Possibility to
modify genetically

« Very similar to
humans

» Used to study all
kind of diseases

)

Short life cycle
Very docile, easy
to handle
Phylogenetically
close to human
Used to study all
kind of diseases

g

MACAQUE MONKEY
Macaca mulatta

¢ Genetically similar to humans
¢ Similar immune responses to humans
¢ Useful for longitudinal studies




Examples of model organisms used to study genetics

Chlamydomonas Caenorhabditis Drosophila Danio rerio Mus musculus 2D and 3D homo
reinhardtii elegans melanogaster sapiens cell culture

SN N\ /S T

Disease modeling of human inherited kidney disease

/NN

Pathomechanisms Genetics: Precision medicine Identification of
 Forward mutagenic therapal.mc targets
screens and drug testing

 Validation of variants
pathogenicity




‘ (Mus musculus) House mouse: Benefits

-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).




Transgenic mouse Examples of mouse models?

Mice that have had DNA from another
source put into their DNA. The foreign

DNA is put into the nucleus of a fertilized Genetically modified mouse

mouse egg. A genetically modified mouse or

The new DNA becomes part of every cell genetically engineered mouse model
and tissue of the mouse. is @ 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) ”



a Cell line-derived models

b PDX models

Examples of mouse models

506 (82%)

43 (7%)

¢ Environmentally induced d GEM models
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\
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/ \

38 (6%)

Nature Reviews | Cancer

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

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

Genetically engineered mouse
models




Examples of mouse models

DM TECHNICAL APPROACHES FOR

isease Models

dmm.biologists.org

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

Chromosom
Chromosome ‘ Muitiple
crosses

Inbred strains

Chemical Mutagenesis

Collaborative cross Heterogeneous stock
(new inbred strains; (randomly mated;
genotype each line once, genotype and phenotype

then phenotype only) each mouse)

FORWARD

Identifies and links a
mutation to an observed
disease etiology

GENETICS

Inject males With ENU

ENU mutagenesis

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

Replication
v Transposase
4

Dominant mutations

.’~ VARIATION
> 11

NATURAL

ACKCN
and/or
intercros: \Cm otype and

phenotype offspring
for disease traits

@ TRANSPOSONS

Trpoov W%

and modifier screens “G3..
Intercross sibings V. = Screen for phenotypes to
or mate daughters Recessive model human disease
to G1 father mutations

MOUSE MODELS OF HUMAN DISEASE

Mechanisms Monica J.Justice, Linda D. Siracusa and A. Francis Stewart

REVERSE
GENETICS

Cell- or tisSue-Specific
targeted deletion

lea n germling

/ transmission from
chimeras to establish
a new line

—_—
Inject targeted

embryonic stem cells Transfer into
into blastocyst pseudopregnant female

TRANSGENICS

Superovulate Male
female Harvest
fertiizec
€9gs Manipulate DNA in lab

Induces mutations
in model organisms
to study their role in
disease

Embryonic
Stem cells

Zygotes

e.g. promoter-Cre

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

Implant eggs into oviduct g@m nders. k@
of pseudopregnant genotype for presence’
foster females of transgene

© Disease Models & Mechanisms 2011 (4, pp. 305-310)



Mouse model

Possible phenotypes

Some uses and questions

Transgenic
Multiple copies of exogenous DNA

i

«Phenotype severity often depends on
transgene copy number; possible
artifacts from overexpression and
from insertion site of transgene

*Investigating later-stage disease
mechanisms
+Can late-stage disease be treated?

Knockin

Replace mouse sequence with
another sequence expressed
physiologically

i

+Phenotype may appear in mid-
and late-life; may be mild

«Investigating earlier-stage disease
mechanisms

*When does disease start?

+Can we treat prodromal/presymp-
tomatic disease?

+Can we develop biomarkers?

Genomically humanized
Replace mouse sequence with the
orthologous human genomic region

i

+Phenotype may appear in mid-
and late-life; may be mild

«Investigating earlier-stage disease
mechanisms

*When does disease start?

+Can we treat prodromal/presymp-
tomatic disease?

+Can we develop biomarkers?

*Do human proteins behave
differently from mouse proteins?

Chromosome engineered
aneuploidy

A chromosomal region is duplicated
or deleted ~

%

*Phenotype may be mild

+Investigating dose-sensitive
genes/mechanisms

+Dose-sensitive gene mapping

+Investigating disease mechanisms
and biomarkers

Examples of mouse models

Transchromosomal model
Human chromosome added to the
mouse genome

+Phenotype may be mild
«Expressing mouse and human genes

«Investigating dose-sensitive
genes/mechanisms

+Dose-sensitive gene mapping

+Investigating disease mechanisms
and biomarkers

«Investigating human genomic DNA
function in a mouse cellular
environment

Chimeras, mouse-mouse,

and human-mouse

Mice consisting of two different cell
lines, e.g., mouse-mouse or

mouse-human 2

+Phenotype may be mild but depends
on the cell lines used, which could be
wildtype or genetically manipulated

*How does pathology spread?

«|Is disease cell autonomous?

+Do human cells behave differently
from mouse cells?

Inducible and conditional
Temporal or spatial control of gene
expression

+Phenotypes vary depending on the
genetic manipulation

«Investigating protein function

+Investigating temporal/spatial
specificity in pathogenesis

*Which cell types are key to
pathogenesis?

+Is disease cell autonomous?

«|s disease reversible?

Knockout
Functionally delete a gene

+Phenotypes vary but often are severe
in null animals

+Investigating loss of function
*What are loss-of-function effects?



Mouse models of Human Disease

Why Use Transgenic Mouse Models?

e Model specific aspects e Test drugs or other treatments

of a human disease in a controlled system p
”
»

»

e Cross to different lines
to expand experimental
possibilities

e Highlight the
function of your
gene of interest

INenIoUS hits...-

targeting laboratory



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.

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
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Transgenic and knockout mice
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sequences are similar because they have a common
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Adapted from the Department of Energy; genomics.energy.gov



Transgenic and knockout mice

Disease Mode Gene
Cyetic Fibrosis CFTRE
Atheroselerosis Apo E.apo (a), Apo AT
anti-Atherosclerosis Gene Therapy Apo Al Ape E,LDLE
E-Thalassemia [3 -glohin
=ickle Cell Anemia [3* (and variants)
Inflammatory Bowel Disease %Illterleuk_ine-z, Interleukin-10 and T-cell Eeceptor LI ; WMHC
Selvere Combined Immunodef iciency Rag-1, Rag2
Dhszase
Muscluar dvstrophy Gene Theraphy Drrstrophin
Alzheimers disease [} -amvloid
Amyotrophic lateral sclerosis (ALS) neurcfilament heavy cham
Insulin Dependent Diabetes hMellitug interferan-
Cancer many oncogenes and tUmMor SUpresscr genes



Transgenic and knockout mice

e Spontaneous Mutants
— Occurs as the result of spontaneous mutation
— Examples:

e db/db (Diabetic mouse)

e nu/nu (Nude mouse)

e Induced Mutants

— Transgenics

e Overexpression

e Inducible / conditional

— Gene targeting
¢ Knock-outs
e Knock-ins

— Mutagenic Mice:
e Chemical mutagenesis of Embryonic Stem cells
e Chemical mutagenesis / Irradiation of Mice




Transgenic and knockout mice

" Example: Transgenic Mice (hair gene removed)

= Used to help burn patients and others by making human facial
parts (ears, nose lips, etc.)

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



Producing Transgenic mice

Step 1: nject
/ DNA construct XOX XOX
& into zygotes /\

Modify a region of DNA

P ro n u C I e ar recombination
Injection in ambryoric

stem cells
Cbtain germline
transmission
- from chimera
Step 2: implant
v uansgenic Lo establish

Zygotes into a new{t?
5 < pseudopregnant
females
&)

Gene Targeting
iIn ES Cells T

é )
Step 3:

\4
genctype /\
founders

Transfer to Inject ta.rgeted
ED ~ I | .o ccnant £5 cells into
(@ female blastocyst




Zygote Producing Transgenic mice

fermilised egpp

eukaryotic cell formed by a
fertilization event between
two gametes.

female pronuclens

A pronucleus (plural: pronuclei) is the
nucleus of a sperm or an eqg cell during the
process of fertilization. The sperm cell
becomes a pronucleus after the sperm enters

y the ovum, but before the genetic material of the
l implant into foster mother sperm and egg fuse.

Aim: to alter the germ line so that the
@ genetic change is inherited in a stable pattern

/ N\
e e

\¥
¥



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

Transgenes should include:

splice acceptor, intron, splice donor,

pmmoter._enhancer gene of interest or reporter gene polyvadenydation (AAT A% signal
« Promoter, with or without enhancer Ra N d om
 Gene to be expressed, which may be a reporter gene .
« Splice donor and acceptor sequences flanking an intron, these Integ ration!

can be from another gene, e.g. beta-globin or SV40 t antigen

« Termination/polyadenylation sequences, these can be from
another gene, e.g. beta-globin or SV40 t antigen

« Transgenes must be excised from the bacterial plasmid
sequences in order to be expressed in mice

— This is because the prokaryotic cloning vector sequences inhibit
expression of eukaryotic genes introduced into the mouse genome.

—> Sequences ensuring expression of the transgene



Random Integration!

- - 57 POGACT TTANIAG BCA) CCRGOG~ 3
Foreign DNA fad2
" = - 5¢ CGAL TTANIAG BOR COAGOC— 3
' @ circularized '
® e R 5% GG © TEARTAG AR CORGEG—3
X
= & &= ~3*
X X
FED ® Lot 3
X % lo-
E == 3 GOAR . TTARTOT g Comp
mentary
l QMQbyhano- l
logous recombination
L f==_ B 0 GUEAR.TTAATGE © TEARTAG © 7 =3¢
l ehmnobgwsiegm % %
\ random integration
X
57 e GCANTTTATTOR TEANTAG —"—3
B Nl N B =N
host DNA X Chromosome
i @homobgous‘nsodion ¢
S —mmm— CCANTTTATTCT TPANIAG Wem—" -3
(A) Model of homologous illegitimate (B) HIR! Insertion course of fad2
random integration (HIRI) into X chromosome



Production of transgenic mice - Introduction of genes into embryos

Negative
mg::u’e - Cell membiane DNA injection
Female cley -
proTucicus pronucleus
Polar body
12 Shud male
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Producing Transgenic mice

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.

Germline transmission

v ™ =
<o ~E
R e Skt Gk I42 mouse s a
e, oy ~ - " s S -3 V e —_—
4 v 2 O , Ll M founder nimal
M2 ' S ™ Tedd
e w7




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.




OO
/\

Modify a region of DNA

Cbtain germline
transmission
from chimera
to establish

a new line

V
g

Gene Targeting in ES Cells

recombination
in embryonic
stem cells

/\

Transfer to

pseudopregnant
female

Inject targeted
ES cells into
blastocyst

KO mouse




Gene Targeting in ES Cells

KNOCK OUT MICE

* amouse in which a gene has been deleted/mutated

(gene is inactivated)

* specific gene is targeted

* The loss of gene activity often causes changes in a
mouse's phenotype and thus provides valuable
information on the function of the gene.




Production of transgenic mice using ES cell technology

In vitro fertilized egg Morula (8 cells) Blastocyst

Embryonic stem cells (ES cells) are stem cells s Trophoblast

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

‘} CONSTRUCT FOR L
- POSITIVE /NEGATIVE SELECTION

Negative Selection

Target vector |:-:l I Neo-Res I n m
\‘ \
1”
S l - |

locus

Targeted
locus
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Gene Targeting in ES Cells

Recombinats with
random insertion (- _ Nonrecombinat cell
\/

‘G Recombinats with gene

l.ugeled insertion
@ '“
\/
O @ Treat with neomycin
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@e
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reat with gancyclovir
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Gene Targeted Mice

--- Step 1. Gene Targeting in ES cells

Step 1 Gene targeting in ES cells l 7 s
Vector '_mro'_‘ Wsva
o~ @ c—- ow e e o]
A= T DTN
Homologoua DNA Homeologous DNA
1. ES cell culture | Bassocyst . 2. Construction of targeting vector
Embryonic stem (ES) colls ) A The vector contains pleces of DNA that are homologous
afe cutivated from mouse \ to the target gene, as well as inserted DNA which changes
pro-emplantation embryos . the target geae and allows for positive-negative selection,
(blastocysts). ES ool _/ Tranatection
® = e e o raie e
et 3. ES cell transfection
R @ Y The callular machinery for homelogous recombination
W : allows the targeting vector enables the target vecior to
@ fnd and recombine with the target gene
AN Vector ov. SV
T'w' m | . L) '
h;g‘ct gene o
4. Proliferation .
of targeted ES cell ;‘g}%‘ a}«‘,
Sedaction tor presance of neo’ Q‘E}/
and sbsence of HSV-1k
orviches 1asgeted ES cells, Pure population of €5 cels
Garrying targeted gane Targeted gene

e Trwm i sgra rimmerieerores e



Step 2. From gene targeted ES cells to Gene Targeted Mice

gene targeted mice

Mosaic inner
6. Injection of ES cells cell mass
into blastocysts S ~

S \ . Y
.) - &

The targeted ES 7. Implantation of

are injected into ~ > blastocysts
blastocysts ... fo where d'ney mf;‘at?‘d "7 The injected blastocysts are
: I 3 mosaic.wi e implanted into a surrogate
Injected  Inner cell mass cells of the inner cell m:ther where they deeelop
ES cells\ mass from which the into chimeric embryos.
, embryo develops. ‘

Injection neadie /'\ Phacto: 1. Wiberts

~—— ‘ RS e
' "‘ik 7_ - "-;-_4:‘ Ol‘\. 6"\.,
i e S S

Newborn chimeric mouse

8. Birth and breeding of
chimeric mice l
The chimeric mice mate with

normal mice to produce gene __CE_ “‘(;‘:

targeted as well as normal 7y -\ Q
offspring. (L‘:;i _)&;;;_P Normal
Chimeric o mouse

mouse

9. Birth of gene targeted mice Normal mice

Gene targeted mice — called i - e 3 ETEA
"knockout mice" when the targeted - ggg QOSperm ' spe,-;\e@ Egg @

gene is inactivated in all cells.




Knockout mice

normal knockout

GDF8 (Myostatin) knockout mouse

More than twice the muscle mass of a wildtype mouse

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

» Knocking out expression of Nhlh2, a basic helix-loop helix
transcription factor in mice results in adult onset obesity.

Nhlh2




Knockout systems — a variation on the theme

1. Conditional knockouts he } ¢'

ip

2. Knockin models » ‘ ‘ Q

lacZ gene as a means of detecting tissue- |
specific gene expression . e




Conditional Mutagenesis

A Cre-mediated recombination events

Deletion Inversion Translocation

A B C A B C loxP
Cﬁt‘k )
Exon

loxP = {;> >

&

Conventional KO Conditional KO
v ¥ Your target gene is You control where
Recombination c knocked out in all and when your target
between tissues at all times. ene is knocked out.
< lorPsites e -
! [ 1= )
Head-to-tail loxP sites on - .
A differert chromosomes Cre onp system. )
generate chromosomal Consists of a single enzyme, Cre recombinase, that
translocations

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.

Y Y
Targeted allele Excised exon Inverted exon

A C : A 8 C
> ;)8 T



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

Knockout systems — the variation on the theme

Conditional gene targeting using the Cre/loxP system

(Tissue specific knockouts/
tissue specific promoters)

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.

F, Generation

F, Generation

Cre Mouse

Cells with active Cre recombinase

Original gene function is disrupted,
a reporter gene is transcribed
instead.

LoxP (Floxed) Mouse
0N
‘\- " -

Stop

loxP Target gene loxP eGFP

Cre LoxP Mouse

f\} =

' A Cells lacking active Cre recombinase
o

Stop

loxP Target gene loxP eGFP

Original gene function is untouched.




Conditional Mutagenesis

Cre Mouse LoxP Mouse
In tissue only In all cells
r* loxP loxP

1

Conditional Knockout

In target tissue In all other cells

loxP loxP loxP

“ m‘ target gene _m




Conditional Mutagenesis

A Wild type mouse Constitutive Knockout mouse

Gene of Interest Gene of Interest

e

Functional No expression

B Tissue-specific Knockout mouse

Targeted tissue (tendons) Rest of the body

Gene of Interest Gene of Interest

No expression Functional

C Inducible Knockout mouse

With Inducer

No Inducer

Gene of Interest Gene of Interest

Functional




Transgenic and knockout mice

* The giant mouse developed
from a fertilized egg
transformed with a
recombinant DNA molecule
containing the Human
Growth Hormone

hGH




Conditional Mutagenesis

o 90— )

>

(Stock No. 003553)

ﬁ ; i * STOCK Tg(MMTV-cre)4Mam/J

Promoter .ox:P

The Cre/lox system can also be used to produce strains in which a transgene is either inducibie
or expressed only in certain tissues. For example, mating the transgenic strain in Figure 1 to a
strain that expresses Cre recombinase in mammary tissue produces double transgenic

offspring that express theKras oncogene only in the mammary glands (Figure 5). Notice that
only one generation of breeding is required (Hooray!).




Figure 1: Gene Targeting for Knockin Mouse
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HEE  ceons

Promoter

Mouse Genomic DNA

Mouse Genome

Linearized
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Knock In strategy:. mutation

Mouse
chromosome

N
N 5 ”
= o o
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Humanized Knock In mouse

Wildtype Mouse Humanized Knockin Mouse

Mouse gene X

I

Funchonal

A @ Mouse protein X

—

| —




Genome Editing with Programmable Endonucleases

Tramsaiption activator-like effector nucleases

Zinc-finger nucleases (ZFNs)

CRISPR/Ces9 system 7

Fokl ZF

Fokl

ENSAY

Programmable nucleases consist of a DNA-binding component (ZF, TALE, sgRNA| and
a nuclease (Fok!, Cas9), which induces double-strand breaks (DSBs) at specific genomic loci

No donor DNA With donor DNA
e L e— — +* —— - Nes— O + St L + e
—_— e —_—D—— —T e
5500N Transgenic CNA Floxed cassette RNAi expression
* cassette t cassetie
—— [ e m—
———— ——ri——x % Protein —_ A
o
Imprecise NHEJ Paint mutations can A transgene can Floxed cassettes can be MIRNA/amiRNA
repair leads to be introduced via be inserted via intreduced into DSBs and cassettes can be
a frameshift HDR from a homologous mutations generated introduced via a
mutation single-stranded donor recombination into when the mice are then transgene to
oligedeoxynucleotide a DSB o produce a crossed o knockdown a
(550DN) particular protein Cre-expressing line specific transcript

Gene Targeting
in ES Cells

- @

Conventional Gene
Targeting (8-10 months)

Figure 1: i comventional gane farpeding (A), you must first generale your desired mudation i
mause E5 cels, sedect for e mudation and injec! the ES cofls e & mouse embryo to creale
chimenc mice. This faborous process takes ~8-10 manths. With CRISFR (B), you can injec!
CRIEPR companents direclly il & Zygole and obiam a knockoul mouss i sbowt 3 manths],

image courdesy of Wenmnning G,

Pronuclear
Injection

CRISPR Gene
Editing {~3 months)




Double strand break repair

Double Strand Break (DSB)

Y\

Non-Homologous End Joining (NHE]) Homology Directed Repair (HDR)

Repair Template

- —_—
- B e S
Creating InDel Mutations, Disruption Reading Frame Controlled Genome Editing

https://www.youtube.com/watch?v=1aJxXWKkE3Ek



CRISPR CAS9-Mediated repair

Cas9 nuclease

nnnnnnnxnnm

Knockout Knock-in

Drug Discovery Today




CRISPR CAS9-Mediated genome editing
* °

SpyCas9 sgRNA SpyCas9 sgRNA HDR template
llllllllllIHllIlHlIIlllIlllljllllllllllllHlllllIlllllllll‘tIllllllllllllllllll Tar et DNA ll|lIlIlIlIIIIIIIlIIIlllljllllllllllllllllllllllllllllll;lIIlIIllIIHllllllIlIlll Tar et DNA
TSS |_exont | : _exonX | =

= Target DNA z Target DNA

HDR template
- '
........................................ v ,,...,...,.....,.,......,. Edrted DNA IIIlIIIIIIIIIllIlIlIIIIIllIl!IllllllllllleHIiXllIIIIIIllllllll|lllllllllllI|lII Edited DNA
TSS

Random insertion/deletion/substitution Precise genome editing
* Frameshift » Gene correction
* Premature stop + SNP modeling
» Splice disruption » Conditional allele
* Regulatory element deletion + Epitope tagging

(Promoter/enhancer/IncRNA) * Fine mapping regulatory element



Production of transgenic mice using CRISPR CAS9

Knockout Models — NHEJ Mediated

by CRISPR Figure 1. Generating knockout (KO) mouse models
using a Non-Homologous End Joining (NHEJ) approach
SgRNA1 - sgRNA2 . ~ — — .
@ 9_@!0 L@O = utilizes optimized sgRNAs co-injected with Cas9 mRNA,
Ay resulting in mice with frame-shifting insertion/deletion

(indel) mutations and gene disruption.

— Single cell embryo

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.

Pseudopregnant female = Double KO founder mice



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

Production of transgenic mice using CRISPR CAS9

Knock-in Models — HDR Mediated
by CRISPR

sgRNA
3 z 2
=( Donor \% il
vector -

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 FsRgECHL Tt
and Cas9 mRNA. _HR

Reporter ; )

Pseudopregnant female = Fluoresent reporter
gene founder mice




Available vector solutions

CRISPR gRNA

Cas? protein

crRNA/tracrRNA complex

Cas9 protein (2-oligo system)

G

In vitro transcribed sgRNA
(IVT sgRNA)

Cas9 stable cell line

CRISPR/Cas?

ribonucleoprotein
complex

VAYAV AV
~N A _ & promoter s sgRNA
i i o PGt S
Cas9? mRNA
gBlocks® gene fragment

(sgRNA expression cassette)

N— \) § X - —_ )
Y S S Y
AR < S A

N/ \)

Cas9 expression plasmid [ g sgRNA expression plasmid

(or lentiviral Cas9) Combined expression plasmid (or lentiviral sgRNA)

(or combined lentiviral expression plasmid) \/XM
# 2

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



CRISPR vector systems - HR

Target Sequence Cloned In Donor Template DNA Containing
pCas Guide Vector Homologous Arms & Functional Cassette

eg. Lox Loxp

RHA

q,
\ Cotransfection ‘
eGenome Incorporation uu Loxp Loxp
N4 peK
\\

Chromosome : Homologous Repair

_




All-in vector

pCas-Guide

* Target sequence cloning
* Expresses Cas9

A
@
o
'3
o
Q
©o
=

pCas-Guide
8.0 kb




Conventional gene targeting

® Generation of
targeting construct
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CRISPR/Cas9 gene editing

* Synthesis of
targeting gRNA
and Cas9

A e s e e e e i | B

* Injection of

Cas9-gRNA

to zygotes S
* Embryo

transfer

* Mosaic mice L
* Heterozygous &\
mutants o & v

* Homozygous
mutants*
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founder selection
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heterozygous -4 &
mice produces ¢ -
homozygous o<
experimental
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Production of transgenic mice
using CRISPR CAS9

Faster!




CRISPR applications up to date

Nematodes Plants




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
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NOMENCLATURE FOR MOUSE STRAINS

JAX® Mice are named according to the guidelines set by the International Committee on Standardized Genetic Nomenclature for Mice, and strain names are
revised as necessary to conform to these guidelines.

Learn the highlights of mouse strain nomenclature with our short, interactive tutorial.

Understanding appropriate nomenclature is essential due to the complexity of strain names for substrains, transgenics, knockouts, etc. To enable broader

awareness of nomenclature, The Jackson Laboratory has provided the resources below: v _
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Mouse strains & mouse models
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© Nomenclature for genetically engineered mice

© Nomenclature for mice with spontaneous mutations

© Nomenclature for cloned mutations

© Nomenclature for congenic strains
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MOUSE NOMENCLATURE

Inbred and Hybrid

Spontaneous or
Induced Mutation

Knock-out, Knock-in
or Floxed

Transgenic (Tg)

Endonuclease-mediated

1-800-£22-6423
|US, Canada & Puerto Rico)

1-207-288-5845
(from any location)

jax.org/nomenclature

\/.x The Jackson
Laboratary

Inbred* F1Hybrid*

C57BL/6J =B6 B61295F1/J
12951/SvimJ = 1295

*Standard strain abbreviations. Learn more at jax.org/nomenclature.

C57BL/6&J-Apc™in/])
_—

Background Affected
Straim Gene
Mutant
*Mixed Allete
Background
B6;129P=Tcrh tmMem/ )
. - . Holding Site
Background  Donor Affectad Allela Lab Code

[Recipient] Strain Gene #

Strain Targeted  Creator Lab
Mutation Code

B6.Cg-Tg(PDGFB-APP)5Lms/J
T

**Congenic  Transgenic [Promoter-Gene] Founder
Nz5 Line
Allals #
C57BL/6J-Ngly1em-42y[ )
+
Background Affected  Endonuclease- Creator Lab Code
Strain Geme  mediated Mutation

*Mixed Strain Background = semicolon (;]
Backcrossed to recipient inbred strain < 5 generations

** Congenic or Incipient Congenic = period []
Backcrossed to recipient inbred strain =5 generations

Mouse strains
& mouse models




Data type cot  Mouse strains & mouse models

Total mutant alleles (in ES cell lines and mice) 738,364
Mutant alleles in mice 24,339
Genes with mutant alleles 14.743
Genes with mutant alleles in mice 9,636
Mammalian phenotype ontology (MP) terms 8,744
Genes with phenotype annotations 8,903
Genotypes with phenotype annotations 43,335
Total MP annotations to genotypes 227,169
Human diseases with one or more genotypic mouse models 1,148
Mouse genotypes modeling human diseases 3,668
Quantitative trait loci (QTL) 4,696
Total recombinase (Cre)-expressing transgenes and alleles 1,739

* Data as of May 5, 2012, www.informatics.jax.org. New data are
added to the MGI database daily; thus, actual counts will be higher
than those shown here

b Mutant allele counts include spontaneous, induced (e.g., by ENU),
and genetically engineered alleles. Transgenes, which are not part of
the normal mouse genome, are not included

© Mutants present only in ES cell lines versus those created in mice or
made mto mice from ES cells are distinguished in several table
counts. All phenotype-related data refer to mutations present in mice
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Cyagen Knockout Catalog Models

Over 10,000 KO and cKO Mouse Models | 100% Pure B6 Background | Delivered as Fast as 3 Months

Weekly Flash Sales for Live KO & cKO Mice

As low as $1,299, @
1

Cyagen One-Minute Survey:
BT receive $2,000 credit

Cyagen Knockout
Catalog Models

>> Join Survey
Find Your Model

Shipped in just 2 weeks &

»>> Search for Your Gene
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Mouse strains & mouse models
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(20688)
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O Point mutation (PM) (36)
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O immune system + +1(858)899-5899
O Tumor research + C57BL/6JGpt[GF] Number:N000295 C57BL/6JGPt[GF]
.
O Live (113) ICR Number:N000294 ICR/Gpt

javascripti 4, Anracanmd (4142241

NN TR L IENE omen SN w



Mouse strains & mouse models

@I R eayacen Register | ' Theshoppingcart | & Pleaselogin  CN

Products and Services GPT Center News Marketing Activities About us

Super TG 2 .
(H11, ROSA26) The World’s Largest Platform for Mouse Model Customization
= 20 years of experience
. .
crispreaso R T T e « Technical expertise in CRISPR/Cas9, TALEN, ZFN, ES cell-based HR, and Super TG

One-Stop Solution Targeting

Annual capacity of 5,000 new GEM lines

16,000 GEMs available for distribution and growing
: KO, cKO, KI,
Transgenic  § py 76, KO first




Mouse strains & mouse models

-« Model Organisms for Biomedical Research

Trg.ns—NIH Mouse Initiatives $&s3

et
» Deltagen and Lexicon Knockout Mice and Phenotypic Data Nl
»NIH Knockout Mouse Project (KOMP) g

» NIH Staterment on Sharing and Distributing Mouse Resources

» NTH Plan for Mouse Genornics and Genetics Resources
» Courses ¢ Scientific Meetings
» Funding Opportunities

» Reports & Publications

» Major Resources

» IC Contacts %

e

> What's New ( ’
| L ;’
e

I ¥
A
Welcome to the WNIH Mouse Inifiatives “Teb'gité.

In March 1998, the WIH convened a group of scientists to develop priorities for
mouse genomics and genetics resources. In response to the community's
recommendations. the INIH has created a Trans-INTH MNouse Genomics and
Genetics Fesouwrces Coordmating Group and a strategic implementation plan. For
the convenience of all mterested mvesngators, we Nave estabhshed this Web site as
a central information resowrce. This site will provide information about funding
opportunities; major mouse genomics and genetics resources; policies affecting
resources; cowrses and scientific meetings related to the mouse initiative; and
selected reports and publications. "When appropriate, items not in response to the
initiattve_ but which are deemed relevant to the initiative_ will be posted. Posting
decisions are made bv a sub-commitiee of the Trans INIH Genomics Fesources

e "

Suggestions for improving the Web page and for items to inchude are most




Mouse Genome Informatics

|@ MGI-Mouse Genome Informatics-The international database resource for the laboratory mouse - Windows Internet Explorer g|
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. & " Ea
Tour the MGI website ? [ 1D or symbol or name || Quick Search |

M Mouse Genome Informatics

About Help FAQ
Search v Download ~ More Resources v Submit Data Find Mice (IMSR) Contact Us

Explore MGI All Search Tools

Phenotypes Function

FAQs News 18 September, 2008

How do I... e MGI release 4.12 features a new Phenotype summary
section on allele detail pages, allowing easy comparisons
of phenotypes across genotypes. Read more...

o The MGI 4.11 release includes enhancements related to

.. search for genes? Fag_
.. find mutations for phenotypes or diseases? Fag

- - ]
.. find expression data? Fag gene expression data. |
. . - :
-+ View a structural genomic map? £AQ. &« MGI genome coordinates are now updated to NCBI
Mare FAQs Mouse Build 27 and dbSNP Build 128.
Mara MGT naies MST Staticticrs [V]
[ &0 mnternst H100% -
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Mouse Genome Informatics

Mouse Genome Informatics

Mouse Genome Database

Gene Expression Database

Mouse Genome Sequencing Project
Mouse Tumor Biology Database

Gene Ontology Consortium

www.informatics.jax.org

Genotype Expression Phenotype

Objective:

Facilitate the use of the mouse as a
model for human biology by furthering
our understanding of the relationship
between genotype and phenotype.
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