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OVERVIEW

GEM: structure / organization & services

Manipulating the mouse genome

Cas9

Genome editing -

Clinically relevant models
across species
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SERVICES
Techniques
» Superovulation * Pronuclear/cytoplasmic injections
 |VF * In vitro/in situ electroporation
* Reimplantation « Gene targeting (KO, KI, Point mutations...)
 Artificial insemination » Overexpression (random integration)
» Cryopreservation/rederivation * Non conventional backgrounds
* Importations « Sequencing / Genotyping
« Ethics * (Phenotyping)

« Aggregation chimeras

Genome Editing at Macquarie (GEM)

Macquarie Researchers > External > International (and commercial)
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GENOME MANIPULATION IN MICE

New transgenic strain
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Clinical Relevance
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Treatment trials

Candidate screening
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GENOME MANIPULATION IN MICE

e - T

3 weeks

Mouse embryology

Advantages of the mouse:
Easy to breed
“Fast” development
Good litter size
Genome entirely sequenced in 2002

Mouse is the most commonly used
animal model
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nature
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Prof Naomi Nakagata — CARD
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GENOME MANIPULATION IN MICE

Viral delivery

Jaenisch R. Proc. Natl. Acad. Sci. USA (1976) 73:1260-
1264

Microinjection

Ittner L.M. & Gotz J. Nat Protoc. (2007) 2(5):1206-15.

Electroporation

Kaneko T. et al. Sci Rep. (2014) Oct 1;4:6382
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ATG 3
A —> A
Enhancer | Promoter | cDNA or genomic DNA with coding exons Poly-A

Schematic layout of a typical transgene construct (Adapted from Auerbach AB. Acta
Biochem. Pol. 2004,51(1):9-31. Review)

1980s “Era of Recombinant DNA technology”
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Vasectomy
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GI‘OUp 1 Superovulation + eggs collection

Reimplantation plugged females

Group 2
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GENOME MANIPULATION IN MICE

Collection and Purification (hyaluronidase) of the eggs
(incubator 37C — 5% CO2)

FMHS | DRC | GEM



Microinjection and its applications
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GENOME MANIPULATION IN MICE

DNA (or RNA, or protein) is injected into one

Setting up the injection chamber
pronucleus

(inverted microscope)

FMHS | DRC | GEM
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GENOME MANIPULATION IN MICE

Reimplantation (plugged fosters)

Establishing transgenic lines

————— ++--------+-+-0C0
(tail biopsies)

Founders ‘ .

Ittner & Goetz, Nat. Prot. 2007
Delerue & Ittner, Jove 2017
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GENOME MANIPULATION IN MICE
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Organisation of the zygote (= 1C embryo)
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Polar body
Zona Pellucida
Cell membrane (oolemma)
Nuclear envelope
Pronuclear membranes
Nucleus

Organisation of the zygote (= 1C embryo)
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Microinjection and its applications

Perivitelline (subzonal) injection of viral particles

FMHS | DRC | GEM
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GENOME MANIPULATION IN MICE

Subzonal injection of viral particles

Multiple insertion sites — one copy per site
FMHS | DRC | GEM
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Multiple insertion sites — one copy per site
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Subzonal injection of viral particles

Multiple insertion sites — one copy per site
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GENOME MANIPULATION IN MICE

'4.'-%!‘:
o M

FMHS | DRC | GEM

B L8 X <N
o ﬂ o )"
v
[ | [ | [ |
l’eﬁ%’A\ l-.’;r_%"» &&%!‘. lﬁﬁ%"f
4 M ol M 4 M o M

Subzonal injection of viral particles
Multiple insertion sites — one copy per site
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GENOME MANIPULATION IN MICE

Pronuclear injection of transgenes
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Pronuclear injection of transgenes
One insertion site — one or multiple copies
(concatemere)
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GENOME MANIPULATION IN MICE
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Pronuclear injection of transgenes
One insertion site — one or multiple copies
(concatemere)
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GENOME MANIPULATION IN MICE

Highly transcribed locus

B

Pronuclear injection of transgenes
“Position” effect
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Pronuclear injection of transgenes

“Position” effect
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Cytoplasmic injection of RNA
(endonucleases)
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- Targeted integration
(Knock-In) e.g Rosa26 safe Harbor

- Targeted deletion (Knock-Out)
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= =t ===

— — ————| Wt

Homologous Recombination (HR)
Homologous Direct Repair (HDR) © ranster i poonde

Major drawbacks:

Natural Homologous Recombination (=HDR) is a VERY rare
event (1/1.000.000™")

Germline transmission is not guaranteed

FMHS | DRC | GEM This is an ADDITIVE technology
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GENOME EDITING

Engineered nucleases =
Molecular scissors able to
precisely target and cut

a defined genomic sequence

Accuracy in pinpointing the individual
letters of 3 billion “base pairs” =
correcting a single misspelled word in a
23-volume encyclopedia

(Nature Method of the year 2011,
Science Breakthrough of the year 2015)

T, Cas9
Target DNA 4§ \ *—w\\
\ glllil“lfl‘i. ) h

N4

1 Zinc Finger Nuclease
(ZFN)

2 Transcription
activator-like
effector nuclease
(TALEN)

3 CRISPR/Cas9
(Clustered Regularly
Interspaced Short
Palindromic Repeats)
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Targeted transgenesis using
engineered endonucleases

The induced double-strand break (DSB) provides two MAJOR
advantages:

Can be non-additive (KO)
Stimulates cell-repair mechanisms: drastic increase in HDR

events (1/100t). HDR frequency decreases as size of insert Sander & Joung Nat. Biotech. 2014
increases.

Allows for ES cells free gene targeting
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Gene targeting using nucleases

To date, NO species has been reported to be resistant to CRISPR genome editing
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Gene targeting using nucleases

6 weeks 1-2 years

OLIVER SMITHIES

CRISPR
Disruptive Technology! - .

FMHS | DRC | GEM
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ANIMAL MODELS

Delerue F. et al. Transg. Res. (2014) Apr;23(2):225-33
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ANIMAL MODELS

Inducible TDP-43 transgenic mouse model of FTD and ALS (iTDP-43A431°T )

Western blotting: TDP-43 expression
IHC: TDP-43 expression pattern in the brain

IF: human TDP-434315T suppressed murine Tdp-43

Ke Y. et al. Acta Neuropathol. 2015
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9.4T MRI @ 6 months of age
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9.4T MRI - 3D hippocampus segmentation
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Ke Y. et al. Acta Neuropathol. 2015
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Functional improvements after short-term suppression of transgene expression in iTDP-43A375T mice

EPM: TDP-43A315T depletion OF: TDP-43A315T dep|etion reverts Rota-Rod: TDP-43A315T depletion
reverts disinhibition hyperactivity and abnormal exploration improves motor deficits
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CLINICALLY RELEVANT MODELS

FMHS | DRC | GEM

Multiplex CRISPR/Cas9 genome editing
(using two guides)

Iniection Concentration embryos | Live pups Edited

J (Cas9-G1-G2) reimplanted| (dead) (homo)

Pronuclear 5-5-5ng/ul 152 7 (5) 2 (2%)
Cytoplasmic| 100 - 50 - 50 ng/ul 122 8 (0) 8 (8)

Tyrosinase KO — Model of albinism

F. Delerue - unpublished
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CLINICALLY RELEVANT MODELS

Alzheimer / Parkinson’s disease

Generation of a New Tau Knockout (tauAex1) Line Using CRISPR/Cas9
Genome Editing in Mice.

J Alzheimers Dis. 2018

Accelerated aging exacerbates a pre-existing pathology in a tau
transgenic mouse model.

Aging Cell 2017

Site-specific phosphorylation of tau inhibits amyloid- toxicity in
Alzheimer's mice.

Science 2016

Single Nucleotide Variants (SNVs) Define Senescence-Accelerated
SAMP8 Mice, a Model of a Geriatric Condition.

J Alzheimers Dis. 2013

Dendritic function of tau mediates amyloid-beta toxicity in Alzheimer's
disease mouse models.

Cell 2010

Sodium selenate mitigates tau pathology, neurodegeneration, and
functional deficits in Alzheimer's disease models.

PNAS 2010

Experimental diabetes mellitus exacerbates tau pathology in a transgenic
mouse model of Alzheimer's disease.

PLoS One 2009

ALS (= MND)

Short-term suppression of A315T mutant human TDP-43
expression improves functional deficits in a novel inducible
transgenic mouse model of FTLD-TDP and ALS.

Acta Neuropathol. 2015

Developmental expression of mutant PFN1 in motor neurons
impacts neuronal growth and motor performance of young and
adult mice.

Front. Mol. Neurosci. 2019

Rare genetic disorders

Macrothrombocytopenia

Mutations in Tropomyosin 4 underlie a novel form of human
macrothrombocytopenia.

J Clin Invest. 2017

Leukodystrophy

In vivocharacterization of the aspartyl-tRNA synthetase DARS:
Homing in on the leukodystrophy HBSL.

Neurobiol Dis. 2017

Canavan disease

Uncoupling N-acetylaspartate from brain pathology: implications
for Canavan disease gene therapy.

Acta Neuropathol. 2018
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c946del
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CLINICALLY RELEVANT MODELS ACROSS SPECIES

DAPI

Dextran

(2mg/ml)

EGFP mRNA
(2 mg/ml)

Control
(0V) /
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CLINICALLY RELEVANT MODELS ACROSS SPECIES

CLN7 (Batten): up to 45% KI (Point Mutations)

CLNY7 gene - Batten disease
(neuronal ceroid lipofuscinoses)

FMHS | DRC | GEM
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Visit our websites

https://www.mqg.edu.au/genome-
editing-macquarie

www.idealgenetics.com.au

Research Assistant:
No previous experience
required!

fabien.delerue@mg.edu.au



