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Genetically Engineered Mice: “GEM” of Mammalian Genetics  MccF mskce .

Our (Core) Perspective of GEM (vs. genetically altered or mutant)

Mice that carry designed genome alterations introduced into the germ line or
germ line-competent lineages.

* Transgenic - exogenously introduced genetic elements, typically non-targeted manners
* Knock-out - targeted on a specific gene, locus or genomic region, loss-of function

* Knock-in - targeted, specific genetic alteration (point mutation, exogenous gene, reporter etc.

This lecture focuses on discussing:
« technical and procedural aspects of the GEM generation processes
« practical considerations of the generation and development of GEM models

« current trends and prospects of complex GEM models
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y
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Strategies and Approaches : different tools and flavors

Embryo Manipulation & Transgenesis

« Zygotes
transgenesis and genome editing
ZYGOTES + Embryonic Stem Cells (ESC)

gene targeting (KO/KI) and chimera (ESC) mice
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Strategies and Approaches : different tools and flavors
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Strategies and Approaches : different tools and flavors Strategies and Approaches : different tools and flavors
REQUIRE: Timeline Time Line
GEM: 3mo-2yr's Allele Risk Cost
ZYGOTES Production Colony ZYGOTES
« embryo donor mice Experiments: mo’s - yr's one-step
« vas males & surrogate females simple could go fast may be
Paper: < yr's compact but unpredictable lower
Reproductive Biology
« embryo collection, manipulation .
ES CELLS « reproductive surgery one gene at a time ES CELLS through germ line
l complex could take longer tend to be
Infrastructure ) large more QC-able higher
« embryo collection, manipulation multiple genes
« microscope, manipulator simultaneously
5 6
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Expediting Genetically Engineered Mouse Studies

Molecular Biology & Embryonic Stem Cells
Genome modification donors: design and construction
Consolidating genome editing components
Assistance in genotyping

ES cell culture and ES cell derivation
Gene targeting in ES cells

Embryo Manipulation & Transgenesis
« Zygote micromanipulation

transgenics and genome editing
« ES cell injection

“chimera” mice

Reproductive Biology: Facilitating the Use of GEM Lines

« Germ line transmission of genetic modifications -
« Strain archiving by cryopreservation } \% —
« Re-establishment and expansion of mouse lines %

- cryo-recovery and assisted reproduction (IVF) ‘. - =

-

Transgenic Mice (classical random transgenesis)
(Can be via PN injection, viral, ESC.)

» Copy number # expression level
« Some integrations do not express
« Ectopic expression
» Novel expression patterns
--- Position effects (variegation)
+ Variation within a mouse line

(Kucera et al., 1996)
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Expediting Genetically Engineered Mouse Studies
Beyond Conventional Mouse Genetics

< One target gene at a time —> in vivo manipulation of multiple targets simultaneously

Timeline
GEM: 3mo-2yrs

Experiments: mo's - yr's

Paper: « yrs

Generation and Establishment of GEM models MGCF, MSKCC

Expediting Genetically Engineered Mouse Studies
Beyond Conventional Mouse Genetics

< One target gene at a time —> in vivo manipulation of multiple targets simultaneously

« Genome editing technologies : improving the
CRISPR/Cas system for efficient generation of large genetic
modifications in mouse zygotes

« ES cell technologies: application of ES cell technology to
generate complex genotype animal models without genetic
crosses

Genome Editing in Zygotes - One-Step

Towards efficient genome modification by CRISPR/Cas in mouse zygotes
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

| . " jiting effici CRISPRICas i

Cas9 activity comparison on the Tyr locus

# embryos % albino
Cas9 transferred # founders # albinos founders

18 0 n/a n/a

72 23 1 4.3 iz
83 24 2 8.3 %
52 7 6 85.7

(MGCF, MSKCC)
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Towards efficient genome modification by CRISPR/Cas in mouse zygotes

| . " jiting effici CRISPRICas i

gRNA comparison on the ROSA26 locus
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(Nakao et al., genesis 2016)

Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC .
(C Towards efficient genome modification by CRISPRICas in mouse zygotes )

| . " jiting effici CRISPRICas i

gRNA selection (CRISPR design tools)
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On-Going Efforts

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Zygote electroporation

100 embryos in 10 min. ...

- Faster | 100 embryos in 1 hr.
- Easier - Technically involved

(Hashimoto & Takemers, 2015, 2016)

Tyr editing # embryos #embryos  #pups #100%
on C57BL/6 manipulated  transferred  (# born)  albino pups
Injection
Caso 120 84 16 (20) 11 (68.8%)
Electroporation
Cas9 187 79 27(28) 27 (100%)
Cas9n 146 69 11 (1) 9 (81.8%)

(MGCF, MSKCC)

Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC
(C Towards efficient genome modification by CRISPRICas in mouse zygotes )

Large Deletions

Gene/Locus Deletion Size :_Eg?g;; # FO Pups & 2%::?"
A 300 bp 219 41 7 (17%)
B 2.2 kb 255 44 7 (16%)
C 740 bp 395 49 27 (55%)
C 561 bp 251 47 16 (34%)
D 340 kb 387 48 14 (29%)
M >1.5mb 198 26 2 (7.7%)

(MGCF, MSKCC)
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Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Which allele to analyze ? ? ?

NHEJ
+donor DNA [

= ==

¥ HOR

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

One-Step Generation of Mice Carrying
Reporter and Conditional Alleles by
CRISPR/Cas-Mediated Genome Engineering

Insertions/
Deletions
(Indels)

n ';':;:\ s

} ; et
DNA> kb C‘!;)

= ¥ HOR ‘ -
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(Yang et al., Cell 2013)

Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Small Targeted Insertions

% /\ sSODN template

v —
— %
(MGCF, MSKCC)

. # Embryos # Desired

Gene/Locus Editing Type Transferred # FO Pups Allele

E (Ex.28) 2-base sub. 66 22 4 (18%)

E (Ex.28) 2-base sub. 83 29 1(3%)
F (Ex.2/3) 1aasub./1aasub. 461 16 1(6.3%)
G loxP <12 kb> loxP 482 102 4 (3.6%)

H loxP <340 kb> loxP 387 48 1(2%)
H loxP <1 kb> loxP 334 24 3(12.5%)

Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

=
One-Step Generation of Mice Carrying
Reporter and Conditional Alleles by
CRISPR/Cas-Mediated Genome Engineering
i e
= =
e o 3)
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+donor DNA Insertions/
Deletions o
(Indels) ii ...
. DNA> kb
iii
5
¥ HOR e
L SSODNs

(Yang et al., Cell 2013)
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC
Targeted insertion of large DNA elements by CRISPR/Cas in mouse zygotes

[ -]
= One-Step Generation of Mice Carrying
— Reporter and Conditional Alleles by
CRISPR/Cas-Mediated Genome Engineering
fust method for one-step & -~
i .
-,

e al
Short dsDNAs E’j —

i - DNA2 kb

L sSODNs

(Yang et al., Cell 2013)
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC
Targeted insertion of large DNA elements by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(long single strand (Iss) DNA donors (cargo < 1.5 kb))

S Camcrmm fickogy

Easi CRISPR:  1obust method for one-siep &

gemeration of mice carying condtonal o @,
and insertion alleles using long siDNA [T W— R
| - L T Cavmpien

dorcrs and CRISPR ribonucieoproteins
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC
Targeted insertion of large DNA elements by CRISPR/Cas in mouse zygotes
Large Targeted Insertions
(IssDNA donors)
Megamer
|
> > pa L 4 <4 4
— .
€ 2 '
H
. # Embryos # Desired
Locus iC2rgciSize Transferred #F0 Pups Allele
L 1.1kb 411 54 3(5.6%)
(MGCF, MSKCC)
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC
Large Targeted Insertions
(IssDNA donors)
Megamer
> > pa L 4 <4 4
< 2 °
€ o F
5
Internal Targeted
A B < o E F G
Candidate Founder [#26  * + + ¥ ¥ ry 7]
@ + . . + + - .+ ‘
#31 + +
#32 + . . . .
[#34 + + + ¥ + + L
(MGCF, MSKCC)
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Towards efficient genome modification by CRISPR/Cas in mouse zygotes

One-Step Generation of Mice Carrying
Reporter and Conddtional Allcles.
CRISPR/Cas-Mediated Genome Engineering

(i e
e 5 ™
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(Yang et al., Cell 2013)
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Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

LETTERS

bectechaiogy

Efficient generation of targeted large insertions by
microinjection into two-cell-stage mouse embryos

b
o e
C) @® @ el
oo Lomvom [omnom ]

Jb, o
d
e
(Gu et al., 2018)
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Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

LETTERS

bectechaiogy

Efficient generation of targeted large insertions by

I — © —— microinject wo-cell-stage mouse embryos
| ¢ el e
=

l'\ ‘r — < o b
| ¥ = == _

@ & =
i e = Cme Tomeem]mmeim]
] i ez,
4 : MMM MMM MMM
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« Technically less conventional
* Mosaicism (Gu et al., 2018)

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

Col Reports @ oo
Prorucion Microingection S-ne
Increanes the Eicency of

HR Kook of Large ONA Donors in Mouse Zyposes.
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Moving Forward

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

Abe et al. (2020)

8
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Guetal. (2018)

MGCF, MSKCC
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Genome Editing in Zygotes - One-Step GEM

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

MGCF, MSKCC

Abe et al.(2020)

-\
&
NS
Ex. Time Injected Tranderred EldSemb.(%%) GFP  KI(%*%) |KUEmb.
) 27 50 216%) 9 27931%) | S4%
o7 116 30 25.6%) 17 17000%) | 567%
L 116 16 40 (344%) 29 28(966%) 0%
106 106 23217%) 0 0 v 0
10 110 39 (35.5%) 25 24960%) | 615%
B oo us s 31 70%) 17 17000%) | 548%
cuctal2018) | 4 - IEI 103 103 38 (36.9%) 3 1(33%) 26%
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Genome Editing in Zygotes - One-Step GEM

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Large Targeted Insertions
(dsDNA donors (cargo > 1.5 kb))

Abe et al.(2020)

MGCF, MSKCC
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Generation and Establishment of GEM models MGCF, MSKCC

Expediting Genetically Engineered Mouse Studies
Beyond Conventional Mouse Genetics

« One target gene at a time

* One-step genome engineering in zygotes:

“We can do everything we want
quickly and cost-effectively.”

« ES cell technologies:

mEScells  CRISOR [in ygotes)
conventional  indel (small

preche
e deletion/i  deletion N
tgting  ertion) ding =)
weont
Daseline LS L3 bl L a%
»
Lmosthe  GSmosths  Tmosths  Tmosths  Bmosthe  Emeeths

Luf et o, EMBO Rep 2017
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Expediting Genetically Engineered Mouse Studies
Beyond Conventional Mouse Genetics

< One target gene at a time

* One-step genome engineering in zygotes:

“Is the ESC platform
obsolete?”
« ES cell technologies:
mES cells  CRISPR (in aygotes)
comventional  indel (vmall

e ey
pose eletica o WOWowr, ¥ (reporter)
targeting ertion) %) an

Generation and Establishment of GEM models MGCF, MSKCC

Expediting Genetically Engineered Mouse Studies
Beyond Conventional Mouse Genetics

« One target gene at a time —> in vivo simultaneous manipulation of multiple targets

« One-step genome engineering in zygotes:

“Is the ESC platform

obsolete?”
« ES cell technologies: application of the ES cell platform
tog plex-g type animal dels with:

extensive genetic crosses

e baeiee 81N o s s ax
M Lmeh  GSmos  Tmoshs  Tmew  fmewh  Smews
Lut et o, EMBO Rep 2017
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Genome Editing in Zygotes - One-Step GEM MGCF, MSKCC Generation and Establishment of Complex GEMMs MGCF, MSKC

Towards efficient genome modification by CRISPR/Cas in mouse zygotes

Which mice to analyze ? ? ?

¢~ Target Gene A TargetGeneB Target Gene B

35

( Improving the efficiency of ES cell-derived genetically modified mice )

e ——

A Novel ES Cell Line, TT2, with High
Germline-Differentiating Potency

Takeshi Yag, Tomoyuki Tokunags, Yaschide Puruta, Shigrhans Noda, Michio Voshida,
Terwyo Twskada, Yemiko Sags, Naoki Takeds, Yok Foawn, and Susichl Alsaws

Labortnry of Mokorsdar Oy, Tnchube Lite Scumer Cruter, The It of oot wnd Chemicel Roveasch (RIKEN'S,
Ko, 511, Tchuba. e 308, Jagmn

VelociMouse: Fully ES Cell-Derived Fo-Generation Mice
Obtaised froes the Injection of ES Cells into Eight-Cell-
Stage Embryos

36
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( Improving the efficiency of ES cell-derived genetically modified mice )

N
2owt *oet oont Faty thamocyw bt s
H—E—8-B-0)-
» 'v » . M
(2ylicz, 2020) Cit Cad ;':)'::) et
o W ey
L]

(Morgani et al., 2017)

AXTICLE

Three Inhibitors of FGF Receptor, ERK, and GSK3
Establishes Germiine-Competent Embryonic Stem Ceills of
C57BUBN Mouse Strain With High Efficiency and Stability

Horcan Kiyomar, M Kanat. Shes sch Abm. A

" (LARGE, RIKEN)

MGCF, MSKCC

Generation and Establishment of Complex GEMMs

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR/Cas-mediated multi-gene locus targeting : cheating genetics

Conventinal
Genetic Crosses
HK3i ES cell line % . ;
(CSTBLIGN background) A x B g"mg’.""“:"‘::m:x::”m significant
“ q « Extensive crosses are required to obtain rare-occurring
& genotypes.
G . + Embryonic lethal mutants are even harder to obtain

‘x \ and anlyze.

‘_ X
- % > The CRISPR/Cas9 sustem may be used to mutate

37

‘. multiple genes.
- > A robost embryonic stem cell system may allow for
- et~ direct analyses of FO embryos as a stable source of
Kiyonari et al., 2010 ; - - .‘n“.ﬂ- complex-genetype mutants,
E= ey
= "l
A2 a® Can
38
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Generation and Establishment of Complex GEMMs MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR/Cas-mediated multi-gene locus targeting : cheating genetics

i e
ES cells Mutant
Wild-type screening
Mutants
Expression of
Multiple s
Fgf Genes
inthe
Developing —_— :
Retina =

« Either of single KOs: no drastic eye phenotypes
« Genetic linkage: Fgf3-Fgf4-Fgf15 within a 60-kb interval

~~~~~~~~ DNA sequencing support by GRAS, RIKEN BDR

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR/Cas-mediated multi-gene locus targeting : cheating genetics

" Wild-type screening
. 2 Mutants
g Direct phenotypic
characterization
¢Chimera “’O in FO embryos
800U s *,.,,_
&

Low % chimera ES cell Injection

into H2B-EGFP  “euety
hosts -
=100% ES FO
P Chimerism estimated
Analyses of FO embryos. by GFP (andior eye

ot ot s S 15 o vt

39
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Generation and Establishment of Complex GEMMs MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR/Cas-mediated multi-gene locus targeting : Fgf3,;Fgf9;Fgf15 Tri-KO

U K0 mansse (Haten ot . 25060)

¢Chimerﬂ

Low % chimera

=100% ES FO

’

Retina: Fgf15

FOraA/) Farsia/a)
WHMSE1)S Wi R)PE13S SaepElls

Gonad: Sox9

(LARGE, RIKEN)
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( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR/Cas-mediated multi-gene locus targeting : Fgf3;Fgf9;Fgf15 Tri-KO

WIES@E13S

(@)
E135

Fgf3(/b);Fgf(AUTRIAUTR);
5
eshiig

(LARGE, RIKEN)
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Cheating Genetics via ES Cells

MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

Live imaging Conventional
mutant embryos Genetic
Cosses
VKot X GFPL YKt
R26-PHA7-EGFP oot % % ' ZKOZ Wt

(Shioi et al. 2018)

S~

Direct phenotypic
characterization
in an FO embryo?

X-KO/X-KO
GFP(+)/(-); Y-KO/Y-KO
Z-KO/Z-KO
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Cheating Genetics via ES Cells MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

Live imaging
mutant embryos

I

R26-PHA7-EGFP
(Shioi et al. 2018)
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Cheating Genetics via ES Cells MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

Live imaging
mutant embryos

I

R26-PHA7-EGFP
(Shioi et al. 2018)

\ Targeted

Direct phenotypic Reporter e ] o FI;:;isl';::rnt
characterization \ ES cells @ °T o9 ESeells
in FO embryos ~N 1
e S S

Mutagenize GOI
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Generation and Establishment of Complex GEMMs MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

Combining multiple alleles in ES cells : cheating genetics - ESC-GEM Models

o ¥ e e
et a7y e e mden et m’”'« —
o

e
¢ G e "
—+lm—

(Alonso-Curbelo et.al, 2021)

Pitta inage GEMM ES cell 8-cell-stage injection
abelod celts

a2 )
A

(Burdziak et.al, 2023)

ES Cell Gene Targeting Revisited MGOF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR-assisted targeted Kl in ES cells

Locus/ # total clones # mono- # bi-

allele Method screened # targeted allelic allelic
Gxp HR 198 1(/3) (0.5%) 1 0
R26-Gla HR 194 6 (3.1%) 6 0
R26-GIb CR/HR 98 20 (20.4%) " 9
Ka7-dTag CR/HR 96 13 (13.5%) 3 10
lki-FKBP  CR/HR 48 31 (64.6%) 29 2
Veg CR/HR 42 40 (95.2%) 30 10
Afc CR/HR 26 16 (61.5%) 12 4
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ES Cell Gene Targeting Revisited MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR-assisted targeted Kl in ES cells

Locus/ # total clones # mono- # bi-
allele Method screened # targeted allelic allelic
Gxp HR 198 1(/3) (0.5%) 1 0
mEScells  CRSOR (i aygoten)
comventional indel (small
o deletion/is  deletion 20 WOfow, ¥ (raporter]
tpeting  erten) et |
= S e O T T - -
o Lmosths  GSmosths  Tmosths  Tmosths  Bmoshs  Emonts

Lk ot . ENBO e 2017

Afc CR/HR 26 16 (61.5%) 12 4
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Generation and Establishment of Complex GEMMs

MGCF, MSKCC

( Generation of mice carrying complex genetic alleles and genotypes )

CRISPR-assisted dual targeted Kl in ES cells

Locus/ # total clones # dual- #100%
allele Method screened # targeted Targeted ESC coat
Hipp11-V-S CR/HR 68 (70.8Y
op 96 TOSE 21 ) 205
R26-RFP CR/HR 24 (25%)
Hipp11 n.-..eoec—- Scartetd
= M o | AR
L] m

(Cargo size: ~14 kb)
ROSA26

g oo M

(Cargo size: ~7 kb)

Generation of GEM models MGCF, MSKCC

Strategies and Approaches : different tools and flavors

49

Time Line
Allele Risk Cost B net2
f one-step
simple may be
| f: »
ZYGOTES compact bu‘:m:‘drgo!i a!St! I lower
n=40
n=21
through germ line » 5 i n=
ES CELLS complex couldgtalge longer tend to be - n=20 -
large more QC-able higher? . .I :
, 3
(month) \Z%’b "1‘%\&&»}
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Where are GEMMs going?

MGCF, MSKCC

“DE-EXTINCTION” ?

A

Mar. 2025

Where are GEMMs going?

MGCF, MSKCC

Humanization
Meaeing riechion
. win hamas
Modelrg human petogens
nsccyw naeaon| Rongvaux et al.,
rormom | T Nat Biotech (2014)
\ M-CSF hu/hu
) IL-3 hu/hu
sessing BAC-hSIRPa —
of P eAcCyion .
o Gisease o | €— TPO hu/hu OOt HIH- D =00
s ASTRO Ragz2 kolko H (e 2 2 3
li2rg kolko : O,
[ Coratrictrg )
pesonalzed
mOdes of

human Geeste |

Spits, Nat Biotech (2014)

Complete humanization of the mouse immunoglobulin
loci enables efficient therapeutic antibody discovery
Lee et al., Nat Biotech (2014)
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Where are GEMMs going?

MGCF, MSKCC g

Where are GEMMs going?

MGCF, MSKCC g

Humanization Humanization
COVID Mouse Models COVID Mouse Models
P iaariern + SARS-CoV (2002-2003: SARS - ~10% mortality rat
WNedeing nfecton . : Nedelng nfection . . .
- \ wih homan + MERS-CoV (2012-2018: MERS - ~35% mortality rate) Angiotensinogen - " wih haman SARS-CoV Genetic modification of the host receptor:
soowwmsanon| G0N g Rongvaux et al., + SARS-CoV2 (COVID-19) Ll Rongvaux et al., ————————  hACE2 transgenic mice
reosmom | Nat Biotech (2014) Zhu et al. NEJM (2020) RENIN reosmom | Nat Biotech (2014)
\ M-CSF hu/hu \ M-CSF hu/hu - > ((‘:er er;l:arlmzeag:;;ick beta-actin promoter
= 8 IL-3 hu/hu MGl Asp Arg Vel Tyr i His 6 P Hs Liu & 8 IL-3 hu/hu - seng et al.
Ast o As: 4
Sy W BAC-hSIRPa Aegl Asp ArgValTyr i R emer el BAC-hSIRPa - » cytokeratin (K18) promoter (McCray et al. 2007;
o - TPO hu/hu Reg.;  Asp Arg Vel Tyt a - TPO hu/hu
00 disease and Rag2 kolk 00 disease and Rag2 kolk Netland et al. 2008)
dug responses. MSTAG 'ag2 kolko responses. MSTRG ag2 koko
li2rg kolko l12rg kolko > mAce2 promoter (Yang et al. 2007)
[ Conatrucurg | [ Conatrucurg | - positive correlations between hACE2
——T ace / \"" ——T expression and disease severity
. J IEI \ J hAC E2 - airway epithelial pathologies
Spits, Nat Biotech (2014) Spits, Nat Biotech (2014) - high viral load in the brain
Vasopressor [ mAce2 - neurological-related mortality: encephalitis
peoecane anpromkeats.
prodibacec. apopiote
ACE2: angiotensin converting enzyme 2 GE (humanized) ACE2: angiotensin converting enzyme 2
as a functional receptor for SARS-CoV ACE2 model as a functional receptor for SARS-CoV
(Li et al. Nature 2004; Li et al. EMBO J 2005) (Li et al. Nature 2004; Li et al. EMBO J 2005)
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Humanization Humanization
COVID Mouse Models COVID Mouse Models
Meceng recton nature = Medeing rection ARTICLES funsre
wih heman wih heman - biot
Madeieg uman iy SARS-CoV2 Msdsirgrumn | | pemgen SARS-CoV2 i A
Mok inszraon | ———— Rongvaux et al., — tsocye insemon| Rongvaux et al., —
i tovmon ) Nt Biotech (2014) et it seas i L Nt Biotech (2014) A humanized mouse model of chronic COVID-19
\ M-CSF hufhu R :r’mk mm:’l;' some a:ll:“m \ M-CSF humhu R s Sl B rsiow L Marks Mina . e Dhaw' " Ries Qu' ', Deans Katty'
A A IL-3 hu/hi - ! e 8 IL-3 hu/hi -_— W ” ryeie H = R
Aasesang rtuence BAC-hSIRPa - supply Assesng rherce BAC-hSIRPa - e T e e T —
;:m — — TPO hu/hu ;:m — — TPO hu/hu 5
responses. MSTRG Rag2 kofko Moy bosd AuSiat mamrch o s Wb @smimd responses. MSTRG Rag2 kolko e i v et e g et St e e sp e s sodne torneepebees
‘ li2rg kolko ‘ li2rg kolko %T:W
e | e | ==
pesonalzed pesonalzed e
mOdes of mOdes of
_humen densse | hACE2 _humen densse | hACE2
Spits, Nat Biotech (2014) Spits, Nat Biotech (2014)
mAece2 mAece2 “Exisiting rodent models do not
recapitulate the sustained
immunopathology of patients
GE (humanized) GE (humanized) with severe (COVID).”
ACE2 model ce, hamsters, fertets, morkeys Wich b animais ACE2 model
Can help defest De new coronavius’
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Humanization

Rongvaux et al.,
Nat Biotech (2014)

| M-CSF hu/hu b
-3 huthu -
BAC-hSIRPa -
TPO hu/hu
Ragz2 kolko
li2rg ko/ko

SARS-CoV2

COVID Mouse Models

ARTICLES

(2022)

e
biotechnology
A humanized mouse model of chronic COVID-19
s S, Barganiin bnrasion ', Marks M ', dom Dhaw . Bies Qu', Deanns Katte',
Mensesrmey

i Samg ', Shnpmnie M Lric Mhafiow’, Yol K -, Mt
Coalg B, Wiken 0, Ak buassh 0 and Richand A Flawel 0

ovom

prsvmgrbrepriitri ooy eyl iupopemmle femiasd v

TS o o et MAGTORS . ettt v g s v
o s o it

AT e o aaee et e = g Ao s e

Conatructieg |
sesomizes
mOdes of

Spits, Nat Biotech (2014)

Puman desese | hACE2

o
-

mAce2 e L) Q =
— () | owt frwimre ue e
GE (humanized) e e 11T 1
ACE2 model - : E
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COVID Mouse Models
MERS-CoV model development: engineering hDPP4 mice - Kl approaches

mDpp4 (~72 kb)
a
hDPP4 (~82 kb)
b

Humanization

hDPP4 CDS KI (Coleman et al. 2017; Pascal et al. 2015)
¢ —f—#—iHH—HHH——

hDPP4 partial KI

o — vea 0

e —‘=ﬁ=‘=’:f=':.ﬂ.#.=’.a— (Gookrell et ., 2016) <— GRIPR/Cas9

AL THIOR
high viral replication, but no clinical signs of disease
Adoptive evolution (15 passages) required: maMERS-CoV to achieve lethality
no detectable virus in the brain
maMERS-CoV respiratory disease and lethality prevented by spike-directed vaccine and antibody
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Eutherian mammal - close similarity to humans

Physiology, development, cell biology, ...

Human embryo (8 wks)
(RIKEN archive)

< </‘:;\\;
In vivo. vs. In Vitro T i
——

Mice, hamsters, ferrets, monkeys. Which lab animals
can help defeat the new coronavirus?

~

Mice ; Humans

59

GOT GEM?
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Muipie Flavors of

Genaticaly Engineered Mice (GEM)

10 Generate GEM models towarde your research goats.
T chemaca approchen 15 expreme forwn genes vt
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]
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