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Figure 3: Segments and blocks >300 kb in size with conserved synteny in human are
superimposed on the mouse genome.

female mice of the C57BL/6J From: nitial sequencing and comparative analysis of the mouse genome
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Emmanuelle Charpentier
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IKMC: KO ALL GENES (2006)

The Comprehensive Mouse The European Mouse
Knockout Project Consortium Mutagenesis Consortium
(KOMP, 2006) (EUCOMM, 2006)

Tier 2 phenotyping

AR S A _ : Mutagenesis Consortium
(ChCOMM, 2006) Tier 1 phenotyping (NorCOMM, 2006)

Tissue expression analysis

Knockout mice

Mouse genome sequence



MIKMCEIIMPC

International Mouse Phenotype Consortium

~MRC Harwell Institute

The Centre for ::;r;ger Institute

Phenogenomics (TCP) _Helmholtz Zentrum = Cam-Su GRC, Soochow

Munich (GMC) = MARC, Nanjing

Children’s Hospital CIHR

Oakland Research genocllne Czech Centre for Korean Mouse
Institute = R - Phenogenomics (IMG) ([ Phenotype Consortium

PHENOMIN —=®

Jackson Lab ¢
9 r t ®® T Riken BRC
Charles River NR Monterotondo (IMC)
UC Davis Laboratories LNLAC NARLabs, Taiwan

_ i Universitat Autonoma
National Institute de Barcelona (UAB) Australian Phenomics

of Health (NIH) ‘ Network

Baylor College
of Medicine
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B6- ANTRRANKLIZRIAIE & RbiAa =AY

Widetype hRANKL-Untreated
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> LAZRRANKLTTA (Denosumab) B&77.
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Humanized ACE2 Mice for SARS-Cov-2 Researc%}'“

C57BL/6

Chimeric hACE2 KI mouse

The SARS-CoV-2 spike (S) ol 2 s . Sioiie Hirotein (S protein]
: : . 88 1a - ~@MY Spike Protein (S protein /\
Sirrztse;nngcrr?/di)nge:cl)asiecsetl[]: ’ ~‘ &0 % The S protein has cleavage FU I I Ie n gth h C E2 Kl N IOU Se

It binds to the ACE-2 € q P I: 573 5 sites that will be broken

receptor (blue)

The S protein is cleaved - /‘& 5 3 -"f,—‘ : 7 \s H 1 1 N K1 8_ hAC E2 KI mou Se

by TMPRSS2 or furin

allowing the fusion of viral

/'_. oftn. & Gy 393
e | : ’_ & & 3 & s
and host membranes 2N oD BALB/C
resulting in entry into the TR _f"{

(=@ r
cell &

« Full length hACE2 KI mouse

NCG
« Full length hACE2 KI mouse
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C57BL/6 /NERIEZH

C57BL/6 SUBSTRAINS

C57BL/ENCK | v o o o o e o e e ——
- natural (1974)
mating 4
- Cryopreservation : C57BL/6NHSd ____________
: (1983)
1 A
H I =
i 1 o
: ;
C57BL/6N ====d e ncccaadees C57BL/6N >
(NIH, 1951) (1984)
4
C57BL/6J ===~ I~ e e B ——
(TJL,1937) : :
1 v
—— : C57BL/6J0la==» C57BL/6J0OlaHsd ====- —_—
i (1983) (1997)
C57BL/6JBOM =====» C57BL/6JBOMTAC =====- _—
1971) (1988)

C57BL/6NCrl gt

C57BL/6NHsd

C57BL/6NJ

C57BL/6NTac

C57BL/6J

C57BL/6JOlaHsd

C57BL/6JBomTac
C57BL/6JGpt —

C57BL/6N

C57BL/6J

The C57BL/6 family tree diagram shows the history and relationship between major Bé substrains

1921 ZC.C.Little 58 C57BL(Black)

1937 FLittle B4EFAICS57BL 28 734H
ARERZNC57BL/6, BETHIERER
*#9C57BL/10

1948 FJackson LabMHall S| AFZE
C57BL/6)

1951 &EMJackson Lab3 |BINIHFZEL
C57BL/6N
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BALB/c vs C57BL/6 Which background to choose?

GemPharmatech

Haplotype
(MHC H-2) NK1.1  Th Treg Immune system

Applications

Higher volume density of T zone in
BALB/c H-2d + Th2 More spleen and production of IL2, IL3,
IL4, IL10, and TNF-a

Higher IL12 production and
C57BL/6 H-2b - Th1 Less characterized by higher cytostatic
activity of splenic NK cells

Autoimmune diseases and
pathogen-driven immune
response

The most commonly-used
inbred mouse; generation of
congenics carrying modified
genes and/or transgenes

CD4/CD25 Treg . (DOI 10.1189/jlb.0604341)
Immune system: (DOI 10.1007%2Fs10517-011-1268-1)
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ApoE-/- ApoE-/- LDLR-/-
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888
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Cholesterol
(ng/fraction)
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Getz GS, Reardon CA., 2012 Ishibashi et al., 1994
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HRER 1966 mINFIERIAFEENMRE, RHmIEXYL
F|HN1 (Foxn1) BHERRTENEREKFEFMNIR
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Flanagan, S. P, et al 1966. Genetical Research.
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Bosma G. C., et al. 1983. Makino S., et al. 1980.

> NCG: at NBRI in China. 2014.

Shultz L. D., et al. 1995.

(Cao et al., 1995; DiSanto et al,, 1995;
Jacobs et al, 1999; Ohbo et al., 1996)

NOG: at CIEA Inc. in Japan, Ito, M., et a/. 2002. (Taconic)
NSG: at JAX lab in the USA, Shultz, L. D., et al. 2005.
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Comparison of Different Mouse model

T Cell )
B Cell 0
NK cell 0 ‘Q @

Macrophage

Dendritic Cell * * X ¥

Normal mice nude mice NOD-sc/id NCG/NOG/NSG

Image modified from: https://pansci.asia/archives/88098
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Cancer Type
bladder tumor
glioblastoma
duodenal cancer
head-neck cancer
breast cancer
colorectal cancer
leukemia

lung cancer (NSCLC)

lung cancer (SCLLC)
pancreatic cancer
ovarian cancer
prostate cancer
renal-cell carcinoma
sarcoma
liver cancer
epidermoid carcinoma
multiple myeloma
melanoma
gastric cancer

GemPharmatech

NCG and CDX Resources

Cell Line
UM-UC-3*
U87*
HuTu80*
Cal27*
MDA-MB-231* MCF7* BT-474*
HT29 * HCT-116* Lovo* Colo205* LS174T*

HL-60* K562* MV-4-11* MOLT-4* Nalm-6* THP-1* Raji*
A549* H460* HCC-827 * NCI-H1975* NCI-647 NCI-H1703 NCI-H727 NCI-H2122
NCI-H226
NCI-H526 SHP-77

BxPC-3* SW1990* PANC-1* CAPAN-1* AsPC-1*
SK-OV-3* OVCAR-3*
PC-3* LNCaP*
ACHN* 786-0*
HT1080* SJSA-1*

HepG2* Huh7

A431*
RPMI8226*
A375*
NCI-N87
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ESTABLISHED PDX MODEL (2019.MAR)
Bladder

Ovarian Cancer

Cancer

Breast Cancer Pancreatic

Cancer

Colorectal
Cancer

(&) WE ZLIREE Gastric Cancer

Lung Cancer

HCC
Gallbladder Carcinoma Cholangiocarcinoma

I

i
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NCG and huPBMC Reconstitution

tumor cell line

PBMC PBMC-NCG huPBMC-NCG bearing tumor

qooom

@ o>

huCD34+ HSC

NCG

%

Irradiation

-'.‘>

&%

e CDXor PDX
v
Wee .’
huHSC-NCG

tumor bearing huHSC-NCG
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NCG and huPBMC reconstitution

100+

[22]
o
1

D
o

hCD45" in PB (%)

N
o
L

B
o
1

hCD45+ cells in huPBMC-NCG

L4 PBMC—07,1X107/200uI, i.v. n=8
o. °
o0 hd ° : m
o %‘ Che o
° =
> B .
°
. —I— a
® O
[ ® =
o_o ° L4 re)
=4 2
... L
2 3 4 5 7 8

Weeks Post engraftment (w)

100+

95+

90+

85+

80

GemPharmatech

hCD3+ cells in huPBMC-NCG

.M,.*.*.
® * [
W R o
®
o
2 3 4 5 7 8

Weeks Post engraftment (w)

32



NCG and huHSC reconstitution

hCD45 +
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In Vivo Imaging System for CAR-T therapy

In vivo imaging system

SIAmX1
Cancer Type Cell line
Leukemia Nalmé6-luciferase, Raji-luciferase
HCT116-luciferase
Colon cancer HT29-luciferase
RKO-luciferase
Glioblastoma U251-luciferase
Liver cancer Huh7-luciferase

Efficacy of CAR-T cell in Nalm6-luciferase tumor bearing mice

Day7

Day12

Day19

Day26

G1. control T G2. CAR-T1 G3. CAR-T2

31 TH [
i
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Haematopoietic tissue Blood Tumour site \ or:;
| *INOS «PDL1 9’0@% e
' M » CCL2-CCR2 :  Monocyte »ARG1 «IL-10 TAM subsets ' /7 @ o
: . _— onocyte * M-CSF-M-CSFR | subsets . TGF’ ' Tumor metastasis v .
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Camilla Engblom et,al. Nat Rev Cancer, 2016.



Strain Name
NCG-SGM3
NCG-hIL15
NCG-mTSLP
NCG-hIL6
NCG-hIL7
NCG-hBAFF
NCG-GM3
NCG-hIL2
NCG-HLA-A2.1
NCG-B2M-KO

GemPharmatech

“ANCGRE

Type
Promote the development of myeloid lineages and lymphoid cells
Promote the development of NK cells
Restore Lymph node (LN) development and T, B cells development
Enriched CD14+ Monocyte and macrophage differentiation
Promote the development of T cells and B cells
Promote the development of B cells
Promote the development of myeloid lineages and lymphoid cells
Promote the development of T cells and NK cells
Maturation of CD8+ T cells

relatively resistant to graft versus host disease (GVHD)
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Company History
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HEERFREERREEKE— NBRI International Mouse

Gao Xiang President Phenotyping Consortium
Nanjing Biomedical Research

Institute of Nanjing University
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Mice Models for rare diseases

21-Hydroxylase Deficiency

Mitochodrial Encephalomyopathy

Autoimmune Encephalitis

Multifocal Motor Neuropathy

Autoimmune Hypophysitis

Primary Combined Immune Deficiency

Autoimmune Insulin Receptopathy
(Type B insulin resistance)

Severe Congenital Neutropenia

Cardic lon Channelopathies

Severe Myoclonic Epilepsy in Infancy (Dravet Syndrome)

Carnitine Deficiency

Sickle Cell Disease

Castleman Disease

Sitosterolemia

Congenital Adrenal Hypoplasia

Spinal and Bulbar Muscular Atrophy (Kennedy Disease)

Congenital Myotonia Syndrome
(Non-Dystrophic Myotonia, NDM)

Spinal Muscular Atrophy

Congenital Scoliosis

Systemic Sclerosis

Coronary Artery Ectasia

Tetrahydrobiopterin Deficiency

Gaucher’s Disease

Very Long Chain Acyl-CoA Dehydrogenase Deficiency

Generalized Myasthenia Gravis

Williams Syndrome

IgG4 related Disease

Wiskott-Aldrich Syndrome

Leber Hereditary Optic Neuropathy

X-linked Adrenoleukodystrophy

McCune-Albright Syndrome

More Rare Disease Models under development
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>170 publications using KOAP mice

Yang JK, et al. From Hyper- to Hypoinsulinemia and Diabetes: Effect of KCNH6 on Insulin Secretion.Cell Rep. 2018 Dec 26;25(13).

Wang H, et al. Impaired Spatial Learning is Associated with Disrupted Integrity of the White Matter in Akt3 Knockout Mice.CNS Neurosci Ther. 2017 Jan;23(1):99-102. doi: 10.1111/cns.12647. Epub 2016 Sep 27.

Yu, X., et al. SENP3 maintains the stability and function of regulatory T cells via BACH2 deSUMOylation. Nat Commun. 9(1), 3157.

Yang JK, et al. From Hyper-to Hypoinsulinemia and Diabetes: Effect of KCNH6 on Insulin Secretion. Cell Rep. 2018 Dec 26;25(13).

Lawei Yang 1,et al. Tetraspanin 1 inhibits TNFa-induced apoptosis via NF-kB signaling pathway in alveolar epithelial cells.Inflamm. Res. 2018 Dec; 67.

Xu M, et al.Generation of conditional Acvrl1l knockout mice by CRISPR/Cas9-mediated gene targeting. Mol Cell Probes. 2018 Feb;37:32-38.

Wang Y et al. Integrin 1D Deficiency-Mediated RyR2 Dysfunction Contributes to Catecholamine-Sensitive Ventricular Tachycardia in ARVC. Circulation 2020 Mar 03.

Jun Xiao, et al. Targeting 7-dehydrocholesterol reductase integrates cholesterol metabolism and IRF3 activation to eliminate infection. Immunity. 2020 Jan 14;52(1):109-122.€6.

Guo YP, et al. Global Gene Knockout of Enhances Pain Sensitivity and Exacerbates Negative Emotions in Rats. Front Mol Neurosci 2019;12.

Hu F, etal. Nogo-A promotes inflammatory heat hyperalgesia by maintaining TRPV-1 function in the rat dorsal root ganglion neuron. FASEB J. 2019 Jan; 33(1).

Wang H, et al. Adipose group 1 innate lymphoid cells promote adipose tissue fibrosis and diabetes in obesity. Nat Commun 2019 Jul 22;10(1).

Zhu C, et al. Deletion of macrophage migration inhibitory factor ameliorates inflammation in mice model severe acute pancreatitis. Biomed. Pharmacother. 2020 May;125.

Di Zhao, et al. Lysine-5 Acetylation Negatively Regulates Lactate Dehydrogenase A and Is Decreased in Pancreatic Cancer.Cancer Cell. 2013 April 15; 23(4).

Yi Fu, et al. TSPO deficiency induces mitochondrial dysfunction, leading to hypoxia, angiogenesis, and a growth-promoting metabolic shift toward glycolysis in glioblastoma. Neuro Oncol. 2020 Feb 20;22(2):240

Zhang G, et al. p53 pathway is involved in cell competition during mouse embryogenesis. PNAS. 2017 01 17;114(3).

Wei Huang, et al. Milk fat globule-EGF factor 8 suppresses the aberrant immune response of systemic lupus erythematosus-derived neutrophils and associated tissue damage. Cell Death & Differentiation volume 24, pages263-275(2017).
Xiaoyin Ma, et al. DAPL1, a susceptibility locus for age-related macular degeneration, acts as a novel suppressor of cell proliferation in the retinal pigment epithelium. Hum Mol Genet. 2017 May 1;26(9):1612-1621.

Yuhua Tian, et al. MicroRNA-31 Reduces Inflammatory Signaling and Promotes Regeneration in Colon Epithelium, and Delivery of Mimics in Microspheres Reduces Colitis in Mice. Gastroenterology. 2019 Jun;156(8):2281-2296.€6.
Jian Xu, et al. Loss of Bmall decreases oocyte fertilization, early embryo development and implantation potential in female mice. Zygote. 2016 Oct;24(5):760-7.
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Location: frontotemporal -'f'

Macro: cerebral atrophy a2
Micro: tau deposits, Pick bodies

Lep #8575 /) V& fn

Location: frontotemporal
Macro: cerebral atrophy

Micro: Lewy bodies

SERMSSIE
HD
* Location: basal ganglia
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PD MHERGEIE

Location: midbrain
Macro: pallor of substantia nigra
Micro: Lewy bodies

®

Macro: neostriatal atrophy
Micro: neuronal loss and astrocytosis

as ANZELEMZZELAE

Location: motor cortex, brainstem, spinal cord
Macro: atrophy of motor neurons and muscles
Micro: inclusions (Bunina bodies, Lewy body-like)
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The greatness of a nation and its moral progress can be judged by the way its animals are treated.

Mahatma Gandhi
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Nature s

CORRECTIONS & AMENDMENTS

CORRIGENDUM
Goi:10.1038/rature] 5370

Corrigendum: Selective killing of
cancer cells by a small molecule
targeting the stress response toROS

lzk\hm! Ra] Takao Ide, Aditi U. Gurkar, chael Foley,
Kiaoyu Li, Nicola J. lulh(hv Todd R. Golub,
Steven A. Carr, Alykhan F. Shamji, Andrew M. Stern,

Anna Mandinova, Stuart L. Schreiber & Sam W. Lee

Nature 475, 231-234 (2011); doi:10.1038/nature 10167

animals for clinical signs of distress, and did not require daily
measurements of the tumour size. Measurements of tumour sizes were
performed at the mduud time points. Consistent with the IACUC-
approved guidel were euthanized as soon as measure-
ts indicat m\..nlm hed the size limit approved in the
protocol (15 mm). These mice did not show clinical signs of distress,
and thus it only became apparent that the tumours had already
exceeded 15 mm when they were measured. Since the completion of
this study, the IACUC-approved protocol of the PI was revised, and
daily measurements of tumour sizes, in addition to daily observation,
are now required. For the xenograft tumour models, measurements
were performed on the entire tumour lesion including cases when
tumours appearcd as aggregates of single nodules (melanoma model
in Supy y Fig. 9¢). All are now p as

corrigendum Nature 481, 534 (2012); doi:10.1038/nature 10789
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Wildtype allele

1. Exon deletion
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e s ) Frame-shift KO ¢

A~—B—a
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L4 =453 11533, Complete KO //
] ] Frameshift
LEGEND UIR I Coding Exon Genomic DNA Coding
oo B ~15kb
G - =
Donor and CRISPR/Cas9 System » —D—. — ._[>_
E 8
ATG TGA
N e N
7 2 8 9 20
ATG TGA
Conditional KO allele /4 [i > — = —] =
7 2 8 9 20
TG * Cre TGA
KO allele - f. D -
7 9 20

tj{ Casg/sgRNA D Uncoding region

. Coding region D LoxP

Cas9-ki (H11/Rosa26)

i L2 ~xxkb
* ;"‘P“ “ >
' ;"J Kk ATG  Tga

Donor and CRISPR/Casd System b sop gy cos | [JEGH]

ol ,

Wildtype allele A ~
H11/Rosa26 site
Targeted allele ps Stop Jp2i  CDS -
* Cre
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Cre-JoxP ZASFMIERFR: BLRISFHIE

A B Conditional mutation;
Cre-loxP system :
/ \ / General breeding \
O Cre recombinase (38 kDa) Tissue-specific Cre-driver Floxegde:I‘I}e&s of
SI— joxpsite ot X
loxP~" loxP e S
_ loxP sequence (34 bp) -
5'-ATAACTTCGTATANNNTANNNTATACGAAGTTAT-3'
v
AP
< -
| 17 Inactivated Gene Y
N
P

Inactivated In tissue X
Gene Y

Lab Anim Res 2018: 34(4), 147-159
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HREERER R
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CAG promoter GeneX  PolyA Specific promoter GeneX PolyA

AL B3R B: ‘HIAHEERRIA

CAG promoter m PolyA CAG promoter m EGFP  PolyA
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PolyA rTTA Specific promoter
E: Tet-OnRRmESFKIX
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mkK o2 L | bE5 39.56 5.5 108 MWD 5 Monomer
mOrEnge b48 bB2 4355 6.5 150 MO 6.4 Monomer
¥Pet 517 | 530 80.08 b63 9.7 MO 34 Weak dimer
Citrine 516 | 529 5352 L MWD 3.6 45 Weak dimer
mYenus 5156 b2T 56.56 b5 17.6 2.7 MO Monomier
Venus 515 | bZ8 b2 55 & 176 3 16 Weak dimer
EY¥FP 513 | BZT 44 89 6.9 9 3.1 60 Weak dimer
mNecnizreen| 506 | 517 5928 5T 10 3.1 158 Monomer
Zslareen 456 | 506 2243 MO MO MO MO Tetrmmer
mEGFP 488 | 507 336 G MO MO 46 Monomer
Dentate gyrus
EGFP 488 | 507 3354 G 25 2.6 50.1 Weak dimer

Livet 2007 Nature, DOI: 10.1038/nature06293

=5t dEHRFP+YFP+CFP
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Targeting vector — ) ) Frt
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Cre—loxP
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Sequential genetic targeting

A Knock-in strategy B
r T - Cdh5-Dre rDre -
Prox1 s [ast exon| 3'UTR e
s “ »

rox

SToP.

rox

- Last exon f» CreER Rox

Prox1 Rox
‘rsr- L sT0P ) {EEED)-
Rox

GemPharmatech

LEC-iCre
Sequential genetic strategy by LEC-iCre

Prox1-2A-CreER R26-tdT

— I EEEY— X - sTorP H{EIEIED

loxP loxP

Tam
—l tdTomato

loxP

LEC-iCre;R26-tdT (Tam) |

Prox1-2A-CreER;R26-tdT (Tam) § i

Embryo

MEE

FZ AR SRR

Magnification

Cell Stem Cell. 2021 Jun 3;28(6):1160-1176.e7.






