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Outlines

« Reference Books & Resources 2EZEZE K E )R
 Understanding the mouse models /\EE F= TN

e Genetic modifications of mouse models BB M S/ NEET




Leaning outcomes 22 H1Z

 Familiar with references and resources for mouse researches

* Understanding different mouse genetic background, genes, alleles and
mutations

* Familiar with different methods for manipulating mouse genome
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REFERENCE BOOKS & RESOURCES




]
Mouse Genetics

Concepts and Applications.

{EZ " Silver, Lee M.

H hRZ L New York : Oxford
University Press

H HREE : 1995.

ISBN/ISSN:9780195075540,01950755
44

http://www.informatics.jax.org/silver/



http://www.informatics.jax.org/silver/

The Laboratory Mouse

« {E& : Hedrich, Hans J.
o HhR#t :Academic

« HARE : 2012.

 ISBN : 9780123820082




The Atlas of Mouse Development

« {E&: Kaufman, Matthew H.
« HHR%t: Academic Press,

o HARTE: c1992.

* |ISBN: 0124020356




Mouse development : patterning, morphogenesis,
and organogenesis

o {EZ&: Tam, Patrick P. L., Rossant, Janet.

« HhREHL: San Diego, Calif. : Academic
Press, c2002.

* ISBN/ISSN: 0125979517




Mouse Phenotypes:
A Handbook of Mutation Analysis

« YEZ&&: Papaioannou, Virginia
E.,Behringer, Richard R.

« HHRE T} New York : Cold Spring
Harbor Laboratory Press, 2005.

* ISBN/ISSN:0879696400




What’s wrong with my mouse? : behavioral
phenotyping of transgenic and knockout mice

« EZ& : Crawley, Jacqueline N.
« HhR%TL : John Wiley

o HERZE : c2006.
 ISBN : 9780471471929|0471471925




]
eMouseAtlas
www.emouseatlas.org/emap/home.html




e
MGI: Mouse Genome Informatics
http://www.informatics.jax.org/




IMPC: International Mouse Phenotyping Consortium
https://www.mousephenotype.org/
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UNDERSTANDING THE MOUSE MODELS




Genetics terminology

[__Jof T T~ ]
[ S ——




Rules and Guidelines for Nomenclature

 Mouse Strains * Genes, Alleles, and Mutations

http://www.informatics.jax.org/mgihome/nomen/strains.shtml http://www.informatics.jax.org/mgihome/nomen/gene.shtml#genenom

GenesA”EleS

Strain symbol-Gene symbol ?'¢'e

17
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GENETIC BACKGROUND:
STRAINS & STOCKS




Inbred strain 4§ 5a %

a single lineage of sister X brother mating > 20 generations.

19




Inbred strain 4§ 5a %

* >20 generations of brother X sister mating

e Allindividual are (almost) homozygous for
(almost) all loci

* Allindividuals are (almost) genetically
identical.

* Offsprings are genotypical identical to the
parents

20

Taft et. al., 2006




e
Inbreeding 3T 1 225H

: Out A/A X a/
* Repeated brother-sister PO e

mating leads to completely
homozygous genome — no

variation! 025 05 025

v ¥ ¥

F2 A/A A/a ala

A/A [0625) 125 0625

A/a|.125 25 125

a/a |.0625 .125

Intercross A/a X A/a Fl

21




Mouse inbred strains

Beck et. al., 2000

22




Genetic make up of lab mice

Frazer et. al., 2007 23




Substrains /X EL &
BALB/c) & BALB/cBy)

24




e
F1 & F2 Hybrids Z#33 &

P1 || X || P2 Outcross
F1 || X || F1 Intercross

25




Recombinant inbred EE4HB AR
Parental strains: . Outcross
| | |
F1 O O O Q Intercorss
| | 1 -
F2 @ O O O
1 1 1 T
O O O O - Brother/Sister
1 1 1 matings
U I e R e N e
o o o o
| Strain 1 Strain 2 Strain 3 Strain4 ... Rl lines 26




]
The Collaborative Cross (CC) S1EZJH

Diversity Outbred (DO)Z#k[$iE3R

The 8 founder stains capture 90% of the
genetic diversity of the Mus musculus
species

Saul, 2019
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Outbred stock iz R EE




Mice: Genetic Background B{EEH =

* Wild mice £¥E8
* Experimental laboratory animals
— Inbred strain 48 &
* Wild-derivative inbred strains BF A ;T4 4l fn %
e Laboratory inbred strains EE =4 &R
* F1, F2 Hybrid X &
*Rl,and CCEAHBER A & &1EZ5E
— Outbred stock 23X JEEE DO Zix[HIER

29




GENETIC MANIPULATIONS

Gene SAIIeIes




—
Genetic mutations 28 &2

« Spontaneous Mutation B3 & &
e Chemically treated {CE2E &

« Transgenic (Tg) E X #E5E

« Gene trap (gt) E XA

« Gene Targeting (tm) E & ZF

e Conditional Knockout {&{4EE 5l R

* Endonuclease-mediated Genome Editing (em) #Z & At E X XK 475
* Congenic BRI m &

31




e
Spontaneous & Mutagenesis

| A
/N =

32




Transgenic (Tg) =X

random integration of a
foreign gene into the
mouse germ line

{ X | 1 J( 1 |

LT




S
Gene Trap (gt) & E|FEF




Targeted mutation (tm) & X 7l F

L/

PAR

Gene Targeting

= Targeted Mutation
= Knock out

35




]
Targeted mutation :

Homologous recombination [5]}Jf 228




Transgenic v.s. Targeted mutation

___________Transgenic | _Gene Targeting

Microiniection Pronuclei injection Blastocysts injection of
J of DNA ES cells
Random integration Homologous
: . -position effects recombination
DNA integration P . .
-multiple insertions -targeted

-single insertion

Phenotype

: Uncertain Correlated
correlation

37
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Cre /LoxP




Conditional Knockout {4 £

>|.
St




ZEE AT &

e ZFN: zinc finger nucleases

effector nucleases (TALENS)

* CRISPR/Cas9

A==

* TALENSs: transcription activator-like

D

A

Endonuclease-mediated Mutations (em)

JRiE




™ Congenic [EjRT¥RmA




Types of mouse models

* Genetic Background * Genetic Manipulations
— Wild mice ¥Y & — Transgenic (Tg) & X 58
— Experimental laboratory animals & B Eg, — Spontaneous Mutation B 25384
* Inbred strain4lfn & — Chemically treated {2 L&
— Wild-derivative inbred strains strains — Gene Targeting (tm)E & 7R
BFETEAR A — Conditional Knockout 1% {4 £ X 5l B
— Laboratory inbred strains E58Z= 4 - Endonuclease-mediated Genome
EA Editing (em)iZB2 N EIEE T EE E 4R E
—F1, F2 Hybrid %X % — Congenic [ERMIR B &

—Rl,and CCEAHBXRAMREEZEIE
 Qutbred stock ZAEEF

42




Strains or Stocks?

Inbred strains 4 5a % Outbred Stock =3 fEEE

* Asingle lineage of sister X brother ¢ A isolated, interrelated breeding
mating > 20 generations. population.

>20 Breeding pairs

>20 Generations

43




Nomenclature

MGT

* |nternational Committee on Standardized Genetic
Nomenclature for Mice and the Rat Genome and
Nomenclature Committee

- &

&

PRNERE L EERRE

==
RE=

E=ZMAREE

A

ERIIET)

44




Gene and Protein

Dominant : begin with an
Uppercase letter followed by all
lowercase letters

*ALL UPPERCASE

Ex: Tbx5 LETTFRS. :

Mouse *Recessive : begin with a Not italicized
- DEE Ex: TBX5

lowercase letter

/talicized

Ex: a

*Uppercase ALL UPPERCASE LETTERS
Human */talicized Not italicized

Ex: TBX5 Ex: TBX5

45




Inbred strains & Substrains

C57BL/6JNarl
C57BLParent strain designation
/ Separated the parent strain from the substrain
6 Line number
J Lab cod for The Jackson Laboratory

Narl Lab code for NLAC

6JNarl  Substrain designation

46




Collaborative Cross Strains

CC0058/Unc

CC Collaborative Cross strain
0058  a4-digit number
/ a forward slash

Unc Laboratory code for University of North Carolina

47




Outbred stocks

[Laboratory Code]:[common strain root]
Tac:ICR

The ICR outbred stock maintained by Taconic Farms, Inc.

Hsd:J:DO

The Diversity Outbred stock maintained by The Jackson Laboratory composed of
the same original progenitor strains as the Collaborative Cross.

e Qutbred stocks are genetically undefined; no two
individuals from an outbred stock are the same.

48




Spontaneous alleles of known genes

[ Gene name] [allele symbol]

Atp7aMe
Dominant mottled allele of the Atp7a gene.

* Allele designations begin with a lower case letter if

the allele is a recessive and begin with a capital letter
otherwise.
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Targetea a"eles !tm‘

[Targeted gene]tm#liab code]

ngrtmlMag /
the 1st targeted mutation of Egfr created by Terry Magnuson
(Mag).

» targeted alleles by homologous
recombination
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http://www.informatics.jax.org/javawi2/servlet/WIFetch?page=markerDetail&key=8333

Congenic Strains

[Recipient Strain*].[Donor Strain*] - [Gene®/€’s]

B6.AKR-H2k

A mouse strain with the genetic background of C57BL/6 but which differs from that strain by
the introduction of a differential allele (H2*) derived from strain AKR/J.
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Endonuclease-mediated Mutations

* ZF, TALENs, CRISPR/Cas9,
[ Tar QEtEd gene]em#[lab code]

Rab3 8em1Rkuhn

the first endonuclease-mediated mutation of the Rab38 gene
produced in the laboratory of Ralf Kuhn.

Cas9
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Transgenes (7g)

[Known gene]T@(inserted gene)#[lab code]

VcanT9(Hoxal)1Chm

Tg: transgenic

* Transgene (Tg)
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Transgenic

[Strain symbol]-[Gene™l¢l]

FVB-a Wng(GBtsIenv)832Pkw
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Coisogenic Strains

[Strain symbol]-[Gene symbol "]
129S7/SvEvBrd-Fyntmiser
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Leaning outcomes 22 H1Z

 Familiar with references and resources for mouse researches

* Understanding different mouse genetic background, genes, alleles and
mutations

* Familiar with different methods for manipulating mouse genome
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Thank you

57




BiRERE RBRGYEAEZRBHYARETEARRTIR

How to apply for IACUC ?
From the Users’ Perspectives

2023-02-24

A 7K B Yung-Hao Ching, Ph.D.
Department of Molecular Biology and Human Genetics
Tzu Chi University
yching@gms.tcu.edu.tw
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mailto:yching@gms.tcu.edu.tw

My Qualification & Contribution to IACUC

e Lab animal user: 29 years * JAX mouse memorial
* AAALA certification @ NLAC  TCU LAC online training course
* |ACUC committee members: (since 2015)
—  NLAC: 3 years (29 cases) * TCU IACUC chairperson: The first
animal welfare violation warning

— HTCH: 11 years (99 cases) :
issued

* Established the IACUC application
form for fish users

— TCU: 9 years (74 cases)

TCU IACUC chairperson:
202072022
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Leaning outcomes 22 H1Z

Understanding what is IACUC

Understand what is “laboratory animals”

Have prior knowledge and sufficient qualification for IACUC application

Able to fill the IACUC application form
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-
TEE=Z IACUC ?

Institutional

Animal Care and Use
Committee
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R IACUC RIEE 2T EE ?

1. BZRY IACUC FISRIFE R EEE




R IACUC RIEE 2T EE ?

1. EBHAY IACUC 3| ZRIFE i E
2. ¥R E(FERANERENIE BHAIEEH
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The Guide

* Guide for the Care and Use of Laboratory
Animals (8t Ed)

https://nap.nationalacademies.org/catalog/12910/g
uide-for-the-care-and-use-of-laboratory-animals-
eighth
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https://www.rootlaw.com.tw/LawContent.aspx?LawID=A040270071001700-1070622 67




https://animal.coa.gov.tw/public/upload/Know_ ListFile/2007131152292949968X8WH.pdf
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R IACUC RIEE 2T EE ?

3. ABHITHIR M RARERITE %
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https://animal.coa.gov.tw/public/upload/Know_ ListFile/2007131152480827782XU1P.pdf
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Russell & Burch, 1959

speakingofresearch.com/

The 3Rs

3R
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