Sharing mutations: Biobanks are still
required in the post-CRISPR/Cas9 era

Martin D. Fray
MRC Harwell Institute, UK
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What is a biobank?

e Banks make a return on investments

* High quallty reagents = high quality science
* Not a dumping ground
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Sharing resources through biobanks

Safe guard your mouse lines against loss and ensure a co-operative
future for mouse research

More collaborations
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Know thy mice!

e Biobanks distribute QCed reagents
e Use correct nomenclature

e Health status is controlled

e |dentical material is distributed
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Genetic anchor points

e Point of production
e Crossed to new genetic background

e Publication
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Reproducibility — vital to progress

PERSPECTIVE

The Economics of Reproducibility in
Preclinical Research

Leonard P. Freedman'*, lain M. Cockburn?, Timothy S. Simcoe®®

1 Global Biological Standards Institute, Washington, D.C., United States of America, 2 Boston University
School of Management, Boston, Massachusetts, United States of America, 3 Council of Economic Advisers,
Washington, D.C., United States of America

* |freedman @ ghsi.org

* |rreproducibility costs $28B/year in USA alone

e 36.1% from biological reagents and reference materials

PLoS Biol13(6):e1002165.d0i:10.1371/journal.pbio.1002165
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Arguments still apply post CRISPR

 Need to educate new users:
C57BL/6NTac-Gnb4em2(IMPC)/H
Standardisation & genetic background
~100 point mutations/gen (Lynch et al 2010)
~£2,500/year to maintain colony
Time to generate, plus time to confirm edit
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Obligations on biobanks
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What is possible?

e >7000 IMPC strains in biobanks
e Service time 2-3 weeks frozen
e Rederived live mice 3-4 months

Available Strains By State

==y
sperm [
Embryo [N
Archived [N
Live [N
Crvaries [l
1,000 10,000 100,000

The relative proportion of the "state” in which mouse resources
are maintained across all repositories (not a measure of unique
strains).
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Document processing
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Animal care: live or frozen

Number of yearly shipments
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Promoting frozen shipments

e Researchers need:
— Faster service
— More flexible exchange process
— Cost incentive
— More alternatives to live animal transportation
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Dry-ice: Robust & cheap
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CPA+MTG-Cook

m CTRL LN2

" m-79°C 3days
| m REFROZEN

C57BL6/J
C57BL6/N
129/sv
DBA/2N
C3H

w FVB/NJ
0’; Balb/c
(7]

Safe >2 years
Can be returned to LN,

Raspa et al (2018) Therio,
107, 41-49
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Sperm shipments on dry-ice

Dry-ice shipments
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Unfrozen materials

Refrigerated transport boxes
v Frozen/thawed embryos from archive

v Epididymides (sperm) in Lifor
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MF4

Animal free banking/exchange

Unfrozen epididymides
Unfrozen embryos

Frozen embryos/sperm
Thawed embryos
Sperm on dry ice
Unfrozen epididymides
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Biobanks still have currency

Advance research by allowing leading
investigators to use their resources for discovery
science rather than on model replication

H )
th . .
Lﬁ%\? 5’ ://; T 3
{ .___..«--"’/ Owoaki
:—: — Frogenants

(@)
i/ WO
&S 10O
. A ) il
4
S INFRAFRONTIER
International Mouse Phenotyping Consortium

i oy vy A



Acknowledgements

e Marcello Raspa—CNR

e Ferdinando Scavizzi - CNR
e Lluis Montoliu— CNB

e Susan Marschall - HMGU
e Toru Takeo — CARD

e Mo Guan—-MRC

e Rajia Soininen - Oulu

e Brendan Doe — WTSI ce
e Sabine Fessle — HMGU

e Auke Boersma—-VUW

e Philippe Andre —ICS

e Zuzana Khorshidi - Kl

EMMA - Technical working group

"|MP

ternational Mouse Phenotyping Consortium

In

Campus "A. Buzzati-Traverso”

Consiglio Nazionale delle Ricerche

©

Spanish National Blotechnology Cenire

CIN[B

CINTR0 SACKINAL DE BIOTECNOLOGIA

Monterctondo Scalo (Rema)

csiIC

HelmholtzZentrum miinchen

German Research Center for Environmental Health

‘2‘\
o Brfar for
A nimmal
Rezsuress and
eveloprant

nter for Animal Resources and Development

MRC

Harwell

INFRAFRONTIER
i oy vy A



H I M PC INFII_A?_?;I\I;I'IER MRC | Harwer

International Mouse Phenotyping Consortium



Unfrozen epididymides

Group (n=3)

No. females used

No. embryos used in IVF  No. 2-cells produced

Fertilisation rate (%)

72hrs In Lifor -unfrozen

Lifor- frozen/thawed (24hour)
Lifor- frozen/thawed (48hour)
Lifor- frozen/thawed (72hour)

No Lifor treatment control

36
15
15
15
18

1011
426
572
€83
605

751
356
320
115
427

74.5511.53
85.6914.13
54.241+7.19
17.18+2.74

66.05+7.70
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Turn-around-time: 2016

 Frozen (n=75)
 Order to MTA sign-off ~31.4 days
e MTA to shipment ~37.78 days

e Live (n=112)
 Order to MTA sign-off ~44.8 days
e MTA to shipment ~108.3 days

-1 a
H o I M P C INFRAFRONTIER
International Mouse Phenotyping Consortium i g



What to keep and how to keep it?

* Avoid confusion: use a specific naming system
e GO=PR0O/2972.1e

e G1 =Pcdh20-Del-Cas-Line1-B6N

e G2+ =Pcdh20-Del4-EM1-B6N

e C57BL/6NTac-Gnb4em2(IMPC)/
e Bystander mutations

e Sperm vs ovary freezing
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What to keep and how to keep it?

e Target & bystander mutations

e Sperm vs embryo freezing

e Avoid confusion over allele names
e C57BL/6NTac-Gnb4em2(IMPC)/H

e Cite repository numbers
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Dry-ice shipments: info sheets

H MRBC Harwall : An Imamarional Camos for Mo Gonarios

' P |

Unpacking Cryopreserved Sperm that Arrives in a Dry-Tee Parcel Shipping Frozen Material on Ory-Toe

1. The sampies will arrive In a Thermal Contmol
Unit, packed with an approprizte amount of
dry-lce for the joumney.

2. Carefully open the package and lo<ate the
samples. Keep the samples burled In the dry-

Shipmant of Cryoprasarsed Sparm on
Dry=Iia Doasn't Badueon Viabilty

The Figers Balow shows Bet shipping
Cycpromeesd apam o Srp-km doma ok
affert Ex viablly comparsd b s las hald In
Liquid KErogar (N3] siorege.  Tha sparmm can
ba refumed o Uiguid Nitogen storsge on
mTal

Cara mant ba ‘tnksn Suring tha handling =f tha
rmatarial = answre thet dering the unpecking,
or tenafer, thet the samples do ot werm ug.
Inmmect harding =0 redece the viszbEy of
tha samiplas and subsssuant fert lastiar retas.

Profonged Sterage of Prozen Spemm en
Dry=lca has Magligibla Bfect on tha
INP Partilisation Ratas

Whan handied cmectly SyoPrRaEreEs EpETT,
Al I Sy-ics, han simlar NT fertliastion

roles bo samplan et e sizesd e Lzuls
Mitrogan (LM, ).

Tha Agmrn belzw shows thaf sborsge an dep-
lcm for up o 2 yeaes has oy & small afac an
fatibmfon reies, wih lvels cnsisiendy
Baing high. Tha sperm shoulkd rat ba
Ez wwrm wp during storsgs an thin
dutrimantal o i visbiEy .

lce 25 warming themn will affect the success of
‘the IVF.

3. Quickly transfer the samples to a liquid
nitrogen flled deswar.
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4. The samples can be checkoed and mowed to
elther a storage cane or goblet for retum to
baslic lbquiid nitrogen storage.
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Now and into the future

» Robust sperm freezing/IVF protocols

» Ultra-superovulation

> In vitro recombination

» QOocyte vitrification in straws

» Shipment of unfrozen embryos/gametes
» Sperm shipments on dry ice

» Universal non-surgical transfer
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Korean Mouse Phenotype Consortium

MRC Harwell
Sanger Institute
EBI
Toronto Centre for Phenogenomics (TCP) Helmholtz Zentrum Munich (GMC)
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@Y 6
T Charles River Laboratories Institut Clinique de la Souris (ICS) ?
UC Davis MARC
Baylor College of Medicine National Institutes of Health (NIH)
Australian Phenomics Network

Generated 6500 lines
500 using gene editing techniques
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43K strains in MGl: only 50% are public

International Mouse Strain Resource (IMSR)

The IMSR is a searchable online database of mouse strains, stocks, and mutant ES cell lines available worldwide, including inbred, mutant, and genetically engineered strains. The goal of the IMSR is to
assist the international scientific community in locating and obtaining mouse resources for research. Note that the data content found in the IMSR is as supplied by strain repository holders.

Available Strains by state
For each strain or cell line listed in the IMSR, users can obtain information about:

» Where that resource is available (Repository Site)

= What state(s) the resource is available as (e.q. live, cryopreserved embryo or germplasm, ES cells)

# Links to descriptive information about a strain or ES cell line

« Links to mutant alleles carried by a strain or ES cell line 0 5,000 10,000 15,000 20,000 25,000
« Links for ordering a strain or ES cell line from a Repository EEESCel MMM Embryo [ Live WM Ovaries [ Sperm

# Links for contacting the Repository to send a query

The relative proportion of the “state™ in which mouse resources are

maintained across all repositories (not a measure of unique
strains).

| [see] [Rese

Strain State: Strain Type:
ES Cell closed colony 3
embryo coisogenic strain
live congenic strain
ovaries - consomic or chromosome substitution strain -~
Repository: View Repository Reporis

ARC (Animal Resources Centre) Australia

CARD (Center for Animal Resources and Development) Japan
CMMR (Canadian Mouse Mutant Repository) Canada

EMMA (European Mouse Mutant Archive) Germany

EMS (Dr. Elizabeth M. Simpson, Ph.D.) Canada

HAR (MRC Harwell) UK

JAX (JAX Mice and Services) USA

APB (Australian Phenome Bank) Australia H

www.findmice.org

@

All regions and repositories are selected by default; to limit your search to a specific region, click on the map, or select one or more specific repositories from
the select list.
(») @
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MouseBook — acknowledgements

Stock B6;129-Scnl10a<tm3(cre/ERT2)Jnw=/H

Stock Name Strain Name Mutation Strain Type
Navl.g CrecRT2 B6;129- Mutation Type Mutation Subtype strain Type
Senloa<tma(cre/ERT2)Imw>/H IMSR - Targeted mutation IMSR - unclassified
FESA Number - B ’ :
3418 Attribution
Institution name Deposltor [ Originator Name
U‘1|'.'E'I’5|I}' College London originator rRetalned
U‘]I'.'E'I’EII:,' College London DEPOET‘ZDI’ Retalned
Colony Stock Code
Mavl.B CreERT2

Gene/allele Information

Allele Name Allele MGl ID Gene Name Gene MGl ID Chromosome Is Background

scnloa<tm3[cre/ERTZ)Jnw= MGI:3689833 scnloa MGI:108029 9 1]

Phenotypic Description

Hone observed (heterozygous Mavl 8-CreERT2 can express enough Cre to delete the floxed fragment, but It does naot affect the expression of Navl.8 In Navl 2 positive neurans in DRG).

Publications

Displaying 1 - 1 of 1 stock

Pubmed ID Authors Journal

amaxifen-inducible Nav1.8-CreERT2 recombinase activity In nociceptive neurons of dorsal root ganglla. Genesls (2 006) 44:264-71

16850455 (5 Zhao J
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Promoting awareness

Archiving

Safe guard your mouse lines against loss and ensure a co-operative
future for mouse research

F o i

H MRC Harwell: An Tnternational Centre for Mouse Genetics 1998

Archiving Mouse Lines - Why Archive a Line? How Much
Does it Cost? How do I Submit a Line for Archiving?
Janek Kenyon, Marin Fray

R Harlt aral e o I Bk, K G351 070
2. What i T stil 5. How

N c National Centre Login | Register m u n

for the Replacement

Introduction

s tefinement & Reduction
3 R of Animals in Research Search this site
L] The 3Rs

Home > News > Opportuniti

Opportuniti

1. why should 1 archive Wednesday 09 December 2| Home
my mouse stocks?

TR ST
LOGIN )| REGISTER )
. AN J

x ' mb ‘o ABOUT XIMBIO DEPOSIT REAGENTS WRITE REVIEWS OUR STORIES NEWS & EVENTS FAQ Search Q
.

death of Mary Lyon, FRS, a re search . source « share
and a researcher at MRC Har
Centre for Mouse Genetics. N
first to discover the process ol M We are the nal
inactivation (lyanisation), and organisation d
MRC Harwell named after her P eaith resaiic

This December marks the firs'

The Mary Lyon Centre at MR( Find out
non-profit archive that support
worldwide through archiving a
mouse lines. The archive acts
(EMMA)

By improving access to resou
Easier access (o shared cells
colonies and establish the line
individually
AMRC member charit
of the highest quality|
And therr processes are

yeus using the search or browse by to promote them &

category licensing oppo
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REMAKING MICE

When engineered animals are unavailable,
researchers make them again. The most
recent comprehensive survey, carried out in
2005, found that researchers had made

thousands of mouse lines more than once,
wasting animals, time and money.

33% 12%
Made only Available from
once repositories

<l

4,848
Published
mouse lines

- N

14.5% 40.5% Lloyd et al (2015) Nature, 522, 151
Remade =3 times Remade 1-3 times
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