/[

1duasnueln Joyny vVd-HIN 1duasnueln Joyny vd-HIN

yduasnuey Joyiny vd-HIN

> " NIH Public Access
@@‘ Author Manuscript

2 HEpst

Published in final edited form as:
Genesis 2011 April ; 49(4): 190-199. doi:10.1002/dvg.20722.

o NATIo

Mouse Resources for Craniofacial Research

Stephen A. Murray
The Jackson Laboratory, 600 Main Street, Bar Harbor, ME USA 04609, (207) 288-6857,
steve.murray@jax.org

Abstract

The mouse, as a genetically defined and easily manipulated model organism, has played a critical
role in unraveling the mechanisms of craniofacial development and dysmorphology. While
numerous gene knockout strains that display craniofacial abnormalities and essential recombinase
tool strains with craniofacial-specific expression have been generated, many are absent from
public repositories. Large-scale, international resource-generating initiatives promise to address
this concern, providing a comprehensive set of targeted mutations and a suite of new Credriver
strains. In addition, panels of genetically defined strains provide tools to dissect the multigenic,
complex nature of craniofacial development, adding to the foundation of information gained from
single gene studies. Continued progress will require awareness and access to these essential mouse
resources. In this review, current mouse resources, large-scale efforts and potential future
directions will be outlined and discussed.
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Introduction

The mouse has played a pivotal role in dissecting the genetic pathways that control
craniofacial development and dysmorphology. As a small mammal with a short generation
time and simple husbandry, the mouse offers the advantages of other simple model
organisms, such as zebrafish, Xenopusand chick, combined with a closer phylogenetic
relationship to humans and an easily manipulated genome. As such, the mouse has
contributed to craniofacial research for many decades, originally through the identification
and mapping of spontaneous mutations that arise in inbred strains. The variation seen among
individual inbred strains can be used to model human variation in craniofacial morphology
and also can provide a genetic tool for understanding susceptibility to environmental causes
of craniofacial dysmorphology. Finally, our ability to genetically manipulate the mouse has
and will continue to provide rich ground for identification of new genes and pathways
important to craniofacial development. Our understanding of the genes that play an
important role in craniofacial development is clearly incomplete, as new genes continue to
beidentified as part of forward genetic screens (Bjork et &., 2010; Stottmann et &., 2010).
Therefore, recent efforts to expand the number and availability of mouse resources promise
to reveal new genes and pathways important to craniofacial development.

Theintent of thisreview isto identify and describe useful mouse resources available to
craniofacial investigators in the scientific community, with a particular emphasis on large-
scale efforts to create new tools and models. | will also review information resources that
will help users find the mouse resources they need. Details about individual anima models
of craniofacial defects have been reviewed extensively elsewhere (Gritli-Linde, 2008; Jiang
et a., 2006), and will not be addressed in detail here.
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Knockout and Conditional Allele Resources

Gene targeting has provided a wealth of information about the genetic pathways that govern
craniofacial development. Over 2100 spontaneous, knockout and/or conditionally targeted
alleles, alone or in combination, result in craniofacial malformations of some type (from the
Phenotypes Database at MGI: informatics.jax.org) (Blake ef &, 2010). A number of mouse
Repositories around the world currently distribute these lines, including The Jackson
Laboratory (JAX) (www.jax.org) (Davisson and Taft, 2006), the Mouse Mutant Regional
Resource Centers (MMRRC) (www.mmrrc.org) (Grieder, 2002), the European Mutant
Mouse Archive (EMMA) (Wilkinson ef &/, 2010) and others (Summarized in Table 1).
Strains, embryonic stem (ES) cells and cryopreserved material currently residing in
Repositories around the world are al captured in a single database, the International Mouse
Strain Resource (IMSR) (www.findmice.org), providing a centralized access point for
finding strains of interest (Eppig and Strivens, 1999).

High demand strains are frequently distributed from live colonies, while others can be
accessed as cryopreserved sperm or embryos. For the investigator, there are many
advantages to using a centralized Repository, such as high health status to minimize
quarantine, simplified and standardized ordering and shipping procedures, robust and
efficient cryorecovery procedures, validated genotyping assays, strain husbandry
information, genetic quality control (eg., strain background), and technical support
resources. Despite these advantages and significant efforts by funding agencies urging
individual scientists to donate their strainsto a Repository, many critical models are not
publically available, leading to frequent duplication of effort and the generation of multiple
strains of similar or equivalent utility. Large-scale resource generation efforts, such as those
discussed below, have begun to address this challenge by providing access to awide array of
targeted mutations.

International Knockout Mouse Consortium

The stated goal of the International Knockout Mouse Consortium (IKMC) isto generate
targeted mutationsin ES cells for every protein-coding gene in the mouse. (Collins et &.,
2007b; Gondo, 2008) The consortium is comprised of three coordinated production
programs (summarized in Table 2): the NIH-funded Knockout Mouse Project (KOMP), the
EU-funded European Conditional Mouse Mutagenesis (EUCOMM) program (Frieddl ef &/.,
2007), and the Canadian North American Conditional Mouse Mutagenesis (NorCOMM)
program. These efforts are supplemented by the existing Texas Institute for Genomic
Medicine (TIGM) gene trap collection, which, between the C57BL6/N and 129S#/SvEvBrd
libraries covers 10,689 mouse genes (Collins et 4., 2007a). The KOMP project is charged
with generating 8,500 targeted mutations, an effort split between the consortium of the
Children’s Hospital of Oakland Research Institute (CHORI), the Welcome Trust Sanger
Ingtitute (WTSI) and University of California, Davis (together known as CHORI/Sanger/
Davis, or CSD), and the Regeneron Corporation in Tarrytown, NY, which isusing their
Velocigene (LacZ knock-in) platform (Vaenzuela et &., 2003) to complete 3,500 of the
8,500 KOMP targets. The EUCOMM program (Friedel et &, 2007) aimsto create 8000
“conditional-ready” targeted null alleles (see www.knockoutmouse.org for alele design
details) using a high-throughput vector design and cloning platform. Notably, the KOMP
program employs the same platform through its CSD consortium, thus increasing the total
number of genes dated for conditional-ready design to 11,500. Finally, the NorCOMM
program goal is to generate 500 conditional-ready alleles, using an alternate targeting
strategy. Both EUCOMM and NorCOMM have additional gene trapping efforts to ensure
complete coverage of the mouse genome. With the exception of the TIGM genetrap library
and a small number (less than 1%) of EUCOMM alleles using 129S#/SvEvBrd ES cells, all
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of these efforts will use C57BL/6N ES cell linesto ensure that virtually all IKMC alelesare
on a single genetic background. For each program, a small number of live mice are being
produced to validate the process and provide animals for pilot phenotyping efforts. The
IKMC Data Coordination Center (IKMC-DCC) (Ringwald et &., 2010) at JAX has updated
information on project goals and progress at www.knockoutmouse.org.

Based on information available at the IKMC-DCC at the time of thiswriting, the IKMC
programs are well on their way to accomplishing their goas, with KOMP, EUCOMM and
NorCOMM having completed 82%, 62% and 100% of their proposed efforts, respectively.
Notably however, the number of conditional-ready alelesis likely to be less than originally
planned. A survey of IKMC allelesin MGI reveals that ~45% of KOMP-CSD alleles and
~54% of EUCOMM alleles are actually conditional-ready, with targeted, non-conditional
and deletion (KOMP-CSD only) alleles making up the remainder. The number of allelesfor
each project in MGI exceeds the total deemed “complete” on the IKMC-DCC website,
suggesting that in some cases multiple alleles of the same gene have been generated Clearly,
however, a substantial proportion of mouse genes are not going to be conditionally targeted
by the IKMC. Thisis not surprising, as many genes will either be difficult or impossible to
properly target with a conditional strategy, particularly one that requires a high-throughput
design process. Nevertheless, thisis atremendous resource that will greatly benefit the
craniofacial research community and the whole of the scientific community as well.

Individual Repositories for the distribution of ES cells (and in some cases mice or
cryopreserved material) from IKMC projects have been established and provide a
centralized access point to the IKMC resource (Table 2). For KOMP, al ES cells, mice and
mouse germplasm are available through the KOMP Repository (www.komp.org), which will
also provide an array of services such as genotype confirmation, chromosome count,
pathogen testing and microinjection for an additional fee. These quality control measures are
critical, whether performed at KOMP or by individual investigators, as up to 35% of KOMP
clones have been found to harbor “complex genetic events” at the targeted locus (Dr. Kent
Lloyd, personal communication), which could include errors such as duplication of the
targeting cassette not easily detected by PCR screening. EUCOMM clones are distributed
through the European Mouse Mutant Cell Repository (EuUMMCR, www.eummcr.org) and
NorCOMM clones are accessible through the Canadian Mouse Mutant Repository (CMMR,
WWW.CmMmr.ca).

Each individual program, or in the case of KOMP the KOMP Repository, has its own web-
based interface for searching and accessing IKMC materials of interest. However, the best
approach is to use the IKMC-DCC (www.knockoutmouse.org), whose purpose isto provide
a centralized database for all IKMC projects. Searching by gene, the user can find al IKMC
projects underway for a given gene, their current progress, linksto the individual project
page for each allele and links to the appropriate Repository, if products are complete and
available. In addition, the IKMC-DCC provides direct links to information about existing
alelesat MGI and publically available strains or ES cell resourceslisted in the IMSR. Thus,
the IKMC-DCC is an excellent entry portal for any investigator who wantsto know if a
targeted mutation is available for their gene of interest and how to acquire the material when
it becomes available.

High-throughput phenotyping

From the IKMC' sinception, the organizers recognized the value of turning the IKMC
clonesinto live mice, performing broad-based phenotyping to interrogate gene function, and
providing basic information to potential users who could then perform more detailed
hypothesis-driven analysesin their own laboratories (Moore and Committe, 2010).
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European groups have led the charge, through the development of highthroughput
phenotyping pipelines and standard operating procedures (Beckers et &, 2009; Brown et &.,
2005; Brown et &., 2009). More recently, the NIH has committed to producing and
phenotyping 2500 strains as part of their new KOMP2 program, an extension of the KOMP
project currently nearing completion. Funding decisions will be made by June 2011 and the
first mice should reach Phenotyping Centers by the end of the year. Of particular interest to
the craniofacial development community isthe inclusion of aviability screen, in addition to
general morphological characterization of knockout (KO) mice at 7 weeks of age. Although
only embryonic day 12.5 (E12.5) was defined as a required screen time point, information
regarding viability in the perinatal period will likely be captured aswell. Whileit is hard to
say how much specific phenotypic datawill be captured for lethal KOs, this project still
promises to uncover alarge set of new potential regulators of craniofacial morphogenesis,
and more importantly, easy access to the relevant mouse model.

Cre Recombinase Resources

While the IKMC programs promise to deliver alarge number of new conditional allelesto
the scientific community, realizing the full potential of this resource will require alarge
collection of accessible, well-characterized Crerecombinase driver lines. To date, nearly
1300 Credriver aleles are captured in MGI, representing 543 individual drivers
(promoters), of which 262 are publically available in Repositories (as 424 individual strains)
and listed in the IMSR. A number of Repositories distribute Crestrains, including JAX, the
MMRRC, and EMMA. The total number of strainsis constantly increasing thanksto a
number of large-scale projectsinitiated, for the most part, by the neuroscience community,
including the Neuroscience Blueprint CreDriver project, the GENSAT project and new
strains from the Allen Brain Institute (http://www.credrivermice.org/)(Gong et al., 2007,
Madisen et a.). While the individual strains are not designed to specifically address
questions in craniofacial development, thereis likely to be significant overlap with regard to
individual promoters chosen as drivers of Creexpression. In addition, our group hasinitiated
aproject as part of the FaceBase Consortium to produce Crestrains that would be
specifically useful for orofacial clefting (see details below).

Until recently, there has been little international coordination of Credriver efforts, leading to
an incompl ete catalogue of resources, spotty availability of strains, and unnecessary
duplication of driver generation. For example, there are currently 23 versions of the Nes-Cre
alelein MGI, including 13 constitutive Crelines and 10 inducible lines. While a handful
represent multiple transgene insertions from the same lab, this set represents the work of a
total of 17 independent investigators, highlighting the high rate of duplication of effort.
There are several simple explanations for this phenomenon. For one, the availability of a
given driver strain is often limited, particularly in the first few years following publication.
For example, of the 23 Nes-Crelines, only 3 are listed as available from a public repository.
Another significant explanation is suboptimal functionality and/or fidelity, particularly for
first generation transgenic constructs that contain only a fragment of the upstream promoter
region and frequently suffer from position effects at the site of integration site. Both of these
issues could be addressed through an international consortium to ensure coordination of
future driver generation efforts and to establish standards for characterization. The EU-
funded CREATE consortium, lead by Dr. Nadia Rosenthal at EMBL-Monterotondo, isthe
first group to formally address thisissue, bringing together groups from around the world
that are involved in generating and distributing Crestrain resources (http://dev.creline.org/
home). Thus, building on the IKMC model, the CREATE consortium represents an excellent
first step towards coordinating existing Creresources with new efforts to expand the
repertoire of Credriver strains (for arecent review of these international projects, see
(Smedley et &, 2010))
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JAX Cre Repository

The JAX CreRepository isarecent effort to integrate the distribution of alarge variety of
Credriver strains with the extended characterization necessary to provide users with afull
understanding of the functionality of agiven line. JAX currently distributes 233 Crestrains,
representing 158 individual drivers. Currently, the characterization program
comprehensively evaluates Creactivity using a R26R-LacZ reporter (Soriano, 1999) at four
time points, E10.5, E15.5, postnatal day 7 (P7) and adult. All staining is carefully annotated
using controlled vocabularies and curated along with slide-scanned images on the JAX
website (cre.jax.org). The findings have been quite striking, with nearly all Crestrains
exhibiting previously unreported activity in one or more “ off-target” tissues. These data can
then be combined with existing published data to allow the end user to make a more
informed choice asto the best Crestrain for their experiment, and make them aware of the
potential confounding effects of the off-target Creactivity. We are currently expanding this
program to include analysis of potential toxicity in inducible Cresystems, which has been
reported in some systems, but is still not widely appreciated. This extralevel of
characterization is especially important as new large sets of Credriver strains are produced,
frequently with characterization data focused only on the target tissue of interest and without
specific data from use in an experiment.

Cre Databases

Creportal

The final element to providing Creresourcesto the scientific community is a database that
allows usersto search for Crefunctionality by either allele/strain or by tissue/cell type of
interest. The first resource that addressed this need was developed in Andras Nagy’slab,
now much expanded and known as the Cre-X-mice database (http://www.mshri.on.ca/nagy/)
(Nagy and Mar, 2001; Nagy er &., 2009). It currently contains Crefunctionality data for
over 500 lines with sophisticated search tools that allow the user to search by a number of
parameters, including driver promoter, allele type, anatomical area, and cell type. Of
particular interest, users are encouraged to register and submit data about new Crealleles,
such as new strains they have developed in their own laboratories, reducing the curation
burden on the database administrators. The Cre8 portal (http://dev.creline.org/
search_cre_mice), developed as part of the CREATE consortium effort, provides a BioMart
interface to integrate data from the different Credriver databases around the world,
including Cre-X-Mice, CreZOO based at the Fleming Institute in Greece, Insitut Clinique de
la Souris (ICS) and the MGI Creportal (see below).

MGI has recently unveiled its Creportal (www.creportal.org) (Blake et &/, 2010), which
builds upon MGI and Gene Expression Database (GXD) (Finger et &., 2010) infrastructure
to provide a comprehensive catalogue of al Creallelesin the public domain. The database
can be searched by anatomical structure or driver name, and the queries themselves can be
easily refined and sorted according to the needs of the user. Importantly, each individual
allele page extensively cross-references many of the resources available through MG,
including IMSR strain availability. Reporter expression data from the published literatureis
annotated, and when possible, actual images are included. Direct data submission from the
JAX CreRepository and other large-scale Credriver projects aso contribute to the dataset,
although curation and ensuring large unpublished datasets are part of the database is
ongoing. Overall, the Creportal provides the first truly comprehensive approach to capturing
and disseminating detailed information about Credriver strains and their functionality.
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Craniofacial Mutant Resource

The Craniofacial Mutant Resource (CMR) was established at JAX in 2003 as an extension
of the Mouse Mutant Resource (MMR) (Bauschatz ef &., 2003), which has been identifying,
characterizing and genetically mapping spontaneous mouse mutations for over 50 years. Its
primary focusisto provide more detailed analysis of craniofacial phenodeviants that arisein
the JAX production colonies, including standardized morphometric analysis of head and
face shape, in addition to thorough investigation of dental, ear and eye abnormalities. More
recently, developmental phenotyping has been added to the project, with a particular focus
on identifying more severe (and |lethal) homozygous phenotypes which many times appear
as dominantly-inherited, viable phenotypes in heterozygotes. This approach has been quite
fruitful, informing gene identification efforts of mapped mutants and revealing interesting,
severe phenotypes in otherwise subtly affected strains. Over the past 8 years, the program
has identified over 286 deviants, of which 72 were proven heritable. From this group, 23
have been genetically mapped to at least a single chromosome, with the likely causative
gene having been identified for 14 mutants (Donahue ef &/., 2003; Lorenz-Depiereux ef &.,
2004; Mao et a., 2009; Odgren et &., 2010). Strains are made available to the public after
genetic and phenotypic characterization through the primary literature or through a specific
web portal (craniofacial.jax.org) providing detailed information in the form of a short “web
paper”. The rate of discovery has accelerated in the last year with the devel opment of array-
based capture techniques (D'Ascenzo et &., 2009), including exome capture, and next-
generation sequencing. These approaches greatly reduce the mapping resolution required
and the time needed to identify putative genetic lesions. Of particular interest, CMR mutants
can arise on any genetic background and in many cases the penetrance is reduced or the
phenotype lost when bred to a“ standard” strain such as C57BL/6J. Together with the fact
that spontaneous mutations frequently harbor alele types other than null, CMR mutants
represent a potential pool of craniofacial models that will not be identified through
traditional gene targeting, including the IKMC program.

Mouse genetic panels

Given the multigenic nature of craniofacial malformations and number of susceptibility loci
being mapped as part of genome wide association studies (GWAS) in humans (Beaty ef &.,
2010; Mangold et &, 2010), there has been increasing interest in using mouse strain panels
asatool to understand craniofacial dysmorphology as a complex trait. JAX supports a
number of mapping panels through the Special Mouse Strains Resource (SMSR), including
the AXB and BXA Recombinant Inbred (RI) strain sets, and the B.A Chromosome
Substitution Strain (CSS) panel (Peters ef &, 2007). Both of these may be particular useful
due to the presence of cleft lip susceptibility alleles fixed in the A/Jinbred strain background
(Juriloff et &., 2006). In addition, a subset of strains selected from among the AXB and
BXA sets has been used to identify a number of teratogen susceptibility loci, demonstrating
the utility of these sets (Diehl and Erickson, 1997) in developmental studies.

A new resource promises to bring even greater power to map complex traits, and may
stimulate awave of new interest in complex trait analysisin the craniofacial development
community. The Collaborative Crossis alarge set (up to 500) of RI strains derived from 8
progenitor strains and being developed for distribution from UNC Chapel Hill (Chesler ef
al., 2008; Churchill et &., 2004). The process of inbreeding the strains is underway and the
first lines should be available in early 2011, with a tentative completion in 2013. When
inbreeding is complete, each RI strain will be SNP genotyped at high resolution to identify
segments from each progenitor strain, providing a perpetual mapping resource that will not
require additional genotyping. The power of this resource comes from the genetic diversity
of the progenitor strains, which includes 3 wild-derived strains, coupled with the large size
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of the set which will greatly increase mapping power and resolution. Like the existing RI
sets, these strains can be used by craniofacial investigators to study complex gene by
environment interactions, map teratogen susceptibility loci and/or map genes that control
midfacial morphometry (see FaceBase project below).

Consortium

The FaceBase Consortium is a collection of inter-related research and resource devel opment
projects aimed at improving our understanding of the causes of orofacia clefting. The
consortium structure allows for greater interaction between projects and closer coordination
of effort, adding greater value than that which could be achieved through individual research
projects. A central coordination “hub” archives and distributes data through a public
interface (www.facebase.org). Thereis aparticularly strong focus on projects that develop
resources for the consortium and for the scientific community in general. Many of these
projects employ the mouse as amodel organism, and thus promise to deliver a set of new
resources to the craniofacial research community.

Table 3 lists the different FaceBase projects that use the mouse. Although detailed
descriptions of each project are available at the FaceBase website (www.facebase.org), here,
I will focus on our efforts within the FaceBase CreDriver project. The goa of this project is
to deliver at least 15 new Credriver strains to the scientific community; strains that will
provide new functionality beyond what is currently available for orofacia clefting research.
The design of seven Crestrains has already been established in coordination with aworking
group of FaceBase members and external experts, while the remaining eight will be defined
asthe project proceeds. This second set of drivers will use data generated by other members
of the FaceBase Consortium to guide the selection of driver genes or enhancer sequences.
The consortium structure helps to facilitate interaction and enables collaboration that might
not have existed otherwise. Critically, all of these strainswill be made available to the public
through the JAX Repository as soon as basic characterization is complete.

The FaceBase CreDriver project will initially employ two basic strategies to create new Cre
driver lines. Thefirst is to use a standard BAC transgenic approach (Gong et &., 2007,
Warming et &., 2005), wherein a Crel RESmCherry cassette will be targeted to the ATG of
the first exon of the driver gene, replacing the entire exon with the Crecassette (Figure 1A).
This strategy provides a balance between the advantages of a knock-in approach, which
would ensure the presence of all regulatory elements, and a standard transgenic approach,
which does not cause haploinsufficiency at the driver locus. Thisis an important
consideration, because many genes that have useful expression patterns for driver
construction also play acritical rolein craniofacial development. Four of these transgenic
strains are currently under devel opment, with the first few expected to be released to the
public by June 2011. The remainder of the drivers will be chosen in coordination with the
FaceBase working group, and will use FaceBase data sets, such as the Global Gene
Expression Atlas of Craniofacial Development, as a source for new drivers whenever
possible. We are also exploring alternate techniques, such as developing 3' knock-ins, which
target the Crecassette directly to the target locus, thus retaining endogenous gene function,
but avoiding issues related to BAC transgenesis.

The second approach will use findings from another FaceBase project, which is using ChlP-
seq to identify discrete enhancer elements that direct gene expression to restricted regions of
the developing mid-face and palate. This project builds upon prior work using high
conservation and ChlP-seq in other embryonic tissues, which was very successful at
identifying such elements (Visd et a., 2009; Visd et a., 2008). The individual elements are
validated and specific expression patterns determined through transient transgenesis, which
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will provide empirical evidence for choosing those best suited for Credrivers. The elements
will be linked to an Asp68 minimal promoter (Gong et &., 2007; Warming et &., 2005) and
placed in front of a Cre(ERTZ2)-2A-Cerulean cassette, and the entire construct knocked into
the ROSA26 locus (Figure 1B). The “2A” refersto a Picornaviridae virus family “ self-
cleaving” peptide (Szymczak et &., 2004), allowing for continued trandation following
cleavage between the linked proteins and providing an aternative to an IRES element. The
use of Cerulean, a blue fluorescent protein (Rizzo ef &, 2004), will allow for greater alele
combination flexibility, as many reporters constructs employ GFP or red wavelength
fluorescent proteins. Like the BAC transgenics, the first set of these lineswill be available to
the public by June 2011.

Clearly, the mouse continues to provide an excellent tool for understanding craniofacial
development and investigating the causes of dysmorphology. The large-scale targeted
mutagenesis programs promise to deliver a complete set of gene mutations to the scientific
community, while new technologies are potentially fueling renewed interest in forward
mutagenesis approaches for gene discovery. In both cases, awareness of, and access to,
mouse resources is essential for continued progress. As rapid growth increases the
challenges of providing seamless access to mouse and information resources continued
international cooperation and coordination is essential. Despite these challenges, these new
mouse resources promise to accelerate our understanding of craniofacial development and
disease.
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Figure 1. Design scheme for FaceBase project Credriver strains

A) An example of the BAC transgenic design using deltaNp63-CreER'Z as amodel. A
CreERT2-|RESmCherry cassette is cloned directly into the ATG of the target gene, deleting
the entire first exon. In this case, aBAC that excluded the 5" exons was deliberately chosen
to ensure expression from the deltaN isoform promoter only. CreER'Z was specifically
required in this case so that expression could be induced in the basal epithelium after
formation of the periderm layer. B) Overall strategy for creation of Credriver strains using
highly conserved enhancer elements. Individual elements are cloned via Gateway system 5'
of an hsp68minimal promoter. This drives expression of a Creor CreER'Z gene linked by a
2A self-cleaving peptide to a Cerulean (blue) fluorescent marker. This entire construct is
then targeted to the ROSA26 locusin C57BL/6 ES cells.
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Table 1
Major Mouse Model Repositories

Repository Name ~ Website L ocation Types of Resour ces

Mutant Mouse WWW.mmrrc.org UNC-Chapel Hill; Live mice,

Regional Resource University of cryopreserved

Center (MMRRC) Missouri; germplasm, ES cells

UC-Davis;
JAX (USA)

The Jackson WWW.jax.org Bar Harbor ME, Live mice,

Laboratory (JAX) USA cryopreserved
germplasm, ES cells

European Mutant www.emmanet.org CNR, Moterotondo,  Live mice,

Mouse Archive Italy; GSF, Munich,  cryopreserved

Germany; CNRS, germplasm
Orleans, France;

MRC, Harwell, UK;

Karolinska Inst.,

Huddinge, Sweden;

Inst. Gulbenkian,

Oeiras, Portugal;

EMBL-EBI,

Hinxton, UK

European Mouse WWW.eummcr.org Munich, Germany ES Cells

Mutant Cell

Repository

(EUMMCR)

KOMP Repository  www.komp.org UC-Davis, USA Live mice,
cryopreserved
germplasm, ES cells

Canadian Mouse Www.cmmr.ca Toronto ON, Live mice,

Mutant Repository Canada cryopreserved

CMMR germplasm, ES cells

Taconic Www.taconic.com Hudson NY, USA Live mice

Texas A&M www.tigm.org Houston TX, USA EScells

Institute for

Genomic Medicine

(TIGM)

RIKEN http://www.brc.riken.jp/lab/animal/en/  Japan Live mice,

BioResource cryopreserved

Center (RBRC) germplasm, ES cells
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Table 2
Mouse Knaockout Projects and Current Progress

The stated goal of total genes and current progress towards that goal (as targeted ES cell lines) isindicated.
For KOMP clones, the first number indicates the total completed, while the second is the total number
currently available from the KOMP Repository. All data are taken from the IKMC coordinating center
(www.knockoutmouse.org) and are current for December 2010.

Name Website Goal Progress Repository
KOMP www.knockoutmouse.org 3500 2838 (1885) www.komp.org
-Regeneron

KOMP www.knockoutmouse.org 5000 4160 (3899) www.komp.org
-Csbh

EUCOMM Www.eucomm.org 8000 4917 WWW.eummcr.org
NorCOMM WWW.Norcomm.org 500 500 www.cmmr.ca
TIGM www.tigm.org n/a 10,689 www.tigm.org
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FaceBase Projects, Principle Investigator s and Resour ces

Table 3
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Projects listed here represent individual component projects of the FaceBase Consortium that will generate
mouse resources and/or data. More detailed descriptions of these and other FaceBase projects are available at

www.facebase.org.
Project Title PI(s) Resour ce
Genetic Determinantsof ~ Richard Spritz, Morphometrics, face
Orofacial Shape and shape QTL
Relationship to Cleft
Lip/Palate
Research on Functional Yang Chai Basic Research, Image
Genomics, Image Scott Fraser data
Analysis and Rescue of Marianne Bronner-
Cleft Palate Fraser
Joseph Hacia
Genome-Wide Atlas of Axel Visel Enhancer sequence map
Craniofacial
Transcriptional
Enhancers
Functional Analysis of Scott Fraser Image Data and
Neural Crest and Palate:  Marianne Bronner- Technology
Imaging Craniofacial Fraser
Development Yang Chai
Global Gene Expression  Steve Potter Gene Expression Data
Atlas of Craniofacial Bruce Arronow
Development Paul Trainor

Identification of
miRNAs Involved in
Midfacial Development
and Clefting

Genetic Tools and
Resources for Orofacial
Clefting Research

David Clouthier, Kristin
Artinger and John
Postlethwait

Leah Rae Donahue,
Steve Murray

miRNA Expression
Data

Anima modelsand Cre
tool strains
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