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ABSTRACT

The Mouse Genome Database (MGD, http://www.
informatics.jax.org) serves the international biomed-
ical research community as the central resource for
integrated genomic, genetic and biological data on
the laboratory mouse. To facilitate use of mouse
as a model in translational studies, MGD maintains
a core of high-quality curated data and integrates
experimentally and computationally generated data
sets. MGD maintains a unified catalog of genes and
genome features, including functional RNAs, QTL
and phenotypic loci. MGD curates and provides func-
tional and phenotype annotations for mouse genes
using the Gene Ontology and Mammalian Phenotype
Ontology. MGD integrates phenotype data and as-
sociates mouse genotypes to human diseases, pro-
viding critical mouse—human relationships and ac-
cess to repositories holding mouse models. MGD is
the authoritative source of nomenclature for genes,
genome features, alleles and strains following guide-
lines of the International Committee on Standardized
Genetic Nomenclature for Mice. A new addition to
MGD, the Human-Mouse: Disease Connection, al-
lows users to explore gene—phenotype—disease re-
lationships between human and mouse. MGD has
also updated search paradigms for phenotypic al-
lele attributes, incorporated incidental mutation data,
added a module for display and exploration of genes
and microRNA interactions and adopted the JBrowse
genome browser. MGD resources are freely available
to the scientific community.

INTRODUCTION

The Mouse Genome Database (MGD, http://www.
informatics.jax.org) (1-3) serves the international research
community as the central resource for integrated genomic,
genetic and biological data on the laboratory mouse. Since

its inception 25 years ago, MGD has served as the authori-
tative source for mouse genes, genome features, mutations
and strain nomenclature. In recent years, it has become the
source for the unified catalog of mouse genome features,
the comprehensive set of Gene Ontology (GO) annotations
(functional associations) for mouse protein-coding genes,
the comprehensive source for mouse phenotype annotation
using the Mammalian Phenotype (MP) Ontology and
the connection between mouse genotypes and the human
diseases that they model.

The catalog of genome features includes genes, func-
tional RNAs, quantitative trait loci and a changing group
of heritable loci defined by phenotypic observations that
form the basis upon which mouse biology is connected to
the genome. MGD develops and maintains the gene cat-
alog by integrating computational and manually curated
genome annotations from NCBI, Ensembl and Havana into
a single, non-redundant resource. MGD is also a member
of the Consensus CDS project to provide a curated list
of high-confidence protein-coding genes for which anno-
tations from different providers are consistent (4). MGD
curators work in collaboration with these resource groups
to continually improve the mouse genome assembly and
genome feature assignments.

Functional annotations for mouse protein-coding genes
are curated and maintained using the GO. MGD, in addi-
tion, contributes to the development of GO through review
and addition of terms to the Ontology, as well as contri-
butions to its overall structure (5). MGD is the authorita-
tive source for mouse GO annotations, providing its data
to the combined GO Consortium site. Mouse GO annota-
tions, based on the extensive experimental data available for
mouse through MGD, contribute to phylogenetically based
inferred annotations in a wide variety of species with little
functional experimental data.

MGD is increasing its representation of phenotype and
disease models to improve support for translational re-
search. MGD captures the comprehensive set of mouse mu-
tations (spontaneous, induced and genetically engineered)
and available data about these mutations’ phenotypic ef-
fects. Data are curated and integrated from the biomedical

“To whom correspondence should be addressed. Tel: +1 207 288 6422; Fax: +1 207 288 6830; Email: janan.eppig@jax.org
fThe members of the Mouse Genome Database Group are provided in the Acknowledgements.

© The Author(s) 2014. Published by Oxford University Press on behalf of Nucleic Acids Research.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


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

Table 1. Summary of MGD data content (1 September 2014)
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Type of data

Counts for data

Number of genes with protein sequence data

Number of mouse genes with human orthologs

Number of mouse genes with rat orthologs

Number of protein-coding genes with functional (GO)* annotations
Total number of GO?* annotations

Total number of mutant alleles (in mice or ES cells)

Number of mutant alleles (in mice)

Number of genes with one or more mutant alleles

Number of genes with one or more phenotypic alleles® (in mice)
Number of genes with targeted alleles

Number of genes with targeted alleles (in mice)

Number of genotypes with phenotype annotation (MP)*

Total number of MP® annotations

Human diseases with one or more mouse models

Number of QTL

Number of references in the MGD bibliography

24613
17 055
18 461
24320
291 605
751 981
40276
21 859
12619
16 645
9225
52570
273105
1323
4859
206 753

2GO = Gene Ontology.

PPhenotypic alleles are those that result in some phenotypic abnormality when present in heterozygous or homozygous state.

°MP = Mammalian Phenotype Ontology.

literature, researcher submissions and large-scale projects.
Phenotypic data are standardized using the MP Ontology
(6) and genotypes that model human diseases are associated
with terms from the Online Mendelian Inheritance in Man
(OMIM) (7) where those genotypes recapitulate the human
conditions.

MGD is the primary component and underpinning data
core for a collection of mouse genome data resources that
constitute the Mouse Genome Informatics (MGI) resource.
Additional components of MGI include the Gene Expres-
sion Database for Mouse Development (8), the Mouse Tu-
mor Biology Database (9), the CrePortal (10), the Mouse-
Cyc database of biochemical pathways (11) and the Inter-
national Mouse Strain Resource (IMSR) (12).

Table 1 summarizes the current data content for MGD.

NEW FEATURES AND IMPROVEMENTS

In the last year, MGD has added new features, improved
others and integrated new data sets. These include: the de-
velopment of the Human—Mouse: Disease Connection in-
terface, which enables the exploration of relationships be-
tween human and mouse genes and phenotypes, and their
connections to known human diseases; the addition of ex-
plicit gene-gene and gene-allele relationships that allow
users access to interaction data, and that reveal genomic
mutations encompassing multiple genes; the addition of in-
cidental mutations data sets discovered through genome
sequencing of N-ethyl-N-nitrosourea (ENU) mutagenized
mice and their progeny; key improvements in phenotype
querying that speed search performance and provide more
precise searching for alleles; and implementation of the
JBrowse (13) genome browser.

Human—Mouse: Disease Connection

The Human-Mouse: Disease Connection (http://www.
diseasemodel.org) is a translational tool providing simul-
taneous access to human—-mouse genomic, phenotypic and
genetic disease information (Figure 1). Researchers can ex-

plore phenotypes and disease relationships, identify candi-
date genes and evaluate mouse mutants displaying a spec-
trum of indicative phenotypes. Within the web display, links
to supporting mouse model publications and to reposito-
ries providing mouse resources make this tool informative
as well as exploratory.

Three primary approaches give users flexibility to search
from a human or mouse perspective, using (i) genes or gene
IDs for either species, (ii)) genome coordinate(s) for either
species and (iii) mouse phenotype or human disease terms.
Data can also be uploaded from Variant Call Format (VCF)
files or text files of gene IDs or gene symbols. Thus, ex-
ploration can begin with a single gene or set of genes, a
region for Quantitative Trait Loci (QTL), multiple dele-
tion regions or using phenotype/disease searches, such as
‘Crouzon Syndrome’, ‘neurofibromatosis’, ‘exencephaly’ or
‘cardiomyopathy’.

All search methods initially return an interactive grid that
shows a visual overview of results and facilitates compari-
son of phenotypes and diseases across multiple genes, phe-
notypes and diseases. The grid features color cues reflect-
ing depth of annotated human and mouse data, and grid
cells are active links leading to more detailed information,
including availability of mouse models from repositories
worldwide. Alternate web displays with gene and disease-
focused information are a single click away.

Integration of mouse and human data related to gene ho-
mologs, genomic locations, mutations, phenotypes and dis-
eases is ongoing in MGD. Currently (I September 2014)
MGD includes over 1320 OMIM-defined human genetic
diseases with at least one experimentally defined mouse
model, with over 4450 total mouse models; and data
on mouse phenotypes in more 52 570 unique genotypes.
These data combine existing MGD data for mouse genome
coordinates, gene identity, phenotypes and mouse mod-
els originating via curation of biomedical literature, in-
vestigator data submissions and downloads from major
data providers. The associations of human genes with hu-
man diseases are obtained from NCBI (combining data of
OMIM, GeneReviews, GeneTests and NCBI-curated infor-
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Figure 1. Human-Mouse: Disease Connection (HMDC). The top panel shows the upper portion of the HMDC homepage. Searches can be initiated
using human or mouse gene(s), location(s) or disease/phenotype terms. Alternatively VCF files or files of gene symbols or IDs can be submitted as search
parameters. The disease/phenotype search box has an autocomplete feature allowing the user to choose the exact term desired. In this example Angelman
Syndrome was selected. The results (middle panel) are presented in grid format, listing genes associated with Angelman Syndrome in human or mouse in
the left-most columns. Grid colors representing mouse data are blue and human data are orange, with color intensity being darker for more annotations.
Phenotype and disease terms are indicated in the columns on the right-hand side of the grid. Note that both human and mouse homologs (UBE3A4 and
Ube3a, respectively) are associated with the disease. In addition, human CDKLS5 and MECP?2 are associated human genes and Snrpn is an associated
mouse gene. This might suggest additional mouse models could be created by mutating mouse genes Cdkl5 or Mecp2; and that other potential human
mutations in SNRPN might be examined as an Angelman Syndrome candidate gene. For genes that have known models in mice (Snrpn and Ube3a) a
phenotype profile is provided. The red asterisk (*) indicate tabs that display data in a tabular format by genes or by diseases. Each colored cell within the
grid is interactive and clicking on a cell leads to further details (bottom panel).



mation). Newly available phenotypic data from the system-
atic screens of knockout mutations analyzed in the Interna-
tional Mouse Phenotype Consortium (14) project will fur-
ther augment phenotype—genotype associations for mouse
mutations.

JBrowse genome browser

A primary mission of the MGD project is to integrate
biological annotations associated with mouse genes and
proteins with large-scale sequence data sets and with the
reference genome for the laboratory mouse. One of the
best mechanisms for exploring these data is through in-
teractive graphical displays. We have deployed a powerful
new browser called JBrowse (13) (Figure 2). JBrowse fea-
tures significantly improved speed for rendering annota-
tion tracks in a web browser window compared to previous
genome browser software. The architecture of JBrowse al-
lows the MGD team to update data more frequently and
to make available to the community larger data files that
are typical of most genome-centric experiments. Even very
dense data sets such as single nucleotide polymorphism
(SNPs) can be rendered without significant delay. Users can
easily download the annotations in a particular genome re-
gion. Callback functionality has been expanded to give soft-
ware developers the ability to add custom context menus
and visualizations on a per track basis. The MGD instal-
lation of JBrowse includes data we acquire from external
annotation providers as well as MGD-specific annotations
for phenotype and function. Since multiple genomes can be
contained within a single JBrowse instance we have included
the human genome reference assembly and NCBI’s human
genome annotations.

Genome feature—genome feature relationships

MGD has developed new infrastructure to support genome
feature relationships. In its initial implementation, two spe-
cific relationship types are represented. First, genome fea-
ture cluster relationships link genes that belong to a cluster
located in a genomic region and second, genome feature—
genome feature interactions that are designed to show how
products of one gene are influenced by others. The initial in-
teraction data sets incorporated include predicted and ver-
ified gene targets of microRNAs.

Genome feature cluster relationships. Closely related
genome features are sometimes found in clusters in the
genome. Likewise genomic changes may affect one or
multiple members of a cluster. One example is the Hoxa
cluster, comprising 11 individual Hoxa# genes spanning
a 105 kb region of Chromosome 6. Specific genetically
engineered mutations have been designed to remove one
or several of the individual cluster members. The cluster
genome feature detail page now links to a full list of cluster
members; and the gene detail page for each cluster member
displays its cluster membership (Figure 3).

Genome feature—genome feature interactions. The first re-
lationship to be supported for genome feature—genome fea-
ture interactions in MGD describes predicted and verified
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gene targets of known mouse microRNAs. Data include
both validated and predicted interactions from miRTarBase
(15), microt-cds (16) and Pictar (17). When viewing a gene
feature detail page or a microRNA detail page, a new rib-
bon is seen, labeled ‘Interactions’. For example, the gene
page for the Bmp4 gene indicates that it interacts with 50 mi-
croRNAs. One of the validated microRNA interacting with
Bmp4 is Mirl06b, which interacts with 4597 other mouse
genome features. Choosing to ‘View All’ from these respec-
tive pages takes the user to the new Interaction Explorer
page (Figure 4) that presents the gene-microRNA interac-
tions as an interactive graphical display and a table of val-
idated and predicted interactions. The table can be sorted
or filtered in various ways by the user, and these actions are
dynamically reflected in the graphical Explorer. Results can
also be downloaded as a file.

Gene-allele relationships

The vast majority of mutations in mouse, whether spon-
taneous, induced or genetically engineered, are changes to
the sequence of a unique gene. However, some mutational
changes are genomic in nature, for example, involving con-
tiguous multi-gene deletions in the simplest case, to very
complex rearrangements, involving duplications, deletions
or fusions of genomic components.

MGD has revised its schema to represent complex mu-
tations. Each ‘genomic mutation’ is captured as a list of
contributing genomic components and the changes to each
component relative to its native state. Figure 5 shows the
components of one such complex mutation, bpck, bilateral
polycystic kidney deletion region, which affects a genomic
region spanning 12 genes/genome features. Previously, the
bpck mutation was represented in a unique mutation record,
but was not associated with the 12 genes/genome features
affected by the mutation. Now bpck is associated with each
of the component genes it includes, and each component
gene is associated with the ‘genomic mutation’ bpck.

Incidental mutations

Incidental mutations are those discovered in the course of
identifying a causative mutation associated with a pheno-
type of interest. Usually, these mutations are uncovered dur-
ing the analysis of sequence data obtained for animals from
ENU mutagenesis experiments. Additional new mutations
are often discovered that are unrelated to the primary phe-
notype (ENU is known to be a point-mutagen that can
cause many mutations in the experimentally treated males
(18)). These incidental mutations are similar in concept to
the human incidental mutations discovered during sequenc-
ing for the disease causing mutation. Incidental mutations
are sequence-identified, but with unknown effects and unre-
lated to the primary cause of phenotype or disease at hand.

MGD now provides access to incidental mutations from
sequencing of animals associated with ENU studies. These
incidental mutations provide an additional source of muta-
tional variation that is useful for (i) genes in which no or few
mutations are known and (ii) genes in which one would like
to have an allelic series of mutations to study. Conversely, re-
searchers interested in the primary ENU mutation that has
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Figure 2. Mouse genome annotation browser implemented in JBrowse. Example of the allele and phenotype annotations for mouse Cav2 and Cav! genes.
The MGI track displays unified mouse gene catalog contents. Tracks from external genome annotation groups such as NCBI provide details regarding
transcriptional isoforms of mouse genes. Track controls allow users to customize aspects of the display and to download data from the JBrowse tracks.

been identified and studied need to be aware of additional
mutations potentially segregating in the background of the
ENU mutant-bearing strain that could produce confound-
ing results in phenotypic analyses.

To date, MGD provides incidental mutation data from
the Mutagenetix project (19) and the Australian Phenomics
Facility (20). We are currently working to import data from
the Cardiovascular Development Consortium mutagenesis
program (21), and additional sets of incidental mutation
data will follow. Links to these data are found on MGD’s
Gene Detail Pages in the Mutations, Alleles and Phenotype
ribbon and for incidental mutations occurring in a particu-
lar ENU mutation stock, links are provided on the Mutant
Allele Detail Pages in the Mutation Details section (Fig-
ure 6).

Allele attributes and project collections

The MGD schema and web pages reflecting data on allele
categories, attributes and project collections have been re-
implemented and expanded. Formerly allele categories in-
cluded multiple concepts within a single term. For exam-
ple, the categorical term targeted (knock-out) referred to
mutant alleles that were generated by gene targeting tech-
niques and were functionally null. This term now is repre-
sented as a Generation Method of targeted and an Allele At-
tribute of null/knockout. The change separates the gener-
ation method and attributes concepts and allows users to

consider multiple attributes simultaneously (Figure 6), for
example reporter and null/knockout—if the targeted muta-
tion includes a LacZ reporter, as well as ablating gene func-
tion. The additional category of project collections is an en-
hancement to assist in accessing all mutant alleles from a
large-scale project in a single search, for example all of the
mutant alleles created by the Pleiades Promoter Project (22)
or by the B2B/CvDC (Bench-to-Bassinet/Cardiovascular
Development Consortium) Project (21) (Figure 7).

OTHER INFORMATION
Mouse gene, genome feature, allele and strain nomenclature

MGD is the authoritative source for the international
scientific community for nomenclature for mouse genes,
genome features, alleles, mutations and strains. Guide-
lines set by the International Committee on Standardized
Genetic Nomenclature for Mice (http://www.informatics.
jax.org/nomen) are implemented through MGD. Official
nomenclature and IDs are distributed worldwide through
the MGD web site and through regular data exchanges with
other bioinformatics resources. MGD actively promotes ad-
herence to nomenclature standards in publications and on-
line sites and works with journal editors and consortia to
ensure use of nomenclature standards. In addition, MGD,
the Human Gene Nomenclature Committee (23) and the rat
genome database (24) collaborate to co-assign genome fea-
ture symbols that are consistent for orthologs across species.
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To contact the MGD nomenclature coordinator for assis-
tance with nomenclature, use email: nomen@jax.org.

Bulk and programmatic data access

MGD provides access to its data by a number of com-
monly used tools, including Web Services, BioMart and
MouseMine (see links on http://www.informatics.jax.org/
software.shtml). In addition, bulk data sets are available
as FTP reports (ftp:/ftp.informatics.jax.org/pub/reports/
index.html) and via the MGD Batch Query tool (http://
www.informatics.jax.org/batch), which allows users to cus-
tomize data sets.

Electronic data submission

MGD accepts contributed data sets from individuals and
organizations for any type of data maintained by the
database. The most frequent types of contributed data
are mutant and phenotypic allele information originating

with the large mouse mutagenesis centers and strain data
from repositories that contribute to the IMSR (http://www.
findmice.org) (12). Each electronic submission receives a
permanent database accession ID. All data sets are asso-
ciated with their source, either a publication or an elec-
tronic submission reference. Details about data submission
procedures can be found at http://www.informatics.jax.org/
submit.shtml.

MGD also provides a “Your Input Welcome’ link in the
upper right hand corner of gene and allele detail pages.
Users are encouraged to submit corrections and additions
to data through this page. MGD staff will follow up if there
are questions about the submission.

Community outreach and user support

The MGD resource has full time staff members who are
dedicated to user support and training. Members of the
User Support team can be contacted via email, web re-
quests, phone or Fax.
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Figure 4. Interaction Explorer. On the Bmp4 gene detail page (top panel), a new ‘Interactions’ ribbon has been added. The initial sets of interaction data
incorporated by MGD are interactions of genes with microRNAs. The Bmp4 gene interacts with 50 genome features that can be viewed by selecting the
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World wide web: http://www.informatics.jax.org/
mgihome/support/mgi_inbox.shtml.

Facebook: https://www.facebook.com/mgi.informatics.
Twitter: https://twitter.com/mgi_mouse.

Email access: mgi-help@jax.org.

Telephone access: +1 207 288 6445.

Fax access: +1 207 288 6830.

MGD User Support staff are available for on-site help
and training on the use of MGD and other MGI data
resources. MGD provides off-site workshop/tutorial pro-
grams (roadshows) that include lectures, demos and hands-
on tutorials and can be customized to the research interests
of the audience. To inquire about sponsoring a MGD road-
show, email mgi-help@jax.org.

On-line training materials for MGD and other MGI data
resources are available as FAQs and on-demand help docu-
ments.

Other outreach

MGI-LIST (http://www.informatics.jax.org/mgihome/lists/
lists.shtml) is a moderated and active email bulletin board
for the scientific community supported by the MGD User
Support group. The MGI-LIST has over 1800 subscribers.
A second list service, MGI-TECHNICAL-LIST, is main-
tained for technical information for software developers
and bioinformaticians accessing MGI data, using APIs and
making links to MGI.

IMPLEMENTATION AND PUBLIC ACCESS

The master internal MGD database resides in a normal-
ized relational database and is the workplace for integration
of MGD data. This database is optimized for data load-
ing, curation and integration processes. As data are pre-
pared for the weekly public release, they are migrated to
a public database instance in PostgreSQL that is denor-


http://www.informatics.jax.org/mgihome/support/mgi_inbox.shtml
https://www.facebook.com/mgi.informatics
https://twitter.com/mgi_mouse
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2 bpck

Spontanecus Allele Detzil

Your Input Welcome

Nomenclature | Mutation origin | Mutation description | Phenotypes | Discase models | Find Mice (IMSR) | References

Nomenclature Symbol:
Name:

MGI ID:
Synonyms:
Gono:

bpck

MGI:3688712
Tmem67°>¢x

bilateral polycystic kidney deletion region; bilateral polycystic kKidneys

bpck Location: unknown Genetic Position: Chr4, Syntenic

Mutation

Strain of Origin: BSC3Fe a/a-tip/]
origin

Mutation

Allele Type:
deseription| "o /P

Mutation:

Spontaneous
Intergenic deletion

Inheritance:

Recessive

bpck involves 12 genes/genome features (Cdh17, Gm22477, Gm25002 ...

¥ Mutation details: This spontaneous deletion spans approximately 0.6 cM between D&Mit261
Kicney phenotype was traced specifically to the absence of Tmemé? via BAC rescue with variougiength BACS. (J:144929)

d D&MIt1S, including the coding region of 6 genes, but the bilateral pof

cystic

Mutation Effects on Gene/Genome Gene/Genome Gene/Genome Feature Reference
Feature Feature Type Location
bpck deletes the 3' end of Cdh17 protein coding gene Chr4:11758147-11817895 (+) J:144929
bpck deletes Gm22477 ;ma;:‘:'ee“ non-coding - ¢p4:11928424-11928739 (+) 1:144929
bpck deletes Gm25002 miRNA gene Chr4:11948887-11948950 (+) J:144929
bpck deletes Pdp1l protein coding gene Chr4:11958184-11966452 (-) 2:144929
bpck deletes 1700123M08RIk ;’;ﬂagszi:':d non-coding  cy,4.11966565-11994280 (+) 1:144929
bpck deletes Gm10604 protein coding gene Chr4:11979560-11981265 (-) 1:144929
bpck deletes Gm26895 lincRNA gene Chr4:11980669-11988471 (+) 1:144929
bpck deletes Gm11840 lincRNA gene Chr4:11999474-12009043 (-) J:144929
bpck deletes 4932430A15Rik unclassified gene Chr4:12013613-12018083 2:144929
bpck deletes Gm11842 unclassified gene Chr4:12027505-12040894 (+) 2:144929
bpck deletes Tmem67 protein coding gene Chr4:12039363-12090020 (-) J:144929
bpck deletes the 5' end of Rbm12b2 protein coding gene Chr4:12089439-12096243 (+) 1:144929

? Cdh17 Your Input Welcome
Gene Detail
syt Cdh17
Name |cadherin 17
ID|MGI:1095414
Synonyms | BILL-cadherin, HPT-1, LI-cadherin
Feature Type |protein coding gene

Mutations,

All mutations/alleles(6) : Gene trapped(2) Spontaneous(1) Targeted(3)

alleles, and
phenotypes

Genomic Mutations involving Cdh17 (1)

Incidental mutations (data from Mutagenetix , APF )

Homozygous mutant mice exhibit impaired B lymphocyte development and impaired IgG1 and 1gG3
antibody response to T-independent antigen.

Figure 5. Gene-allele relationships. MGD now represents the components of complex mutations. For a given complex mutation (here, bpck), the individual
genes or genome features mutated are viewable, along with the type of change that each has undergone (top and middle panels). Conversely, any gene detail
page for a single genome feature component of a complex mutation (here, Cdhl7 is a component of the complex mutation bpck) indicates the existence of

its participation in ‘genomic mutations’ that include that particular gene.

malized and supplemented by an MGD set of Solr/Lucene
(http://lucene.apace.org/solr) indexes. This public instance
of MGD has excellent performance qualities for support-
ing searches and web displays. Keeping distinct versions of
MGD for internal data loading, curation and integration
and for public access on the web via a denormalized search-
optimized version also helps us to manage the impact of
changes required to either the internal or public MGD ver-
sions.

MGD provides free public access to data from http://
www.informatics.jax.org. The web interface provides a sim-

ple ‘Quick Search’, available from all web pages in the sys-
tem and is the most used first entry point for users. Various
query forms are provided that allow more precise param-
eter searching. For example, using ‘prostaglandin’ as the
keyword in the ‘Quick Search’ box returns 232 genome fea-
tures (as of September 2014). In contrast, using the Genes
and Markers Query form and entering ‘prostaglandin’ in
the gene name box, choosing feature type of protein-coding
gene and location of Chr 14 returns two results. Query
forms for specific parameter searching are available for
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? Spag9

Gene Detail

Symbol sp a g 9
Name |sperm associated antigen 9
ID|MGI:1918084

Synonyms|3110018C07Rik, 4733401123Rik, 4831406C20Rik, JIP4, JLP, Mapk8ip4, syd1
Feature Type |protein coding gene

Sequence Map
11:93996091. .94126085

34000k 34100k
Chr11:93996091-94126085 bp, + strand
From VEGA annotation of GRCm38 HGI Genone Features
MGI_1918084_Spagd
| Get FASTA | 129995 bp = |0 kb flank

protein coding gene
VEGA Genome Browser | Ensembl Genome Browser | UCSC Browser | NCBI Map Viewer MGI_3650306_Gn11518
A |

pseudogene

Mouse Genome Browser

Vertebrate | HomoloGene:2954 Vertebrate Homology Class
homology |1 human; 1 mouse; 1 rat; 1 chimpanzee; 1 rhesus macaque; 1 cattle; 1 dog; 1 chicken; 1 western clawed frog; 1 zebrafish

Gene Tree: Spag9

Human [ Human Homolog SPAGY, sperm associated antigen 9
homologs|NCBI Gene ID 9043
neXtProt AC NX 060271

Human Synonyms CT89, HLC4, HLC-6, JIP4, JIP-4, JLP, PHET, PIG6
Human Chr (Location) 17q21.33; chr17:50962174-51120865 (-) GRCh38

Mutations, | All mutations/alleles(9) : Chemically induced (ENU)(1) Gene trapped(4) Targeted(4)
alleles, and |Genomic Mutations involving Spag9 (2)
phenotypes | Incidental mutations (data from Mutagenetix , APF )

MGI__allele MGI__allele mutagenetix stock_ assembly MGI_gene gefle_
_ID _symbol _id code chr  coordinate _version predicted_effect _Io | gene_name
82966 R0OS73 1 70669182 GRCm38 probably benign MGI:107380 sperm associated antigen 7

83035 R0974 11 70669182 GRCm38 probably benign  MGI:107380  Sp¥g7 sperm associated antigen 7
21518 RO128 11 94093539 GRCm38 probably damaging MGI:1918084 SpagS sperm associated antigen 9
36888  R0418 11 94091753 GRCm38 probably benign  MGI:1918084 SpagS sperm associated antigen 9
7905 12288 6 24796478 GRCm38 probably benign  MGI:109335  Spam1 sperm adhesion molecule 1

MGI__allele MGI__allele mutagenetix stock_ assembly MCI_gene  gene_
_ID _symbol id code chr coordinate _version .10 symbol gene_name

MG1:4835997 Slc15a4<m1Btir> 12 152 17 33003221 CRCm38 MCGlL:2441928 2Zfp952 zinc finger protein 952
MC1:4442906 Spag9<m1Btir> 68 3370 3 145077977 CRCm38 MGI:2139758 Clcas chloride channel calcium activated 5
MCI:4442906 Spag9<mlBtir> 67 3370 2 180671542 CRCm38 MGI:1344352 Didol death inducer-obliterator 1
MG1:4442006  Spag9<m1BUr> 69 3370 5 20474887 GRCm38  MGI:109160 Mnx1 molor neuron and pancreas homeobox 1
MG1:4442806  Spag9<m1BUr> 70 3370 2 88490651 GRCm38  MGI:1819683 Rab38 RAB38, member of RAS oncogene family
MCI1:4442906 Spag9<mlBtir> 72 3370 17 34209279 CRCm38 MCGCl:98484 Tap2 transporter 2, ATP-binding cassette, sub-family B
MG1:4442906 Spag9<m1Btir> 71 3370 13 90098466 CRCm38 MGI:1913324 Tmem167 transmembrane protein 167
MG1:4839074  Yipf6<M1Btir> 54 E7848 1 182486594 CRCm38  MCGI.88264 Capn2 ' calpain 2

? Spags"“ Btir Your Input Welcome
Chemically induced Allelo Detail
Nomenclature | Mutation origin | Mutaton description | Phenotypes | Find Mick (IMSR) | References

Nomenclature Symbol: Spaqg"'"m"
Namo: | sperm associated antigen 9; mutation 1, Bruce Beutler
MGIID: | MGI:4442906
Synonyms: | dazzle
Gene: | Spag9 Location: Chr11:93996091-94126085 bp, + strend Genetic Position: Chri1, 5.9 cM, cytoband C

""::;:: Strain of Origin: | C57BL/6)
Project Collection: | Beutler Mutagenetix

Mutation| ajiele Type:|  Chemicelly induced (ENU)
description
Mutation:|  Single point mutation

¥ Mutation details: The mutation comprises a C to A transversior at base pair 93954938 on c 11 (NCB! m37 mouse assembly (Build 37.1)), correspending to
hucleotide 254c of the wranscript for isoform 1 0f e proteln In exon 20 of the genes 30 exons. lukonverts a iplet encocing cysieine Lo a premature wmination codon at
amino acid positon 788 (C788Ter) in protein isoform 1 (Uniprot record) Q 159363) Adcl(lanal m_:ﬁm_m_mm&we'e detacted in sequencng for the causative mutation,
Spags™BE and may be precent in stocks carrying this mutation.

Figure 6. Incidental Mutations from ENU experiments. Incidental mutations are accessed from the Gene Detail Page or Allele Detail Page. The top panel
shows the Spag9 gene page with a link to two incidental mutations in this gene from the Mutagenetix mutation collection. Spag9 mutations were discovered
in two mutant stocks from this collection. The bottom panel shows the Spag9”!5! allele detail page. Six incidental mutations were detected in the stock
carrying this mutation.
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Categories | Limit search by selecting from these options.

Transposon induced

Exclude alleles existing only as cell lines

Generation Method Allele Attributes Collections
Chemically induced (ENU) _| Conditional ready _| Constitutively active | GENSAT

") Chemically induced (other) Recombinase Dominant negative | Harwell ENU Mutagenesis

() Chemically and radiation induced RMCE-Ready Hypomorph () KOMP-CSD
Endonuclease-mediated Inducible [_] KOMP-Regeneron

_| Gene trapped _| Inserted expressed sequence | Knockdown ) Lexicon

[ QTL | Humanized sequence Modified isoform(s) [ Mutagenesis for Dev. Defects

[_) Radiation induced _| Reporter _ Null/knockout [_] Neuroscience Blueprint cre

_| Spontaneous _| Transposase I No functional change (") NorCOMM

[_) Targeted _| Transposon concatemer |_| Pleiades Promoter Project
Transgenic [_J RIKEN GSC ENU Project

[_) Sanger Inst. Gene Trap Res.
] Sanger miRNA knockouts

Figure 7. Allele attributes and project collections. Screen shot of the Categories ribbon from the Phenotypes, Alleles & Disease Models Query Form
(http://www.informatics.jax.org/allele/). When searching for alleles with specific characteristics a generation method may be selected, one or more allele
attributes may be selected, and membership of an allele in a project collection may be selected. For example, one might select the generation method
‘Chemically induced (ENU)’ and attribute ‘Hypomorph’ to find those ENU mutations that show partial function. A selection from the project collections
attribute would further restrict one’s query to those alleles generated in the project(s) selected.

Genes and Markers; Phenotypes, Alleles and Diseases;
SNPs; and References.

Browsers are provided for exploring various vocabular-
ies used in MGD (e.g. GO, MP and OMIM disease terms)
and terms from these vocabularies are linked to relevant
MGD annotated data. Genome browsing is accomplished
with our installation of JBrowse (http://jbrowse.org), a
JavaScript-based interactive genome browser with extensive
features for navigation and track selection (13).

MGD offers additional batch methods for data querying
and downloads for users wishing to retrieve data in bulk.

The Batch Query tool (http://www.informatics.jax.org/
batch) (25-26) is used for retrieving bulk data about lists
of genome features that can be typed in or uploaded as lists
of gene symbols or gene IDs. Gene IDs from MGI, NCBI’s
GENE, Ensembl, VEGA, UniProt and other resources can
be used. Users can select information they wish to retrieve,
such as genome location, GO annotations, list of mutant al-
leles, MP annotations, RefSNP IDs and OMIM terms. Re-
sults are returned as a web display or in tab delimited text
or Excel format.

MGD maintains an instance of BioMart containing two
sets of data, mouse genes and genome features and mouse
developmental gene expression (27). BioMart is a ware-
housing system that allows querying across BioMart in-
stances. Thus, for example, MGD genes could be queried
in conjunction with transcript IDs in the VEGA BioMart.

MGD access is also powered through MouseMine (http:
/Iwww.mousemine.org)(28), an instance of InterMine that
offers flexible querying, templates, iterative refinement of
results and linking to other model organism InterMine in-
stances. MouseMine contains many data sets from MGD,
including genes and genome features, alleles, strains and an-
notations to GO, MP and OMIM.

MGD also provides a large set of regularly updated
database reports via our FTP site (ftp:/ftp.informatics.jax.
org), and direct SQL access to a read-only copy of the
database (contact MGI user support for an account). MGI
User Support is also available to assist users in generating
custom reports on request.

CITING MGD

For a general citation of the MGI resource please cite this
article. In addition, the following citation format is sug-
gested when referring to data sets specific to the MGD com-
ponent of MGI: Mouse Genome Database (MGD), Mouse
Genome Informatics, The Jackson Laboratory, Bar Harbor,
Maine (URL: http://www.informatics.jax.org) (Type in date
(month, year) when you retrieved the data cited.).
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