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ABSTRACT

Online Mendelian Inheritance in Man, OMIM®, is a
comprehensive, authoritative and timely research
resource of curated descriptions of human genes
and phenotypes and the relationships between them.
The new official website for OMIM, OMIM.org (http:
/lomim.org), was launched in January 2011. OMIM
is based on the published peer-reviewed biomedi-
cal literature and is used by overlapping and diverse
communities of clinicians, molecular biologists and
genome scientists, as well as by students and teach-
ers of these disciplines. Genes and phenotypes are
described in separate entries and are given unique,
stable six-digit identifiers (MIM numbers). OMIM en-
tries have a structured free-text format that provides
the flexibility necessary to describe the complex and
nuanced relationships between genes and genetic
phenotypes in an efficient manner. OMIM also has a
derivative table of genes and genetic phenotypes,
the Morbid Map. OMIM.org has enhanced search
capabilities such as genome coordinate searching
and thesaurus-enhanced search term options. Phe-
notypic series have been created to facilitate viewing
genetic heterogeneity of phenotypes. Clinical synop-
sis features are enhanced with UMLS, Human Phe-
notype Ontology and Elements of Morphology terms
and image links. All OMIM data are available for FTP
download and through an API. MIMmatch is a novel
outreach feature to disseminate updates and encour-
age collaboration.

INTRODUCTION

Online Mendelian Inheritance in Man (OMIM), a contin-
uation of Dr Victor A. McKusick’s Mendelian Inheritance

in Man (MIM) (1), is the primary repository of compre-
hensive, curated information on genes and genetic pheno-
types and the relationships between them. MIM was pub-
lished through 12 editions between 1966 and 1998, and
OMIM has been online and searchable since 1987. Unlike
databases of primary data, OMIM synthesizes and summa-
rizes new and important information based on expert re-
view of the biomedical literature. As a necessary outgrowth
of its work, OMIM also plays a leading role in the naming
and classification of genetic phenotypes. With the advent
of new sequencing technologies, there is a rapid increase
in the reports of presumed gene-phenotype relationships.
OMIM.org was created to provide a user-friendly and easily
searchable portal to a curated compilation of the literature
to aid in clinical and molecular genetic research.

As of 30 October 2014, OMIM is comprised of over
22,634 entries describing 14,831 genes and 7,894 pheno-
types. While OMIM content is still indexed and acces-
sible at the National Center for Biotechnology Informa-
tion (NCBI), the OMIM.org website has different index-
ing, greater searching capabilities, novel and user-friendly
displays of gene/phenotype relationships, and topically or-
ganized links to a wide variety of external resources, which
are targeted to information specifically related to data in
the OMIM entry. For computational users, OMIM data are
available for FTP download, and OMIM.org has a robust,
state-of-the-art Application Programming Interface (API)
with detailed online help documents. The API enables batch
queries and computational integration of data on the fly.

OMIM SOURCE MATERIAL

Source material for OMIM is the peer-reviewed biomedical
literature. Articles are identified for inclusion into OMIM in
several ways. In addition to reviewing over 45 high-impact
journals, we perform targeted searches of PubMed, Cur-
rent Contents and other publisher-based full-text resources.
OMIM staff review genetics-related news feeds and identify
articles in the process of curating information into OMIM.
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Figure 1. Diagram of OMIM content. Dashed lines indicate that not all
genes have allelic variants; not all phenotypes are mapped; and mapped
phenotypes are not necessarily part of a Phenotypic Series.

Our users also bring many articles to our attention. Prior-
ity is given to papers that provide significant insight into the
gene-phenotype relationship, expand our understanding of
human biology, or contribute to the complete clinical char-
acterization of a disorder, disease etiology and pathogene-
sis. To facilitate access to additional articles on a topic that
are not in OMIM, a ‘reference plus’ icon appears after each
paragraph. Clicking on this icon will bring up other arti-
cles in PubMed with content similar to the references in the
OMIM entry paragraph.

OMIM STRUCTURE

The overall structure of OMIM is shown in Figure 1. De-
scriptions of genes are separate from those of phenotypes
because distinct mutations in one gene may cause differ-
ent phenotypes. Variants in a gene reside in the gene en-
try. Clinical synopses, brief structured clinical descriptions,
are linked to the phenotype entries. When several pheno-
type entries overlap significantly in their clinical manifes-
tations, they may be curated into a Phenotypic Series. The
creation of Phenotypic Series is a matter of clinical judg-
ment, not computed similarity. OMIM’s gene map is a tab-
ular database that brings together genes and phenotypes
when evidence merits and facilitates the creation of Pheno-
typic Series. As an adjunct to native OMIM data, OMIM
gene and phenotype entries have copious external links to
relevant information in other curated databases.

Both gene and phenotype entries are structured with fixed
headings. At OMIM.org these headings are indexed for
field-delimited searching (Table 1). (A complete list of fields
and guidance on field-delimited searching is given in the on-
line ‘Help’ link at the top of every OMIM.org page). En-
tries can also have subheadings; some of the subheadings
are standard and appear across many MIM entries (e.g.,
‘Associations Pending Confirmation’), and others are spe-
cific to an entry (e.g. ‘SNRPN Upstream Reading Frame
(SNURF)’ in entry 182279). Both types of entries also have
a Table of Contents (TOC) on the right side of the entry.
The TOC shows the headings available in the entry. A user
can scroll through the entry text or use the TOC as a quick
way to access specific entry sections. The External Links for
each entry are at the bottom of the TOC. These links are or-
ganized under topical headings (Table 2). The TOC, the Ex-

ternal Links and the OMIM search query box are available
at all times while scrolling through an OMIM entry.

OMIM numbers are widely used in the biomedical litera-
ture and in many databases. Each OMIM entry has a unique
six-digit number. Autosomal entry numbers start witha 1, 2
or 6 (for entries created after 15 May 1994). X-linked entries
start with a 3, Y-linked entries with a 4 and mitochondrial
entries with a 5 (see online FAQ 1.2). Allelic variants (AVs)
are designated by the MIM number of the entry, followed
by a decimal point and a unique 4-digit variant number (e.g.
Hemoglobin S is designated 141900.0243).

Gene entries in OMIM are distinguished by an aster-
isk before the MIM number. A small (91) but diminish-
ing number of entries are combined gene and phenotypes
and have a plus sign before the MIM number. Gene entries
describe protein-coding genes, regulatory elements, micro-
RNAs, non-coding RNAs and other functional elements
as they are recognized (Figure 2). Discussion in these en-
tries may include information on gene structure, isoforms,
expression, function, crystal structure, molecular genetics,
imprinting, methylation and animal models. Many entries
have markup language and unique text elements to tag spe-
cific information and link it to resources (e.g. MIM num-
bers, sequence accession numbers, dbSNP numbers (2)). If
there are variants in the human gene that lead to a pheno-
type, the gene will have an AV section, which includes only
selected variants as described below.

Phenotype entries in OMIM are set apart by the MIM
number prefixes # (molecular basis known), % (mendelian,
but no molecular basis yet found) or null (possibly
mendelian, but no known inheritance pattern or molecular
basis). Phenotypes (a set of observable characteristics of an
organism) in OMIM include single gene mendelian disor-
ders (e.g. cystic fibrosis, sickle cell disease, achondroplasia),
phenotypic traits (e.g. hair and eye color, PTC tasting), sus-
ceptibility to drug reaction (e.g. malignant hyperthermia,
warfarin sensitivity), altered susceptibility or reaction to in-
fection (e.g. herpes simplex encephalitis, progression of HIV
infection to AIDS), germline susceptibility to cancer (e.g.
BRCAI1/2 and breast/ovarian cancer) and recurrent dele-
tion and duplication syndromes (17p11.2 deletion and du-
plication syndromes). A phenotype entry will include, as
available, description of the essential clinical features, pa-
tient and family reports, inheritance pattern, cytogenetic
and molecular genetic findings, and links to OMIM’s clin-
ical synopsis and/or phenotypic series. Phenotype entries
may display ICD or SNOMED CT (3, 4) codes when avail-
able (Figure 3).

CLINICAL SYNOPSES

The OMIM clinical synopses are tabular representations
of the phenotypic features of a disorder and are organized
anatomically with fixed headings and subheadings. They
are created primarily for clinical geneticists for use in the
clinic. The features under the headings are taken from the
literature and incorporated into the synopsis using a semi-
controlled vocabulary. Many features include modifiers and
additional terminology specific to medical subspecialities
that are helpful for delineating overlapping disorders and
distinguishing characteristic features. Among genetically
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Table 1. Commonly used OMIM entry headings and external reference IDs and corresponding field search term

OMIM entry heading or external reference ID

OMIM search field name

NUMBER and prefix

TITLE

<Alternative title(s); symbol(s)>
<Included title(s): symbol(s)>
TEXT

DESCRIPTION
NOMENCLATURE
CLINICAL FEATURES
BIOCHEMICAL FEATURES
INHERITANCE
CYTOGENETICS

MAPPING

PATHOGENESIS
POPULATION GENETICS
ANIMAL MODEL
CLONING and EXPRESSION
GENE STRUCTURE

GENE FUNCTION
MOLECULAR GENETICS
GENOTYPE/PHENOTYPE CORRELATIONS
EVOLUTION

ALLELIC VARIANTS
<Allelic variant number>
<Allelic variant title>

<Allelic variant included title>
<Allelic variant mutation>
REFERENCES
CONTRIBUTORS

EDIT HISTORY

Reference DNA sequence ID

Swiss Prot ID

Ensembl transcript ID

Mouse Genome Informatics gene ID

number or prefix

title or ti_preferred
ti_alternative

ti-included

Tx

tx_description
tx-nomenclature
tx_clinical_features
tx_biochemical_features
tx-inheritance

tx_cytogenetics

tX-mapping

tx_pathogenesis
tx_population_genetics
tx_animal_model

tx_cloning

tx_gene_structure
tx-gene_function
tx_molecular_genetics
tx_genotype_phenotype_correlations
tx-evolution

Av

Av_number

Av_name

Av _alternative_names
Av_mutations

Ref or ref_author or ref_pubmed_id
contributors and creator
date_updated and date_created

ncbi_reference_sequence
swiss_prot_id
ensembl_id

mgi_id

Note: For example, to search for muscular dystrophy in OMIM entry titles, enter the following within the search box: title: ‘muscular dystrophy’. The
clinical synopses also support field-restricted searching. A complete list of the OMIM search fields is available from the online search help section 1.5.

Table 2. OMIM external links

Genome Clinical
Ensembl ClinicalTrials.gov
MITOMAP DECIPHER
NCBI map viewer EuroGentest
ucCsc GARD

DNA Gene tests
Ensembl Gene reviews
NCBI RefSeq Genetic alliance
ucCsc GTR

Protein Newborn screening
HPRD NextGxDx
UniProt OrphaNet

Gene Info POSSUM
BioGPS

Ensembl

GeneCards

Gene Ontology

HGNC

KEGG

NCBI gene

PharmGKB

ucCsc

Variation

ClinVar

Genetics association DB
GWAS central
HGMD

HGVS
Locus-specific DBs
LOVD

Insight

NHLBI EVS

1000 Genomes

Animal models
FlyBase

HomoloGene at NCBI
MGI mouse phenotype
KOMP

IKMC

MGI mouse gene
Wormbase gene

ZFin

OMIA

Cell Lines

Coriell

Pathways

KEGG

Reactome

Note: Links to external resources take users to the topic-specific information and are grouped into categories (bold headings) that appear in an OMIM
entry’s Table of Contents. Links will not appear if there is no relevant information in the external resource. A description of these resources is available

from the link at the top of every OMIM.org page.
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* ~ Table of Contents for 607423
607423 €— —>
PROTEIN O-MANNOSYLTRANSFERASE 1; POMT1 Gane Fhanctyos Reonibs
Text
Description
Alternative titles: symbals Cloning and Expression
! Gene Structure
ROTATED ABDOMEN, DROSOPHILA, HOMOLOG OF; RT it
Molecular Genetics
. Animal Model
HGNC Approved Gene Symbol: POMT1 == Allelic Vartants
Table View
Cytogenetic location: 9934.13 Genomic coordinates (GRCh37): 9:134,378,281-134,399,192 (srom ncey) References

Contributors
Creation Date

Gene-Phenotype Relationships == Edit History
Location Phenotype Phenotype  Phenotype External Links for Entry:
MIM number mapping key pe
» Genome
9g34.13  Muscular dystrophy-dystroglycanopathy (congenital with brain and eye anomalies), 236670 3 nom
» DNA
type A, 1
Muscular dystrophy-dystroglycanopathy (congenital with mental dation), type B, 1 613155 3 » Protein
Muscular dystrophy-dystroglycanopathy (limb-girdle), type C, 1 609308 3 » Gene Info

» Clinical Resources

TEXT

Description

The POMT1 gene encodes protein O-mannosyltransferase, an enzyme that catalyzes O-mannosylation of
proteins, an important protein modification in eukaryotes that is initiated by an evolutionarily
conserved family of O-mannosyltransferases. POMT1 shares sequence similarity with protein O-

» Variation
» Animal Models

» Cellular Pathways

Figure 2. OMIM entry for protein O-mannosyltransferase 1 (607423). Arrows call attention to the following: the unique MIM number 607423 with an
asterisk prefix denoting a gene. Approved gene symbol obtained directly from the Human Gene Nomenclature Committee data. Cytogenetic location
and Genomic coordinates obtained from NCBI. Gene—phenotype relationships table showing allelic disorders, their MIM numbers, and the phenotype
mapping key. The Table of Contents (TOC) facilitates navigation within the OMIM entry, and external resource links specific for the gene are topically
organized and listed below the TOC.

~ Table of Contents for #236670
#236670 1CD+ —)p I
MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH BRAIN :"e:‘““" ueneicationstips
AND EYE ANOMALIES), TYPE A, 1; MDDGA1 it sl
Clinical Features
o 2 . Diagnosis
Alternative titles; symbols Inheritance
WALKER-WARBURG SYNDROME OR MUSCLE-EYE-BRAIN DISEASE, POMT1-RELATED Mapping
HYDROCEPHALUS, AGYRIA, AND RETINAL DYSPLASIA Pathogenesis
HARD SYNDROME Molecular Genetics
. - History
CEREBROOCULAR DYSPLASIA-MUSCULAR DYSTROPHY SYNDROME Phenotypic Series
COD-MD SYNDROME Clinical Synopsis
See Also
References
Phenotype-Gene Relationships 4— Contributors
Location Phenotype Phenotype Phenotype Gene/Locus Gene/Locus Creation Date
MIM number mapping key MIM number Edit History
9934.13 lar dystrophy-dystroglycanopath ital with brain and eye anomalies), 236670 3 POMTI1 607423 External Links for Entry
type A, 1 » Protein
Clinical Synopsis Phenotypic Series ‘— N o
» Animal Models
» Cell Lines
» Cellular Pathways

A number sign (#) is used with this entry because this form of congenital muscular dystrophy-dystroglycanopathy with brain

and eye anomalies (type A1; MDDGA1), previously designated Walker-Walker syndrome (WWS) or muscle-eye-brain disease
(MEB), is caused by h ygous or compound h ygous ion in the gene encoding protein O-mannosyltransferase-

1 (POMT]; 607423) on chromosome 9q34.

Mutation in the POMT] gene can also cause a less severe congenital muscular dystrophy-dystroglycanopathy with mental

Figure 3. OMIM entry muscular dystrophy-dystroglycanopathy type Al. Arrows call attention to the following: The MIM number for this entry is
preceded by the prefix # denoting a phenotype that has a known molecular basis. A link for the ICD+ codes is available for this entry. The phenotype-gene
relationship table shows the phenotype (with MIM number) followed by the gene (with MIM number) that is mutated in the phenotype. When available,
links to OMIM’s clinical synopses and phenotypic series are located in the phenotype entry. The TOC facilitates navigation within the entry, and links to
external resources specific for the phenotype are available below the TOC.



heterogencous disorders, care is taken to include only those
features that are present in patients with mutations in the
same causative gene.

In OMIM.org, OMIM’s clinical synopses have a new
look and new search options. In addition to searching on
the text of the synopses, a user can search for synopses
that have features in any of the major anatomical head-
ings. To help users compare features across multiple entries,
OMIM.org has a clinical synopsis quick view (Figure 4).
This optional view is easily accessible by selecting the ‘Re-
trieve corresponding: Clinical Synopsis’ button available af-
ter any search of OMIM. To assist in the computational
mapping of clinical features across platforms and programs,
clinical features in OMIM.org are mapped to unique identi-
fiers in the Unified Medical Language System (UMLS) (5),
Human Phenotype Ontology (HPO) (6), SNOMED CT (3,
4) and the Elements of Morphology (EoM) (7). OMIM and
SNOMED CT have been UMLS source vocabularies for
decades and as such are mapped into the UMLS by the Na-
tional Library of Medicine biannually. Mapping of OMIM
clinical synopsis terms to HPO and EoM is both a compu-
tational and manual curation process. These mappings are
now viewable from a toggle button in the clinical synopsis
viewer and are also available through the OMIM API. Im-
ages from the Elements of Morphology are viewable from a
mouse-over next to many features in OMIM’s clinical syn-
opses (Figure 4).

THE MORBID AND SYNOPSIS MAPS

OMIM’s gene map is a distillation and tabular representa-
tion of the information in OMIM with a focus on the ‘mor-
bid anatomy of the human genome’ and is organized by
gene or locus and chromosomal location. The tabular lay-
out clearly displays the relationships between gene and phe-
notype and highlights the placement of human disease on
the genome. Every phenotype on the map is assigned a phe-
notype mapping key numbered 1-4: (1) the disorder was po-
sitioned by mapping of the wild-type gene; (2) the disorder
itself was mapped; (3) the molecular basis of the disorder
is known; or (4) the disorder is a chromosome deletion or
duplication syndrome. These mapping keys are explained in
the FAQ as well as from a mouse-over of the number.

OMIM.org now facilitates accessing gene map data that
correlates to a search of OMIM. For example, a search of
OMIM for ‘dna helicase’ (with quotes) retrieves 48 entries
in OMIM. To view the genes and loci associated with this re-
trieval set, select ‘Retrieve corresponding: Gene Map’ from
the OMIM search and navigation box. To see the pheno-
types associated with this Gene Map retrieval set, select
‘Phenotype Only Entries’ to reveal the resulting 16 genes
with 33 phenotypes among them (Figure 5).

To facilitate finding phenotypes that are located within
a genomic coordinate range, OMIM.org provides a unique
search tool to query the Morbid Map by genomic coordi-
nate (currently build GRCh37). This is available from the
Advanced Search-Gene Map page link located below the
main OMIM search box. A search of OMIM’s gene map us-
ing the genomic coordinates chr2:164,744,057-166,737,379
will retrieve the 16 genes and loci that fall within or overlap
the coordinates in the query. To see just the entries with phe-
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notypes, select the ‘Phenotype Only Entries’ button, which
shows that there are 12 genes with 14 phenotypes located in
the region. Genomic coordinate searching is explained on
the Gene Map Advanced Search page.

REPRESENTATION OF GENE-PHENOTYPE RELA-
TIONSHIPS

AVs are at the core of gene-phenotype relationships in
OMIM. Currently, there are over 22,000 AVs in OMIM.
For most genes, only selected mutations are included. Cri-
teria considered for inclusion are the first mutation to be
discovered, high population frequency, distinctive pheno-
type, historic significance, unusual mechanism of mutation,
unusual pathogenetic mechanism or distinctive inheritance
(e.g. dominant with some mutations and recessive with
other mutations in the same gene). Most of the AVs rep-
resent disease-causing mutations, but a few polymorphisms
are included, many of which show a positive correlation
with particular common disorders. Each AV has an OMIM
variant number, title, mutation and a text section that pro-
vides a complete description of the mutation with support-
ing data and pertinent information about the disorder and
affected individuals as provided in the cited article. A Table
View option of the AVs provides a quick view of this infor-
mation without the associated text. Variant titles and mu-
tation fields are indexed for searching, and, when available,
links to dbSNP (2) and ClinVar (8) are provided (Figure 6).

The variants included in OMIM have been ascertained
by a variety of technologies and the certainty of the re-
ported gene-phenotype correlation is variable. Given the
rapid identification of variants provided by next-generation
sequencing, as of January 2013, OMIM applies the fol-
lowing criteria for establishing a gene-phenotype relation-
ship: (i) the existence of multiple, unrelated individuals with
pathogenic variants in the same gene; (i) the variants seg-
regate with the phenotype in multiplex families; and/or (iii)
the variants occur de novo in a statistically significant num-
ber of individuals. A qualified gene-phenotype relationship
is established based on the following: (i) only 1 multiplex
family is reported to have variants in a single gene and the
variants segregate with the phenotype in the family and (ii)
there is supportive functional data such as a comparable
phenotype in a model organism, in vitro or in vivo enzyme
or gene activity experiments, mutation location in a con-
served region or functional pathway support. Recognizing
the rarity of some phenotypes, a gene-phenotype relation-
ship may be established on the basis of a single patient if
there is robust supporting phenotype and functional data.
When a gene-phenotype relationship is established based on
a single family or patient, the variant title is followed by ‘1
family’ or ‘1 patient.” When AVs are thus labeled, the phe-
notype in the Morbid Map is preceded by a “?” with appro-
priate notation in the comments field. These qualifiers are
removed when additional supporting information is added
to the entry. If, after extensive consideration of a paper re-
porting a novel gene-phenotype relationship, a variant does
not meet these criteria, the variant may be included in the
gene entry with a title of ‘variant of unknown significance.’
Occasionally, new published research on a variant may call
into question that variant’s relationship with a disorder. For
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A Home About Statistics + Downloads v Help~ External Links Terms of Use v Contact Us  MIMmatch #= NEW *§ Select Language | ¥
| cutis laxa tortuosity | | Search
———
Advanced Search » | Search History | Display Options v | Retrieve corresponding:| Gene Map (| Clinical Synopsis
Would you also like: %torsion %tonuous (] Add All
twisting twisty
winding || cutaneous
i;l dermal () skin
(L] tegument
Entries corresponding to the MIM search: cutis laxa tortuosity OR ( (tortuous) OR (twisty) )
B. Search: 'cutis laxa tortuosity OR ( (tortuous) OR (twisty) )' (Records with: clinical synopsis; Retrieve: clinical synopsis)

Results: 1 -100of 164 | Show 100 | DownloadAs~ | 1 2 3 456 7 8 9 10 Next Last
1: #219100. CUTIS LA Links
Inheritance, Head & Ned

manifestations, Mig™ " = -
Supravalvular aortic stenosis

Matching terms: tol Vascular tortuosity.
Ascending aortic aneurysm

# 614437. CUTIS LAXA, AUTOSOMAL RECESSIVE, TYPE IB; ARCL1B

Inheritance, Growth, Head & Neck, Cardiovascular, Respiratory, Chest, Genitourinary, Skeletal, Skin, nails & hair, Neurologic, Prenatal
manifestations, Miscellaneous, Molecular basis,

Matching terms: tortuosity, cuti, tortuous, laxa

ITQSOMAL RECESSIVE, TYPE IA; ARCL1A
Cardiovascular, Respiratory, Chest, Abdomen, Genitourinary, Skeletal, Skin, nails & hair, Prenatal

Links

C. | #614437 =
CUTIS LAXA, AUTOSOMAL RECESSIVE, TYPE IB; ARCL1B
CATEGORY  SUBCATEGORY FEATURES
Inheritance - Autosomal recessive [SNOMEDCT: 258211005] [UMLS: C0441748] [HPO:
Growth Other Fetal overgrowth (in some patients) [UMLS: C3553107] [HPO: HP:000154
Headand  Head Microcephaly (rare) [UMLS: C3553109] [HPO: HP:00 » gel
Neck
Face Prominent forehead [UMLS: C1837260] [HPO: HP:0011220] [EoM image]
Prominent premaxilla [UMLS: C2749369] [HPO: HP:0010759]
Micrognathia [SNOMEDCT: 32958008] [UMLS: C0025990] [HPO: HP:000
image] D
Ears Dysplastic ears [UMLS: C1844841] [HPO: HP:0000377] EEhes ot o e e ol MOrpR o oY

Low-set ears [SNOMEDCT: 95515009] [ICD10CM: Q17.4] [UMLS: C0239234] [HPO:

~ Table of Contents for #614437

HP:0000369]

Figure 4. (A) OMIM search navigation box showing optional thesaurus terms for search terms tortuosity and cutis. Access to the clinical synopsis quick
view for these entries is available from the Retrieve Corresponding Clinical Synopsis button. (B) Clinical synopsis quick view showing anatomical categories
and mouse-over function to reveal detailed features. (C) Clinical synopsis of OMIM entry 614437 showing the optional display of clinical identifiers to
the UMLS, SNOMED CT, HPO and EoM. A mouse-over of the EoOM image link shows the image of the phenotypic feature (in this case, microcephaly).
Users can search these identifiers through the OMIM.org website or through the OMIM.org API.

these cases, OMIM ‘reclassifies’ the variant and places an
explanation for the reclassification at the top of the vari-
ant. Examples of these variants may be found by search-
ing OMIM.org for ‘av_name:family’ or ‘av_name:patient’ or
‘av_name:significance’ or ‘av_name:reclassified.” This pol-
icy is being applied retrospectively to existing variants in
OMIM as part of ongoing curation efforts.

To provide a straightforward view of the correlation be-
tween gene and phenotype, we have placed gene—phenotype
(Figure 2) and phenotype—gene (Figure 3) relationship ta-
bles near the top of the gene and phenotype MIM entries,
respectively. This allows quick ascertainment of whether a
gene is known to be involved in disease and the degree of
phenotypic diversity at that gene.

OMIM PHENOTYPIC SERIES

A Phenotypic Series is a tabular view of genetic heterogene-
ity of identical or similar phenotypes across the genome.
The series are generally created when different mapping or
a new causative gene is identified for what is considered

to be a well-defined mendelian phenotype (9). The series
are created from a nosology perspective and may therefore
change over time as our knowledge of a disorder or class
of disorders grows. A phenotype may be included in more
than one Phenotypic Series (e.g. entry 613157, which is an
autosomal recessive limb-girdle muscular dystrophy and a
type of muscular dystrophy-dystroglycanopathy). If a phe-
notype is included in a series, a link to the series is in the
TOC of the phenotype as well as below the phenotype—
gene relationship table (Figure 7). To date, OMIM has 315
different phenotypic series comprised of 2528 phenotypes.
A list of the phenotypes that are in series is available from
within the FAQ information from the link at the top of every
OMIM.org page.

SEARCH FUNCTIONS AND OUTPUT

Apache Lucene Solr™, an open-sourced enterprise search
platform, is used as the full-text search engine to han-
dle all searches on OMIM.org. Searches are augmented
with spellcheck, autofill, proximity searching and thesaurus
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r e
Cytogenetic location: 8q24.3, Genomic coordinates (GRCh37) § | |ana helicase ———erch
Matching terms: "dna helicase” Search: OMIM | Advanced Search v | Search History | Display Options v | All Entries
3. *603115. DEAH BOX POLYPEPTIDE 9; DHX9 Entries corresponding to the MIM search: "dna helicase”
: N h X X Search: "dna helicase™ (Records with: gene map locus; Phenotype only entrie®Retrieve: gene map)
Cytogenetic location: 1925.3 , Genomic coordinates (GRCh37): Results: 1-100f 16 | Show 100 { Download As +) 1 2 Next Last
Matching terms: "dna helicase”
Genomic Location Gene/Locus  Gene/Locus name Gene/Locus Pheno C Mouse
context (genomic start, MIM MIM map symbol
4: *604610. RECQ PROTEIN-LIKE 3; RECQL3 table  cyto location) number number  key (from MGI)
) i . i | from NCB)
Cytogenetic location: 15q26.1, Genomic coordinates (GRCh37);| . 1:91,726322 HFMI, MER3,  Hfml, ATP-dependent DNA 615684 Premature ovarian 615724 3 Hfml
Matching terms: "dna helicase” 1p222 POF9 helicase, S. cerevisiae, failure 9
homolog of
5: *604611. RECQ PROTEIN-LIKE 2; RECQL2 2 2128014865  ERCC3, XPB Excision-repair coss- 133510 Xeroderma 610651 3 Ercc3
2q143 complementing rodent repair pigmentosum, group
Cytogenetic location: 8p12 , Genomic coordinates (GRCh37): 8:3 deficiency, complementation B
Matching terms: "dna helicase” group 3 Trichothiodystrophy 601675 3
3 8:30,890,777 RECQL2, RECQ3, DNA helicase, RecQ-like2 604611 Wemer syndrome 277700 3 Wm
8p12 WRN
s ® ] .
6: *607222. F-BOX ONLY PROTEIN 18; FBXO18 m 8145736666 ~ RECQL4, RTS,  DNA helicase, RecQlike4 603780 Rothmund-Thomson 268400 3 Recql4
Cytogenetic location: 10p15.1,, Genomic coordinates (GRCh37): 8q24.3 RECQ4 syndrome
Matching terms: "dna helicase” RAPADILINO 266280 |3
syndrome
Baller-Gerold 218600 |3
7: *614539. HELICASE, DNA, B; HELB syndrome
5 9135136826  SETX,SCARI,  Senataxin 608465 Amyotrophic lateral 602433 3 Setx
9g34.13 AOA2, ALS sclerosis 4, juvenile
Ataxia-ocular apraxia- 606002 3
2
6 10:102,747292  Cl0orf2, T7 gene 4-like protein with 606075 Progressive external 609286 3 PEO digenic Peol
10q2431 TWINKLE, PEO], intramitochondrial nucleoid ophthalmoplegia, with POLG
PEOA3,10SCA,  localization autosomal dominant, 3
MIDPS7 Mitochondrial DNA 271245 3
depletion syndrome 7
(hepatocerebral type)
7: 11:68671318  IGHMBP2, Immunoglobulin mu binding | 600502 Neuronopathy, distal 604320 3 Ighmbp2
11q133 SMUBP?2, CATFI, protein 2 hereditary motor, type
SMARDI_HMNG Vi

Figure 5. OMIM gene map. OMIM.org provides a unique way to access gene map information from an OMIM retrieval set from the Retrieve Corre-
sponding Gene Map button. From within the gene map retrieval set, a user can view only those entries in the map that have phenotypes by selecting the
Phenotype Only Entries. A retrieval set can be downloaded as an Excel or tab-delimited file by selecting the Download As option.

matching. Rich vocabulary search support files have been
added that include nonstandard plurals (fibula, fibulae),
British to American English mappings (e.g. oesophagus,
esophagus), synonyms (patella and kneecap) and noun-
adverb support (atrial, atrium). A user-directed thesaurus
provides the ability to include similar terms in a search at
a user’s discretion. For example, the search term ‘dwarf’
will offer the additional terms ‘growth retardation,” ‘hypo-
somia’ and ‘short stature.” The retrieval list notes which
search terms matched in each entry, and the search terms
are highlighted within the entry. Double-clicking on a
word in OMIM.org will pop up a ‘Define’ link that will
take the user to a collection of definitions of the word
at medical-dictionary.thefreedictionary.com. Using double
quotes around search terms provides proximity search-
ing and extends the precision of retrievals beyond sim-
ple Boolean matches. For example, to retrieve entries that
are relevant to cytokine receptors, a user can search on
‘cytokine receptor’ (using double quotes) and retrieve 127
OMIM entries rather than searching on cytokine AND re-
ceptor, which would retrieve 790 entries.

An Advanced OMIM search page provides quick ways
to search for entry number prefixes or to restrict searching
within entries, e.g. in AVs. A Search History page provides

an easy way for a user to keep track of previous searches
or to combine searches. Finally, OMIM.org now features
Excel and tab-delimited output options for search retrieval
sets from OMIM and the gene map.

OMIM FTP SERVICE

OMIM provides several files for FTP download. Registra-
tion for FTP access is made from the ‘Downloads’ link at
the top of every OMIM.org web page. An email acknowl-
edging the registration is sent with instructions and tips on
using the FTP service. The registration process also pro-
vides us with necessary information to contact users for rec-
ommendations for improvements to the FTP service. The
files currently provided include:

mim2gene.txt—a field delimited table of OMIM numbers
matched to NCBI gene IDs. This table can be used to map
OMIM entries to many other resources that use NCBI
Gene IDs or NCBI data that may be mapped to NCBI
Gene IDs.

omim.txt.Z—a compressed file of all native OMIM data.
Data from other resources that is revealed on the website
is available through the API.
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~ Table of Contents for *607423

Title

Gene-Phenotype Relationships

Text
Description

Cloning and Expression

Gene Structure
Mapping
Molecular Genetics
Animal Model
Allelic Variants
Table View
References
Contributors
Creation Date
Edit History

» Genome

» DNA

External Links for Entry:

0002 Musq 607423 € < Download As -]
TYPEA,1 | pROTEIN O-MANNOSYLTRANSFERASE 1; POMT1
POMT1, GLY Allelic Variants (20 Selected Examples):
In affected m Number A Phenotype Mutation dbSNP Clinvar
al. (2001): Be .0001 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH EYE AND BRAIN ANOMALIES), TYPEA,1 POMT1, GLY76ARG [rs28941782] v
resulting in a .0002 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH EYE AND BRAIN ANOMALIES), TYPE A, 1 POMT1, GLN303TER [rs119462981) v/
died at age 3 .0003 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH EYE AND BRAIN ANOMALIES), TYPEA,1 POMT]1, 1-BP INS, 2110G - v

.0004 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH EYE AND BRAIN ANOMALIES), TYPE A, 1 POMT1, 3-BP DEL, 1260CCT - 4

0005 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (LIMB-GIRDLE), TYPEC, 1 POMT1, ALA200PRO [rs119462982) v

0006 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, GLY65ARG [rs119462983] v/

0007 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, TRP582CYS [rs119462984) v/

.0008 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, ARG514TER [rs119462985] v

.0009 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, GLN590HIS [rs119462986) v/

.0010 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, GLY65ARG - v

0011 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, ARG541TER - 4

0012 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, GLN590HIS - 4

0013 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH MENTAL RETARDATION), TYPE B, 1 POMT1, ALA669THR [rs119462987] v

M AR TROPHY-DYSTROX ANQOPATH ON NITA A AENTA R ARDA ON YP B POMTI1_IVSI2DS G-A_+1 = [va

Figure 6. Allelic variants. Allelic variants are included in gene entries. The full view of the variant includes mutation details, clinical features of patients with
the mutation. The Table View of the variants can be accessed from a link below the Allelic Variants heading or from the TOC. The Table View information

can be downloaded as an Excel or tab-delimited file.

genemap, genemap?.txt, genemap.key—a field delimited file
of OMIM’s synopsis gene map and a key to the fields in
the map. The genemap version of the map is arranged by
chromosome, 1pter through Yqter and each record has the
gene or locus name and MIM number and, if available, any
disorders associated with the gene along with the pheno-
type mapping key for the disorder. Allelic disorders appear
in one field separated by a semicolon.

morbidmap—a field-delimited file that is a subset of records
from the genemap, parsed and sorted alphabetically by
disorder.

OMIM API SERVICE

The OMIM API is a web-based REST API that responds
to requests made over HTTP. Registration for the API
is available from the Downloads link at the top of every
OMIM.org page. An email is sent to users with their API
key and instructions. The ‘Help’ link at the top of every
OMIM.org page provides access to a concise and instruc-
tive API-specific guide. Because the OMIM website is built
on the API, most of the functionality that is available on
the website is also available in the API. The API accepts a
wide variety of requests, including searching for entries and
fetching individual entries or lists of entries. Results can be
fetched in batches. Users can control which entry text sec-
tions they want to download, such as only references, only
AVs, only text subsections (e.g. titles, descriptions), etc. The

gene map can be searched using text, location, genomic co-
ordinates, or chromosome. The API also offers a very sim-
ple web browser-based user interface in which users can en-
ter a variety of parameters and see the results in whatever
format they choose (Figure 8). This is an invaluable tool
to test requests and to see how the response is formatted.
The API output is available in a variety of formats includ-
ing XML, JSON, JSONP, Python and Ruby.

OMIM UPDATES AND STATISTICS

Following the progress in OMIM of heritable disorders or
particular genetic topics of interest is easier than ever. From
the Statistics link at the top of every OMIM page, a user can
view the progress in growth of MIM entries (OMIM Entry
statistics), the progress of disease gene discovery (OMIM
Gene Map Statistics) or the actual daily updates to OMIM
(Update List). The OMIM Update List shows separately
the MIM numbers and titles of all new entries, updated en-
tries, new clinical synopses, and updated clinical synopses
by day. These data are then organized by month and year.
Users can subscribe to an RSS feed from this page. Within
a MIM entry, all new or updated information is marked to
the left of the text by green side bars. These bars are retained
for three months.
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| Clinical Synopsis Phenotypic Series Title

Phenotype-Gene Relationships

Location Phenotype Phenotype Pheno  Gene/Locus Gene/Locus
MIM number map MIM number
key
11p15.5-p15.4 {Long QT syndrome 1, acquired, susceptibility to} 192500 3 KCNQ1 607542
11p15.5-p15.4 Long QT syndrome 1 192500 3 KCNQ1 607542

~ Table of Contents for #192500

Phenotype-Gene Relationships

Text
Description

Clinical Features
Long QT syndrome - 192500 - 17 Entries Clinical Management
Location Phenotype Phenotype Phenotype  Gene/Locus Gene/Locus Mapping

mapping  MIM number MIM number
key Molecular Genetics
3p25.3 Long QT syndrome 9 3 611818 CAV3, LGMDIC, LQT9 601253 Genotype/Phenotype Correlations
3p222 Long QT syndrome-3 3 603830 SCN5A, LQT3, VF1, HB1, 5551, CMDIE, CDCD2 600163 Nomenclature
4q25-q26 Long QT syndrome 4 3 600919 ANK2, LQT4 106410 :
4q25-q26 Cardiac arrhythmia, ankyrin-B-related 3 600919 ANK?2, LQT4 106410 ———)
7q212 Long QT syndrome-11 3 611820 AKAPY, YOTIAO, AKAP450 604001 (—
7936.1 {Long QT syndrome 2, acquired, susceptibility to} 3 613688 KCNH2, LQT2, HERG, SQT1 152427 at-Symopsis
7q36.1 Long QT syndrome 2 3 613688 KCNH2, LQT2, HERG, SQT1 152427 See Also
11p15.5-p154 | {Long QT syndrome 1, acquired, susceptibility to} 3 192500 KCNQ1, KCNA9, LQT1, KVLQT1, ATFB3, SQT2 607542 References
11p155-p154 | Long QT syndrome 1 3 192500 KCNQ1, KCNAS9, LQT1, KVLQT1, ATFB3, SQT2 607542 -
119233 Long QT syndrome-10 3 611819 SCN4B 608256 Contributors
119243 Long QT syndrome 13 3 613485 KCNJ5, GIRK4, KATP1, LQT13 600734 Creation Date
12p13.33 Timothy syndrome 3 601005 CACNAIC, CACNL1A1, CCHLIAL, TS 114205 Edit History
12p11.1 {Long QT syndrome, acquired, reduced susceptibility to} |3 613688 ALG10, KCR1 603313
179243 Andersen syndrome 3 170390 KCNJ2, HHIRK1, KIR2.1, IRK1, LQT7, SQT3, ATFB9 | 600681 External Links for Entry:
20q11.21 Long QT syndrome 12 3 612955 SNT1, LQT12 601017 y——
21q22.11 Long QT syndrome 6 3 613693 KCNE2, MIRP1, LQT6, ATFB4 603796
21q22.11-q22.12 | Long QT syndrome 5 3 613695 KCNEL, JLNS, LQT5, JLNS2 176261 » Clinical Resources
» Animal Models
Phenotype Mapping Key
1 - the disorder is plagoed on the map due to its association with a gene, but the underlying defect is not known. » Cellular Pathways
2 - the disorder was placed on the map by statistical methods.
3 - the molecular basis of the disorder is known.
4-a gene duplication or deletion synd in which multiple genes are involved.
Figure 7. OMIM Phenotype Series can be accessed from within phenotype entries from a link below the phenotype—gene relationship table or from the

TOC. A list of disorders with a Phenotypic Series is available from the FAQ or through MIMmatch.

Omim Web API: Clinical Synopsis Search help
Entry| [Entry Search| [Clinical Synopsis| [ Clinical Synopsis Search| [Gene Map| [Gene Map Search| [API Key

Search: 100100 # Include clinical synopsis (J Exclude clinical synopsis O HTML format  (J Style XML

Filter: O Include exist flags ) Exclude exist flags O XML format () Debug

Fields: - O Include external links O Exclude external links @ JSON format

Start: h ) O Include contributors O Exclude contributors O Python format

Sort order: Default (J Include creation date () Exclude creation date O Ruby format

{"omim": {
"version": "1.0",

"search": "100100",

“"expandedSearch": "100100",
"parsedSearch": "+(default:100100) ()",
"searchSuggestion": "",
"searchSpelling": "",

“filter": "",

"expandedFilter": "",

“fields": "",
"searchReport": .
“totalResults": "1",

"startIndex": "0",

"endIndex": "0",

"sort": "",

"searchTime": "38.0",

"clinicalSynopsisList": [

{"clinicalSynopsis": {

“"mimNumber": "100100",

"prefix": "#",

"preferredTitle": "ABDOMINAL MUSCLES, ABSENCE OF, WITH URINARY TRACT ABNORMALITY AND CRYPTORCHIDISM",

"inheritance": "Autosomal recessive 15N0){EDCT:258211005‘ {UMLS:C0441748};",

"headAndNeckEyes": "Impaired pupillary constriction to light;",

“headAndNeckMouth": "Dry mouth {SNOMEDCT:87715008 ICD10M:K11.7 UMLS:C0043352};",

"cardiovascularHeart": "cOngenmﬁmmTH'm-é—Wmeenosus {SNOMEDCT:83330001} {ICD10M:025.0} {ICD9IM:747.0}

i
{UMLS:C0013274) {HPO EP:0001643 UMLS:C0013273,C0013274,C1269536};",
["chestRibsSternumClaviclesAndscapulae : "Flared ribs (GNOMEDCT:249704008)} {UMLS:C0426826};\nPectus excavatum {SNOMEDCT:391987005} {ICD10M:067.6}
{ICD9M:754.81} {UMLS:C0016842};\nPectus carinatum {SNOMEDCT:38774000} {UMLS:C2939416} {HPO EP:0000768 UMLS:C0158731};",
"abdomenExternalFeatures": "Absent abdominal musculature;\nVisible intestinal pattern (so-called 'prune belly');\nThin, lax, protruding abdominal
wall;",
"abdomenGastrointestinal”: "Imperforate anus {SNOMEDCT:204712000,204731006} {ICD10M:Q42.3} {UMLS:C0003466} {HPO HP:0002023 UMLS:C0003466};",
"genitourinaryInternalGenitaliaMale": "Cryptorchidism {SNOMEDCT:127907005,204878001} {ICD9M:752.51} {UMLS:C0010417} {HEPO HP:0000028
UMLS:C0010417,C0153595}; ",
"genitourinaryKidneys": "Hydronephrosis {SNOMEDCT:43064006} {ICD9M:591} {UMLS:C0020295} {HPO HP:0000126 UMLS:C0020295};",

"genitourinaryUreters "Posterior urethral valves {UMLS:C0542520};\nHydroureter {UMLS:C2349979};",

Figure 8. Example of API output of an OMIM clinical synopsis. For this example, the output format is JSON and examples of the unique identifiers for
UMLS, HPO identifiers are underlined. The API enables batch queries of all OMIM data and allows computational integration of data on the fly.
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MIMmatch AND COMMUNITY ENGAGEMENT

A new OMIM service, MIMmatch, was instituted in late
2013 that allows users to (i) designate entries they wish to
follow and to receive email alerts when the entries are up-
dated; (ii) find other researchers who may share their in-
terest in certain entries; (iii) receive a daily update on any
new gene-phenotype relationships established in OMIM;
and/or (iv) follow updates to phenotypic series. There are
currently over 600 registered MIMmatch users. The names
of MIMmatch users will not be shared with any third party,
and no more than one e-mail notification per day is sent.
Users need to register with a valid e-mail address and con-
firm the registration.

OMIM engages with the clinical and molecular genet-
ics community through online help and tutorials, user sur-
veys, focus groups and lectures. The Contact Us link at
the top of every OMIM.org page is the primary way for
users to submit comments, questions, corrections or sug-
gestions. Users primarily suggest new references to add to
OMIM but also request technical and search help. OMIM
staff worked with OpenHelix™ to create an online OMIM
tutorial with dowloadable exercises, slides, and handouts.
Access to this is available from OMIM’s home and FAQ
pages. Recently, a recorded overview of OMIM given as a
lecture for the NCI Center for Biomedical Informatics and
Information Technology Speaker Series was made available
(https://www.youtube.com/watch?v=s12ZQSbkTOS).

USE OF OMIM DATA IN OTHER RESOURCES

In addition to the long-standing use of OMIM terminol-
ogy as source data within the UMLS, OMIM data are
now used as source material for many other databases.
For example, OMIM clinical synopses formed the founda-
tion for the HPO terminology, which continues to incorpo-
rate new information from OMIM. OMIM gene-phenotype
relationships are integrated in many genome interpreta-
tion tools, including Phevor (10), Exome Walker (11) and
PhenoDB (12). OMIM AVs are incorporated into Clin-
Var. OMIM data are the basis for the human-mouse dis-
ease connection resource at the Mouse Genome Informat-
ics resource. OMIM data have also been used to support
a single-nucleotide polymorphism (SNP) array evaluation
tool that facilitates identifying potential recessive disease
genes in regions of homozygosity in children of consan-
guineous unions (13). We welcome collaborative efforts in
the use of OMIM in research.

OMIM has been an essential resource for clinicians and
researchers in molecular biology, genetics and genomics for
nearly 50 years. Through its careful selection, review and
curation of the scientific literature, it maintains a current,
authoritative source of information on the evolving knowl-
edge of the relationship between genes and disease. Its free-
text, structured format provides the flexibility necessary to
explain the nuances of these relationships as well as to de-

scribe newly identified biological and pathological processes
underlying them. As genomics becomes more integral to all
fields of medicine, the unparalleled breadth and richness

of description of human phenotypes and genes in OMIM
will provide expert and timely support to clinicians and re-
searchers in diverse scientific fields.
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