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ABSTRACT

The Human Gene Mutation Database (HGMD) constitutes a comprehensive core col-
lection of data on germ-line mutations in nuclear genes underlying or associated with
human inherited disease (http://www.hgmd.org). Data cataloged include single-base-
pair substitutions in coding, regulatory, and splicing-relevant regions, micro-deletions
and micro-insertions, indels, and triplet repeat expansions, as well as gross gene dele-
tions, insertions, duplications, and complex rearrangements. Each mutation is entered
into HGMD only once, in order to avoid confusion between recurrent and identical-by-
descent lesions. By March 2012, the database contained in excess of 123,600 different
lesions (HGMD Professional release 2012.1) detected in 4,514 different nuclear genes,
with new entries currently accumulating at a rate in excess of 10,000 per annum. ∼6,000
of these entries constitute disease-associated and functional polymorphisms. HGMD also
includes cDNA reference sequences for more than 98% of the listed genes. Curr. Protoc.
Bioinform. 39:1.13.1-1.13.20. C© 2012 by John Wiley & Sons, Inc.
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BASIC
PROTOCOL

The Human Gene Mutation Database (HGMD) is a comprehensive collection of data
on germ-line mutations in nuclear genes underlying or associated with human inherited
disease (http://www.hgmd.org). Data cataloged include single base-pair substitutions in
coding, regulatory, and splicing-relevant regions, micro-deletions and micro-insertions,
indels, and triplet repeat expansions, as well as gross gene deletions, insertions, dupli-
cations, and complex rearrangements. HGMD does not, however, include somatic gene
lesions or mitochondrial genome mutations. Each mutation is entered into HGMD only
once in order to avoid confusion between recurrent and identical-by-descent lesions.

By March 2012, the database contained in excess of 123,600 different lesions detected
in 4,514 different nuclear genes, with new entries currently accumulating at a rate in
excess of 10,000 per annum. Some 4,450 cDNA reference sequences are available, and
the dataset also includes ∼6,000 disease-associated and functional polymorphisms.

In this Basic Protocol, the various methods of searching the public HGMD database are
described. The structure and content of HGMD and HGMD Professional are described
in the Commentary section, along with a brief description of how the authors and others
have exploited HGMD data as part of their research programs.

HGMD may be accessed via the Internet (http://www.hgmd.org). The following protocol
will assist the user in retrieving the mutation data recorded in HGMD. The protocol then
goes on to review the format of a typical HGMD record and the external links provided.
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Necessary Resources

Hardware

Any Internet-enabled computer

Software

Up-to-date Web browsing software (e.g., Internet Explorer, Mozilla Firefox, or
equivalent) and Web site registration (free for academic/nonprofit users).

Files

No input files required

The HGMD Home Page: Getting started
1. Go to the HGMD Home Page at http://www.hgmd.org. The page shown in

Figure 1.13.1 will appear.

The HGMD search boxes may be found at the top of the page. More information about the
HGMD database can be found by clicking on the Statistics, “What’s new,” and HGMD
Background links near the top of the page. Links are also provided to newly added genes,
a list of HGMD publications, and log-in and registration, among others. “Other useful
links” brings up a page containing links to additional related sites.

2. Register/Log in using the links on the right-hand side of the page.

Please note that it may take up to 24 hr for a new registration to be activated.

Figure 1.13.1 The HGMD home page.
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Figure 1.13.2 Example of a gene page for the factor VIII (F8) gene. All mutation data, plus external links,
can be accessed through this page.

Performing a search
3. From the HGMD home page, use the text box on the left to enter the search terms of

choice. For this example, enter F8 to search for information on the factor VIII (F8)
gene. Click the ‘GO!’ Button to proceed with the search.

It is possible to search HGMD by gene symbol, gene description (name), OMIM accession
number, GDB accession number (please note that as GDB ceased operating in June
2008, genes added to the database after this date do not have a GDB number), or
disease/phenotype. If the official HGNC gene symbol is known, users may proceed directly
to the mutation type of choice by using the text box on the right hand side of the page.

4. The Search Results window is displayed (not shown in the figures), listing the
matches for this search. In this case, only one match would be found.

Navigating the gene mutation entry page
5. In the Search Results window, click on “F8” to view the gene mutation entry page

for the factor VIII (F8) gene, shown in Figure 1.13.2. The structure of HGMD is
gene-centric; i.e., each gene has its own Web page from which all other information
can be accessed.

At the top of each page, the gene symbol, chromosomal location, and gene name may
be found, along with a link to the cDNA sequence (based on the NCBI RefSeq record)
provided by HGMD.



The Human Gene
Mutation
Database
(HGMD)

1.13.4

Supplement 39 Current Protocols in Bioinformatics

Table 1.13.1 Summary Description of Mutation Data Recorded in HGMD

Mutation type Description

Nucleotide substitutions (missense/nonsense) Presented as a triplet change with an additional flanking base included
if the mutated base lies in either the first or third position in the codon

Nucleotide substitutions (splicing) Presented as the base change with the relative position of the
substitution with respect to a numbered intron (IVS) donor or acceptor
splice site. Positions logged as positive integers refer to a 3′

(downstream) location; negative integers refer to a 5′ (upstream)
location.

Nucleotide substitutions (regulatory) Recorded with 30 nucleotides flanking the site of mutation on both
sides; the location of the mutation relative to the transcriptional
initiation site, initiator ATG, or transcription termination codon is given

Small deletions Presented with the deleted bases in lowercase, plus, in uppercase,
10-bp DNA sequence flanking both sides of the lesion. The numbered
codon is preceded in the given sequence by the caret character (ˆ).

Small insertions Recorded in the same way as small deletions with the inserted bases
being shown in lowercase. The position of the insertion is also given by
nucleotide number.

Small indels Recorded in a similar fashion to the deletions, with the deleted and
inserted bases/sequences in lowercase

Gross deletions Recorded in narrative form owing to the extremely variable quality of
the original data reported

Gross insertions and duplications Recorded in narrative form owing to the extremely variable quality of
the original data reported

Complex rearrangements (including
inversions)

Recorded in narrative form owing to the extremely variable quality of
the original data reported

Repeat variations Recorded with the repeat unit, location, number of repeats in unaffected
individuals, and the number of repeats in affected individuals

Entries by mutation
6. Look at the first table on Figure 1.13.2: “Number of entries by mutation type.”

There are ten different subcategories of mutation (as shown in Table 1.13.1). This table
details the type and number of mutations logged in HGMD for the gene in question,
together with links to the pages containing the actual mutation data. One can proceed
to view the mutation data by clicking on the appropriate button. Where the number of
reported mutations for a given type of lesion is zero, there is no link to follow.

7. Click on the “Get mutations” button for Missense/nonsense mutations (top button in
the right-hand column of the upper table). Figure 1.13.3 shows the first entries on
the page that will appear.

Missense/nonsense substitutions (Fig. 1.13.3) are presented with the HGMD accession
number (unique ID), followed by the mutation in terms of a triplet change with an
additional flanking base included if the mutated base lies in either the first or third
position in the triplet. The corresponding amino acid change is presented in the next
column, followed by the codon number. HGVS nomenclature and genomic chromosomal
coordinates are available to HGMD Professional subscribers. The clinical/laboratory
phenotype associated with the mutation is next, followed by the Reference column, which
contains the literature citation from which the mutation was originally obtained. Clicking
on this will lead to the corresponding entry in the NCBI PubMed database. The last
column contains any curatorial comments that may have been made when the mutation
was entered into the database.
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Figure 1.13.3 Example of missense/nonsense mutation data for the F8 gene. HGMD accession number,
codon number, nucleotide change, amino acid change, phenotype, links to references and curatorial comments
are provided.

8. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene
symbol at the top of the page. Click on the “Get mutations” button for Splicing
mutations (second button from the top in the right-hand column of the upper table).
Figure 1.13.4 shows the first entries on the page that will appear.

Mutations affecting mRNA splicing (Fig. 1.13.4) are presented with the HGMD accession
number, the intron (IVS) number in which the substitution is located, and the relative
position of the lesion with respect to the donor (ds) or acceptor (as) splice site of that
intron. Relative locations logged as positive integers refer to a 3′ (downstream) location;
negative integers refer to a 5′ (upstream) location. Substitutions within the coding region
that are reported to affect splicing are shown as upstream of a donor site or downstream
of an acceptor site. The nucleotide substitution follows, as well as the clinical/laboratory
phenotype, reference, and curatorial comments.

9. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Regulatory mutations
(third button from the top in the right-hand column of the upper table). Figure 1.13.5
shows the first entries on the page that will appear.

Substitutions causing regulatory abnormalities are recorded with the accession num-
ber appearing first, followed by the mutation presented in brackets with 30 nucleotides
flanking the substitution on both sides; the location of the mutation relative to the tran-
scriptional initiation site, initiation codon, or translational termination signal is also
given. The clinical/laboratory phenotype, reference and curator comments follow.
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Figure 1.13.4 Example of splice mutation data for the F8 gene. HGMD accession number, IVS number,
location (expressed relative to the donor or acceptor splice site), nucleotide substitution, phenotype, links to
references, and curatorial comments are provided.

Figure 1.13.5 Example of regulatory mutation data for the F8 gene. The nucleotide change is shown with
30 bp of flanking sequence either side. Phenotype, HGMD accession number, relative location, reference data,
and curatorial comments are also provided.
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Figure 1.13.6 Example of micro-deletion mutation data for the F8 gene. The deletion is shown with 10 bp of
flanking sequence either side. The caret (ˆ) marks the preceding complete codon (number provided). HGMD
accession number, phenotype, links to references, and curatorial comments are also provided.

10. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Small deletions (fourth
button from the top in the right-hand column of the upper table). Figure 1.13.6 shows
the first entries on the page that will appear.

Small deletions (those of 20 bp or less) are presented with the accession number followed
by the deletion, presented with the deleted bases in lower case and 10 bp of DNA sequence
flanking both sides of the lesion in upper case. The numbered codon is preceded in the
sequence by the caret character (ˆ). In cases where any location parameter is listed as
“?” the location is either unknown or a consistent nucleotide/codon numbering system is
lacking. Where deletions extend outside the coding region of the gene in question, other
positional information is sometimes provided—e.g., 5′-UTR (5′ untranslated region) or
E6I6 (denotes exon 6/intron 6 boundary). Clinical/laboratory phenotype, reference, and
curatorial comments are provided in the final three columns.

11. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Small insertions (fifth
button from the top in the right-hand column of the upper table). Figure 1.13.7 shows
the first entries on the page that will appear.

Small insertions are recorded in a similar fashion to that described for Small deletions
(step 10 above), with the inserted bases in lowercase. The nucleotide position of the
insertion is sometimes also recorded.
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Figure 1.13.7 Example of micro-insertion mutation data for the F8 gene. HGMD accession number, location
(nucleotide/codon), inserted base(s), phenotype, links to references, and curatorial comments are provided.

12. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Small indels (sixth
button from the top in the right-hand column of the upper table). Figure 1.13.8 shows
the first entries on the page that will appear.

Small indels are recorded in a similar fashion to that described for the small deletions in
step 10, with the deleted bases being shown in lower case within the flanking sequence
and the inserted bases shown in lower case in the next column.

13. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Gross deletions (seventh
button from the top in the right-hand column of the upper table). Figure 1.13.9 shows
the first entries on the page that will appear.

Gross deletions (of 21 bp or more) are presented with the accession number followed
by the deletion, presented in narrative form at either the cDNA or genomic level. Clin-
ical/laboratory phenotype, reference, and curatorial comments are provided in the final
three columns.

14. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol
at the top of the page. Click on the “Get mutations” button for Gross insertions (eighth
button from the top in the right-hand column of the upper table). Figure 1.13.10 shows
the first entries on the page that will appear.
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Figure 1.13.8 Example of small indel mutation data for the F8 gene. The indel is shown with 10 bp of flanking
sequence either side of the deleted bases. Inserted bases are in lowercase. The caret (ˆ) marks the preceding
complete codon (number provided). HGMD accession number, phenotype, links to references, and curatorial
comments are also provided.

Gross insertions (of 21 bp or more) are presented with the accession number followed
by the insertion/duplication, presented in narrative form at either the cDNA or genomic
level. Clinical/laboratory phenotype, reference, and curatorial comments are provided in
the final three columns.

15. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene
symbol at the top of the page. Click on the “Get mutations” button for Complex
rearrangements (ninth button from the top in the right-hand column of the upper
table). Figure 1.13.11 shows the first entries on the page that will appear.

Complex lesions are presented with the accession number followed by a narrative descrip-
tion of the lesion. Clinical/laboratory phenotype, reference, and curatorial comments are
provided in the final three columns.

Links to Repeat variations are also available for genes which contain that type of lesion
(none are known for the F8 gene). These variations are presented with the HGMD acces-
sion number, the details of the repeat unit (generally recorded in the form of “(NNN)n”),
and the location, followed by the normal and patient repeat lengths. Clinical/laboratory
phenotype, reference and curator comments are provided in the final three columns.

Clicking on the hypertext links within the reference column (not shown in figures) will take
the user to the corresponding PubMed record via Entrez. Records from some publications
e.g., Human Mutation online reports and locus-specific mutation databases (LSDBs) link
directly to the data source, rather than to PubMed.
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Figure 1.13.9 Example of gross deletion mutation data for the F8 gene. A narrative-style description, phe-
notype, links to references, and curatorial comments are provided.

Figure 1.13.10 Example of gross insertion mutation data for the F8 gene. A narrative-style description,
phenotype, links to references, and curatorial comments are provided.
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Figure 1.13.11 Example of complex mutation data for the F8 gene. A narrative-style description, phenotype,
links to references, and curatorial comments are provided.

It should be noted that in some cases the codon numbering used by HGMD may differ from
that used by the literature. HGMD has recently adopted the HGVS-recommended nomen-
clature so that the initiation codon is always numbered as “1”, while many literature
reports still utilize numbering schemes that include a signal peptide or leader sequence,
or number their mutations according to a specific domain in the protein. For most genes
(where there is no risk of error or ambiguity), residue numbering has been standardized
with respect to the generally accepted numbering system. For gross deletions (Fig. 1.13.9),
gross insertions, repeat variations, and complex rearrangements, information regarding
the nature and location of a lesion is logged in narrative form owing to the extremely
variable quality of the original data reported.

Entries by phenotype
16. Go back to the gene mutation entry page (Fig. 1.13.2) by clicking on the gene symbol

at the top of the page. Scroll down to the second table to see the number of entries
sorted by phenotype.

This table contains details of the number of entries in HGMD for each gene, categorized
by phenotype. Note that only the phenotypes corresponding to the first reported example
of each mutation are listed.

Associated data
17. At the bottom left-hand side of the gene mutation entry page (Fig. 1.13.2), links to

associated data can be found. The details of the earliest mutation reports, related
genes, and gene ontology are available as part of HGMD Professional.

External sites
18. Links to external sites are to be found at the bottom right-hand side of the gene

mutation entry page (Fig. 1.13.2). HGMD has established bidirectional links with
Online Mendelian Inheritance in Man (OMIM). The authors of this unit have also
added links to the Human Gene Nomenclature Database, GenAtlas, GeneClinics,
GeneCards, Entrez Gene, UniProt, JSNP, COSMIC, and the Genetic Association
Database.
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a. Online Mendelian Inheritance in Man (OMIM; UNIT 1.2) is a catalog of human
genes and genetic disorders pioneered by the late Victor A. McKusick and authored
and edited by his colleagues at Johns Hopkins University School of Medicine.
The database contains textual information and references. It also contains copious
links to MEDLINE and sequence records in the Entrez system, and links to
additional related resources at NCBI and elsewhere. HGMD links directly to the
corresponding OMIM record.

b. Entrez Gene (a service hosted by NCBI; UNIT 1.3) provides a single query interface
to curated sequence and descriptive information about genetic loci. It presents
information on official nomenclature, aliases, sequence accessions, phenotypes,
EC numbers, MIM numbers, UniGene clusters, homology, map locations, and
related Web sites.

c. HUGO Gene Nomenclature Database. Each known human gene requires a gene
name and symbol (short-form abbreviation). All approved symbols are stored
in the Human Gene Nomenclature Database. Generally, each symbol maintains
parallel construction in different members of a gene family and may also be used
in other species, especially the mouse. This facility is hosted by the European
Bioinformatics Institute and operates under the auspices of HUGO.

d. UniProt. The mission of UniProt is to provide the scientific community with a
comprehensive, high-quality, and freely accessible resource of protein sequence
and functional information.

e. GenAtlas compiles the information relevant to the mapping efforts of the Human
Genome Project. This information is currently collected from more than 82,000
articles in the literature. The articles are analyzed daily by annotators to update the
GenAtlas database. Only objects with a known cytogenetic location are retained.
GenAtlas is hosted by the Université René Descartes, Paris.

f. JSNP is the repository of Japanese Single Nucleotide Polymorphism (SNP) data.

g. COSMIC. The Catalogue of Somatic Mutations in Cancer contains details of
somatic mutations in cancer that have been published in the scientific literature.
COSMIC is hosted by the Sanger Institute, Cambridge, U.K.

h. GAD. The Genetic Association Database is an archive of human genetic asso-
ciation studies of complex diseases and disorders. This includes summary data
extracted from published papers in peer reviewed journals on candidate gene and
GWAS studies.

i. GeneClinics. This database is a publicly funded medical genetics information
resource developed for physicians, other healthcare providers, and researchers,
available at no cost to all interested persons. It provides current, authoritative
information on genetic testing and its use in diagnosis, management, and genetic
counseling. GeneClinics is hosted by the University of Washington, Seattle.

COMMENTARY

Background Information

Database structure and content
The Human Gene Mutation Database

(HGMD) represents the only comprehen-
sive collation of germ-line mutations un-
derlying human inherited disease (Stenson
et al., 2009). HGMD comprises published sin-
gle base-pair substitutions in coding, regula-
tory, and splicing-relevant regions of human
nuclear genes, as well as deletions, duplica-

tions, insertions, repeat expansions, combined
micro-insertions/deletions ("indels"), and a
number of different types of complex rear-
rangement (Table 1.13.2) that occur in asso-
ciation with inherited disease. HGMD does
not include somatic gene lesions, large chro-
mosomal deletions, or mitochondrial genome
mutations. The latter are well covered by MIT-
OMAP (Ruiz-Pesini et al., 2007), a database
for mitochondrial genes harboring known
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Table 1.13.2 Summary of Mutation Data in HGMD (March 2012)a

Mutation type Number of entries

Single base-pair substitutions

Missense 54,970

Nonsense 13,803

Splicing 11,525

Regulatory 2,355

Other lesions

Small (≤20 bp) deletions 19,267

Small (≤20 bp) insertions 7,923

Small (≤20 bp) indels 1,847

Gross (>20 bp) deletions 8,472

Gross (>20 bp) insertions and duplications 1,893

Complex rearrangements (including inversions) 1,210

Repeat variations 391

Total 123,656
aNote that numbers include data not yet publicly available.

pathological mutations; a link to MITOMAP
is provided in HGMD.

Mutation data in HGMD are accessible on
the basis of every gene being allocated one
Web page per mutation type, if data of that type
are present. Meaningful integration with phe-
notypic, structural, and mapping information
has been accomplished through bidirectional
links between HGMD and Online Mendelian
Inheritance in Man (OMIM; Amberger et al.,
2011). Links to GenAtlas (Frézal, 1998),
the HUGO Nomenclature Committee (Seal
et al., 2011), GeneCards (Safran et al., 2010),
GeneTests-GeneClinics (Pagon, 2006), Entrez
Gene (Maglott et al., 2011), UniProt (UniProt
Consortium, 2012), JSNP (Hirakawa, 2002),
COSMIC (Forbes et al., 2010), and the Genetic
Association Database (Becker et al., 2004)
have also been established.

HGMD also contains extra information
such as a listing of locus-specific mutation
databases (http://www.hgmd.cf.ac.uk/docs/oth
mut.html), current guidelines for muta-

tion nomenclature (http://www.hgmd.cf.ac.
uk/docs/mut nom.html; courtesy of J.T. den
Dunnen and S.E. Antonarakis), and links
to MITOMAP for mitochondrial genes with
known pathological mutations. The authors
also list publications by HGMD authors, some
of which have made use of HGMD data.

Each mutation is entered into HGMD only
once (citing the first literature report) in or-
der to avoid confusion between recurrent and

identical-by-descent lesions. Additional clini-
cal phenotypic data or functional data are pro-
vided by way of an additional referencing sys-
tem [exclusive to HGMD Professional]. Silent
mutations within the coding region that do not
alter the encoded amino acid are not recorded
unless there is evidence of altered function
and/or a disease association. Mutations that
have been inadequately or ambiguously de-
scribed are also excluded unless full details
can subsequently be obtained from the authors.
Such problems could be minimized if authors
were to follow published mutation nomencla-
ture guidelines (den Dunnen and Antonarakis,
2001). In addition to mutation data, HGMD
provides supplementary information that can
be used to assist in interpretation—e.g., links
to cDNA reference sequences (currently num-
bering ∼4,450).

Data are obtained by means of a com-
bined electronic and manual search proce-
dure. HGMD currently contains data derived
from more than 1,800 different life science
and medical journals, with entries accumulat-
ing at a rate in excess of 10,000 per annum
(Tables 1.13.3 and 1.13.4). Data from five jour-
nals (Human Mutation, American Journal of
Human Genetics, Human Molecular Genet-
ics, Journal of Medical Genetics, and Nature
Genetics; ranked by the number of mutations
in HGMD) account for just over a third of
all HGMD entries, whereas the top 100 jour-
nals together account for more than 80% of
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Table 1.13.3 Summary of Entries in HGMD by
Year of Publication (March 2012)

Year Number of entries

Before 1995 6881

1995 2431

1996 3041

1997 3809

1998 4670

1999 5273

2000 5552

2001 5907

2002 5567

2003 6123

2004 6069

2005 8261

2006 8712

2007 8646

2008 8478

2009 11261

2010 10181

2011 11066

2012a 1728
aYear to date.

entries. As previously predicted, mutation data
have come to be published in an ever more
diverse selection of journals covering increas-
ingly specialized subject areas. This has made
the scanning of these journals a worthwhile
proposition in terms of data acquisition, and
the semi-computerized search strategy em-
ployed by HGMD entirely necessary.

HGMD does not usually include mutations
lacking obvious phenotypic consequences, al-
though a few such coding sequence variants
have been included where they could conceiv-
ably have some clinical effect. Some variants
have, however, been included on the grounds
that they significantly reduce the expression
of a given gene or the functional activity of
its protein product, even though they may not
yet have been shown to be of direct clinical
relevance.

The HGMD curators adopt a policy of
continual content curation with respect to
the mutation data present in the database. If
additional data pertaining to a given muta-
tion entry subsequently become available in a
particular literature report (e.g., questionable
pathogenicity, confirmed pathogenicity, addi-
tional phenotypes, functional studies, etc.),

then a question mark, comment, or additional
reference (HGMD Professional only) may be
used to annotate the entry to communicate this
information to users. Where a mutation entry
is subsequently found likely to be merely a
neutral polymorphism (due to additional case
reports, genome screening studies, etc.), it may
be removed from the database at the discretion
of the curators.

HGMD funding
Since HGMD does not receive any pub-

lic funding, it has been necessary to de-
velop a sustainable model for both the cur-
rent and future funding of the database. The
ideal model (in the opinion of the authors)
would be a mixture of income from both public
and private sources. This, in principle, would
allow HGMD to provide free database ac-
cess to academic/non-profit users alongside
a subscription-based distribution for commer-
cial users marketed by a commercial company.
With this eventual aim in mind, the HGMD
curators have opted to market their data in
collaboration with BIOBASE GmbH. As part
of the commercial agreement, Cardiff Univer-
sity, as HGMD’s host institution, has agreed
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Table 1.13.4 Total HGMD Growth by Year of Entry
(March 2012)

Year Cumulative total

2000 24,553

2001 31,924

2002 37,744

2003 43,713

2004 49,354

2005 56,941

2006 66,779

2007 76,106

2008 85,674

2009 97,773

2010 108,536

2011 121,217

2012a 123,656
aYear to date.

to provide BIOBASE with a 3-year period of
exclusive access to newly added mutational
information. BIOBASE provides HGMD (in
the form of HGMD Professional; see below)
as a stand-alone product as part of its database
subscription package. The publicly available
version of HGMD will, however, continue to
be made available as a free service to reg-
istered users from academic/non-profit insti-
tutions via the Cardiff Web site. By requiring
commercial entities to pay for access to the lat-
est HGMD data and software tools while pro-
viding a less up-to-date version free of charge
to registered users from academic/nonprofit
institutions, the HGMD curators believe that
they can continue to allow free access to the
bulk of their mutation data, while at the same
time generating sufficient income to support
the maintenance of HGMD from its commer-
cial distribution.

Disease-associated and functional
polymorphisms

Disease-associated/functional polymorp-
hisms currently comprise ∼5% of entries in
HGMD. The vast majority of these polymor-
phisms are single base-pair substitutions, but
a small number are of an insertion/deletion
type. They generally occur within gene pro-
moters or coding regions, but an increasing
number of these variants are being found in
introns and 3′-UTRs. These polymorphisms
often serve to alter either the level of ex-
pression of the gene or the functional activity

of the gene product. Currently, ∼55% of the
polymorphisms recorded in HGMD have been
shown to be disease-associated. The remainder
(“functional polymorphisms”) have some evi-
dence to suggest that they may exert a marked
influence either on the level of expression of
the associated gene or the functional activity
of the protein product.

The distinction between a disease-
associated polymorphism and a pathological
mutation sensu stricto is of course to some ex-
tent arbitrary. For example, the �F508 muta-
tion in the CFTR gene, which in a homozygous
or compound heterozygous state is responsi-
ble for the majority of cases of cystic fibrosis
in Caucasian populations, occurs at polymor-
phic frequency. By contrast, the Arg506Gln
substitution in the F5 gene, known as factor
V Leiden, which occurs at a frequency of 3%
to 5% in the Caucasian population, is found in
15% to 25% of individuals with venous throm-
bosis. In terms of their relationship to disease,
the former category of mutation may be re-
garded as causative, whereas the latter may
only be regarded as “associated,” owing to re-
duced penetrance.

Many reports of disease-associated poly-
morphisms that appear in the literature are of
uncertain significance and may turn out to be
unreliable as a result, e.g., of inappropriate
case-control matching, inadequate choice of
statistical test, or inconsistent phenotype def-
inition. The decision as to whether to include
a disease-associated polymorphism in HGMD



The Human Gene
Mutation
Database
(HGMD)

1.13.16

Supplement 39 Current Protocols in Bioinformatics

is not an arbitrary one, but involves an exer-
cise of judgment. To be included as disease-
associated, a statistically significant (p <0.05)
association between the polymorphism and
phenotype must have been observed, or ei-
ther in vitro or in vivo expression/functional
data must have served to demonstrate that the
polymorphism influences either the level of ex-
pression or the function of the protein product.
Such information is required in order to en-
sure that “neutral” variants in linkage disequi-
librium with other disease-causing (but hith-
erto unknown) variants are not inadvertently
included.

In some instances, the above criteria have
only been partially satisfied, so that the HGMD
curators remained unconvinced as to the phe-
notypic relevance of the variants reported. A
decision to include the polymorphism may
nevertheless have been made, either as a re-
sult of other supporting information that be-
came available since publication of the orig-
inal (first) report, or because the associated
gene/disease state was deemed to be of suf-
ficient importance for it to warrant confirma-
tion or other additional work. Such variants
have been ascribed the descriptor “association
with?” (as opposed to “association with” with-
out a question mark) to indicate that some de-
gree of uncertainty is involved. The difficulty
inherent in making decisions regarding the in-
clusion or exclusion of such potential disease
associations highlights the need for a method-
ical and methodologically uniform approach
to assessing such reports as they appear in the
literature (Cooper et al., 2002).

Commercial collaborations
In the summer of 2000, HGMD entered into

a licensing agreement with Celera Genomics
(http://www.celera.com). As part of this agree-
ment, HGMD/Cardiff University agreed to
provide Celera with a 1-year period of ex-
clusive access to new information added to
HGMD. HGMD was made available along
with the SNP reference database as part of
the Celera Discovery System (CDS; Kerlavage
et al., 2002) until June 2005.

From December 2005, HGMD has been
working in partnership with BIOBASE GmbH
(http://www.biobase.de), employing a similar
business model (HGMD Professional). The
publicly available version of HGMD will con-
tinue to be maintained and made available free
of charge, albeit with a delay of 3 years be-
tween initial data entry and those data subse-
quently being made publicly available via the
Cardiff Web site.

HGMD Professional
HGMD Professional (http://www.biobase-

international.com/product/hgmd) has been de-
veloped to serve as the subscription version
of HGMD, and is available to both commer-
cial and academic customers through a license
from BIOBASE, our commercial partner. The
Professional version allows access to up-to-
date mutation data, with a new product release
every 3 months.

HGMD Professional contains many fea-
tures that are not available in the free public
version. Up-to-date mutation data plus more
powerful search tools in the form of an ex-
panded search engine with full text Boolean
searching are provided. Subscribers may use
these tools to perform additional searches
for chromosomal locations, Entrez Gene ID
numbers, HGNC database ID numbers, com-
mon gene aliases, codon numbers, HGMD
accession numbers, HGVS nomenclature, db-
SNP identifiers, genomic chromosomal coor-
dinates (GRCh37), and cited literature refer-
ences. Enhanced gene and mutation viewing
is also enabled, allowing improved navigation
between different genes and mutation types.
An advanced search facility is also available,
which includes motif searching and permits
the downloading of search results.

Additional information is also provided on
a mutation-specific basis. This includes com-
parative biochemical information and func-
tional predictions (including change in residue
polarity, pH, weight, hydrophobicity, sec-
ondary structure propensity, Grantham differ-
ence, SIFT and MutPred predictions) for the
amino acid substitutions. These data are in-
tended to assist with the assessment of the
likely pathogenicity of each missense muta-
tion. Pairwise alignments are also provided for
the majority of missense mutations in HGMD,
using orthologous protein sequences obtained
from the Entrez protein database. Amino acid
sequences will continue to be added as they
appear in the Entrez protein database. This
feature allows subscribers to ascertain the evo-
lutionary conservation of a given amino acid
residue and its surrounding sequence in rela-
tion to each missense mutation without having
to load mutated sequences from HGMD into
an external database.

Critical Parameters and
Troubleshooting

The Human Gene Mutation Database is
designed to be as easy to use as possible.
The parameters for searching the database are
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gene symbol, gene description (name), OMIM
number, GDB number, and disease/phenotype.

If a user is unable to find the gene of
interest, make sure that the official HUGO
Nomenclature Committee Gene symbol has
been used when searching HGMD. If the
gene is still not found, try searching using the
disease name only. Try alternative spellings
for disease names, or alternative names for
the disease (e.g., Hunter syndrome and type
2 mucopolysaccharidosis are the same dis-
ease, but HGMD uses only mucopolysaccha-
ridosis). HGMD also uses British rather than
American spelling (i.e., anaemia rather than
anemia), though some alternate spellings will
be recognized. As an alternative strategy, one
may also try to find the gene in OMIM or En-
trez Gene first, and then use either the OMIM
or Entrez accession number in the HGMD
search, or use the available OMIM or Entrez
link to reach HGMD.

Suggestions for Further Analysis

Scientific exploitation of the Human Gene
Mutation Database

Human gene mutation is an inherently
nonrandom process; the nature of the muta-
tional lesion, its frequency, and its location
are strongly influenced by the local DNA se-
quence environment. HGMD data have been
utilized to study the role that repetitive se-
quence elements, sequence homologies, and
specific motifs play in promoting mutagene-
sis, and to explore in detail the underlying mu-
tational mechanisms (Krawczak et al., 1998,
2000; Ball et al., 2005). Indeed, HGMD data
have been used by the HGMD Curators and
their collaborators to perform an extensive
series of meta-analyses of different types of
gene mutation causing human inherited dis-
ease (Cooper et al., 2011), which have not
only shown that the nature, location, and fre-
quency of different types of mutations caus-
ing inherited disease are shaped in large part,
and often in remarkably predictable ways,
by the local DNA sequence environment, but
have also yielded new insights into the pheno-
typic/clinical consequences of several entirely
novel types of human gene mutation, i.e., mu-
tations giving rise to gains of glycosylation
(Vogt et al., 2005) and mutations which dis-
rupt predicted exon splice enhancers (Sanford
et al., 2009; Sterne-Weiler et al., 2011).

We have also contributed HGMD data to
a number of major international projects in-
cluding the sequencing of the genomes of
Rattus norvegicus (Gibbs et al., 2004), the

Indian macaque (Rhesus Macaque Genome
Sequencing and Analysis Consortium, 2007),
the Chinese rhesus and cynomolgus macaques
(Yan et al., 2011), and most recently, the gorilla
(Scally et al., 2012). HGMD data also made
possible the identification of potential disease-
causing variants in the first two human diploid
genomes ever sequenced (Levy et al., 2007;
Wheeler et al., 2008). In collaboration with the
1000 Genomes Project, we have contributed
HGMD data to aid (i) the construction of a
map of the location, allele frequency, and lo-
cal haplotype structure of ∼15 million human
single nucleotide polymorphisms, allowing di-
rect estimation of the rate of de novo germ-line
base substitution (1000 Genomes Project Con-
sortium, 2010), (ii) the definition of the func-
tional spectrum of human low-frequency cod-
ing variation (Marth et al., 2011), and (iii) the
identification of putative loss of function vari-
ants in 185 human genomes, thereby demon-
strating that human genomes typically contain
∼100 genuine loss-of-function variants with
∼20 genes completely inactivated (MacArthur
et al., 2012).

Why should we want to study and record
human mutation?

The sequencing of the human genome is
now long complete and its annotation well un-
derway. Indeed, the full genomic sequences of
many human genomes are now publicly avail-
able. The availability of HGMD data has fa-
cilitated the study of gene mutation by making
possible:

1. A description of the spectrum of genetic
variation underlying human inherited disease;

2. The identification of the factors that de-
termine the propensity of certain DNA se-
quences to undergo germ-line mutation;

3. An improved understanding of the mech-
anisms underlying the different types of hu-
man gene mutation and the reasons why dif-
ferent types of mutational lesion occur with
different frequencies in different genes;

4. The identification of disease states
that exhibit incomplete mutational spectra,
prompting the search for novel gene lesions
associated with different clinical phenotypes;

5. The optimization of mutational screening
strategies;

6. The meaningful comparison between the
potentially different mechanisms of mutagen-
esis underlying inherited and somatic disease;

7. Studies of human genetic disease in the
context of the evolutionary conservation of
the affected nucleotide sequences or encoded
amino acid residues;
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8. Extrapolation toward the genetic basis of
other, more complex traits and diseases;

9. A source of data for clinical interpretive
use in NGS/exome screening studies.

For all these reasons, we should endeavor
to follow the advice of the founder of modern
human genetics, William Bateson, who, in the
context of collecting plant mutants, exhorted
us to “treasure our exceptions.”
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