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Scope

NCBTI'’s Gene database is designed to aggregate gene-specific information from multiple perspectives including
sequence, mapping, publications, function of products, expression, evolution, and consequences of variation.
Gene makes these data available for diverse scenarios, from occasional interactive access on the Web through
computational access to selected or complete data sets.

Gene assigns an identifier (the GeneID) for each gene in each taxon either represented in the NCBI Reference
Sequence (RefSeq) project, or under consideration by RefSeq. Usually this taxon is defined at the species level,
but sometimes will be per isolate, strain or cultivar. Gene is closely coupled with RefSeq, in that genes annotated
on RefSeq sequences are assigned GenelDs for tracking. Not all records in Gene, however, are based on RefSegs.
Gene works closely with multiple groups that may identify a gene before it has been been defined by sequence.
In other words, some records in Gene are mapped traits or other phenotypes.

This document does not provide detailed instructions about how to use Gene or comprehensive details about
how Gene is built from numerous data sources. For detailed, up- to-date documentation, please refer to Gene'’s
Help document.

History

The database currently known as Gene was first made public in 1999 as LocusLink (1). There was only one
species represented (human) and little more than 9000 records. The Web interface supported links only to
dbSNP, OMIM, RefSeq, GenBank, and UniGene within NCBI, as well as to the now defunct Genome Database
(GDB) and a few other databases externally (Figure 1). By late 2003, when Entrez Gene was released, there were
10 species, almost 195000 records, and links computed to dbSNP, Ensembl, the HUGO Gene Nomenclature
Committee (HGNC), GEO, Map Viewer, Mammalian Gene Collection (MGC), Nucleotide, Protein, PubMed,
Taxonomy, UCSC, UniSTS, UniGene, and multiple species-specific model organism databases (Figure 2). Now
Gene represents more than 11,000 taxa, more than 13,000,000 records, and more than 40 types of links to other
NCBI databases.

In addition to the taxonomic scope, the number of records, and connectivity, the look and feel of Gene has
changed over the years. The current database implementation provides a hierarchical Table of Contents to
facilitate navigation, integration with MyNCBI to support personalized display of sections of the record, an
embedded viewer of NCBI’s annotation of any gene on one or more genomic RefSegs, a page dedicated to the
display of GeneRIFs, and, especially for human, enhanced access to gene-specific variation and phenotype
reports (Figure 3).


https://www.ncbi.nlm.nih.gov/books/n/helpgene/
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Figure 1. Representation of gene-specific information in LocusLink.

Data Model

Gene has a simple data model. Once the concept of a gene is defined by sequence or mapped location, it is
assigned a unique integer identifier or GenelD. Then data of particular types are connected to that identifier.
These types include sequence accessions, names, summary descriptions, genomic locations, terms from the Gene
Ontology Consortium (2), interactions, related phenotypes, and summaries of orthology. For some of the
commonly requested elements, and because of the simplicity of the data model, Gene provides tab-delimited
files of content anchored on the GenelD.

The full extraction of Gene is exported as binary ASN.1 (ftp://ftp.ncbi.nih.gov/gene/DATA/ASN_BINARY/) with
a tool provided to convert to XML (ftp://ftp.ncbi.nlm.nih.gov/asnl-converters/by_program/gene2xml). The
ASNL.1 representation of a Gene record (http://www.ncbi.nlm.nih.gov/IEB/ToolBox/CPP_DOC/Ixr/source/src/
objects/entrezgene/entrezgene.asn) incorporates several objects used by other resources (Gene-ref, BioSource,
RNA-ref, etc.), but also has several several objects specific to Gene to represent the type of gene, map location,
and properties. A major component of Gene’s ASN.1 representation is the generic Gene-commentary that is
used to represent content defined by type, heading, label, text, and source.

Dataflow

Gene is updated daily and incrementally. In other words, on any given day a record may be changed but not all
records will be changed on the same day. The FTP site is refreshed comprehensively each day, except for special
reports and documentation files.


ftp://ftp.ncbi.nih.gov/gene/DATA/ASN_BINARY/
ftp://ftp.ncbi.nlm.nih.gov/asn1-converters/by_program/gene2xml
http://www.ncbi.nlm.nih.gov/IEB/ToolBox/CPP_DOC/lxr/source/src/objects/entrezgene/entrezgene.asn
http://www.ncbi.nlm.nih.gov/IEB/ToolBox/CPP_DOC/lxr/source/src/objects/entrezgene/entrezgene.asn
http://www.ncbi.nlm.nih.gov/toolkit/doc/book/ch_datamod/#ch_datamod.Generef_Reference_To
http://www.ncbi.nlm.nih.gov/toolkit/doc/book/ch_datamod/#ch_datamod.Common_ASN1_Specifications
http://www.ncbi.nlm.nih.gov/toolkit/doc/book/ch_datamod/#ch_datamod.RNAref_Reference_To_

Gene 3

>
Entrez Gene =
e
d Mucleotide Protein Genome Structure PMC Taxonomy Book
¥ forl il ﬁl W current records only
Limits Preview/Index History Clipboard Details
Display IGraphics j Shaw:IED j Send to IText 'l
M+:DMD dystrophin (muscular dystrophy, Duchenne and Becker types) [Homo sapiens] Links
GenelD: 1756 Locustag: HGNC2g28 updated 11-Dec-zo03
Transcripts and products: (shown on reverse complement genome) RefSeq below
HC_000023
HAzeriaise ] A 30495771 ]
5" 3
HH 000109 KE_000100 pd27c isoform
HH_og & HHH  HP_00:3987 p327m_isoform
HH_idiii KP_004001 Dpd27p2 isoform
NH_ 004005 HHHI BP_004000 Dpa27pl isoform
HH_ii ra HH HP_i0 3993 p427] isoform
HH_i04012 L HP_in F2EN—2 imcform
HH_og 1 HHHE  WP_ii p2E0-1 isoform
NH_ 004025 HE_00 pLélbe isoform
HH_fidn 22 HHHH  HP_ini pldlab isoform
HH_ii 1 HHHH HP_id pldib isoform
HH_004013 I NP_00400%  Dpldd iscform
HH_004020 HHH  WP_io 1 pl40c isoform
HH_n04014 HH—H—HHH HE_00 3 pll6 izoform
NH_ 04015 HHHH BP_004003  Dp7iab iscfoem
HH_004017 HHH KP_004005 DpFia isofarm
HH_004016 HHHH HE_004007 Dp7ib isoform
HH_004015 HHH WE_004006 Dp71 isoform
HNH_004013 HH NP_004010 Dpdd isoform
B - coding resion W - untronsloted region
Genomic context: chromosome: X; Maps: Xp21.2
Map Viewer [ 30209877 [ 33527092 pr
TRES OHD LOCisa724
FTHL17 LOC1 394351

Gene type: protein coding

Gene name: DMD

Gene description: dystrophin (muscular dystrophy, Duchenne and Becker types)

RefSeq status: Reviewed

Organism: Homo sapiens

Lineage: Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo

Gene aliases: BMD; DXS142; DXS164; DXS206; DXS230; DXS239; DXS268; DXS269; DXS270; DXS272

Summary: The dystrophin gene is the largest gene found in nature, measuring 2.4 Mb. The gene was identified through a positional cloning
approach, targeted at the isolation of the gene responsible for Duchenne (DMD) and Becker (BMD) Muscular Dystrophies. DMD is a recessive,
fatal, X-linked disorder occurring at a frequency of about 1 in 3,500 new-born males. BMD is a milder allelic form. In general, DMD patients carry
mutations which cause premature translation termination (nonsense or frame shift mutations), while in BMD patients dystrophin is reduced either
in molecular weight (derived from in-frame deletions) or in expression level. The dystrophin gene is highly complex, containing at least eight
independent, tissue-specific promoters and two polyA-addition sites. Furthermore, dystrophin RNA is differentially spliced, producing a range of
different transcripts, encoding a large set of protein isoforms. Dystrophin (as encoded by the Dp4z27 transcripts) is a large, rod-like cytoskeletal
protein which is found at the inner surface of muscle fibers. Dystrophin is part of the dystrophin-glycoprotein complex (DGC), which bridges the
inner cytoskeleton (F-actin) and the extra-cellular matrix.

Figure 2. Gene in 2003. The diagram of the gene structure was idiosyncratic to Gene; the organization of the page followed the NCBI
conventions of the time by using a blue sidebar at the left to provide general information about Gene and other resources. Links to
related data in other databases was accessed by clicking on the Links menu at the upper right.

Data are added to Gene by integrating automated and curatorial flows. For some taxa, primarily genomes
submitted to NCBI with annotation of genes, data are loaded to Gene by extracting information annotated on
the gene feature of the genomic sequence that was submitted. Those data may be supplemented by data from
Gene Ontology (GO) based on identifiers in the sequence, according to rules reported by Gene in ftp://
ftp.ncbi.nih.gov/gene/DATA/go_process.xml. The content of the Gene record for these species is thus updated
only when a new annotation of the genome is supplied, or when supplementary data such as GeneRIFs, GO
terms, or UniGene clusters are updated.

For the taxa included in RefSeq’s curated set (see the RefSeq chapter for more information), updates may happen
daily, and independently of a re-annotation of a genome. There are automated flows to reconcile official gene
symbols and full names, protein names, and database identifiers. Curators may modify summaries, add or
redefine transcript or RefSeqGene RefSeqs, or add citations to the record. When this happens the Gene record is
updated. Genes that are in scope for more frequent updates can usually be detected because the NCBI Reference
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Figure 3. Gene in 2013. Partial display of a record in Gene showing content comparable to that in Figure 2, namely the summary
section, the genomic context, and part of the embedded view of the annotation of the gene on a selected genomic sequence. In this
example the genomic sequence is a RefSeqGene, and thus shows a more limited set of alternative transcipts, and report the exon
numbering system defined by the RefSeqGene.

Sequences section will include a subsection entitled RefSeqs maintained independently of Annotated Genomes
(Figure 4).

More detailed information about the maintenance of information in Gene is provided in Gene Help.

Access
Web

Gene

Gene is accessed on the Web via http://www.ncbi.nlm.nih.gov/gene/. If the GenelD is known, the path to a
specfic record is generated based on the root path plus the GenelD, e.g., http://www.ncbi.nlm.nih.gov/gene/672
for human BRCA1, for which the GenelD is 672.


https://www.ncbi.nlm.nih.gov/books/n/hepgene/EntrezGene/#EntrezGene.How_Data_Are_Maintained
http://www.ncbi.nlm.nih.gov/gene/
http://www.ncbi.nlm.nih.gov/gene/672
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Figure 4. A record maintained independently of annotation releases. If this information is included in the Reference Sequences portion
of the Gene record, other content of the record is also likely to change more often.

Gene’s website is searched via NCBI'’s Entrez system. The fields, filters, and properties that support effective
queries are documented in Gene’s Help book. Among those that are used most often are the gene symbol
([gene]) and a sequence accession.

Other NCBI databases

Gene is also accessed from other databases at NCBI. For example, a query to sequence databases, ClinVar,
MedGen, or PubMed will detect what looks like a Gene symbol, and provide a display summarizing what is
available in Gene (Figure 5). Records in Gene related to other database entries can be identified by following the
links to Gene displayed in the panel at the right.

FTP

Information about genes is accessible from any FTP site of NCBI that includes GenelDs as part of the content.
These will not be enumerated in this document; just be aware that if a record reports a GenelD or gene_id, that
is the identifier from NCBI's Gene database.

Gene

Gene's FTP site (ftp://ftp.ncbi.nlm.nih.gov/gene/) is divided into DATA, GeneRIFE and tools sections. The ftp://
ftp.ncbi.nlm.nih.gov/gene/README file describes all sections, reports maintenance details, and provides
detailed information about files available from Gene, as well as the annotation-specific files provided from ftp://
ftp.ncbi.nih.gov/genomes. The DATA subdirectory provides several comprehensive files, but also includes
subdirectories for the full extractions (ASN_BINARY) and tab-delimited reports (GENE_INFO) that provide
subsets of data divided by major taxonomic groups.

GFF

For those interested in the location of genes and exons in a genomic context, the genomes path provides a GFF
directory for many species. The README_CURRENT_RELEASE file indicates the NCBI Annotation Release
being reported and the dates on which data were frozen to support the annotation. In the GFF file, GenelD is
reported as a cross-reference, e.g., Dbxref=GenelD:1080. NCBI uses the GFF3 standard.

E-Utilities

Gene is fully accessible programmatically using NCBI’s E-Utilities. The tools section on Gene’s FTP site provides
some sample perl scripts to extract information from Gene based on esummary and efetch and elink.


https://www.ncbi.nlm.nih.gov/books/n/hepgene/
ftp://ftp.ncbi.nlm.nih.gov/gene/
ftp://ftp.ncbi.nlm.nih.gov/gene/README
ftp://ftp.ncbi.nlm.nih.gov/gene/README
ftp://ftp.ncbi.nih.gov/genomes
ftp://ftp.ncbi.nih.gov/genomes
http://www.sequenceontology.org/gff3.shtml
ftp://ftp.ncbi.nlm.nih.gov/gene/tools/README
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Figure 5. Gene sensor in PubMed. A query that matches a gene symbol provides the user with link to more information in Gene, as
well as the listing of citations in PubMed that satisfy the query (http://www.ncbi.nlm.nih.gov/pubmed/?term=pcdhgal2)

Related Tools

In addition to the scripts available from the tools directory of Gene’s FTP site (ftp://ftp.ncbi.nlm.nih.gov/gene/
tools/README), gene2xml (ftp://ftp.ncbi.nlm.nih.gov/asnl-converters/by_program/gene2xml/) supports
conversion of Gene’s ASN.1 representation to XML. Gene-related programming tips are included in Gene Help
and FAQ.
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