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Abstract
IMGT, the international ImMunoGeneTics database (http://
imgt.cnusc.fr:8104) is an integrated database specialising in
immunoglobulins (Ig), T-cell receptors (TcR) and major histocompatibility complex (MHC) of all vertebrate species,
created by Marie-Paule Lefranc, CNRS, Montpellier II University, Montpellier, France (lefranc@ligm.crbm.cnrs-mop.
fr). IMGT includes three databases: LIGM-DB for Ig and
TcR, MHC/HLA-DB, and PRIMER-DB (the last two in
development). The new section of Experimental and Clinical
Immunogenetics, ‘IMGT locus on focus’, will give the more
updated and extensive overview of the current status of the
different Ig, TcR and MHC genes in IMGT, with standardization of gene nomenclature, functionality, and allele polymorphism according to the IMGT rules and unique numbering.
OOOOOOOOOOOOOOOOO

The molecular synthesis and genetics of
the immunoglobulin (Ig) and T cell receptor
(TcR) chains is particularly complex and
unique since it includes biological mechanisms such as DNA molecular rearrangements in seven loci (three for Ig and four for
TcR) located on four different chromosomes
in human nucleotide deletions and insertions
at the rearrangement junctions, and hypermu-
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tations in the Ig loci. The number of potential
protein forms of Ig and TcR is almost unlimited. In order to deal with the complexity and
the large number of published sequences, a
specialized and integrated database, IMGT,
the international ImMunoGeneTics database (http://imgt.cnusc.fr:8104) was created
in 1992 by Marie-Paule Lefranc, CNRS, Université Montpellier II, Montpellier, France
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(lefranc@ligm.crbm.cnrs-mop.fr) [1, 2]. IMGT
comprises alignment tables and expertly annotated sequences and consists of three databases: LIGM-DB for Ig and TcR, MHC/HLADB, and PRIMER-DB (an Ig, TcR and MHCrelated primer database), the two latter are
currently being developed. The goals of
IMGT are to establish a common data access
to all immunogenetics data, including nucleotide and protein sequences, oligonucleotide
primers, gene maps and other genetic data of
Ig, TcR, and MHC molecules, and to provide
a graphical user-friendly data access. IMGT
has important implications in medical research (repertoire in autoimmune diseases,
AIDS, leukemias, lymphomas), therapeutic
approaches (antibody engineering), genome
diversity and genome evolution studies.
Before the physical implementation of the
database, the main and longest objective was
to establish rules for the description of Ig and
TcR sequences of any species. This was the
major foundation of consistent expertise.
These rules comprise:

Standardization of Key Words
IMGT key words for Ig and TcR include
the following: (i) General key words: indispensable for sequence assignments, they are
described in an exhaustive and nonredundant
list, and are organized in a tree structure;
(ii) Specific key words: they are more specifically associated to particularities of the sequences (orphon, transgene ...) or to diseases
(leukemia, lymphoma, myeloma ...). The list
is not definitive and new specific key words
can easily be added if needed. IMGT/LIGMDB standardized key words have been assigned to all entries.

Standardization of Sequence
Annotation
Ig and TcR sequences have been analysed
at the DNA and protein level in order to
define a list of labels for the structural and
functional motifs. 177 feature labels were
shown to be necessary for an accurate annotation. The annotation is the most critical step
and a very time-consuming process since
about 50 sequences a week can be annotated
by an experienced annotator. Levels of annotation have been defined, which allow the
users to query sequences in IMGT/LIGM-DB
even though they are not fully annotated. Resulting sequences can be obtained in different
formats (FASTA, EMBL ...), with three reading frames, and with protein translation. This
will be upgraded to set up a protein database
for Ig and TcR.

Standardization of Ig and TcR Gene
Designation
The objective is to provide immunologists
and geneticists with a unique nomenclature
per locus which will allow extraction and
comparison of data for the complex B and T
cell antigen receptor molecules, whatever the
species. Data concerning the human Ig and
TcR genes have been standardized, and maps
of loci, tables of germline genes in the IMGT
nomenclature, correspondence to other gene
designations, and gene functionality (document 1) are available from http://imgt.cnusc.
fr:8104.

The IMGT Unique Numbering
A uniform numbering system for Ig and
TcR sequences of all species has been established by Marie-Paule Lefranc to facilitate
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sequence comparison and cross-referencing
between experiments from different laboratories whatever the antigene receptor (Ig or
TcR), the chain type or the species [3]. This
numbering results from the analysis of more
than 3,000 Ig and TcR variable region sequences of vertebrate species from fish to
human. It takes into account and combines
the definition of the framework (FR) and
complementarity determining region (CDR)
[4], structural data from X-ray diffraction
studies [5], and the characterization of the
hypervariable loops [6]. In the IMGT numbering, conserved amino acids from frameworks always have the same number whatever
the Ig or TcR variable sequence, and whatever the species they come from. As examples:
cysteine 23 (in FR1), tryptophan 41 (in FR2),
leucine 89 and cysteine 104 (in FR3). Tables
and graphs are available on the WWW interface at the IMGT Marie-Paule page from
http://imgt.cnusc.fr:8104.
This IMGT unique numbering has several
advantages:
E It has allowed to redefine the limits of the
FR and CDR. The FR-IMGT and CDRIMGT lengths become in themselves crucial
information which characterize variable regions belonging to a group, a subgroup and/or
a gene.
E Framework amino acids (and codons) located at the same position in different sequences can be compared without requiring
sequence alignments. This also holds for amino acids belonging to CDR-IMGT of same
length.
E The unique numbering is used as the output of the IMGT/DNAPLOT alignment tool.
The aligned sequences are displayed according to the IMGT numbering and with the FRIMGT and CDR-IMGT delimitations.
E The unique numbering has allowed a standardization of the description of the mutations and allelic polymorphisms of the vari-
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able regions (document 2). These mutations
and allelic polymorphisms are described by
comparison to the ‘reference sequences’ defined in IMGT.
By facilitating the comparison between sequences and by allowing the description of
alleles and mutations, the IMGT unique
numbering represents a big step forward in
the analysis of the Ig and TcR sequences of all
species. Moreover, it gives insight in the structural configuration of the variable domain
and opens interesting views on the evolution
of these sequences, since this numbering has
been applied with success to all the sequences
belonging to the V-set of the Ig superfamily,
including nonrearranging sequences in vertebrates (CD4, CTX, ...) and in invertebrates
(drosophila amalgam, drosophila fasciclin
II, ...) (graphical representations available at
the IMGT Marie-Paule page from http://imgt.
cnusc.fr:8104).
In December 1997, IMGT/LIGM-DB contained more than 24,000 Ig and TcR from 81
species. IMGT sequences are identified by the
EMBL accession number. Since August 1996,
the IMGT/LIGM-DB content closely follows
the Ig and TcR EMBL one, with the advantage of being deleted from sequences which
have previously been wrongly assigned to Ig
and TcR.
A new section of Experimental and Clinical Immunogenetics, ‘IMGT Locus on Focus’,
will give the more updated and extensive
overview of the current status of the different
germline Ig and TcR genes of any species, as
described and completed in IMGT. This issue
contains the first report on the human immunoglobulin lambda IGLV genes and IGLJ segments.
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