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I Topic Introduction

IMGT, the International ImMunoGeneTics Information System

Marie-Paule Lefranc

IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

IMGT, the international ImMunoGeneTics information system (http://www.imgt.org), created in 1989
by the Laboratoire d'ImmunoGénétique Moléculaire LIGM (Université Montpellier 2 and CNRS, Mon-
tpellier, France), is the global reference in immunogenetics and immunoinformatics. IMGT-ONTOLOGY
concepts, generated from the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope axioms, have allowed us
to set up the IMGT Scientific chart rules and to standardize and manage the complexity of immunoge-
netics data. IMGT is a high-quality integrated knowledge resource specializing in the immunoglobulins
(IG) or antibodies, T cell receptors (TR), and major histocompatibility (MH) of human and other ver-
tebrate species, proteins of the immunoglobulin superfamily (IgSF) and MH superfamily (MhSF),
related proteins of the immune systems (RPI) of vertebrates and invertebrates, therapeutic monoclonal
antibodies (mAb), and fusion proteins for immune applications (FPIA). IMGT provides a common
access to standardized data from genome, proteome, genetics, and three-dimensional (3D) structures.
IMGT consists of databases, interactive online tools, and Web resources.

RELATED INFORMATION

IMGT is freely available at http://www.imgt.org, which provides documentation for IMGT databases and
tools. IMGT-ONTOLOGY concepts of identification are available at the National Center for Biomedical
Ontology (NCBO) BioPortal http://bioportal.bioontology.org/ and at IMGT http://www.imgt.org.

Information is also available in From IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT Stan-
dardized Keywords: For Immunoglobulins (IG), T Cell Receptors (TR) and Conventional Genes
(Lefranc 2011a), From IMGT-ONTOLOGY DESCRIPTION Axiom to IMGT Standardized Labels: For
Immunoglobulin (IG) and T Cell Receptor (TR) Sequences and Structures (Lefranc 2011b), From
IMGT-ONTOLOGY CLASSIFICATION Axiom to IMGT Standardized Gene and Allele Nomenclature:
For Immunoglobulins (IG) and T Cell Receptors (TR) (Lefranc 2011c), IMGT Unique Numbering for
the Variable (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc
2011d), and IMGT Collier de Perles for the Variable (V), Constant (C), and Groove (G) Domains
of IG, TR, MH, IgSF, and MhSF (Lefranc 2011e).

In addition, protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of the Immu-
noglobulin (IG) and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011), IMGT/Junc-
tionAnalysis: IMGT Standardized Analysis of the V-J and V-D-] Junctions of the Rearranged
Immunoglobulins (IG) and T Cell Receptors (TR) (Giudicelli and Lefranc 2011), IMGT/Collier de
Perles: IMGT Standardized Representation of Domains (IG, TR, and IgSF Variable and Constant
Domains, MH and MhSF Groove Domains) (Ehrenmann et al. 2011), IMGT/DomainGapAlign:
IMGT Standardized Analysis of Amino Acid Sequences of Variable, Constant, and Groove
Domains (IG, TR, MH, IgSF, MhSF) (Ehrenmann and Lefranc 2011a), and IMGT/3Dstructure-DB:
Querying the IMGT Database for 3D Structures in Immunology and Immunoinformatics (IG or
Antibodies, TR, MH, RPI, and FPIA) (Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

The amount of genomics, genetics, 3D, and functional data published in the immunogenetics field is
growing exponentially and involves fundamental, clinical, veterinary, and pharmaceutical research.

Corresponding author (Marie-Paule.Lefranc@igh.cnrs.fr).
Cite as: Cold Spring Harb Protoc; 2011; doi:10.1101/pdb.top115 www.cshprotocols.org
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The number of potential protein forms of the antigen receptors, IG or antibodies, and TR is almost unlim-
ited. The potential repertoire of each individual is estimated to comprise about 2 x 10'? different IG and
TR, and the limiting factor is only the number of B and T cells that an organism is genetically programmed
to produce. This huge diversity is inherent to the particularly complex and unique molecular synthesis
and genetics of the antigen receptor chains (Fig. 1). This includes biological mechanisms such as DNA
molecular rearrangements (combinatorial diversity) in multiple loci (three for IG and four for TR in
humans) located on different chromosomes (four in humans), nucleotide deletions and insertions at
the rearrangement junctions (or N-diversity), and somatic hypermutations in the IG loci (for review,
see Lefranc and Lefranc 2001a,b).

IMGT, the international ImMunoGeneTics information system (http://www.imgt.org) (Lefranc et al.
2009), was created in 1989 by Marie-Paule Lefranc, Laboratoire d'ImmunoGénétique Moléculaire LIGM
(Université Montpellier 2 and CNRS) at Montpellier, France, in order to standardize and to manage the
complexity ofimmunogenetics data. IMGT has reached that goal through the building of a unique ontol-
ogy, IMGT-ONTOLOGY (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al.
2008), the first ontology in immunogenetics and immunoinformatics.

IMGT-ONTOLOGY

IMGT-ONTOLOGY (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a; 2008; Duroux et al. 2008),
the first ontology for immunogenetics and immunoinformatics, has been built to ensure the accuracy
and the consistency of the IMGT data as well as the coherence between the components (databases,
tools, and Web resources) of IMGT, the international ImMunoGeneTics information system (http://
www.imgt.org). IMGT-ONTOLOGY is now acknowledged as the global reference in immunogenetics
and immunoinformatics, allowing IMGT to bridge biological and computational spheres in bioinfor-
matics (Lefranc et al. 2008).

IMGT-ONTOLOGY KNOWLEDGE DOMAIN

An ontology is a formal representation of a knowledge domain (Gruber 1993; Giudicelli and Lefranc 1999).
The knowledge domain covered by IMGT-ONTOLOGY is immunogenetics and immunoinformatics.
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FIGURE 1. Synthesis of an IG or antibody in humans. A human being may potentially synthesize 10" different antibodies
(Lefranc and Lefranc 2007a). (1) DNA rearrangements (is_rearranged_into), (2) Transcription (is_transcribed_into), (3) Trans-
lation (is_translated_into). The configuration of C-GENE is “undefined” (ConfigurationType) (IMGT Repertoire, http:/www/

imgt/org).
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Immunogenetics studies the genetics of immune responses. In addition to the innate immune response
present in all living organisms, vertebrates with jaws (or gnathostomata, from fish to humans) have
acquired the adaptative immune response, characterized by an extreme diversity of the specific
antigen receptors that comprise the IG or antibodies and the TR (10'? different IG and 10'? different
TR per individual, in humans). Complex molecular mechanisms in B cells (Fig. 1) and in T cells are at
the origin of this huge diversity (Lefranc and Lefranc 2001a,b). These mechanisms include, in particular,
DNA rearrangements and, for the IG, somatic hypermutations. In addition, there is considerable poly-
morphism of the MH proteins (human leucocyte antigens [HLA] in humans). These particularities of
the adaptive immune system of the vertebrates, and a better knowledge of the innate immune responses
found in any species, have made the immune system an excellent model for systems biology.

IMGT-ONTOLOGY AXIOMS AND CONCEPTS

IMGT-ONTOLOGY manages the immunogenetics knowledge through diverse facets that rely on the
seven axioms of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope: “IDENTIFICATION,” “DESCRIP-
TION,” “CLASSIFICATION,” “NUMEROTATION,” “LOCALIZATION,” “ORIENTATION,” and “OBTEN-
TION” (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008). These
axioms postulate that any object, any process, and any relation has to be identified, described, classified,
numbered, localized, and oriented, and that the way it is obtained can be characterized (Duroux et al.
2008; Lefranc et al. 2008) (Fig. 2).

The concepts generated from these axioms have been essential for establishing the IMGT Scientific
chart rules for the genome, proteome, genetics, two-dimensional (2D) and 3D structures (Lefranc 2005,
2008b,c). The IMGT-ONTOLOGY axioms, the concepts generated from them, examples of concepts,
and IMGT Scientific chart rules are listed in Table 1.

As an example, the NUMEROTATION axiom has generated two major concepts of numerotation:

¢ the IMGT unique numbering for the variable (V) domain (Lefranc 1997, 1999; Lefranc et al. 2003)
and the constant (C) domain (Lefranc et al. 2005c¢) of the IG, TR, and IgSF, and for the groove (G)
domain (Lefranc et al. 2005b) of the MH and MhSF.

e the IMGT Colliers de Perles for V, C, and G domains or graphical 2D representations of the
domains that bridge the gap between sequences and 3D structures (Ruiz and Lefranc 2002; Gar-
apati and Lefranc 2007; Kaas and Lefranc 2007; Kaas et al. 2007).

The IMGT Scientific chart rules based on the concepts of identification, description, classification, and
numerotation have been essential in providing the standards currently used in immunogenetics and
immunoinformatics: standardized keywords, prototypes and standardized labels, official nomenclature
of the IG and TR genes and alleles (Lefranc 2000a,b; Lefranc and Lefranc 2001a,b), framework region
(FR)-IMGT and complementarity determining region (CDR)-IMGT delimitations, contact analysis and
paratope/epitope characterization, etc. (see Table 2).

IMGT DATABASES, TOOLS, AND WEB RESOURCES

Based on the IMGT-ONTOLOGY concepts, IMGT is a high-quality integrated knowledge resource, spe-
cializing in the IG, TR, and MH of human and other vertebrates, proteins of the immunoglobulin

m{ﬁ oo
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FIGURE 2. The seven axioms of the Formal IMGT-ONTOLOGY or IMGCT-Kaleidoscope. (Modified from Duroux et al. 2008
and reprinted with permission from Elsevier © 2008.)
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Table 1. Axioms of the formal IMGT-ONTOLOGY (or IMGT-Kaleidoscope), concepts generated from
them, examples of concepts, and IMGT Scientific chart rules

Formal IMGT-

ONTOLOGY axioms

Concepts generated from
the axioms

Examples of IMGT-ONTOLOGY
concepts

IMGT Scientific chart rules®

IDENTIFICATION
axiom

DESCRIPTION
axiom

CLASSIFICATION

axiom

NUMEROTATION
axiom

LOCALIZATION
axiom

ORIENTATION
axiom

OBTENTION axiom

Concepts of identification

Concepts of description

Concepts of classification

Concepts of

numerotation

Concepts of localization

Concepts of orientation

Concepts of obtention

ChainType®
ConfigurationType
DomainType
FunctionalityType
FunctionType

GeneType

LocationType
Molecule_EntityType
MoleculeType
MoleculeUnit
ReceptorType®
SpecificityType
StructureType
TaxonRank”

Core
Molecule_EntityPrototype
Recombination signal (RS)
Group

Subgroup

Gene

Allele
IMGT_unique_numbering
(IMGT unique numbering) for
V,Cand G
IMGT_Collier_de_Perles (IMGT
Collier de Perles) for V, C and G
domains

Locus

Chromosome

Cell compartment

Organ part

Organ

DNA _strand_orientation
Genomic_orientation®
Origin

Methodology

Standardized keywords

Prototypes
Standardized labels

Gene and allele
nomenclature

FR-IMGT and CDR-IMGT
delimitations

Contact analysis
Paratope/epitope
characterization
Conserved positions
Locus representation
Chromosomal localization
Standardized keywords

IMGT Index

Standardized keywords

®The corresponding controlled vocabulary and rules are available in the IMGT Scientific Chart at http://www.imgt.org.
PIndicates a high concept, that is, a concept with different levels of granularity.

superfamily (IgSF) and MH superfamily (MhSF), RPI of vertebrates and invertebrates, therapeutic mAbs
and FPIA (Lefranc et al. 2009). IMGT provides a common access to standardized data from genome, pro-
teome, genetics, and 3D structures (Lefranc 2005, 2008b,c). The IMGT information system manages
immunogenetics knowledge according to three main IMGT biological approaches: genomic, genetic,
and structural (Fig. 3). For each approach, IMGT provides databases, interactive online tools, and
Web resources (Table 2).

Genomic Approach

The IMGT genomic approach is gene-centered and mainly oriented toward the study of the genes within
their loci and on the chromosomes.

IMGT/GENE-DB (Giudicelli et al. 2005), the IMGT genome database, is the official repository of all of
the IG and TR genes and alleles approved by the World Health Organization (WHO)/International Union

www.cshprotocols.org
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Table 2. IMGT databases, tools, and Web resources for genomic, genetic, and structural approaches

Approaches Databases Tools Web resources®
Genomic IMGT/GENE-DB IMGT/GeneView IMGT Repertoire “Locus and genes” section:
IMGT/LocusView Chromosomal localizations
IMGT/CloneSearch Locus representations
IMGT/GeneSearch Locus description, etc.
IMGT/Genelnfo Gene tables
IMGT/LIGMotif Potential germline repertoires
IMGT/GeneFrequency Lists of genes
Correspondence between nomenclatures,
etc.
Genetic IMGT/LIGM-DB IMGT/V-QUEST IMGT Repertoire “Proteins and alleles” section:
IMGT/MHC-DB IMGT/JunctionAnalysis  Alignments of alleles
IMGT/PRIMER-DB  IMGT/HighV-QUEST Tables of alleles
IMGT/ IMGT/BlastSearch Allotypes
2Dstructure-DB IMGT/Allele-Align Isotypes
IMGT/PhyloGene Protein displays,
IMGT/DomainDisplay etc.
Structural IMGT/ IMGT/DomainGapAlign  IMGT Repertoire “2D and 3D structures” section:

3Dstructure-DB

IMGT/Collier de Perles
IMGT/
DomainSuperimpose
IMGT/StructuralQuery

IMGT Colliers de Perles

FR-IMGT and CDR-IMGT lengths

IMGT classes for amino acid characteristics
IMGT Colliers de Perles reference profiles

3D representations,
etc.

@Only Web resources examples from the IMGT Repertoire sections are shown.

of Immunological Societies (IUIS) Nomenclature Subcommittee for IG and TR (Lefranc 2007, 2008a).
Reciprocal links exist between IMGT/GENE-DB and the Human Genome Nomenclature Committee
(HGNC) database and Gene at the National Center for Biotechnology Information (NCBI).

The IMGT genomics tools manage the locus organization and gene location and provide the
display of physical maps for the human and mouse IG, TR, and MH loci. They allow one to view genes
in a locus (IMGT/GeneView, IMGT/LocusView), to search for clones (IMGT/CloneSearch), to search for
genes in a locus based on IMGT gene names, functionality, or localization on the chromosome
(IMGT/GeneSearch, IMGT/Genelnfo) (Baum et al. 2004, 2006), to identify and describe IG and TR
genes in large genomic sequences (IMGT/LIGMotif) (Lane et al. 2010), or to provide a graphical rep-
resentation of the numbers of available sequences containing rearranged IG and TR genes (IMGT/
GeneFrequency).

The IMGT genomics resources include chromosomal localizations, locus representations, locus
description, gene positions, gene exon/intron organization, gene exon/intron splicing sites, gene
tables, potential germline repertoires, lists of genes, and correspondence between nomenclatures
(IMGT Repertoire “Locus and genes” section).

Genetic Approach

The IMGT genetic approach refers to the study of the genes in relation to their sequence polymorphisms
and mutations, their expression, their specificity, and their evolution.
The IMGT sequences databases include:

1. IMGT/LIGM-DB (Giudicelli et al. 2006), created in 1989 and on the Web since July 1995. It is the first
and the largest IMGT database, containing IG and TR nucleotide sequences and the translation of
annotated sequences from human and other vertebrate species (more than 150,000 sequences
from 261 species in December 2010).

2. IMGT/MH-DB, hosted at EBI, for the MH sequences of human (HLA) and other vertebrates.

www.cshprotocols.org 5 Cold Spring Harbor Protocols
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FIGURE 3. IMCT (http:/www.imgt.org) comprises databases (shown as cylinders), tools (shown as rectangles), and Web
resources (data not shown, see Table 2 for examples). Interactions between databases and tools in the genomic, genetic,
and structural approaches are represented with continuous, dotted, and broken lines. (Modified from Lefranc et al. 2009
and reprinted with permission from Oxford University Press © 2009.)

3. IMGT/PRIMER-DB that contains oligonucleotide sequences used as primers for combinatorial library
constructions, single-chain Fragment variable (scFv), phage display, or microarray technologies.

4. IMGT/2Dstructure-DB that contains amino acid sequences of Kabat IG (those only known at the
amino acid level) and of therapeutic mAbs and FPIA of the WHO/International Nonproprietary
Name (INN) programme (Lefranc 2011f).

The IMGT sequence analysis tools include:

1. IMGT/V-QUEST (Giudicelli et al. 2004; Brochet et al. 2008) for the identification of the variable (V),
diversity (D), and joining (J) genes and the description of their mutations in rearranged |G and TR
sequences. IMGT/V-QUEST has been approved by the European Research Initiative on chronic lym-
phocytic leukaemia CLL (ERIC) for the analysis of the IGHV gene mutational status in CLL (Ghia
et al. 2007; Giudicelli and Lefranc 2009).

2. IMGT/JunctionAnalysis (Yousfi Monod et al. 2004) for a comprehensive analysis of the V-] and V-D-|
junctions that confer the antigen receptor specificity (Bleakley et al. 2006, 2008).

3. IMGT/HighV-QUEST, a high-throughput version of IMGT/V-QUEST, for the analysis of the IG and TR
sequences, generated from Next Generation Sequencing (NGS) or deep sequencing, by batches of up
to 150,000 sequences (Alamyar et al. 2010).
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4. IMGT/BlastSearch for a sequence search against the following databases: IMGT/LIGM-DB, IMGT/
GENE-DB reference sequences, IMGT/3Dstructure-DB sequences, IMGT/3Dstructure-DB domain
sequences, or IMGT/DomainDisplay reference sequences.

5. IMGT/Allele-Align for the detection of allelic polymorphisms.
6. IMGT/Phylogene (Elemento and Lefranc 2003) for IG and TR gene evolution analyses.

7. IMGT/DomainDisplay (Ehrenmann et al. 2010a,b) for the display of amino acid sequences from the
IMGT domain directory.

The IMGT genetics resources include alignments of alleles, tables of alleles, allotypes (Jefferis and Lefranc
2009), isotypes, and protein displays (IMGT Repertoire “Proteins and alleles” section).

Structural Approach

The IMGT structural approach refers to the study of the 2D and 3D structures and to the antigen- or
ligand-binding characteristics in relationship to the protein functions, polymorphisms, and evolution.

IMGT/3Dstructure-DB (Kaas et al. 2004; Ehrenmann et al. 2010b), the IMGT 3D structure database,
comprises |G, TR, MH, IgSF, MhSF, RPl, mAb, and FPIA with known 3D structures. The IMGT/
3Dstructure-DB cards provide chain details with IMGT annotations (receptor, chain and domain descrip-
tion, IMGT gene and allele names), domain delimitations and IMGT Collier de Perles, contact analysis,
downloadable renumbered IMGT/3Dstructure-DB flat files, visualization tools (Jmol and QuickPDB),
and external links. IMGT Residue@Position cards provide detailed information on the inter- and intrado-
main contacts at each residue position, based on the IMGT unique numbering. IMGT/3Dstructure-DB
entries containing 1G/antigen (IG/Ag) or TR/peptide/MH (TR/pMH) complexes can be queried for stan-
dardized analysis of the interactions between paratope/epitope (Kaas and Lefranc 2005; Kaas et al. 2008;
Lefranc 2009; Ehrenmann et al. 2010a,b).

The IMGT structural tools include:

1. IMGT/DomainGapAlign (Ehrenmann et al. 2010b) for the analysis of amino acid sequences per
domain, including those of the IG and TR V domains.

2. IMGT/Collier de Perles to make your own IMGT Collier de Perles.
3. IMGT/DomainSuperimpose to superimpose two domain 3D structures from IMGT/3Dstructure-DB.

4. IMGT/StructuralQuery (Kaas et al. 2004) to retrieve the IMGT/3Dstructure-DB entries containing a vV
domain, based on specific structural characteristics of the intramolecular interactions: e.g., ¢ and y
angles, distance in angstrom between amino acids, CDR-IMGT lengths.

The IMGT structural resources include IMGT Colliers de Perles (2D representations on one layer or two
layers), FR-IMGT and CDR-IMGT lengths, IMGT classes for amino acid characteristics, and profiles
based on the 11 IMGT amino acid physicochemical classes (Pommié et al. 2004) (IMGT Repertoire
“2D and 3D structures” section).

Other IMGT Databases and Web Resources

IMGT/CLL-DB (Brochet 2008) contains IG sequences of CLL patients, analyzed by IMGT/V-QUEST.
IMGT/mADb-DB (Poiron et al. 2010) provides information on therapeutic mAbs and FPIA. In addition
to the IMGT Scientific chart and IMGT Repertoire, IMGT Web resources comprise IMGT Index, IMGT
Bloc-notes, IMGT Education (e.g., IMGT Lexique, Aide-Mémoire, Tutorials), The IMGT Medical page,
The IMGT Veterinary page, The IMGT Biotechnology page, The IMGT Immunoinformatics page, and
IMGT other accesses.

IMGT USERS

Since July 1995 IMGT has been available on the Web at the IMGT Home page http://www.imgt.org. The
knowledge provided by the IMGT information system is of much value to clinicians and biological scien-
tists in general. IMGT databases, tools, and Web resources are extensively queried and used by scientists
from both academic and research laboratories from pharmaceutical companies, who are equally
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distributed between the United States, Europe, and the remaining world. IMGT is used in very diverse
domains: (1) basic research, (2) medical research (vaccine design, repertoire analysis of the IG antibody
sites and of the TR recognition sites in normal and pathological situations such as autoimmune diseases,
infectious diseases, AIDS, leukemias, lymphomas, and myelomas), (3) veterinary research (immune
repertoires in domestic and wildlife species, animal models), (4) genomics (study of the genome diversity
and evolution of the adaptive immune response), (5) structural biology (evolution of the domains of the
IgSF and MhSF proteins), (6) biotechnology related to antibody engineering and antibody humanization
(construction and analysis of scFv, phage displays, combinatorial libraries, chimeric, humanized, and
human antibodies), (7) diagnostics (clonalities, detection, and follow-up of minimal residual diseases),
and (8) therapeutic approaches (grafts, immunotherapy, and vaccinology).
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I Information Panel

From IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT
Standardized Keywords: For Immunoglobulins (IG), T Cell
Receptors (TR), and Conventional Genes

Marie-Paule Lefranc'

IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

IMGT standardized keywords have been defined for the identification of immunoglobulins (IG) and T cell
receptors (TR) and conventional genes. These keywords are based on the concepts of identification, gen-
erated from the IDENTIFICATION axiom of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope that
postulates that any molecule, cell, tissue, organ, organism, or population, any process and any relation,
has to be identified. Most of the IMGT standardized keywords used for the identification of sequences
and structures are names of IMGT-ONTOLOGY leafconcepts (a leafconcept is a concept that corresponds
to the finest level of granularity). IMGT standardized keywords have been essential for the data entries
into the IMGT databases and tools, and particularly into IMGT/LIGM-DB, the first and the largest
IMGT database that contains IG and TR nucleotide sequences and the translation of annotated
sequences. IMGT standardized keywords for IG, TR, and conventional genes are defined in the
context of the IMGT-ONTOLOGY concepts of identification.

RELATED INFORMATION

IMGT standardized keywords for sequences of IG, TR, and conventional genes that are used in IMGT/
LIGM-DB (Giudicelli et al. 2006) are available at the database query page (IMGT Home page http://
www.imgt.org). IMGT standardized keywords for amino acid sequences and structures are available in
the IMGT Scientific chart at http://www.imgt.org/textes/IMGTScientificChart/SequenceDescription/
IMGT3Dkeywords.html. IMGT-ONTOLOGY concepts of identification are available at the National
Center for Biomedical Ontology (NCBO) BioPortal http://bioportal.bioontology.org/ and at IMGT
http://www.imgt.org.

A detailed description of IMGT is provided in IMGT, The International InMunoGeneTics Infor-
mation System (Lefranc 2011a). Information is also available on From IMGT-ONTOLOGY DESCRIP-
TION Axiom to IMGT Standardized Labels: For Immunoglobulin (IG) and T Cell Receptor (TR)
Sequences and Structures (Lefranc 2011b), From IMGT-ONTOLOGY CLASSIFICATION Axiom to
IMGT Standardized Gene and Allele Nomenclature: For Immunoglobulins (IG) and T Cell Receptors
(TR) (Lefranc 2011c), IMGT Unique Numbering for the Variable (V), Constant (C), and Groove (G)
Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011d), and IMGT Collier de Perles for the Variable
(V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011e).

In addition, protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of
the Immunoglobulin (IG) and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011),
IMGT/JunctionAnalysis: IMGT Standardized Analysis of the V-] and V-D-] Junctions of the
Rearranged Immunoglobulins (IG) and T Cell Receptors (TR) (Giudicelli and Lefranc 2011),
IMGT/Collier de Perles: IMGT Standardized Representation of Domains (IG, TR, and IgSF
Variable and Constant Domains, MH and MhSF Groove Domains) (Ehrenmann et al. 2011),
IMGT/DomainGapAlign: IMGT Standardized Analysis of Amino Acid Sequences of Variable,
Constant, and Groove Domains (IG, TR, MH, IgSF, MhSF) (Ehrenmann and Lefranc 2011a), and
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IMGT/3Dstructure-DB: Querying the IMGT Database for 3D Structures in Immunology and Immu-
noinformatics (IG or Antibodies, TR, MH, RPI, and FPIA) (Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

The IDENTIFICATION axiom is an axiom of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope
(Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008). The IDENTIFI-
CATION axiom postulates that any molecule, cell, tissue, organ, organism, or population, any process
and any relation, has to be identified. The IDENTIFICATION axiom has generated the concepts of identi-
fication of IMGT-ONTOLOGY, the global reference in immunogenetics and immunoinformatics, built
by IMGT, the international ImMunoGeneTics information system (http://www.imgt.org; Lefranc
et al. 2009). The IDENTIFICATION axiom is one of seven axioms of the Formal IMGT-ONTOLOGY,
the others being “CLASSIFICATION axiom,” “DESCRIPTION axiom,” “NUMEROTATION axiom,”
“LOCALIZATION axiom,” “ORIENTATION axiom,” and “OBTENTION axiom.” Keywords used in the
IMGT databases and tools mostly derive from the concepts of identification generated from the IDENTI-
FICATION axiom, and among them, most particularly the following: “MoleculeType,” “GeneType,”
“ConfigurationType,” “FunctionalityType,” “Molecule_EntityType,” “StructureType,” “LocationType,”
“ChainType,” “DomainType,” and “ReceptorType.”

CONCEPTS OF IDENTIFICATION
“MoleculeType”

“MoleculeType” is a concept of identification that allows one to identify the type of molecule, based on
the type of the constitutive elements and on the concepts of obtention.

The “MoleculeType” concept comprises four major leafconcepts (keywords in the IMGT databases
and tools):

1. “gDNA” identifies genomic DNA, a polynucleotide sequence made of a, t, ¢, g (representing the
bases adenine [a], thymine [t] , cytosine [c], and guanine [g], attached to the 2-deoxyribose/phos-
phate backbone), obtained from a genome, or by extension, synthetic DNA having the characteristics
of genomic DNA.

2. “mRNA” identifies messenger RNA, a polynucleotide sequence made of a, u, ¢, g (representing the
bases adenine [a], uracil [u], cytosine [c], and guanine [g], attached to the ribose/phosphate back-
bone), and obtained by transcription of gDNA.

3. “cDNA” identifies complementary DNA, a polynucleotide sequence made of a, t, ¢, g (representing
the bases adenine [a], thymine [t], cytosine [c], and guanine [g], attached to the 2-deoxyribose/phos-
phate backbone), and obtained in vitro by reverse transcription of mRNA.

4. "protein” identifies a sequence made of amino acids, obtained by translation of mRNA, or by in
vitro synthesis.

“GeneType”

“GeneType” is a concept of identification that allows one to identify the type of gene.
The “GeneType” concept comprises six leafconcepts (keywords in the IMGT databases and tools):

e Two leafconcepts “conventional-with-leader” and “conventional-without-leader” identify “conven-
tional” genes, that is any (coding or noncoding) gene other than the IG or TR genes, with or without
leader L region (or signal peptide), respectively. A conventional gene has by definition the characteristics
of a classical gene (initiation codon and stop codon in the same gene unit).

¢ Four leafconcepts identify the IG and TR genes of the vertebrate adaptive immune response and are
specific to immunogenetics. Three of these leafconcepts, “variable” (V), “diversity” (D), and
“joining” (J), identify the IG and TR genes that rearrange at the DNA level in the B and T cells and
code the V, D, and ] regions, respectively, of the IG and TR variable domains; the fourth leafconcept,
“constant” (C), identifies the IG and TR genes that code the C region of the IG and TR chains (Lefranc
and Lefranc 20017a,b). IG and TR genes have special characteristics compared to the conventional
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genes: They have a recombination signal (RS) in 3’ (for the V genes), in 5’ and 3’ (for the D genes), and
in 5 (for the ] genes) and require DNA rearrangements (V-] or V-D-J) during the biosynthesis of the IG
and TR chains (Lefranc and Lefranc 2001a,b).

“ConfigurationType”

“ConfigurationType” is a concept of identification that allows one to identify the type of configuration
of a gene, and by extension, the type of configuration of the Molecule_EntityType leafconcepts that
contain it.

The “ConfigurationType” concept comprises four leafconcepts (keywords in the IMGT databases
and tools):

1. “undefined” identifies, whatever the molecule type, the configuration of the conventional genes and
that of the IG and TR C genes (Lefranc and Lefranc 2001a,b), and by extension, the configuration of
the Molecule_EntityType leafconcepts that only contain genes in undefined configuration.

2. “germline” identifies, whatever the molecule type, the configuration of the IG and TRV, D, and |
genes before DNA rearrangements (Lefranc and Lefranc 2001a,b), and by extension, the configur-
ation of the Molecule_EntityType leafconcepts that contain germline genes (with or without C
genes in undefined configuration).

3. “rearranged” identifies, whatever the molecule type, the configuration of the IG and TRV, D, and |
genes after DNA rearrangements, and by extension, the configuration of the Molecule_EntityType
leafconcepts that contain rearranged genes with, if present, completely rearranged D genes (with
or without C genes in undefined configuration).

4. “partially-rearranged” identifies, whatever the molecule type, the configuration of partially
rearranged |G or TR D genes, and by extension, the configuration of Molecule_EntityType leafcon-
cepts that contain at least one partially rearranged D gene (with another D or with rearranged V or
J genes [with or without C genes in undefined configuration]).

“FunctionalityType”

“FunctionalityType” is a concept of identification that allows one to identify, whatever the molecule
type (gDNA, cDNA, mRNA, or protein), the type of functionality of a Molecule_EntityType leafconcept
(Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008). The “Functionality-
Type” concept comprises five leafconcepts (keywords in the IMGT databases and tools), divided into two
categories, according to the configuration type of the Molecule_EntityType leafconcept:

Three leafconcepts, “functional”, “ORF” (open reading frame), and “pseudogene,” identify the
functionality of Molecule_EntityType leafconcepts in undefined configuration (conventional genes
and IG and TR C genes), or in germline configuration (IG and TR V, D, and | genes before DNA
rearrangements).

Two leafconcepts, “productive” and “unproductive”, identify the functionality of Molecule_Entity-
Type leafconcepts in rearranged or partially-rearranged configuration (IG and TR entities after DNA
rearrangements, and by extension, fusion entities resulting from translocations, and hybrid entities
obtained by biotechnology molecular engineering).

Thus:

1. “functional” identifies, whatever the molecule type, the functionality of Molecule_EntityType leaf-
concepts in undefined or germline configuration, whose coding region has an ORF without stop
codon, and for which there is no described defect in the splicing sites, recombination signals, and/
or regulatory elements.

2. “ORF” identifies, whatever the molecule type, the functionality of Molecule_EntityType leafconcepts
in undefined or germline configuration, whose coding region has an ORF:

¢ but alterations have been described in the splicing sites, recombination signals, and/or regulat-
ory elements.

e and/or changes of conserved amino acids have been suggested by the authors to lead to
incorrect folding.

¢ and/or the entity is an orphon.
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3. “Pseudogene” identifies, whatever the molecule type, the functionality of Molecule_EntityType leaf-
concepts in undefined or germline configuration, whose coding region has stop codon(s) and/or
frameshift mutation(s), and/or for which a mutation affects the initiation codon (for a conventional
or aV gene).

4. “Productive” identifies, whatever the molecule type, the functionality of Molecule_EntityType leaf-
concepts in rearranged or partially-rearranged configuration, whose coding region has an ORF
without stop codon, whose junction is in-frame (for IG and TR), and for which there is no described
defect in the initiation codon, splicing sites, and/or regulatory elements.

5. “Unproductive” identifies, whatever the molecule type, the functionality of Molecule_EntityType
leafconcepts in rearranged or partially-rearranged configuration, whose coding region has stop
codon(s) and/or frameshift mutation(s), and/or whose junction is out-of-frame (for IG and TR),
and/or for which a mutation affects the initiation codon, and/or for which there are defects in the spli-
cing sites and/or in the regulatory element(s), and/or there are unusual features (e.g., translocation,
gene fusion), and/or changes of conserved amino acids demonstrated as leading to incorrect folding.

“Molecule_EntityType”

“Molecule_EntityType” is a major concept of identification that allows one to identify the molecule
entity type. The “Molecule_EntityType” concept is defined by the “MoleculeType,” “GeneType,” and
“ConfigurationType” concepts and has properties identified in the “FunctionalityType” and “Structure-
Type” concepts (Fig. 1).

The “Molecule_EntityType” concept comprises 38 leafconcepts (keywords in the IMGT databases
and tools) that, based on the “MoleculeType” (“gDNA”, “mRNA”, “cDNA,” or “protein”), identify
the molecule entities of the four major “MoleculeUnit” leafconcepts that are genes (10), transcripts
(11), cDNA sequences (11), and chains (6) (as indicated by the suffix).

The 10 leafconcepts that are the most classical representatives of IG and TR data identification in the
IMGT information system are shown as examples (Table 1). They are also illustrated in Immunoglobulin
synthesis (Fig. 2).

“V-gene” identifies, for gDNA, molecule entities with a germline V gene. V-gene is in germline
configuration.
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FIGURE 1. The “Molecule_EntityType” concept. The “Molecule_EntityType” concept is defined by the “MoleculeType,”
“GeneType,” and “ConfigurationType” concepts of identification and has properties identified in the “FunctionalityType”
and “StructureType” concepts (IDENTIFICATION axiom). Arrows indicate reciprocal relations “is_defined_by” and
“defines,” “_has_"and “_for_."” Leafconcepts are general (in blue) or specific of the IG and TR (in red) The “Molecule_Enti-
tyType” concept has 38 leafconcepts (or keywords in the IMGT databases and tools). Only a few examples of the “Struc-
tureType” leafconcepts (or keywords in the IMGT databases and tools) are shown.
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FIGURE 2. Synthesis of an IG or antibody in humans. A human being may potentially synthesize 10'* different antibodies (Lefranc and
Lefranc 2001a). 1, DNA rearrangements (is_rearranged_into); 2, Transcription (is_transcribed_into); 3, Translation (is_translated_into).
The configuration of C-GENE is “undefined” (ConfigurationType) (IMGT Repertoire, http:/www.imgt.org).

“D-gene” identifies, for gDNA, molecule entities with a germline D gene. D-gene is in germline
configuration.

“J-gene” identifies, for gDNA, molecule entities with a germline ] gene. J-gene is in germline
configuration.

“C-gene” identifies, for gDNA, molecule entities with a C gene in undefined configuration. C-gene is
in undefined configuration.

“V-J-gene” identifies, for gDNA, molecule entities with a rearranged V gene and a rearranged | gene.
V-J-gene is in rearranged configuration.

“V-D-J-gene” identifies, for gDNA, molecule entities with a rearranged V gene, at least one
rearranged D gene, and a rearranged | gene. V-D-J-gene is in rearranged configuration.

“L-V-J-C-sequence” identifies, for cDNA, molecule entities with a leader L region, a rearranged V
region, a rearranged ] region, and a C region in undefined configuration. L-V-J-C-sequence is in
rearranged configuration.

“L-V-D-J-C-sequence” identifies, for cDNA, molecule entities with a leader L region, a rearranged V
region, at least one rearranged D region, a rearranged ] region, and a C region in undefined configur-
ation. L-V-D-J-C-sequence is in rearranged configuration.

“V-]-C-chain” identifies, for protein, molecule entities without a leader L region (mature form) and
with arearranged V region, a rearranged ] region, and a C region in undefined configuration. V-J-C-chain
is in rearranged configuration.

“V-D-J-C-chain” identifies, for protein, molecule entities without a leader L region (mature form) and
with a rearranged V region, at least one rearranged D region, a rearranged ] region, and a C region in
undefined configuration. V-D-J-C-chain is in rearranged configuration.

The 28 other leafconcepts (keywords in the IMGT databases and tools) identify sterile transcripts,
partially rearranged entities, partial sequences, or other molecule units, and are not detailed here.

“StructureType”

“StructureType” is a concept of identification that allows one to identify, whatever the molecule type
(gDNA, cDNA, mRNA, protein), the type of structure of Molecule_EntityType leafconcepts.
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The “StructureType” concept comprises 17 leafconcepts (keywords in the IMGT databases and
tools) that identify structures with a classical organization (“regular”), from those which have been modi-
fied either naturally in vivo (“processed”, “unprocessed”, “partially-processed”, “sterile-transcript”,
“unspliced”, “partially-spliced”, “spliced”, “membrane”, “secreted”, “membrane-and-secreted”,
“mature-form”, “immature-form”), or artificially in vitro (“engineered”, “humanized”, “chimeric”,
“fusion”) (“chimeric” and “fusion” can also be obtained in vivo) (Giudicelli and Lefranc 1999; Lefranc
et al. 2004, 2005a, 2008; Duroux et al. 2008).

“LocationType”

“LocationType” is a concept of identification that allows one to identify, whatever the molecule type
(gDNA, cDNA, mRNA, protein), the Molecule_EntityType leafconcepts, based on their location.

The “LocationType” concept comprises, for instance, the following leafconcepts (keywords in the
IMGT databases and tools):

“orphon” identifies, whatever the molecule type, a gene that is found in vivo in a different locus from
the main locus (either on the same chromosome or on another chromosome).

“transgene” identifies, whatever the molecule type, a gene that is artificially introduced into a multi-
cellular organism (e.g., mouse, plant).

“translocated” identifies, whatever the molecule type, a gene that results from a translocation
(in vivo).

“transposed” identifies, whatever the molecule type, a transgene or a retrotransposon that is
permanently inserted in a chromosome.

“ChainType”

“ChainType” is a concept of identification that allows one to identify the type of chain. It is one of the
most important concepts of identification for the standardization of genome, transcriptome, and pro-
teome data in systems biology. Indeed, being able to identify a type of chain means that it is possible
to identify the transcript and the encoding gene(s).

The “ChainType” concept is defined by the “Molecule_EntityType” and the “DomainType” con-
cepts of identification and by concepts of classification (From IMGT-ONTOLOGY CLASSIFICATION
Axiom to IMGT Standardized Gene and Allele Nomenclature: For Immunoglobulins (IG) and T
Cell Receptors (TR) [Lefranc 2011c]). The “ChainType” concept is a “highconcept” as it corresponds
to a hierarchy of concepts which allow one to identify the chain type at different levels of granularity
(up to five for “ChainType”).

The finest level of granularity, the “GeneLevelChainType” concept, identifies the type of chain by
reference to the gene(s) which code(s) the chain. It represents the main concept for a very precise identi-
fication because it establishes a relationship with “Gene” (concept of classification generated from the
CLASSIFICATION axiom) (the reciprocal relations are: “is_coded_by” and “codes”).

Thus:

* A Homo sapiens |G-Heavy-Gamma-1-Chain is defined by a leafconcept of the “Molecule_EntityType”
(V-D-J-C-chain), “DomainType” and numbers (1 V domain, 3 C domains), and the gene encoding the
constant region (Homo sapiens IGHG1) (Fig. 3).

e Similarly, a Homo sapiens IG-Kappa chain is defined by a leafconcept of the “Molecule_EntityType”
(V-J-C-chain), “DomainType” and numbers (1 V domain, 1 C domain), and the gene encoding the
constant region (Homo sapiens IGKC).

The number of instances of the leafconcepts of the “GenelLevelChainType” concept (and therefore
of the keywords in the IMGT databases and tools) depends on the number of functional genes and ORF
(“FunctionalityType”), per haploid genome, in a given species (in the case of the IG and TR genes, it is the
number of functional and ORF C genes which is taken into account). If only the functional genes are con-
sidered, the instances of this leafconcept correspond to the isotypes.

As the “ChainType” concept can be used by extrapolation for any of the four “MoleculeUnit” (gene,
transcript, cDNA sequence, chain), in order to facilitate query and/or data extraction from the IMGT/
LIGM-DB database (Giudicelli et al. 2006), the suffix -Chain (used in “ChainType” leafconcepts) is not
specified in the “ChainType” keywords.
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FIGURE 3. The “ReceptorType” concept. The “ReceptorType” concept is defined by the “ChainType” concept of identifi-
cation and has properties identified in the “FormatType,” “SpecificityType,” and “FunctionType” concepts (IDENTIFI-
CATION axiom). The “ChainType” concept is itself defined by the “Molecule_EntityType” and “DomainType” concepts
and by concepts of classification organized in a hierarchy (see CLASSIFICATION axiom). Arrows indicate reciprocal relations
“is_defined_by” and “defines,” “_has_"and “_for_.” The “ChainType” and “ReceptorType” concepts have different levels of
granularity (up to five) and are highconcepts.

“DomainType”

“DomainType” is a concept of identification that allows one to identify the type of domain.

A domain is a chain subunit characterized by its three-dimensional (3D) structure, and by extension
its amino acid sequence and the nucleotide sequence which encodes it.

In IMGT-ONTOLOGY, the “DomainType” concept has three major leafconcepts that were first
described in the proteins of the adaptive immune response, IG or antibodies, TR and MH, and then
extended to the proteins of the IgSF and MhSF (Lefranc 1997, 1999; Lefranc et al. 2003, 2005b,c).
These leafconcepts (keywords in the IMGT databases and tools) are:

the “V domain” (Variable [V] domain) that includes the variable domains of the IG and TR and the V-like
domains of other IgSF proteins; (Lefranc 1999; Lefranc et al. 2003)

the “C domain” (Constant [C] domain) that includes the constant domains of the IG and TR and the
C-like domains of other IgSF proteins; (Lefranc et al. 2005¢)

the “G domain” (Groove [G] domain) that includes the groove domains of the MH and the G-like
domains of other MhSF proteins (Lafrnac et al. 2005b).

Standardized description of the V, C, and G domains is based on the IMGT unique numbering
(Lafranc 1997, 1999; Lefranc et al. 2003, 2005b,c). Graphical two-dimensional (2D) representations
or IMGT Colliers de Perles (Ruiz and Lefranc 2002; Kaas and Lefranc 2007; Kaas et al. 2007) can be
obtained using the IMGT/DomainGapAlign and IMGT/Collier de Perles tools (Ehrenmann et al.
2010a,b; http://www.imgt.org).

“ReceptorType”

“ReceptorType” is a concept that allows one to identify the type of receptor, based on the
ChainType leafconcept(s) that identify the associated chains. “ReceptorType” is a “highconcept” as it
corresponds to a hierarchy of concepts (depending itself on the “ChainType” hierarchy) which allows
one to identify the receptor type at different levels of granularity (up to five for “ReceptorType”). The
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“ReceptorType” concept is defined by the “ChainType” concept of identification and has properties
identified in the “FormatType,” “SpecificityType,” and “FunctionType” concepts (Fig. 3; Duroux et al.
2008; Lefranc et al. 2008).

Thus, “IG” identifies an IG-Heavy-Chain_IG-Light-Chain dimer, whereas at a different granularity
(“GenelevelChainType”), the same receptor will be identified as an IG-Heavy-Gamma-1-Chain_Light-
Kappa-Chain dimer.

IG and TR are the specific antigen receptors of the adaptive immune response (and therefore major
leafconcepts of the “ReceptorType” concept) characterized by their function of binding and recognition
of the antigen (“FunctionType”). The “SpecificityType” concept allows an amino acid characterization
of this binding.

The “SpecificityType” concept has two major leafconcepts (keywords in the IMGT databases
and tools):

“paratope” identifies the amino acids of the antigen receptor V domains that recognize and bind
the antigen (Ag).

“epitope” identifies the antigen part recognized and bound by the antigen receptor (IG or TR).

The “FormatType” concept has many leafconcepts (keywords in the IMGT databases and tools) that
identify the different types of format of the receptors, and particularly those of the antibodies (Fab, F(ab’)
2, Fc, scFv, Fv...) and of the fusion proteins for immune applications (FPIA) (Lefranc 2011f).

The corresponding keywords are extensively used in the identification of the IMGT/2Dstructure-DB
and IMGT/3Dstructure-DB entries (Lefranc 2008, 2009; Lefranc et al. 2008; Ehrenmann et al. 2010a,b)
and of the IMGT/mAb-DB therapeutic mAbs and FPIA (Poiron et al. 2010). Paratope/epitope are used in
IMGT/3Dstructure-DB (http://www.imgt.org) for analysis of interactions in 1G/Ag and TR/peptide/major
histocompatibility (TR/pMH) complexes (Kaas and Lefranc 2005; Kaas et al. 2008).
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I Information Panel

From IMGT-ONTOLOGY DESCRIPTION Axiom to IMGT
Standardized Labels: For Immunoglobulin (IG) and T Cell
Receptor (TR) Sequences and Structures

Marie-Paule Lefranc'

IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

More than 560 IMGT standardized labels have been defined for the description of immunoglobulin (IG)
and T cell receptor (TR) sequences and structures. These labels, as detailed here, are based on the
concepts of description (generated from the DESCRIPTION axiom) of IMGT-ONTOLOGY, the global
reference in immunogenetics and immunoinformatics, built by IMGT, the international ImMunoGe-
neTics information system. IMGT labels for nucleotide sequences correspond to the “Molecule_Entity-
Prototype” concept with its leafconcepts (a leafconcept is the finest level of granularity), its associated
concepts of description, and its prototypes or graphical representations. These labels have been essential
for the IG and TR description in the IMGT sequence and gene databases (IMGT/LIGM-DB, IMGT/GENE-
DB) and tools (IMGT/V-QUEST, IMGT/JunctionAnalysis, IMGT/HighV-QUEST, IMGT/LIGMotif). IMGT
labels for amino acid sequences and structures correspond to the “RECEPTOR,” “CHAIN,” and
“DOMAIN" concepts. These labels have been crucial for the IG and TR description in the IMGT two-
dimensional (2D) and three-dimensional (3D) databases (IMGT/2Dstructure-DB, IMGT/3Dstructure-
DB) and tools (IMGT/DomainDisplay, IMGT/DomainGapAlign). As all leafconcepts of description are
directly translated into IMGT standardized labels for use in the IMGT databases and tools, IMGT-ONTOL-
OGY concepts of description contribute to data coherence and consistency and facilitate the interoper-
ability between the different components of IMGT, bridging the description of sequences and structures.

RELATED INFORMATION

IMGT standardized labels for nucleotide sequences of IG and TR are available at the IMGT/LIGM-DB
(Giudicelli et al. 2006) database query page (IMGT Home page http://www.imgt.org). IMGT standar-
dized labels for amino acid sequences and structures (IMGT/2Dstructure-DB, IMGT/3Dstructure-DB
[Kaas et al. 2004; Ehrenmann et al. 2010b]) are available in the IMGT Scientific chart at: http://
www.imgt.org/textes/IMGTScientificChart/SequenceDescription/IMGT3Dkeywords.html. These labels
describe the amino acid sequences and the 2D and 3D structure organization (in receptors, chains,
and domains) of IG, TR, major histocompatibility (MH), related proteins of the immune system (RPI),
and fusion proteins forimmune applications (FPIA) (Lefranc 201 1f). The definition of these labels is avail-
able in the IMGT Scientific chart at: http://www.imgt.org/textes/IMGTScientificChart/SequenceDescrip-
tion/IMGT3Dlabeldef.html.

A detailed description of IMGT is provided in IMGT, The International InMunoGeneTics Infor-
mation System (Lefranc 2011a). Information is also available on From IMGT-ONTOLOGY IDENTIFI-
CATION Axiom to IMGT Standardized Keywords: For Immunoglobulins (IG), T Cell Receptors
(TR), and Conventional Genes (Lefranc 2011b), From IMGT-ONTOLOGY CLASSIFICATION Axiom
to IMGT Standardized Gene and Allele Nomenclature: For Immunoglobulins (IG) and T Cell Recep-
tors (TR) (Lefranc 2011c), IMGT Unique Numbering for the Variable (V), Constant (C), and Groove

Corresponding author (Marie-Paule.Lefranc@igh.cnrs.fr).
Cite as: Cold Spring Harb Protoc; 2011; doi:10.1101/pdb.ip83 www.cshprotocols.org
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(G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011d), and IMGT Collier de Perles for the Vari-
able (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011e).

In addition, protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of the
Immunoglobulin (IG) and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011),
IMGT/JunctionAnalysis: IMGT Standardized Analysis of the V-] and V-D-] Junctions of the
Rearranged Immunoglobulins (IG) and T Cell Receptors (TR) (Giudicelli and Lefranc 2011), IMGT/
Collier de Perles: IMGT Standardized Representation of Domains (IG, TR, and IgSF Variable and
Constant Domains, MH and MhSF Groove Domains) (Ehrenmann et al. 2011), IMGT/DomainGapA-
lign: IMGT Standardized Analysis of Amino Acid Sequences of Variable, Constant, and Groove
Domains (IG, TR, MH, IgSF, MhSF) (Ehrenmann and Lefranc 2011a), and IMGT/3Dstructure-DB:
Querying the IMGT Database for 3D Structures in Immunology and Immunoinformatics (IG or
Antibodies, TR, MH, RPI, and FPIA) (Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

The DESCRIPTION axiom is an axiom of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope (Giudicelli
and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008). The DESCRIPTION axiom
postulates that any molecule, cell, tissue, organ, organism, or population, any process and any relation,
has to be described. The DESCRIPTION axiom has generated the concepts of description of
IMGT-ONTOLOGY, the global reference in immunogenetics and immunoinformatics, built by IMGT
(http://www.imgt.org; Lefranc et al. 2009). The DESCRIPTION axiom is one of seven axioms of the
Formal IMGT-ONTOLOGY, the others being “IDENTIFICATION axiom,” “CLASSIFICATION axiom,”
“NUMEROTATION axiom,” “LOCALIZATION axiom,” “ORIENTATION axiom,” and “OBTENTION
axiom.” The leafconcepts (finest level of granularity of the concepts) of description are directly translated
into IMGT standardized labels and used in the IMGT databases and tools. IMGT standardized labels have
been essential for the sequence description in IMGT/LIGM-DB (Giudicelli et al. 2006), the first and the
largest IMGT database that contains IG and TR nucleotide sequences and the translation of annotated
sequences, IMGT/GENE-DB (Giudicelli et al. 2005), the IMGT gene database, IMGT/2Dstructure-DB,
the IMGT amino acid sequence and 2D structure database (Ehrenmann et al. 2010b), and IMGT/
3Dstructure-DB, the IMGT 3D structure database (Kaas et al. 2004; Ehrenmann et al. 2010b). IMGT
standardized labels have been crucial in the IMGT tools for the analysis of nucleotide sequences
(IMGT/V-QUEST [Giudicelli et al. 2004; Brochet et al. 2008; Giudicelli and Lefranc 2009], IMGT/Junc-
tionAnalysis [Yousfi Monod et al. 2004; Bleakley et al. 2006], IMGT/HighV-QUEST [Alamyar et al.
2010]), of amino acid sequences (IMGT/DomainGapAlign [Ehrenmann et al. 2010b]), or of large
genomic sequences (IMGT/LIGMotif [Lane et al. 2010]).

MOLECULE ENTITY PROTOTYPE
“Molecule_EntityPrototype” Concept

The “Molecule_EntityPrototype” is a concept, generated from the DESCRIPTION axiom, that provides
the description for the “Molecule_EntityType” concept (IDENTIFICATION axiom). There are as many
leafconcepts in the “Molecule_EntityPrototype” as there are leafconcepts in the “Molecule_EntityType”
(From IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT Standardized Keywords: For Immuno-
globulins (IG), T Cell Receptors (TR), and Conventional Genes [Lefranc 2011b]). Thus the “Molecu-
le_EntityPrototype” comprises 38 leafconcepts that describe the organization of each entity with
its constitutive motifs and relations. Each “Molecule_EntityPrototype” leafconcept is linked to a
“Molecule_EntityType” leafconcept by the reciprocal relations “describes” and “is_described_by.”
For example, a “V-gene” is described by “V-GENE,” a “V-D-J-gene” by “V-D--GENE,” and a “L-V-
D-J-sequence” by “L-V-D-J-SEQUENCE.” Leafconcepts of description (labels in the IMGT databases
and tools) are written in capital letters.

The 38 “Molecule_EntityPrototype” leafconcepts, as indicated by the suffix, describe the four major
“MoleculeUnit” leafconcepts that are genes (10), transcripts (11), cDNA sequences (11), and chains (6).
The 10 leafconcepts that are the most classical representatives of IG and TR data description in the IMGT
information system are shown as examples (Table 1).

www.cshprotocols.org 21 Cold Spring Harbor Protocols



(panunuod)

X X X X

X X X X X

X X X X

X X X X X

X
X

x X X X X X

X X X X X

X
X

X X X X X

X X X X X

X
X

X X X X X X X

X X X X

x

X
X

X X X X X X

X X X X

X

X
X

X X X X

X
X

X X X X X X X X

X X X X X X X X X X

X X X X X X X X

X

1-NOYLNI-T
NOILONN(
dyL-(

HIDVAS|

Sy

NOIDIY-(

IHd
YINVYNON-(
YIAVLAIH
LINN-AINIDA(
NOQOD-LINI
1DNI-#44
1DINI-€H4
1DNI-ZH4
1DNI-LY4
IDI1dS-HONOA
NOID3Y-a
1INN-AINID-a
d¥1-aIAYISNOD
1DINI-E¥adD
1DNI-Z4ad
1DI-LYadD
NOIDIY-D
LINN-ANIDD
3D11dS-401d3DDV
dLn,s
¥3IDVdS-a.sS
sY¥-a.s
YINVYNON-A,S
YINVLIIH-A,S
LN,
¥IDVAS-a.€
sy-a.c
YINVYNON-A,€
YINVLdIH-A.€
SAD-puz
SADISL

ureys-d-[-a-A

ureyd-d-[-A

9dusnbas-H-[-a-A-1

9o3UaNbas-)-[-A-1

auab-[-g-A

JUab-[-A

ausb->

Quab-(

auab-q

uab-A

(sj001 pue saseqeiep ] DA Y3 Ul sjpge]) sydeduodjes) adA] 0301dAug 9|NI30IN

sjagen

1dadu0d ,2dA10304dMu3 3IN23|0 N, ADOTOLNO-LDOWI °L d|qeL

Cold Spring Harbor Protocols

22

www.cshprotocols.org



"UMOYS J0U aJe s3daduodjes) 3say3 Ul NOIDIY-D Y3 JO J0 suoxa INID-D 9Y3 Jo uondudssp pajie1sp e 1oy sjpqe| syl
'S|00} pue saseqeiep | DIA| 3y} Ul Wyl aquasap eyl (,x,, ue Aq pajedipul) sjpge| 3uepoduwl 30U Y3 YIM UMOYS ale Y| pue D] Joy sydaduodjes| aanejuasaldal sow | ayl

X X X X

YIDVAS-A

SY-A

NOIDIY-A
YINVYNON-A
NOIDIY-[-A
NOX3-[-A
NOIDIY-D-[-A
NOYLINIA
YIAVLAIHA
NOX3-A
NOIDIY--a-A
NOX3-[-a-A
NOIDIY-D-[-a-A
NOIDIY-N
NOIDIY-(a-N)
NOIDIY-D-[A-1
LINN-INID-AT
NOIDIY-D--A-A-T
NOIDIY-1
Z14vd-1

ureyo-D-[-a-A

ureyd-D-[-A

9dusnbas-)-[-a-A-1

9d3uUsNbas-)-[-A-1

X
auab-[-g-A

X
Juab-[-A

ausb->

Quab-|

ausb-q

X
uab-A

(s]003 pue saseqeiep 1 DIAI Y1 Ul sjpqe]) sidaduodjes) adA] 030144 U3 a|Nd|0N

LLdvVd-1
sjpgen

panupuo) "1 d|qeL

23 Cold Spring Harbor Protocols

www.cshprotocols.org



Associated Concepts of Description

“GeneUnit”

The labels used for the description of the “Molecule_EntityPrototype” (Table 1) correspond to the
leafconcepts of the following concepts:

The “GeneUnit” concept has four leafconcepts (labels in the IMGT databases and tools):
“L-V-GENE-UNIT,” “D-GENE-UNIT,” “)-GENE-UNIT,” and “C-GENE-UNIT” (Lane et al. 2010). In contrast
to “V-GENE,” “D-GENE,” “J-GENE,” and “C-GENE,” the “GeneUnit” labels are precisely delimited in 5’
and 3’, respectively, by the 5 end and 3’ end of their constitutive labels: “L-PART1” and “V-RS” for V,
“5'D-RS"” and “3'D-RS” for D, “J-RS” and “J-REGION" for ], “ACCEPTOR-SPLICE” and “STOP-CODON"
for C.

“RecombinationSignal”

“Core”

The “RecombinationSignal” (RS) concept is specific to the IG and TRV, D, and ] genes which rearrange
at the DNA level in B cells (for the IG) and T cells (for the TR) (Lefranc and Lefranc 2001a,b) and represents
the major difference from “conventional” genes. The “RecombinationSignal” labels describe the RS
that are localized in 3’ of the V genes (“V-RS”), in 5" of the ] genes (“J-RS”), and on both sides of the D
genes (“5'D-RS” and “3'D-RS”) (Lefranc and Lefranc 2001a,b). They consist of conserved heptamers
(-HEPTAMER) and nonamers (-NONAMER) separated by less conserved spacers (-SPACER) of 12+ 1 or
23 £ 1 base pairs (bp) which vary between loci and species (IMGT Repertoire, http://www.imgt.org/).

The “Core” concept allows one to describe the coding region of genes and contains five leafconcepts
which are “REGION” (for “conventional” gene), “V-REGION,” “D-REGION,” “J-REGION,” and “C-
REGION" (for “variable” [V], “diversity” [D], “joining” [J], “constant” [C] genes). These important
labels have permitted the definition and standardized description of the IG and TR alleles (concepts of
classification), now approved at the international level (Lefranc and Lefranc 20071a,b) (From
IMGT-ONTOLOGY CLASSIFICATION Axiom to IMGT Standardized Gene and Allele Nomenclature:
For Immunoglobulins (IG) and T Cell Receptors (TR) [Lefranc 2011c]). Moreover, they have allowed
one to link sequences and structures of the IG and TR by their composite labels that describe rearranged
sequences. Thus, a V domain is encoded by a “V-J-REGION" or a “V-D-J-REGION,” and IG and TR chains
are encoded by a “V-J-C-REGION” or a “V-D-J-C-REGION.”

“FR-IMGT and CDR-IMGT”

“Junction”

“Leader”

The “FR-IMGT” and “CDR-IMGT"” concepts allow one to describe the framework regions and comple-
mentarity determining regions, respectively, based on the IMGT unique numbering (Lefranc 1997,
1999; Lefranc et al. 2003) (IMGT Unique Numbering for the Variable (V), Constant (C), and
Groove (G) Domains of IG, TR, MH, IgSF, and MhSF [Lefranc 2011d]). “FR-IMGT"” has four leafcon-
cepts (labels in the IMGT databases and tools): “FR1-IMGT,” “FR2-IMGT,” “FR3-IMGT,” and, for
rearranged sequences, “FR4-IMGT.” “CDR-IMGT" has three leafconcepts (labels in the IMGT databases
and tools): “CDR1-IMGT,” “CDR2-IMGT,” and “CDR3-IMGT” (the composition of “CDR3-IMGT” is
different depending on whether the sequence is germline or rearranged) (Lefranc and Lefranc 2001 a,b).

The “JuncTion” concept allows one to describe the junction resulting from the V-] or V-D-) rearrangement.
“JuncTioN”  leafconcepts (labels in the IMGT databases and tools) comprise: “3’V-REGION,”
“5')-REGION,” “N-REGION,” “(N-D)-REGION,” and “P-REGION" (Yousfi Monod et al. 2004; Bleakley
et al. 2006).

The “leader” concept allows one to describe the leader (L) or signal peptide. “Leader” has three leafcon-
cepts (labels in the IMGT databases and tools): “L-PART1,” “L-PART2,” and “L-REGION.”
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In the IG and TR V genes, “L-PART1” (first exon of “L-V-GENE-UNIT”) and L-PART2 (first codons of
V-EXON, the second exon of “L-V-GENE-UNIT") are separated by the “V-INTRON" and their splicing
frame is of type 1 (sf1) (IMGT Aide-mémoire, http://www.imgt.org). In ¢cDNA and chains (spliced
L-PART1 and L-PART2), the leader is described as “L-REGION.” The L-REGION is absent from mature
chains as a result of proteolytic cleavage in the endoplamic reticulum (ER). The “L-PART1,” “L-PART2,”
and “L-REGION” labels are also used for the description of “conventional-with-leader” genes (From
IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT Standardized Keywords: For Immunoglobu-
lins (IG), T Cell Receptors (TR), and Conventional Genes [Lefranc 2011b]).

“Conserved_AA_codons”

The “Conserved_AA_codon” concept allows one to describe conserved amino acids (AA) and/or codons.
It includes for example, for the V-DOMAIN, five leafconcepts (labels in the IMGT databases and tools):
“1st-CYS” (position 23), “CONSERVED-TRP” (position 41), “2nd-CYS” (position 104), “J-TRP,” and
“)-PHE” (position 118) (positions in parentheses are according to the IMGT unique numbering
[Lefranc 1997, 1999; Lefranc et al. 2003]) (IMGT Unique Numbering for the Variable (V), Constant
(C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF [Lefranc 2011d]). The “2nd-CYS” 104
and “J-TRP” or “J-PHE” 118 (that belong to the FR3-IMGT and FR4-IMGT, respectively) are the anchors of
the rearranged CDR3-IMGT. They delimit the “JUNCTION"that spans 104 to 118 and includes them at
its ends (Yousfi Monod et al. 2004; Bleakley et al. 2006).

Conserved amino acids “J-TRP” and “J-PHE" are part of a conserved motif “[W,F]-G-X-G” in the
“FR4-IMGT” of the “V-DOMAIN" of IG and TR (where W, tryptophan “J-TRP”; F, phenylalanine
“]-PHE”; G, glycine; and X, any amino acid). Codons of conserved amino acids are “tgg” for
“CONSERVED-TRP” and “J-TRP, “tgc,” and “tgt” for “1st-CYS” and “2nd-CYS,” and “ttt” and “ttc”
for “)-PHE.” These conserved codons and amino acids and their mutations are identified and described
by IMGT/V-QUEST (Giudicelli et al. 2004; Brochet et al. 2008; Giudicelli and Lefranc 2009) and IMGT/
HighV-QUEST (Alamyar et al. 2010) for nucleotide sequences.

The “Tst-CYS” (position 23), “CONSERVED-TRP” (position 41), and “2nd-CYS” (position 104)
are also conserved in the “C-DOMAIN” of IG and TR (Lefranc et al. 2005c). Conserved amino acids
for V, C, or G domains are highlighted in IMGT/DomainDisplay (Ehrenmann et al. 2010b; http://
www.imgt.org).

Prototype or Graphical Representation

A prototype is a graphical representation of a “Molecule_EntityPrototype” leafconcept. Two prototypes,
those of “V-GENE” and “V-D-J-GENE,” are shown in Figure 1 as examples of a germline entity and of a
rearranged entity, respectively. Twenty-six labels for “V-GENE” and 29 labels for “V-D-]-GENE” (19 of
them being shared by the two prototypes), on a total of 277 different labels for sequences in IMGT/
LIGM-DB, are necessary and sufficient for a complete description of these prototypes. Definitions of
the IMGT/LIGM-DB labels used for the two “V-GENE” and “V-D-J-GENE” prototypes are provided, as
examples, in Table 2.

The organization of a prototype is based on the relations that order two labels. A set of 12 relations
is necessary and sufficient to describe the relations between labels in a prototype (Table 3; Giudicelli and
Lefranc 1999; Lefranc et al; 2004; Duroux et al. 2008; Lane et al. 2010). The reciprocal relations
“is_in_5_prime_of” and “is_in_3_prime_of” describe the relative position of labels on a 5-3" DNA
strand when there is no intersection between labels.

GENE CLUSTER
“GeneCluster” Concept

The “GeneCluster” concept allows one to describe gene clusters, which are genomic sequences contain-
ing several genes. The genes in a cluster can be described either by the same prototype (e.g., a
“V-CLUSTER” only contains genes described by the “V-GENE” prototype) or by different prototypes
(e.g., a "V-D-J-CLUSTER"” contains at least one “V-GENE,” one “D-GENE,” and one “J-GENE"). Examples
of IMGT-ONTOLOGY “GeneCluster” leafconcepts (labels in the IMGT databases and tools) are shown in
Table 4. They are particularly useful for the annotation of large scale genomic IG and TR loci (Lane et al.
2010) and several of them are also used by Sequence Ontology (SO) (Table 4; Eilbeck et al. 2005).
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FIGURE 1. Prototype or graphical representation of two “Molecule_EntityPrototype” leafconcepts. (A) “V-GENE.”
(B) “V-D-J-GENE.” Thirty-nine labels (27 for “V-GENE” and 32 for “V-D-J-GENE" of which 20 are shared) (Table 2) and
12 relations (Table 3) are necessary and sufficient for a complete description of these prototypes.

“RECEPTOR,” “CHAIN,” and “DOMAIN"

The “RECEPTOR,” “CHAIN,” and “DOMAIN" concepts allow one to describe amino acid sequences and
structures. Two-hundred eighty-five leafconcepts (labels in IMGT/3Dstructure-DB) have been defined for
a standardized description of the amino acid sequences and structures.

“RECEPTOR"” Concept

The “RECEPTOR” concept allows one to describe a receptor made of one or several amino acid chains. In
IMGT (IMGT/3Dstructure-DB, IMGT/DomainGapAlign), the receptor is described, whenever possible, at
the finest level of granularity with each chain described at the gene level for a given species. For example,
an IG (Fig. 2) is described by the label “Homo sapiens |IG-GAMMA-1_KAPPA,” and a TR (Fig. 3) by “Homo
sapiens TR-ALPHA_BETA-1" or TR-GAMMA-1_DELTA. The same rules are used for the description of
monoclonal antibody fragments whatever their format (e.g., Mus musculus FAB-GAMMA-1_KAPPA,
Homo sapiens SCFV-HEAVY-KAPPA) and similar standards have been developed for the description of
FPIA (Ehrenmann et al. 2010Db).

“CHAIN" Concept

The “CHAIN" concept allows one to describe an amino acid chain. In IMGT (IMGT/3Dstructure-DB,
IMGT/DomainGapAlign), the chain is described at the finest level of granularity, that is at the gene
level for a given species: The number of functional IG and TR “constant” C genes defines the number
of “CHAIN” leafconcepts (labels in the IMGT databases and tools). For Homo sapiens, the number of
“CHAIN" labels (IMGT/3Dstructure-DB) is 6 for L-CHAIN (as there are six functional C genes: one
IGKC, five IGLC), 9 for H-CHAIN (nine functional IGHC), 6 for TR (one TRAC, two TRBC, two TRGC,
one TRDC) (Table 5). Relations with the sequence labels “V-]-C-REGION” and “V-D-J-C-REGION"
(IMGT/LIGM-DB) and with the Molecule_EntityPrototype “V-J]-C-CHAIN” and “V-D-J-C-CHAIN"
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Table 2. List of the 39 labels used for the description of the “Molecule_EntityPrototype” “V-GENE” and
“V-D-J-GENE" and their definitions (from IMGT/LIGM-DB)

Label name Definition

1st-CYS codon (3 nt) for conserved cysteine at position 23 in B-STRAND (FR1-IMGT)

2nd-CYS codon (3 nt) for conserved cysteine at position 104 in F-STRAND (FR3-IMGT)

3'UTR 3’ untranslated sequence, EMBL feature Key signification

3'V-REGION region from 2nd-CYS to the 3’ end of the V-REGION (for germline and rearranged)

5'UTR 5" untranslated sequence, EMBL feature Key signification

5)-REGION region from the 5’ end of the J]-REGION to the J-PHE or |-TRP (for germline and rearranged)
ACCEPTOR-SPLICE  splicing site in 5" of coding region (nagnn), with splicing occurring after g

CDR1-IMGT first complementarity determining region according to the IMGT unique numbering
CDR2-IMGT second complementarity determining region according to the IMGT unique numbering
CDR3-IMGT third complementarity determining region according to the IMGT unique numbering
CONSERVED-TRP  codon (3 nt) for conserved tryptophan at position 41 in C-STRAND (FR2-IMGT)

D-REGION coding region of D-GENE (plus 1 or 2 nt after the 5'D-HEPTAMER and/or before the 3'D-HEPTAMER, if

DONOR-SPLICE
FR1-IMGT
FR2-IMGT
FR3-IMGT
FR4-IMGT
INIT-CODON
J-REGION

J-TRP

JUNCTION
L-INTRON-L
L-PART1
L-PART2
L-V-GENE-UNIT
N-REGION
(N-D)-REGION
P-REGION
V-D-J-EXON
V-D-J-GENE
V-D-J-REGION
V-EXON
V-GENE
V-HEPTAMER
V-INTRON

V-NONAMER
V-REGION

V-RS

V-SPACER

present), or corresponding region in cDNA

splicing site in 3’ of coding region (ngt), with splicing occurring before g

first framework according to the IMGT unique numbering

second framework according to the IMGT unique numbering

third framework according to the IMGT unique numbering

fourth framework according to the IMGT unique numbering

initiation codon ATG

coding region of ]-GENE (plus 1 or 2 nt after |-HEPTAMER, if present) or corresponding region in cDNA
codon (3 nt) for conserved tryptophan at position 118 in G-STRAND (FR4-IMGT) (in J-REGION of IG heavy
chain)

coding region encompassing the V-] or V-D-J junction from 2nd CYS to the J-PHE or J-TRP

of the ]-REGION

sequence including L-PART1, V-INTRON, and L-PART2, in genomic DNA, or corresponding sequence in
unspliced cDNA

exon encoding the first part of the leader peptide of a V-, V-D-, V-D-J-, or V-J-GENE or corresponding region
in unspliced cDNA

5’ region of V-EXON encoding the second part of leader peptide of a V-, V-D-, V-D-J-, or V-J-GENE or
corresponding region in unspliced cDNA

germline genomic DNA including L-PART1, V-INTRON, V-EXON, and V-RS

coding region encompassing an N diversity sequence, in a JUNCTION

coding region encompassing N-REGION and D-REGION, and if present P-REGION, in a JUNCTION

region encompassing a palindromic (P) sequence at the untrimmed end of a V-REGION, D-REGION, or
J-REGION, in a JUNCTION

rearranged genomic DNA including L-PART2, V-, any D- and N-REGION, and J-REGION

rearranged genomic DNA including L-PART1, V-INTRON, and V-D-J-EXON, with the 5’'UTR and 3‘UTR
coding region including V-, any D- and N-REGION, and J-REGION, in rearranged genomic DNA, or
corresponding region in cDNA

germline genomic DNA including L-PART2 and V-REGION

germline genomic DNA including L-PART1, V-INTRON, and V-EXON, with the 5’'UTR and 3’UTR

7 nt recombination site, like CACAGTG, part of V-RS

noncoding sequence between L-PART1 and V-EXON, in genomic DNA, or corresponding sequence in
unspliced cDNA

9 nt recombination site, like ACAAAAACC, part of V-RS

coding region of V-GENE without the leader peptide (plus 1 or 2 nt before the V-HEPTAMER, if present), or
corresponding region in cDNA

recombination signal including V-HEPTAMER, V-SPACER, and V-NONAMER in 3’ of V-REGION of a V-GENE
or V-SEQUENCE

12 or 23 nt spacer between the V-HEPTAMER and the V-NONAMER of a V-RS

A description of IMGT/LIGM-DB can be found in Giudicelli et al. (2006). In the list, 20 labels are shared by the two prototypes,
seven are specific for “V-J-GENE,” and 12 are specific for “V-D-J]-GENE.”
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Table 3. IMGT-ONTOLOGY relations between labels used for the
description of prototypes

Relation Reciprocal relation
“adjacent_at_its_5_prime_to” “adjacent_at_its_3_prime_to”
“included_with_same_5_prime_in” “includes_with_same_5_prime”
“included_with_same_3_prime_in" “includes_with_same_3_prime”
“overlaps_at_its_5_prime_with” “overlaps_at_its_3_prime_with”
“included_in” “includes”

“is_in_5_prime_of” “is_in_3_prime_of”

Twelve relations are necessary and sufficient for the description of
prototypes (Giudicelli and Lefranc 1999; Lefranc et al. 2004; Duroux et al.
2008; Lane et al. 2010).

leafconcepts (labels in the IMGT databases and tools) have allowed us to bridge the gap between
sequence and structure description.

“DOMAIN" Concept

The “DOMAIN" concept allows one to describe a subunit of a chain characterized by its 3D structure
(Kaas et al. 2007). The IMGT-ONTOLOGY “DOMAIN” concept includes six main leafconcepts (labels
in IMGT/3Dstructure-DB and in IMGT/DomainGapAlign [Ehrenmann et al. 2010b]):

e the “V-DOMAIN" (V for variable)
e the “C-DOMAIN" (C for constant)
e the “G-DOMAIN" (G for groove)
e the “V-LIKE-DOMAIN"

e the “C-LIKE-DOMAIN"

¢ the “G-LIKE-DOMAIN"

“V-DOMAIN” and “C-DOMAIN" are found in IG and TR chains and “V-LIKE-DOMAIN” and
“C-LIKE-DOMAIN" in chains other than IG or TR (Lefranc 1997, 1999; Lefranc et al. 2003, 2005c).
“G-DOMAIN" is found in MH chains and “G-LIKE-DOMAIN" in chains other than MH (Lefranc et al.

Table 4. Examples of IMGT-ONTOLOGY “GeneCluster” leafconcepts

IMGT-ONTOLOGY Sequence ontology “Molecule_EntityPrototype” leafconcepts (labels
“GeneCluster” leafconcepts and prototypes in the IMGT databases and tools)
(labels in the IMGT databases Minimum number of Name of the different
and tools) .
different prototypes prototypes

V-CLUSTER $0O:0000526 1 V-GENE
J-CLUSTER SO:0000513 1 J-GENE
D-CLUSTER $0:0000559 1 D-GENE
D-J-CLUSTER $SO:0000560 2 D-GENE

J-GENE
V-D-CLUSTER 2 V-GENE

D-GENE
V-J-CLUSTER SO:0000534 2 V-GENE

J-GENE
V-D-J-CLUSTER $O:0000532 3 V-GENE

D-GENE

J-GENE

These examples are those used in IMGT/LIGMotif (Lane et al. 2010). Six of them are also used by SO (Eilbeck et al.
2005). Relations with the “Molecule_EntityPrototype” leafconcepts comprise the minimum number of different
prototypes and the name of these different prototypes.
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FIGURE 2. Schematic representation of an IG. The IG chain and domain labels (IMGT/3Dstructure-DB) and the correspond-
ing sequence labels (IMGT/LIGM-DB) are shown in Tables 5 and 6. A membrane IG (mIC) is shown. CO,
CONNECTING-RECION; TM, TRANSMEMBRANE-REGION; CY, CYTOPLASMIC-REGION. The example is Homo
sapiens 1G-CAMMAT_KAPPA (IgG1x) (Lefranc and Lefranc 2001a).

2005b) (IMGT Collier de Perles for the Variable (V), Constant (C), and Groove (G) Domains of IG,
TR, MH, IgSF, and MhSF [Lefranc 2011e]).

Correspondence between domain labels used for the description of amino acid sequences and
structures (e.g., in IMGT/3Dstructure-DB) and sequence labels used for the description of nucleotide
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FIGURE 3. Schematic representation of TR. The TR chain and domain labels (IMGT/3Dstructure-DB) and the corres-
ponding sequence labels (IMGT/LIGM-DB) are shown in Tables 5 and 7. CO, CONNECTING-REGION; TM,
TRANSMEMBRANE-REGION; CY, CYTOPLASMIC-REGION. The examples are Homo sapiens TR-ALPHA_BETA and
TR-CAMMAT1_DELTA (TR-af and TR-y18) (Lefranc and Lefranc 2001b).
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Table 5. Homo sapiens “CHAIN” labels and relations with the sequence labels and the
Molecule_EntityPrototype leafconcepts

CHAIN labels (IMGT/3Dstructure-DB) Sequence labels Molecule_EntityPrototype leafconcepts
(IMGT/LIGM-DB) (labels in the IMGT databases and tools)

IG-CHAIN L-CHAIN L-KAPPA V-J-C-REGION V-J-C-CHAIN
L-LAMBDA-1
L-LAMBDA-2
L-LAMBDA-3
L-LAMBDA-6
L-LAMBDA-7
H-CHAIN H-MU V-D-J-C-REGION V-D-J-C-CHAIN
H-DELTA
H-GAMMA-1
H-GAMMA-2
H-GAMMA-3
H-GAMMA-4
H-ALPHA-1
H-ALPHA-2
H-EPSILON
TR-CHAIN TR-ALPHA V-J-C-REGION V-J-C-CHAIN
TR-BETA-1 V-D-J-C-REGION V-D-J-C-CHAIN
TR-BETA-2
TR-GAMMA-1 V-J-C-REGION V-J-C-CHAIN
TR-GAMMA-2
TR-DELTA V-D-J-C-REGION V-D-J-C-CHAIN

sequences (e.g., in IMGT/LIGM-DB) are shown for the IG domains (Table 6; Fig. 2) and the TR domains
(Table 7; Fig. 3) from Homo sapiens.

IMGT LABELS: A PARADIGM FOR IMMUNOGENETICS AND ANTIBODY ENGINEERING

With >560 IMGT standardized labels for the nucleotide and amino acid sequences, 2D and 3D structures,
IMGT databases and tools provide a detailed and accurate description of IG and TR sequences and struc-
tures that is crucial in basic and clinical research (Lefranc 2005, 2008a,b; Ghia et al. 2007; Giudicelli and
Lefranc 2009) and in biotechnology related to antibody engineering and humanization (Lefranc 2009;
Ehrenmann et al. 2010a). IMGT/mAb-DB (Poiron et al. 2010) allows one to query for therapeutic
antibodies for which sequences and 3D structures are available. Novel IMGT chain labels have been
defined for the description of new antibody formats and FPIA (Ehrenmann et al. 2010b). Antibodies

Table 6. Correspondence between domain and sequence labels for Homo sampiens IG domains

Domain labels (IMGT/3Dstructure-DB) Sequence labels (IMGT/LIGM-DB)
V-DOMAIN VL V-KAPPA V-J-REGION
V-LAMBDA V-J-REGION
VH V-D-J-REGION
C-DOMAIN CL C-KAPPA C-REGION
C-LAMBDA
CH CH1 CH1 C-REGION?
CH2 CH2
CH3 CH3
CH4P CH4®

“The H-CHAIN “C-REGION” also includes the “HINGE-REGION" for the “H-ALPHA,” “H-DELTA,” and “H-GAMMA”
chains and, for membrane IG (mIG), the “CONNECTING-REGION” (CO), “TRANSMEMBRANE-REGION" (TM),
and “CYTOPLASMIC-REGION” (CY) (Fig. 2); for secreted IG (sIG), the “C-REGION" includes “CH-S" instead of CO,
TM, and CY.

bFor “H-MU” and “H-EPSILON.”
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Table 7. Correspondence between domain and sequence labels for Homo sampiens TR domains

Domain labels (IMGT/3Dstructure-DB)

Sequence labels (IMGT/LIGM-DB)

V-DOMAIN
V-BETA

V-GAMMA

V-ALPHA

V-DELTA

C-DOMAIN
C-BETA

C-GAMMA

C-ALPHA

C-DELTA

V-J-REGION
V-D-J-REGION
V-J-REGION
V-D-J-REGION
C-REGION®
C-REGION?®
C-REGION?
C-REGION®

“The TR-CHAIN “C-REGION” also includes the CONNECTING-REGION (CO), TRANSMEMBRANE-REGION (TM),

and CYTOPLASMIC-REGION (CY) (Fig. 3).

and FPIA represent a large number of the pharmaceutical substances submitted to the World
Health Organization/International Nonproprietary Names (WHO/INN) Program (General policies for
monoclonal antibodies World Health Organization. INN Working Document 09.251. Update 18/12/
2009. http://www.who.int/medicines/services/inn/en/). The INN definition of antibodies is based on
the IMGT-ONTOLOGY concepts of classification (nomenclature), description (labels), and numerotation
(IMGT unique numbering) and this information is obtained with the IMGT/DomainGapAlign tool
(Lefranc 2011f). Since 2008, amino acid sequences of monoclonal antibodies (mAb, suffix -mab) and
of fusion proteins for immune applications (FPIA, suffix -cept) from WHO/INN have been entered in
IMGT. These therapeutic applications emphasize the importance of the IMGT-ONTOLOGY concepts
in bridging the gap between antibody sequences, 2D and 3D structures.
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From IMGT-ONTOLOGY CLASSIFICATION Axiom
to IMGT Standardized Gene and Allele Nomenclature:
For Immunoglobulins (IG) and T Cell Receptors (TR)

Marie-Paule Lefranc!

IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

Since the creation of IMGT, the international ImMMunoGeneTics information system in 1989, at New
Haven during the 10th Human Genome Mapping Workshop (HGM10), the standardized classification
and nomenclature of the immunoglobulins (IG) and T cell receptors (TR) of human and other vertebrate
species have been under the responsibility of the IMGT Nomenclature Committee (IMGT-NC). In 1995,
following the first demonstration online of the nucleotide database IMGT/LIGM-DB at the 9th Inter-
national Congress of Immunology in San Francisco, IMGT-NC has become the World Health Organiz-
ation-International Union of Immunological Societies (WHO-IUIS)/IMGT Nomenclature Subcommittee
for IG and TR. As described here, IMGT gene and allele names are based on the concepts of classification
of “Group,” “Subgroup,” “Gene,” and “Allele,” generated from the IMGT-ONTOLOGY CLASSIFI-
CATION axiom. The IMGT gene nomenclature for IG and TR genes was approved at the international
level by the Human Genome Organisation (HUGO) Nomenclature Committee (HGNC) in 1999 and
by the WHO-IUIS. The IMGT IG and TR gene names are the official reference for the vertebrate
genome projects and, as such, have been entered in IMGT/GENE-DB, the IMGT gene database, in
Entrez Gene (National Center for Biotechnology Information [NCBI]), in Ensembl (European Bioinfor-
matics Institute [EBI]), and in the Vega Genome Browser (Wellcome Trust Sanger Institute).

RELATED INFORMATION

IMGT/GENE-DB, the IMGT gene database, can be found at http://www.imgt.org. Following approval by
the WHO-IUIS/IMGT Nomenclature Subcommittee for IG and TR, “IMGT Locus in Focus” publications
have provided overviews on the standardized IMGT nomenclature of the IG and TR genes and alleles,
with functionality and polymorphism, according to the IMGT Scientific chart rules. “IMGT Locus in
Focus” publications (available as pdf from IMGT Index>IMGT Locus in Focus http://www.imgt.org/
textes/IMGTindex/imgtfocus.html) comprise:

e Homo sapiens IGHV, IGHD, and IGH] (Pallares et al. 1999; Ruiz et al. 1999), IGKV and IGK] (Barbié
and Lefranc 1998), IGLV and IGL] (Pallarés et al. 1998), TRAV and TRAJ (Scaviner and Lefranc
2000a,b), TRBV, TRBD, and TRBJ (Folch and Lefranc 2000a,b); nomenclature of the Homo
sapiens IGH (Lefranc 2001a), IGK (Lefranc 2001b), IGL (Lefranc 2001c); protein displays of the
human IG (Scaviner et al. 1999) and TR (Folch et al. 2000) variable and joining regions.

e Mus musculus IGKV, IGK], and IGKC (Martinez and Lefranc 1998; Martinez-Jean et al. 2001), TRAV

and TRDV (Bosc and Lefranc 2003), TRBV, TRBD, and TRBJ (Bosc and Lefranc 2000), TRDV, TRDD,
and TRDJ (Bosc et al. 2001).

e Teleostei IGH and IGI (Artero and Lefranc 2000a,b).

Abbreviations are explained below in IMGT-ONTOLOGY CONCEPTS OF CLASSIFICATION.

A detailed description of IMGT is provided in IMGT, The International ImnMunoGeneTics
Information System (Lefranc 2011a). Information is also available on From IMGT-ONTOLOGY IDENTI-
FICATION Axiom to IMGT Standardized Keywords: For Inmunoglobulins (IG), T Cell Receptors
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(TR), and Conventional Genes (Lefranc 2011b), From IMGT-ONTOLOGY DESCRIPTION Axiom to
IMGT Standardized Labels: For Immunoglobulin (IG) and T Cell Receptor (TR) Sequences and
Structures (Lefranc 2011c), IMGT Unique Numbering for the Variable (V), Constant (C), and
Groove (G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011d), and IMGT Collier de Perles
for the Variable (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF
(Lefranc 2011e).

In addition, protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of the
Immunoglobulin (IG) and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011),
IMGT/JunctionAnalysis: IMGT Standardized Analysis of the V-] and V-D-] Junctions of the
Rearranged Immunoglobulins (1G) and T Cell Receptors (TR) (Giudicelli and Lefranc 2011), IMGT/
Collier de Perles: IMGT Standardized Representation of Domains (IG, TR, and IgSF Variable and
Constant Domains, MH and MhSF Groove Domains) (Ehrenmann et al. 2011), IMGT/DomainGapA-
lign: IMGT Standardized Analysis of Amino Acid Sequences of Variable, Constant, and Groove
Domains (IG, TR, MH, IgSF, MhSF) (Ehrenmann and Lefranc 2011a), and IMGT/3Dstructure-DB:
Querying the IMGT Database for 3D Structures in Immunology and Immunoinformatics (IG or
Antibodies, TR, MH, RPI, and FPIA) (Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

The CLASSIFICATION axiom is an axiom of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope
(Giudicelliand Lefranc 1999; Lefranc et al. 2004, 2005, 2008; Duroux et al. 2008). The CLASSIFICATION
axiom postulates that any molecule, cell, tissue, organ, organism, or population, any process and any
relation, has to be classified. The CLASSIFICATION axiom has generated the concepts of classification
of IMGT-ONTOLOGY, the global reference in immunogenetics and immunoinformatics, built by
IMGT (http://www.imgt.org) (Lefranc et al. 2009). The CLASSIFICATION axiom is one of seven
axioms of the Formal IMGT-ONTOLOGY, the others being “IDENTIFICATION axiom,” “DESCRIPTION
axiom,” “NUMEROTATION axiom,” “LOCALIZATION axiom,” ORIENTATION axiom,” and “OBTEN-
TION axiom.” The IMGT gene and allele nomenclature for IG (Lefranc 2000a; Lefranc and Lefranc
2001a) and TR (Lefranc 2000b; Lefranc and Lefranc 2001b) derives from the concepts of classification
generated from the CLASSIFICATION axiom, and among them, the concepts of “Group,” “Subgroup,”
“Gene,” and “Allele.”

IMGT-ONTOLOGY CONCEPTS OF CLASSIFICATION

The IMGT-ONTOLOGY CLASSIFICATION axiom has generated the concepts of classification which have
been necessary to propose a standardized nomenclature for the IG and TR genes. These concepts take
into account the highly polymorphic multigenic loci and families to which the I1G and TR belong, their
rearrangements, and their allelic polymorphisms. These concepts are used whatever the antigen receptor
(IG or TR), whatever the locus (for mammals, e.g., immunoglobulin heavy IGH, immunoglobulin kappa
IGK, immunoglobulin lambda IGL, T cell receptor alpha TRA, T cell receptor beta TRB, T cell receptor
gamma TRG, and T cell receptor delta TRD), whatever the gene configuration (germline, undefined,
or rearranged), and whatever the species, from fish to human. Among the concepts of classification,
the “Group,” “Subgroup,” “Gene,” and “Allele” concepts are essential (Fig. 1):

“Group” is a concept of classification that allows one to classify a set of genes which belong to the
same multigene family, within the same species or between different species. For the IG and TR, the set of
genes is identified by the “GeneType” concept: V (for “variable”), D (for “diversity”), | (for “joining”), or
C (for “constant”), e.g., “IGHV” (Fig. 1). In Homo sapiens, the “Group” concept has 24 leafconcepts (a
leafconcept is a concept that corresponds to the finest level of granularity), of which 10 are for IG
(“IGHV,” “IGHD,” “IGHJ,” “IGHC,” “IGKV,” “IGKJ,” “IGKC,” “IGLV,” “IGL),” “IGLC") and 14 are for
TR (“TRAV,” “TRAJ,” “TRAC,” “TRBV,” “TRBD,” “TRBJ,” “TRBC,” “TRGV,” “TRGJ,” “TRGC,” “TRDV,”
“TRDD,” “TRDJ,” “TRDC").

“Subgroup” is a concept of classification that allows one to classify a subset of genes which belong
to the same group, and which, in a given species, share at least 75% of identity at the nucleotide
sequence level (and in the germline configuration for the V, D, and | genes), for instance “Homo
sapiens IGHV1” (Fig. 1).

“Gene” is a concept of classification that allows one to classify a unit of DNA sequence that can be
potentially transcribed and/or translated (this definition includes the regulatory elements in 5 and 3’,
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FIGURE 1. Concepts of classification for gene and allele nomenclature (generated from the IMGT-ONTOLOGY CLASSIFI-
CATION axiom). (A) Hierarchy of the concepts of classification and their relations. (B) Examples of leafconcepts for each
concept of classification. They are associated with a “TaxonRank” level, and more precisely for the “Gene” and “Allele” con-
cepts with a leafconcept of “Species” (here, Homo sapiens). The “Locus” concept is a concept of localization (LOCALI-
ZATION axiom).

and the introns, if present). The leafconcepts of the “Gene” concept are gene names. In
IMGT-ONTOLOGY, a gene name is composed of the name of the species (leafconcept of the
“Species” concept) and of the international HGNC/IMGT gene symbol, e.g., “Homo sapiens
IGHV1-2” (human immunoglobulin heavy variable 1-2) (Fig. 1). By extension, orphons and pseudo-
genes are also instances of the “Gene” concept. For example, in December 2010, the “Gene”
concept had 685 Homo sapiens 1G and TR gene names (leafconcepts) (of which 442 were for IG and
243 were for TR).

“Allele” is a concept of classification that allows one to classify a polymorphic variant of a gene. The
leafconcepts of the “Allele” concept are allele names. In IMGT-ONTOLOGY, an allele name identified
by mutations at the nucleotide level is composed of the IMGT gene name with an asterisk (*) and a
two-figure number (for instance, “Homo sapiens IGHV1-2*01") (Fig. 1). The alleles are classified by refer-
ence to allele *01. Full description of mutations and allele name designations are currently recorded for
the core sequences (V-REGION, D-REGION, J-REGION, C-REGION). For example, in December 2010, the
“Allele” concept had 1254 Homo sapiens |G and TR allele names (leafconcepts) (of which 832 were for IG
and 422 were for TR).

IMGT SCIENTIFIC CHART RULES FOR NOMENCLATURE

IMGT nomenclature for IG and TR gene names of human and other vertebrates, based on the
IMGT-ONTOLOGY concepts of classification, follows as closely as possible the rules of the HUGO
Gene Nomenclature Committee (http://www.genenames.org/). This was applied as early as 1988 for
the human IGL and IGH loci (Bensmana et al. 1988; Ghanem et al. 1988) and 1989 for all the genes
of the human TRG locus (Lefranc 1989a,b; Lefranc and Rabbitts 1990): Gene names in capital
letters, no greek letters, no commas, no dots (hyphens are accepted, as for the human leucocyte anti-
gens [HLA] and major histocompatibility [MH] genes). The three first letters indicate the locus: IGH, IGK,
IGL, TRA, TRB, TRG, TRD. The fourth letter is V, D, ], or C (except for IGH, see below). The following
number(s) and/or letter(s) allow, if necessary, unambiguous identification of the gene, a single
number or letter being used whenever it is possible (IGKC, TRGV9, TRGVA, TRAJ4...).

e For the IGH locus, the constant genes are designated by the letter (and eventually number)
corresponding to the encoded isotype (IGHM, IGHD, IGHGS3,...), instead of using the letter C.

* For the more complex situation where genes have not yet been localized and have to be named
accordingly to their subgroup (for V) or cluster (for D and J), a temporary designation is used in
which the Arabic number (for the subgroup or cluster) is followed by the letter S (for subgroup
or sequential, respectively), in turn followed by the number of the gene in the subgroup or cluster.
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e Orphon genes are designated by the IMGT four letter gene designation, followed by a number
for the subgroup (if known), followed by a slash, OR (for orphon), the chromosome number
(if known), a dash, and a specific gene number and/or letter.

e Examples include IGKV2/OR2-1, IGHD1/OR15-1a, IGKV1/OR-1. In the IG and TR HGNC symbols,
slashes and parentheses are omitted, and capital letters replace the lower-case letters found
in some provisional IMGT gene names. Otherwise, the gene symbols and all the full names (includ-
ing slashes and parentheses) are identical in IMGT and HGNC nomenclatures.

Genes and alleles are recorded in IMGT/GENE-DB (Giudicelli et al. 2005) and displayed in Align-

ments of alleles (IMGT Repertoire, http://www.imgt.org).

INTEROPERABILITY BETWEEN IMGT, HGNC, AND NCBI GENE

Since the creation of IMGT, in 1989, at New Haven during HGM10, the standardized classification and
nomenclature of the IG and TR of human and other vertebrate species have been under the responsibility
of the IMGT-NC. The WHO-IUIS/IMGT Nomenclature Subcommittee for IG and TR has received official
delegation from HGNC for the IG and TR genes and alleles (Wain et al. 2002). The IMGT gene nomen-
clature for IG and TR genes (Lefranc 2000a,b; Lefranc and Lefranc 2001a,b) was approved by the HGNC
in 1999 and by the WHO-IUIS (Lefranc 2007, 2008). IMGT IG and TR gene names have been entered in
IMGT/GENE-DB (Giudicelli et al. 2005), the IMGT gene database, in the Human Genome Database
(GDB), in LocusLink at the NCBI in 1999-2000, in Entrez Gene (NCBI) (Maglott et al. 2007) when this
gene database superseded LocusLink, in MapViewer (NCBI), in Ensembl at the EBI in 2006, and in the
Vega Genome Browser at the Wellcome Trust Sanger Institute.

The IMGT nomenclature is acknowledged as the official standard for IG and TR by the scientific com-
munity (Glusman et al. 2001; Lefranc 2005, 2007, 2008, 2011f) and the IMGT |G and TR gene names are
the official reference for the vertebrate genome projects. Indeed the antigen receptors (IG and TR) that
characterize the adaptive immune response of the vertebrates with jaws (gnathostomes) have specific
characteristics compared to the conventional genes. It is through the IMGT-ONTOLOGY concepts
that the IG and TR genes are now managed in the genome databases. The first unified presentation of
the locus “maps” of the seven human loci (IGH, IGK, IGL, TRA, TRB, TRG, and TRD) (Lefranc 2000c,d)
has become the standard for the IG and TR locus representation in other vertebrate species (Bosc and
Lefranc 2003; Lefranc and Lefranc 2004) (IMGT Repertoire, http://www.imgt.org).

To facilitate interoperability between the databases, IMGT works in close collaboration with HGNC
(Wain et al. 2004; Bruford et al. 2008), NCBI Gene (Maglott et al. 2007), the Mouse Genomic Nomen-
clature Committee (MGNC) (to which IMGT provided all the mouse IG and TR genes in 2002), the
Nomenclature Committees of newly sequenced genomes, the national and international societies
(Immunology, Immunogenetics, Genetics, Antibody), and editors and publishers for recommendations
to authors.
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I Information Panel

IMGT Unique Numbering for the Variable (V), Constant (C),
and Groove (G) Domains of IG, TR, MH, 1gSF, and MhSF

Marie-Paule Lefranc'

IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

The “IMGT unique numbering” (or “IMGT_unique_numbering”) concept is a major concept of numer-
otation (generated from the NUMEROTATION axiom) of IMGT-ONTOLOGY, the global reference in
immunogenetics and immunoinformatics, built by IMGT, the international ImMunoGeneTics infor-
mation system. The “IMGT unique numbering” concept, described here, allows one to number
domain types that are characteristic of protein superfamilies, whatever the species, the molecule type
or the chain type. Three leafconcepts (a leafconcept is a concept that corresponds to the finest level
of granularity) have been defined, respectively, for the variable (V) domain and constant (C) domain
of the immunoglobulin superfamily (IgSF) and for the groove (G) domain of the major histocompatibility
(MH) superfamily (MhSF). The IMGT unique numbering concept has been a great breakthrough in
immunogenetics and systems biology in allowing, for the first time, the bridging of the gap between
amino acid (and nucleotide) sequences of any V, C, or G domain and their two-dimensional (2D) and
three-dimensional (3D) structures. The IMGT unique numbering concept has been fundamental in
the creation of the IMGT Collier de Perles and in the standardization of the description of mutations,
amino acid changes, polymorphisms, and contact analysis in the IMGT databases, tools, and web
resources.

RELATED INFORMATION

A detailed description of IMGT is provided in IMGT, the International ImnMunoGeneTics Information
System (Lefranc 2011a). The NUMEROTATION axiom is an axiom of the Formal IMGT-ONTOLOGY or
IMGT-Kaleidoscope (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008).
The NUMEROTATION axiom postulates that any molecule, cell, tissue, organ, organism, or population,
any process and any relation, has to be numbered. The NUMEROTATION axiom has generated the con-
cepts of numerotation of IMGT-ONTOLOGY, the global reference in immunogenetics and immunoinfor-
matics, built by IMGT (http://www.imgt.org; Lefranc et al. 2009). The NUMEROTATION axiom is one of
seven axioms of the Formal IMGT-ONTOLOGY, the others being “IDENTIFICATION axiom” (From
IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT Standardized Keywords: For Immunoglobulins
(IG), T Cell Receptors (TR), and Conventional Genes [Lefranc 2011b]), “DESCRIPTION axiom”
(From IMGT-ONTOLOGY DESCRIPTION Axiom to IMGT Standardized Labels: For Imnmunoglobulin
(IG) and T Cell Receptor (TR) Sequences and Structures [Lefranc 2011c]), “CLASSIFICATION axiom”
(From IMGT-ONTOLOGY CLASSIFICATION Axiom to IMGT Standardized Gene and Allele Nomen-
clature: For Immunoglobulins (IG) and T Cell Receptors (TR) [Lefranc 2011d]), “LOCALIZATION
axiom,” “ORIENTATION axiom,” and “OBTENTION axiom.” The IMGT unique numbering (Lefranc
1997, 1999; Lefranc et al. 2003, 2005b,c) is one of the major concepts of numerotation, generated
from the NUMEROTATION axiom, the other being the IMGT Collier de Perles (IMGT Collier de
Perles for the Variable (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and
MhSF [Lefranc 2011¢€]).

Protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of the Immunoglobulin
(1G) and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011), IMGT/JunctionAnalysis:
IMGT Standardized Analysis of the V-] and V-D-] Junctions of the Rearranged Immunoglobulins

Corresponding author (Marie-Paule.Lefranc@igh.cnrs.fr).
Cite as: Cold Spring Harb Protoc; 2011; doi:10.1101/pdb.ip85 www.cshprotocols.org
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(IG) and T Cell Receptors (TR) (Giudicelli and Lefranc 2011), IMGT/Collier de Perles: IMGT Standard-
ized Representation of Domains (IG, TR, and IgSF Variable and Constant Domains, MH and MhSF
Groove Domains) (Ehrenmann et al. 2011), IMGT/DomainGapAlign: IMGT Standardized Analysis of
Amino Acid Sequences of Variable, Constant, and Groove Domains (IG, TR, MH, IgSF, MhSF)
(Ehrenmann and Lefranc 2011a), and IMGT/3Dstructure-DB: Querying the IMGT Database for 3D
Structures in Immunology and Immunoinformatics (IG or Antibodies, TR, MH, RPI, and FPIA)
(Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

The immunoglobulin (IG) and T cell receptor (TR) variable domains form a huge repertoire of 2 x 10'?
antigen receptors per individual and, owing to the particularities of their synthesis that involve DNA
rearrangements (Fig. 1), there was a need for a systematic and coherent numbering of the amino
acids and codons, whatever the molecule, configuration, or chain type. It was therefore a great break-
through when the “IMGT unique numbering” and its representation, the IMGT Collier de Perles
(IMGT Collier de Perles for the Variable (V), Constant (C), and Groove (G) Domains of IG, TR,
MH, IgSF, and MhSF [Lefranc 2011e]), were defined for the first time in 1997 for the V domain
(Lefranc 1997, 1999). This IMGT unique numbering was created by taking into account the high con-
servation of the structure of the V domain and by integrating knowledge acquired by the analysis of
multiple sources: alignment of >5000 sequences, literature data on the framework (FR) and complemen-
tarity determining regions (CDR), structural data from X-ray diffraction studies, and characterization
of the CDR hypervariable loops (Lefranc 1997, 1999). The standardized delimitation of the FR-IMGT
and CDR-IMGT, a new and crucial feature of this numbering, was defined based on the longest
CDR1-IMGT and CDR2-IMGT found in the IMGT multiple alignments of the germline IG and TR genes
and, for the rearrranged CDR3-IMGT, on statistical analysis of the IG and TR rearrangements (Lefranc
1997, 1999; Lefranc et al. 2003). The IMGT unique numbering, originally defined for the numerotation
of the IG and TR V-DOMAIN (Lefranc 1997), was rapidly extended to the V-LIKE-DOMAIN of the IgSF
other than IG and TR (Lefranc 1999; Lefranc et al. 2003), then to the C domain (C-DOMAIN of IG
and TR and C-LIKE-DOMAIN of IgSF other than IG and TR) (Lefranc et al. 2005a). Based on the same con-
cepts, and despite a very different structure of the G domain, the IMGT unique numbering for G domain
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FIGURE 1. Synthesis of an IG or antibody in humans. A human being may potentially synthesize 10'? different antibodies (Lefranc and
Lefranc 2001a). 1, DNA rearrangements (is_rearranged_into); 2, Transcription (is_transcribed_into); 3, Translation (is_translated_into).
The configuration of C-GENE is “undefined” (ConfigurationType) (IMGT Repertoire, http:/www.imgt.org).
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was successfully set up for the G-DOMAIN of MH and G-LIKE-DOMAIN of MhSF other than MH (Lefranc
et al. 2005b).

IMGT UNIQUE NUMBERING FOR V DOMAIN

V Domain Strands and Loops

The IMGT unique numbering for V. domain numbers the V-DOMAIN of |G or antibodies and TR and the
V-LIKE-DOMAIN of the IgSF other than IG and TR. The V domain strands and loops and their IMGT
positions and lengths, based on the IMGT unique numbering for V domain (V-DOMAIN and V-LIKE-
DOMAIN) (Lefranc et al. 2003), are shown in Table 1.

The V domain (V-DOMAIN of IG and TR and V-LIKE-DOMAIN of IgSF other than IG and TR) is com-
posed of the A-STRAND of 15 (or 14 if gap at position 10) amino acids (positions 1 to 15), the B-STRAND
of 11 amino acids (positions 16 to 26) with the first conserved cysteine (1st-CYS) at position 23, the
BC-LOOP (positions 27 to 38; the longest BC loops have 12 amino acids), the C-STRAND of eight
amino acids (positions 39 to 46) with the tryptophan (CONSERVED-TRP) at position 41, the C'-STRAND
of nine amino acids (positions 47 to 55), the C'C"-LOOP (positions 56 to 65; the longest C'C” loops have
10 amino acids), the C”"-STRAND of nine (or eight if gap at position 73) amino acids (positions 66 to 74),
the D-STRAND of 10 (or eight if gaps at positions 81 and 82) amino acids (positions 75 to 84), the
E-STRAND of 12 amino acids (positions 85 to 96) with a conserved hydrophobic amino acid at position
89, the F-STRAND of eight amino acids (positions 97 to 104) with the second conserved cystein
(2nd-CYS) at position 104, the FG-LOOP (positions 105 to 117; these positions correspond to a FG
loop of 13 amino acids), and the G-STRAND of 11 (or 10) amino acids (positions 118 to 128)
(Table 1; Fig. 2). In the IG and TR V-DOMAIN, the G-STRAND is the C-terminal part of the ]-REGION,
with J-PHE or J-TRP 118 and the canonical motif F/W-G-X-G at positions 118-121 (Table 1; Lefranc
et al. 2003).

In the IG and TR V-DOMAIN, the structurally conserved antiparallel beta strands are also designated
as framework regions (FR-IMGT), whereas the loops are designated as complementarity determining

Table 1. V domain strands and loops, IMGT positions and lengths, based on the IMGT unique
numbering for V domain (V-DOMAIN and V-LIKE-DOMAIN)

V domain strands IMGT positions Lengths® Characteristic V-DOMAIN FR-IMGT
and loops® Residue@Position® and CDR-IMGT
A-STRAND 1-15 15 (14 if gap at 10) FRT1-IMGT
B-STRAND 16-26 11 1st-CYS 23
BC-LOOP 27-38 12 (or less) CDR1-IMGT
C-STRAND 39-46 8 CONSERVED-TRP 41 FR2-IMGT
C’-STRAND 47-55 9
C'C”-LOOP 56-65 10 (or less) CDR2-IMGT
C”-STRAND 66-74 9 (or 8 if gap at 73) FR3-IMGT
D-STRAND 75-84 10 (or 8 if gaps at
81, 82)

E-STRAND 85-96 12 hydrophobic 89
F-STRAND 97-104 8 2nd-CYS 104
FG-LOOP 105-117 13 (or less, or more) CDR3-IMGT
G-STRAND 118-128 11 (or 10) V-DOMAIN J-PHE 118 FR4-IMGT

or )-TRP 118¢

From Lefranc et al. (2003).

4IMGT labels (concepts of description) are written in capital letters (From IMGT-ONTOLOGY DESCRIPTION
Axiom to IMGT Standardized Labels: For Inmunoglobulin (IG) and T Cell Receptor (TR) Sequences and
Structures [Lefranc 2011c]).

®In number of amino acids (or codons).

“Residue@Position is an IMGT concept of numerotation that numbers the position of a given residue (or that of a
conserved property amino acid class), based on the IMGT unique numbering.

9In the IG and TR V-DOMAIN, the G-STRAND (or FR4-IMGT) is the C-terminal part of the ]-REGION, with J-PHE or
J-TRP 118 and the canonical motif F/W-G-X-G at positions 118-121.
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FIGURE 2. “IMGT Protein display for V domain” header. The header comprises seven lines. Line 1: Framework regions FR-IMGT (e.g.
FR1-IMCT) and complementarity determining regions CDR-IMGT (e.g. CDR1-IMGCT). Line 2: start and end positions of FR-IMGT and
CDR-IMCT, e.g. (1-26). Line 3: name of strands (A, B...) and loops (AB, BC...). Line 4: start and end positions of strands, e.g. (1-15).
Line 5: arrows (for the strands). Line 6: positions according to the IMGT unique numbering for V-DOMAIN and V-LIKE-DOMAIN
(Lefranc 1999; Lefranc et al. 2003). Line 7: Pipes for the start and end positions of strands and loops and highlighted positions, dots for
the other positions, plus if needed, letters or numbers for additional positions (for example AB or 123...). Optionally small circles above
the line (instead of dots) may indicate the positions at the top of the BC, C'C”, and FG loops considering loop lengths of [12.10.13]
(these positions are 32, 33 for BC, 60, 61 for C'C”, and 111, 112 for FG).

regions (CDR-IMGT) (Lefranc et al. 2003). Strands A and B correspond to the FR1-IMGT (positions 1 to
26), strands C and C’ to the FR2-IMGT (positions 39 to 55), strands C”, D, E, and F to the FR3-IMGT (pos-
itions 66 to 104), and strand G to the FR4-IMGT (positions 118 to 128). The BC, C'C”, and FG loops cor-
respond to the CDR1-IMGT, CDR2-IMGT, and CDR3-IMGT, respectively (Table 1; Fig. 2; Lefranc et al.
2003).

The loop length (number of amino acids (or codons), that is the number of occupied positions) is a
crucial and original concept of IMGT-ONTOLOGY. The lengths of the BC (CDR1-IMGT), C'C”
(CDR2-IMGT), and FG (CDR3-IMGT) loops characterize the V-DOMAIN and V-LIKE-DOMAIN. Thus,
the length of the three loops BC, C'C”, and FG is shown, in number of amino acids (or codons), in brack-
ets and separated by dots. For example [9.6.9] means that the BC, C'C”, and FG loops (or CDR1-IMGT,
CDR2-IMGT, and CDR3-IMGT for V-DOMAIN) have a length of 9, 6, and 9 amino acids (or codons),
respectively.

IMGT Gaps and Additional Positions

Dots in IMGT Protein displays (Fig. 2; Scaviner et al. 1999; Folch et al. 2000; Lefranc and Lefranc 2001a,b)
and hatched circles or squares in IMGT Colliers de Perles for V domain (IMGT Collier de Perles for the
Variable (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF [Lefranc 201 1e])
correspond to missing positions according to the IMGT unique numbering for V domain (Lefranc et al.
2003).

For BC, C'C”, or FG loops shorter than 12, 10, 13 amino acids, respectively, gaps are created at the
apex (missing positions, hatched in IMGT Collier de Perles, or not shown in structural data represen-
tations). The gaps are placed at the apex of the loop with an equal number of amino acids (or
codons) on both sides if the loop length is an even number, or with one more amino acid (or codon)
in the left part if it is an odd number. For example, for FG loops <13 amino acids, gaps are created
from the apex of the loop, in the following order: 111, 112, 110, 113, 109, etc. For FG loops >13
amino acids, additional positions are created, between positions 111 and 112 at the top of the FG
loop, in the following order: 112.1, 111.1, 112.2, 111.2, 112.3, etc. (Lefranc et al. 2003).

IMGT UNIQUE NUMBERING FOR C DOMAIN
C Domain Strands, Loops, and Turns

The IMGT unique numbering for C domain numbers the C-DOMAIN of IG or antibodies and TR and the
C-LIKE-DOMAIN of the IgSF other than IG and TR. The C domain strands, turns, and loops and their IMGT
positions and lengths, based on the IMGT unique numbering for C domain (C-DOMAIN and C-LIKE-
DOMAIN) (Lefranc et al. 2005a), are shown in Table 2.

The C domain (C-DOMAIN of IG and TR and C-LIKE-DOMAIN of IgSF other than IG and TR) is com-
posed of the A-STRAND of 15 (or 14 if gap at 10) amino acids (positions 1 to 15), the AB-TURN
(additional positions 15.1, 15.2, and 15.3; the longest AB-TURN have three amino acids), the
B-STRAND of 11 amino acids (positions 16 to 26) with the 1st-CYS at position 23, the BC-LOOP (positions
271031, 34 to 38), the C-STRAND of seven amino acids (positions 39 to 45) with the CONSERVED-TRP at
position 41, the CD-STRAND of one to nine amino acids (additional positions 45.1 to 45.9), the
D-STRAND of eight (or seven if gap at 82) amino acids (positions 77 to 84), the DE-TURN (additional

www.cshprotocols.org 42 Cold Spring Harbor Protocols



Table 2. C domain strands, turns, and loops, IMGT positions and lengths, based on the IMGT unique
numbering for C domain (C-DOMAIN and C-LIKE-DOMAIN)

C domain strands, IMGT positions Lengthsb Characteristic
turns and loops® Residue@Position®
A-STRAND 1-15 15 (14 if gap at 10)
AB-TURN 15.1-15.3 0-3
B-STRAND 16-26 11 1st-CYS 23
BC-LOOP 27-31 10 (or less)

34-38
C-STRAND 39-45 7 CONSERVED-TRP

41

CD-STRAND 45.1-45.9 0-9
D-STRAND 77-84 8 (or 7 if gap at 82)
DE-TURN 84.1-84.7 0-14

85.1-85.7
E-STRAND 85-96 12 hydrophobic 89
EF-TURN 96.1-96.2 0-2
F-STRAND 97-104 8 2nd-CYS 104
FG-LOOP 105-117 13 (or less, or more)
G-STRAND 118-128 11 (or less)

From Lefranc et al. (2005a).

“IMGT labels (concepts of description) are written in capital letters (From IMGT-ONTOLOGY DESCRIPTION
Axiom to IMGT Standardized Labels: For Inmunoglobulin (IG) and T Cell Receptor (TR) Sequences and
Structures [Lefranc 2011c]).

PIn number of amino acids (or codons).

“Residue@Position is a IMGT concept of numerotation that numbers the position of a given residue (or that of a
conserved property amino acid class), based on the IMGT unique numbering.

positions 84.1 to 84.7 and from the apex 85.7 to 85.1, corresponding to 14 amino acids), the E-STRAND
of 12 amino acids (positions 85 to 96) with a conserved hydrophobic amino acid at position 89, the
EF-TURN (additional positions 96.1 and 96.2, corresponding to two amino acids), the F-STRAND of
eight amino acids (positions 97 to 104) with the 2nd-CYS at position 104, the FG-LOOP (positions
105 to 117, these positions corresponding to an FG loop of 13 amino acids), and the G-STRAND of
11 (or less) amino acids (positions 118 to 128) (Table 2; Fig. 3; Lefranc et al. 2005a).

C Domain and V Domain Comparison

The A-STRAND and B-STRAND of the C domain are similar to those of the V domain (Lefranc et al.
2005a). The longest BC-LOOP of the C domain have 10 amino acids (missing positions 32 and 33),
instead of 12 amino acids in the V domain. The C-STRAND and the D-STRAND of the C domain are
shorter by one position (46) and two positions (75, 76), respectively, compared to those of the V
domain. The transversal CD-STRAND is a characteristic of the C domain (a V domain has instead two anti-
parallel beta strands C'-STRAND and C”-STRAND linked by the C'C"-LOOP). The E-STRAND, F-STRAND,
and G-STRAND of the C domain are similar to those of the V domain (Lefranc et al. 2005a) (IMGT Scien-
tific chart rules, http://www.imgt.org).
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FIGURE 3. “IMGT Protein display for C domain” header. The header comprises five lines. Line 1: name of strands (A, B...), turns, and loops
(AB, BC...). Line 2: start and end positions of strands, e.g. (1-15). Line 3: arrows (for the strands). Line 4: positions according to the IMGT
unique numbering for C-DOMAIN and C-LIKE-DOMAIN (Lefranc etal. 2005b). Missing positions (32 and 33 in the BC loop and 46 to 76) in
the C domain by comparison with the V domain are not shown. Line 5: Pipes for the start and end positions of strands and loops and high-
lighted positions, dots for the other positions, plus if needed, numbers for additional positions (for example: 123...) (Lefranc et al. 2005a).
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IMGT Gaps and Additional Positions

Dots in IMGT Protein displays (Fig. 3) and hatched circles or squares in IMGT Colliers de Perles for C
domain (IMGT Collier de Perles for the Variable (V), Constant (C), and Groove (G) Domains of
IG, TR, MH, IgSF, and MhSF [Lefranc 2011e]) correspond to missing positions according to the
IMGT unique numbering for C domain (Lefranc et al. 2005a).

The longest BC-LOOP of the C domain have 10 amino acids (missing positions 32 and 33, that are a
feature of the C domain are not shown in the IMGT Colliers de Perles and IMGT Protein displays for C
domain). For BC loops <10 amino acids, gaps are created from the apex in the following order: 34,
31, 35, 30, 36, etc. The FG-LOOP of the C domain is similar to that of the V domain. Gaps for FG
loops <13 amino acids and additional positions for FG loops >13 amino acids are created following
the same rules as those of the V domain.

Additional positions in the C domain define the AB-TURN, DE-TURN, and EF-TURN (Table 2). For
AB-TURN shorter than three amino acids, gaps are created (hatched in IMGT Colliers de Perles, or not
shown in structural data representations) in a decreasing ordinal manner. For DE-TURN <14 amino
acids, gaps are created in the following order: 85.7, 84.7, 85.6, 84.6, 85.5, etc. For EF-TURN shorter
than two amino acids, gaps are created in the following order: 96.2, 96.1 (Lefranc et al. 2005a).

IMGT UNIQUE NUMBERING FOR G DOMAIN
G Domain Strands, Turns, and Helix

The IMGT unique numbering for G domain numbers the G-DOMAIN of MH and the G-LIKE-DOMAIN of
MhSF other than MH. The G domain strands, turns, and helix and their IMGT positions and lengths,
based on the IMGT unique numbering for G domain (G-DOMAIN and G-LIKE-DOMAIN) (Lefranc
et al. 2005b), are shown in Table 3.

The G domain (G-DOMAIN of MH and G-LIKE-DOMAIN of MhSF other than MH) comprises a sheet
of four antiparallel beta strands linked by turns and a helix that sits on the beta strands, its axis forming an
angle of ~40 degrees with the strands. Two G domains are needed to form the MhSF groove made of a
“floor” and two “walls.” Each G domain contributes by its strands and turns to half of the groove floor
and by its helix to one wall of the groove (Lefranc et al. 2005b).

Table 3. G domain strands, turns, and helix, IMGT positions and lengths, based on the IMGT unique
numbering for G domain (G-DOMAIN and G-LIKE-DOMAIN)

G domain strands, IMGT positions Lengths® Characteristic Residue@Position®

turns, and helix® and additional positions®

A-STRAND 1-14 14 7A, CYS-11

AB-TURN 15-17 3 (or2or0)

B-STRAND 18-28 11 (or 10%)

BC-TURN 29-30 2

C-STRAND 31-38 8

CD-TURN 39-41 3 (or 1%

D-STRAND 42-49 8 49.1 to 49.5

HELIX 50-92 43 (or less or more) 54A, 61A, 61B, 72A, CYS-74,
92A

From Lefranc et al. (2005b).

IMGT labels (concepts of description) are written in capital letters (From IMGT-ONTOLOGY DESCRIPTION
Axiom to IMGT Standardized Labels: For Inmunoglobulin (1G) and T Cell Receptor (TR) Sequences and
Structures [Lefranc 2011c]).

®In number of amino acids (or codons).

“Residue@Position is a IMGT concept of numerotation that numbers the position of a given residue (or that of a
conserved property amino acid class), based on the IMGT unique numbering.

9For details on the characteristic Residue@Position and additional positions, see text (Lefranc et al. 2005b).

€Or 9 in some G-BETA (Lefranc et al. 2005b).

fOr 0 in some G-ALPHA2-LIKE (Lefranc et al. 2005b).
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The G domain is composed of the A-STRAND of 14 amino acids (positions 1 to 14), the AB-TURN of
three or less amino acids (positions 15 to 17), the B-STRAND of 11 or less amino acids (positions 18 to
28), the BC-TURN of two amino acids (positions 29 and 30), the C-STRAND of eight amino acids (pos-
itions 31 to 38), the CD-TURN of three or less amino acids (positions 39 to 41), the D-STRAND of eight
amino acids (positions 42 to 49), and a helix of 43 (or less or more) amino acids (positions 50 to 92)
(Table 3; Fig. 4; Lefranc et al. 2005b).

The helix is split into two parts separated by a kink, positions 58 of G-ALPHAT, 61 of G-ALPHA2, 63 of
G-ALPHA, and 62 of G-BETA being the “highest” points on the groove floor (Lefranc et al. 2005b).

IMGT Gaps and Additional Positions

Dots in IMGT Protein displays (Fig. 4) and hatched circles or squares in IMGT Collier de Perles for G
domain (IMGT Collier de Perles for the Variable (V), Constant (C), and Groove (G) Domains of
IG, TR, MH, IgSF, and MhSF [Lefranc 2011e]) correspond to missing positions according to the
IMGT unique numbering for G domain (Lefranc et al. 2005b).

The gaps are localized in the turns. The AB-TURN (positions 15 to 17) comprises three amino acids in
the G-ALPHA1, G-ALPHA2, and G-BETA domains but these positions are unoccupied in the G-ALPHA
domains (as well as position 18 of B-STRAND). The BC-TURN (positions 29 and 30) comprises two pos-
itions that are occupied in all G-DOMAIN. The CD-TURN (positions 39 to 41) is occupied by three amino
acids in the G-ALPHAT domains and by one amino acid in most of the other G domains (Lefranc et al.
2005b).

The additional position 7A represents a bulge in 3D structures and is present in some G-ALPHA
domains, for instance those of the human HLA-DQA1 and HLA-DOA, and mouse H2-AA and H2-DOA
chains (Lefranc et al. 2005b). Additional positions at the N terminus of A-STRAND or at the C terminus
of D-STRAND can be added if necessary. Thus, two additional positions (1.2 and 1.1) are added at the N
terminus of the A-STRAND of the G-ALPHA domains as the presence of these two amino acids was
demonstrated by protein sequencing of the HLA-DRA. However the proteolytic cleavage site of the
leader peptide (L-REGION) needs to be confirmed experimentally for the other G-ALPHA (Lefranc
et al. 2005b). In each [D1] G-DOMAIN (except the G-ALPHA domain of human HLA-DMA and mouse
H2-DMA discussed below), the amino acid at position 1 (shown within parentheses in IMGT Protein dis-
plays, http://www.imgt.org) is encoded by the codon that results from the splicing between the first
exon (EX1) that encodes the L-REGION and the second exon (EX2) that encodes [D1] (Lefranc et al.
2005b). Ten amino acids have been added at positions 1.10 to 1.1 of HLA-DMA and H2-DMA but it is
necessary to confirm experimentally if they belong, or not, to the mature protein. Four additional pos-
itions (49.1 to 49.4) are also observed at the C terminus of D-STRAND of the G-BETA domain of
HLA-DMB and H2-DMBT1 (Lefranc et al. 2005b).

Interestingly, despite the high sequence divergence, only five additional positions in the helix (54A,
61A, 61B, 72A, and 92A) are necessary to align any G domain (Lefranc et al. 2005b). Three of them (61A,
61B, 72A) characterize the G-ALPHA2 and/or G-BETA domains. Indeed, positions 61A and 72A are occu-
pied in the G-ALPHA2 domain, whereas positions 61A, 61B, and 72A are occupied in G-BETA domains
(except for the mouse H2-AB chain). The position 92A is only occupied in the HLA-DMA and H2-DMA
G-ALPHA domains. It is worthwhile to note that position 54A in G-ALPHAT-LIKE is the only additional pos-
ition needed to extend the IMGT numbering for G-DOMAIN to the G-LIKE-DOMAIN of the MhSF pro-
teins other than MH, or related proteins of the immune system (RPI)-MH1Like (Lefranc et al. 2005b).
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FIGURE 4. “IMGT Protein display for G domain” header. The header comprises five lines. Line 1: name of strands (A, B, C,
D), turns (AB, BC, CD), and helix. Line 2: start and end positions of strands (1-14), (18-28), (31-38), (42-49), and helix (50—
92). Line 3: arrows (for the strands) and line (for the helix). Line 4: positions according to the IMGT unique numbering for
G-DOMAIN and G-LIKE-DOMAIN (Lefranc et al. 2005¢). Line 5: Pipes for the start and end positions of strands and helix
and highlighted positions, dots for the other positions, plus if needed, letters or numbers for additional positions that charac-
terize some G domains (for example: A, AB or 123...) (Lefranc et al. 2005b).
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G Domain Characteristics Comparison

Two cysteine, CYS-11 (in strand A) and CYS-74 (in the helix), are well conserved in the G-ALPHA2 and
G-BETA domains where they participate in a disulfide bridge that fastens the helix on the groove floor.
The G-ALPHA1 and G-ALPHA domains have a conserved N-glycosylation site at position 86 (N-X-S/T,
where N is asparagine, X is any amino acid except proline, S is serine, and T is threonine). An N-
glycosylation site is also found at position 86 in the G-ALPHA2 domain of the mouse classical MH1
chains (H2-D1, H2-K1, and H2-L). The G-BETA domains (except for the human HLA-DMB and mouse
H2-DMB1 chains) have a conserved N-glycosylation site at position 15 (AB-TURN) (Lefranc et al. 2005b).

Interestingly, the G-ALPHA domains of the HLA-DMA and H2-DMA chains have specific features
compared to the other G-ALPHA domains and share common characteristics with the G-ALPHA2 and
G-BETA domains: there is a conserved CYS-11_CYS-74 disulfide bridge, positions 61A and 61B are occu-
pied (as in the G-BETA domains), and there is no N-glycosylation site at position 86 (Lefranc et al. 2005b)
(IMGT Protein display in IMGT Repertoire, http://www.imgt.org).

Practically, the IMGT unique numbering for positions 1-39 and 73-92 of the G-ALPHA2 domains
can be obtained very easily by substracting 90 from the mature protein numbering (91-129 and
163-182). Between these positions, the two gaps (at positions 40 and 41) and the two insertions (at pos-
itions 61A and 72A) are necessary, in the IMGT unique numbering, to allow meaningful sequence and
structure alignment and comparison between the G-ALPHA1 and G-ALPHA2 sequences.

BRIDGING THE GAP BETWEEN IMMUNOGENETICS AND SYSTEMS BIOLOGY

By allowing one to number the V and C domains of the IG, TR, and IgSF other than IG and TR, and the G
domain of the MH and MhSF other than MH (Lefranc 1997, 1999; Lefranc et al. 2003, 2005a,b), the
IMGT unique numbering has been fundamental in:

e the creation of the IMGT Colliers de Perles for V, C, and G domains (IMGT Collier de Perles for the
Variable (V), Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF [Lefranc
2011e])

e the definition of the Residue@Position concept (standardized numerotation of amino acid
changes and polymorphisms)

¢ the standardized numerotation of mutations (at the codon and nucleotide level) and definition
of alleles

e the delimitation of the FR-IMGT and CDR-IMGT for antibody engineering and antibody
humanization

¢ the comparison of interactions and contact analysis between domains in 3D structures

The IMGT unique numbering bridges the gap between amino acid (and nucleotide) sequences and
3D structures and is essential for domain comparison in molecularimmunogenetics (Bertrand et al. 2004;
Duprat et al. 2004; Frigoul and Lefranc 2005; Garapati and Lefranc 2007), in structural biology and
immunology for receptor/ligand interaction analysis (Kaas and Lefranc 2005; Kaas et al. 2008), and in
biotechnology related to antibody engineering and humanization (Lefranc 2009; Ehrenmann et al.
2010a). The IMGT unique numbering is used (i) for the annotation of sequences, genes, and structures
in the IMGT databases: IMGT/LIGM-DB (Giudicelli et al. 2006), IMGT/CLL-DB (Brochet 2008), IMGT/
GENE-DB (Giudicelli et al. 2005), IMGT/2Dstructure-DB and IMGT/3Dstructure-DB (Kaas et al. 2004;
Ehrenmann et al. 2010b), (ii) for the analysis of sequences and structures in the IMGT online tools:
IMGT/V-QUEST (Giudicelli et al. 2004; Brochet et al. 2008; Giudicelli and Lefranc 2009), IMGT/Junc-
tionAnalysis (Yousfi Monod et al. 2004; Bleakley et al. 2006), IMGT/HighV-QUEST (Alamyar et al.
2010), IMGT/Phylogene (Elemento and Lefranc 2003), IMGT/Genelnfo (Baum et al. 2004, 2006),
IMGT/LIGMotif (Lane et al. 2010), IMGT/DomainGapAlign, IMGT/DomainDisplay and IMGT/Collier
de Perles (Ehrenmann et al. 2010b), and (iii) in the data management of the IMGT knowledge web
resources: IMGT Protein displays, IMGT Alignments of alleles, IMGT Table of alleles, IMGT Colliers de
Perles, etc. (http://www.imgt.org) (IMGT, the International InMunoGeneTics Information System
[Lefranc 2011a]).

As a major IMGT-ONTOLOGY concept of numerotation, the IMGT unique numbering is used, with
the IMGT-ONTOLOGY concepts of classification (From IMGT-ONTOLOGY CLASSIFICATION Axiom to
IMGT Standardized Gene and Allele Nomenclature: For Immunoglobulins (IG) and T Cell Receptors
(TR) [Lefranc 2011d]) and concepts of description (From IMGT-ONTOLOGY DESCRIPTION Axiom to
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IMGT Standardized Labels: For Immunoglobulin (IG) and T Cell Receptor (TR) Sequences and
Structures [Lefranc 2011c]), in the definition of monoclonal antibodies (mAb, suffix -mab) and fusion
proteins for immune applications (FPIA, suffix -cept) of the World Health Organization/International
Nonproprietary Name (WHO/INN) programme (Lefranc 2011f).
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IMGT Collier de Perles for the Variable (V), Constant (C),
and Groove (G) Domains of IG, TR, MH, 1gSF, and MhSF
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IMGT, the international InMunoGeneTics information system, Laboratoire d’ImmunoGénétique Moléculaire LIGM, Université
Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

The “IMGT Collier de Perles” (or “IMGT_Collier_de_Perles”) concept is a major concept of numerotation
(generated from the NUMEROTATION axiom) of IMGT-ONTOLOGQY, the global reference in immunoge-
netics and immunoinformatics, built by IMGT, the international ImMunoGeneTics information system.
The “IMGT Collier de Perles” concept, described here, allows standardized two-dimensional (2D) graph-
ical representations of the domains, based on the IMGT unique numbering. Three leafconcepts (a leaf-
concept is a concept that corresponds to the finest level of granularity) have been defined: for the
variable (V) domain and constant (C) domain of the immunoglobulin superfamily (IgSF) and for the
groove (G) domain of the major histocompatibility (MH) superfamily (MhSF). IMGT Colliers de Perles
are obtained, starting from V, C, or G domain amino acid sequences, using IMGT/DomainGapAlign
and IMGT/Collier de Perles tools. In IMGT/3Dstructure-DB, IMGT Colliers de Perles of V and C
domains are provided with hydrogen bonds and those of G domains with IMGT pMH contact analysis.
IMGT Colliers de Perles allows one to bridge the gap between sequences and three-dimensional (3D)
structures, whatever the species, the IgSF or MhSF protein, or the chain type. They are particularly
useful for antibody engineering, sequence-structure analysis, visualization and comparison of positions
for mutations, polymorphisms and contact analysis of immunoglobulins (IG), T cell receptors (TR),
MH, and related proteins of the immune system (RPI) belonging to the IgSF and MhSF.

RELATED INFORMATION

A detailed description of IMGT is provided in IMGT, the International ImMunoGeneTics Information
System (Lefranc 2011a). The NUMEROTATION axiom is an axiom of the Formal IMGT-ONTOLOGY or
IMGT-Kaleidoscope (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008; Duroux et al. 2008).
The NUMEROTATION axiom postulates that any molecule, cell, tissue, organ, organism or population,
any process and any relation, has to be numbered. The NUMEROTATION axiom has generated the con-
cepts of numerotation of IMGT-ONTOLOGY, the global reference in immunogenetics and immunoinfor-
matics, built by IMGT (http://www.imgt.org) (Lefranc et al. 2009). The NUMEROTATION axiom is one of
seven axioms of the Formal IMGT-ONTOLOGY, the others being “IDENTIFICATION axiom” (From
IMGT-ONTOLOGY IDENTIFICATION Axiom to IMGT Standardized Keywords: For Immunoglobu-
lins (1G), T Cell Receptors (TR), and Conventional Genes) (Lefranc 2011b), “DESCRIPTION axiom”
(From IMGT-ONTOLOGY DESCRIPTION Axiom to IMGT Standardized Labels: For Inmunoglobulin
(1G) and T Cell Receptor (TR) Sequences and Structures) (Lefranc 2011c), “CLASSIFICATION axiom”
(From IMGT-ONTOLOGY CLASSIFICATION Axiom to IMGT Standardized Gene and Allele Nomen-
clature: For Immunoglobulins (IG) and T Cell Receptors (TR)) (Lefranc 2011d), “LOCALIZATION
axiom”, ORIENTATION axiom”, and “OBTENTION axiom”. The IMGT Collier de Perles (Lefranc 1999;
Ruiz and Lefranc 2002; Kaas and Lefranc 2007; Kaas et al. 2007) and the IMGT unique numbering
(Lefranc 1997, 1999; Lefranc et al. 2003, 2005b,c) (IMGT Unique Numbering for the Variable (V),
Constant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF) (Lefranc 2011e) are the
two major concepts of numerotation, generated from the NUMEROTATION axiom.

Protocols are available for IMGT/V-QUEST: IMGT Standardized Analysis of the Immunoglobulin (I1G)
and T Cell Receptor (TR) Nucleotide Sequences (Giudicelli et al. 2011), IMGT/JunctionAnalysis: IMGT
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Standardized Analysis of the V-] and V-D-] Junctions of the Rearranged Immunoglobulins (IG) and
T Cell Receptors (TR) (Giudicelli and Lefranc 2011), IMGT/Collier de Perles: IMGT Standardized
Representation of Domains (IG, TR, and IgSF Variable and Constant Domains, MH and MhSF
Groove Domains) (Ehrenmann et al. 2011), IMGT/DomainGapAlign: IMGT Standardized Analysis
of Amino Acid Sequences of Variable, Constant, and Groove Domains (IG, TR, MH, IgSF, MhSF)
(Ehrenmann and Lefranc 2011a), and IMGT/3Dstructure-DB: Querying the IMGT Database for 3D
Structures in Immunology and Immunoinformatics (IG or Antibodies, TR, MH, RPI, and FPIA)
(Ehrenmann and Lefranc 2011b).

BACKGROUND INFORMATION

A standardized approach for immunogenetics and immunoinformatics was strongly needed in the
1990s. The first IMGT Collier de Perles to be put online was the VH domain from mouse E5.2 Fvin Decem-
ber 1997, still available in IMGT Repertoire (http://www.imgt.org) in its original drawing. By creating the
IMGT Colliers de Perles (Lefranc 1999; Ruiz and Lefranc 2002; Kaas and Lefranc 2007; Kaas et al. 2007),
based on the IMGT unique numbering (Lefranc 1997, 1999; Lefranc et al. 2003, 2005b,c), IMGT has
bridged the gap between sequences and 3D structures (Lefranc 2005, 2008a,b; Lefranc et al. 2008).
IMGT Collier de Perles can be obtained by the users from their own nucleotide sequences using
IMGT/V-QUEST (Giudicelli et al. 2004; Brochet 2008; Brochet et al. 2008; Giudicelli and Lefranc
2009), from their amino acid sequences using IMGT/DomainGapAlign (Ehrenmann et al. 2010b), or
whether their amino acid sequences are already gapped according to the IMGT unique numbering,
using the IMGT/Collier de Perles tool (http://www.imgt.org). IMGT Colliers de Perles are available in
IMGT/3Dstructure-DB, with hydrogen bonds for Vand C domains, for proteins with known 3D structures,
and in IMGT/2Dstructure-DB for therapeutic monoclonal antibodies and fusion proteins for immune
applications (FPIA) (Edelmann et al. 2010b; Poiron et al. 2010). IMGT Colliers de Perles are widely used
for structural biology and immunology (Kaas and Lefranc 2007; Kaas et al. 2007) and biotechnologies
related to antibody engineering and humanization (Lefranc 2009; Ehrenmann et al. 2010a).

IMGT COLLIER DE PERLES FOR V DOMAIN

“IMGT Collier de Perles for V domain” (or “IMGT_Collier_de_Perles_for_V_domain”) is a leafconcept of
the “IMGT Collier de Perles” concept of numerotation. It represents