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IMGT®, the international ImMunoGeneTics information system®

http://www.imgt.org



Why was IMGT® necessary? 

1. Unique structure of the immunoglobulin (IG) and 

T cell receptor (TR) genes. 

2. Huge diversity of the immunoglobulin (IG) and 

T cell receptor (TR) repertoires. 

IMGT® is at the origin of Immunoinformatics

http://www.imgt.org



Structure of an immunoglobulin (IG) or antibody

IMGT®, http://www.imgt.org

http://www.imgt.org

Potentially 2 x 1012 different IG (or antibody) specificities



Immunoglobulin (IG) synthesis
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IMGT Repertoire, http://www.imgt.org

http://www.imgt.org



Immunoglobulin (IG) synthesis
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http://www.imgt.org



5' 3'

V-GENE

V-INTRON
L-PART1 V-REGIONL-PART2

1st-CYS

23

2nd-CYS

104
DONOR

-SPLICE

ACCEPTOR

-SPLICE

5'UTR 3'UTR

V-HEPTAMER

V-NONAMER

V-SPACER

V-RS

>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chain            

Genomic DNA in germline configuration

INIT-CODON

tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag      60

ccacaggtaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga     120

gatctcatcc acttctgtgt tctctccaca ggagcccact cccaggtgca gctggtgcag     180

tctggggctg aggtgaagaa gcctggggcc tcagtgaagg tctcctgcaa ggcttctgga     240

tacaccttca ccggctacta tatgcactgg gtgcgacagg cccctggaca agggcttgag     300

tggatgggat ggatcaaccc taacagtggt ggcacaaact atgcacagaa gtttcagggc     360

agggtcacca tgaccaggga cacgtccatc agcacagcct acatggagct gagcaggctg     420

agatctgacg acacggccgt gtattactgt gcgagagaca cagtgtgaaa acccacatcc     480

tgagggtgtc agaaacccaa gggaggaggc ag

tgaaa acccacatcc

tgagggtg

http://www.imgt.org



Genomic DNA in germline configuration

J-GENE

http://www.imgt.org



5' 3'
5'UTR 3'UTR
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Genomic DNA in germline configuration

http://www.imgt.org



JUNCTION

gatt tgtgcgaaa gtggtgactgctat actcctgg 

3’V-REGION D-REGION 5’J-REGION  

agcatattgtg acaactggttcg

Immunoglobulin V-D-J generation

of sequence diversity
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http://www.imgt.org



V domains of an IG (or antibody) 

V-J junctionV-D-J junction

VLVH

http://www.imgt.org

IMGT® http://www.imgt.org



V-DOMAIN C-DOMAIN

Structural domains of the IG and TR

http://www.imgt.org

IMGT Repertoire, http://www.imgt.org

CDR: complementarity determining region



http://www.imgt.org



The eleven IMGT amino acid classes 

according to the physico-chemical properties

Pommié et al. J. Mol Recognit. 17, 17-32, 2004

http://www.imgt.org



Spacefill 3D representation of an IgG

The Immunoglobulin FactsBook, 2001

http://www.imgt.org



cDNA

5 ’UTR 3 ’UTR

V-REGION D-REGION J-REGIONJUNCTION

C-REGION

L-REGION

FR1-IMGT FR2-IMGT FR3-IMGT

CC W
W/F

t 

tc

t 

tc

………..gagga ttcaccatgg aactggggct ccgctgggtt ttccttgttg cttttttaga 120 

aggtgtccag tgtgaggtgc aactggtgga gtctggggga ggcctggtca agccgggggg 180 

gtccctgaga ctctcctgtg cagcctctgg attaagcttc agtacctatg ccatgaactg 240 

ggtccgccag gctccaggga aggggctgga atgggtctca agtattagta gtagaagtga 300 

ttacatatac tatagagact cagtgaaggg ccgattcacc atctccagag acaacgccaa 360 

gaattcactg tatctgcaaa tgaatagcct gagagtcgac gacacggctg tctattactg 420 

tgcgagagat tcttgtaatg gtgctatatg ttatggtttc agtccctggg gccagggaac 480 

cctggtcacc gtctcctcag catccccgac cagccccaag gtcttcccgc tgagcctctg 540 

cagcacccag ccagatggga acgtggtcat cgcctgcctg gtccagggct tcttccccca 600 

ggagccactc agtgtgacct ggagcgaaag cggacagggc gtgaccgcca gaaacttccc 660 

acccagccag gatgcctccg gggacctgta caccacgagc agccagctga ccctgccggc 720 

cacacagtgc ctagccggca agtccgtgac atgccacgtg aagcactaca cgaatcccag 780 

ccaggatgtg actgtgccct gcccagttcc ctcaactcca cctaccccat ctccctcaac 840 

tccacctacc ccatctccct catgctgcca cccccgactg tcactgcacc gaccggccct 900 

cgaggacctg ctcttaggtt cagaagcgaa cctcacgtgc acactgaccg gcctgagaga 960 

tgcctcgggt gtcaccttca cctggacgcc ctcaagtggg aagagcgctg ttcaaggacc 1020 

acctgagcgt gacctctgtg gctgctacag cgtgtccagt gtcctgccgg gctgtgccga 1080 

gccatggaac catgggaaga ccttcacttg cactgctgcc taccccgagt ccaagacccc 1140 

gctaaccgcc accctctcaa aatccggaaa cacattccgg cccgaggtcc acctgctgcc 1200 

gccgccgtcg gaggagctgg ccctgaacga gctggtgacg ctgacgtgcc tggcacgtgg 1260 

cttcagcccc aaggacgtgc tggttcgctg gctgcagggg tcacaggagc tgccccgcga 1320 

gaagtacctg acttgggcat cccggcagga gcccagccag ggcaccacca ccttcgctgt 1380 

gaccagcata ctgcgcgtgg cagccgagga ctggaagaag ggggacacct tctcctgcat 1440 

ggtgggccac gaggccctgc cgctggcctt cacacagaag accatcgacc gcttggcggg 1500 

taaacccacc catgtcaatg tgtctgttgt catggcggag gtggacggca cctgctactga 1560 …..

gtttc 

agt

http://www.imgt.org



IMGT birth and objectives: 1989

IMGT was created in June 1989, following the Human
Genome Meeting HGM, at New Haven, USA.
* Thomas Shows and Ken Kidd, meeting organizers
* Lap Chee Tsui, chromosome 7 responsable
* Claude Boucheix (CD nomenclature)

1. At New haven, entry of the 16 human T cell receptor
gamma genes (TRG) in the genome database, Genome
Database (GDB).

2. IMGT was created to answer the need to manage the T 
cell receptor (TR) and immunoglobulin (IG) genes and to 
enter them in the generalist databases.



Lefranc M-P.

Immunoglobulin (IG) and T cell receptor genes (TR): IMGT® and the birth 

and rise of immunoinformatics.

Front Immunol. 2014 Feb 05;5:22. 

doi: 10.3389/fimmu.2014.00022. 

Open access. PMID: 24600447

Lefranc M-P et al.

IMGT®, the international ImMunoGeneTics information system® 25 years on.

Nucleic Acids Res. 2015 Jan;43(Database issue):D413-22. 

doi: 10.1093/nar/gku1056. Epub 2014 Nov 5 

Free Article. PMID: 25378316

http://www.frontiersin.org/t_cell_biology/10.3389/fimmu.2014.00022/abstract
http://www.ncbi.nlm.nih.gov/pubmed/24600447
http://nar.oxfordjournals.org/content/early/2014/11/05/nar.gku1056.abstract
http://www.ncbi.nlm.nih.gov/pubmed/25378316


Part 2. 

1. IMGT-ONTOLOGY

2. A new science: Immunoinformatics

3. An information system for IG, TR and MH. 



IMGT-ONTOLOGY seven axioms:

To share, reuse and represent knowledge 

in Immunogenetics and Life Sciences

CLASSIFICATION

NUMEROTATION

DESCRIPTION

ORIENTATION

LOCALIZATION

Giudicelli and Lefranc, Bioinformatics 1999, Front Genet 2012

IDENTIFICATION OBTENTION

http://www.imgt.org



Concepts of IDENTIFICATION  

http://www.imgt.org

IG-Heavy 

IGH
IG-Light-Kappa   IGK

IG-Light-Lambda IGL

IMGT® standardized keywords



http://www.imgt.org

Gene name: Homo sapiens IGLV2-11

Definition:    Homo sapiens immunoglobulin lambda variable 2-11

CLASSIFICATION

LOCALIZATION Human IGL locus  (22q11.2)



Concepts of CLASSIFICATION

1.  Immunoglobulin (IG) and T cell receptor (TR) genes

2.  Nomenclature for the variable (V), diversity (D), joining (J) and 

constant (C) genes

3.  IMGT concepts of ‘group’, ‘subgroup’, ‘gene’ and ‘allele’

4.  All IMGT human gene names were approved by HUGO Gene 

Nomenclature Committee (HGNC) in 1999, and endorsed by

NCBI in 2000 

5.  IMGT alleles validated by WHO-IUIS/IMGT-NC since 1989

IMGT/GENE-DB: international reference database for IG and TR 

genes (links from NCBI Gene to IMGT/GENE-DB) and alleles

Lefranc and Lefranc, 2 FactsBooks (IG, TR) 2001

http://www.imgt.org



Lefranc et al. Dev Comp Immunol 2003

CDR-IMGT lengths

[8.10.12]

1.   IMGT unique numbering

2.   IMGT Collier de Perles

(first one in 1997)    

http://www.imgt.org

Concepts of NUMEROTATION



Lefranc et al. Dev Comp Immunol 2003

CDR-IMGT lengths

[8.10.12]

- conserved AA (and codons) 

always at the same positions:

23  1st-CYS

41  CONSERVED-TRP

89 hydrophobic

104 2nd-CYS 

118  J-PHE, J-TRP

- six anchors: delimitation of the

FR-IMGT and CDR-IMGT

CDR-IMGT lengths are crucial

information

http://www.imgt.org

Concepts of NUMEROTATION

1.   IMGT unique numbering

2.   IMGT Collier de Perles

(first one in 1997)    



Concepts of DESCRIPTION

http://www.imgt.org

Example: Prototype and IMGT Labels for a rearranged V-D-J-GENE  in gDNA

IMGT labels are in capital  letters



http://www.imgt.org

• 7 databases

• 17 online tools

• 20,000 web pages

• Sequences

• Genes

• Structures

• Immunoglobulins (IG)

(or antibodies)

• T cell receptors (TR)

• MH

• IgSF and MhSF

IMGT®

created in 1989

by Marie-Paule Lefranc

Montpellier University, 

CNRS, France



IMGT® source and reference for IG and TR genes

Example

of 

HGNC 

Entry

For

IGHV1-69

NCBI

HGNC



IMGT/3Dstructure-DB

http://www.imgt.org

DESCRIPTION



IMGT/3Dstructure-DB

Hydrogen bonds

http://www.imgt.org

Lefranc et al. Nucl Acids Res 2009

V-DOMAIN



IMGT/3Dstructure-DB: Contacts IG/Ag (Ligand)

http://www.imgt.org



http://www.imgt.org



Two IMGT tools for interpretation 

of IG and TR sequences and NGS repertoires:

• IMGT/HighV-QUEST

• IMGT/StatClonotype

http://www.imgt.org



IMGT/HighV-QUEST: High throughput version of IMGT/V-QUEST

• on the Web since 2010, freely available for academics (user registration required)
• deals with NGS sequences from Roche 454, Illumina, Ion Torrent, PacBio
• 2 modules: 1. Analyses up to 500,000 IG or TR rearranged sequences per batch

2. Statistics analysis (including IMGT clonotype (AA)) between batches
(up to 1 million IG or TR sequence outputs from module 1). 

Alamyar et al. Immunome Res 2012



IMGT/HighV-QUEST Module 1: sequence analysis

IMGT/V-QUEST results in 11 CSV files
(1 line per analysed sequence, ~500 columns per line)

7-10. Characterizes:
nt mutations
AA changes
localisation of the hotspots

1. Identifies the germline V, D and J genes
and alleles, score, %... 

2-5. Provides sequences
(nt and AA,  with or without IMGT gaps)
with description of the V-DOMAIN

6. Analyses the V-(D)-J junction
(IMGT/JunctionAnalysis)

http://www.imgt.org

Alamyar et al. Immunome Res 2012

11. Parameters



1_Summary (CSV file):

equivalent to Results summary of online IMGT/V-QUEST

IMGT/HighV-QUEST sequence analysis

http://www.imgt.org



6_Junction (CSV file) 

equivalent to IMGT/JunctionAnalysis detailed analysis

IMGT/HighV-QUEST sequence analysis

http://www.imgt.org



• Up to 1,000,000 sequence results

• Performed on filtered-in sequences (reliable set)

IMGT/HighV-QUEST Module 2: 

Statistics for sequence analysis interpretation
http://www.imgt.org

Li S, et al. Nat Commun 2013



Characterization of IMGT clonotypes (AA)

An IMGT clonotype (AA) is defined by:

• a unique V-(D)-J-rearrangement (V and J genes and alleles ) (nt)

• a unique CDR3 (AA) 

• Conserved anchors 104, 118 (C104, W or F118)

An example of table for TRB IMGT clonotypes (AA)

http://www.imgt.org

Li S. et al. Nat Commun 2013



IMGT clonotype (AA) diversity IMGT clonotype (AA) expression

Evaluation of the clonotype diversity and expression per gene

Diversity: nb of

IMGT clonotypes per gene

Expression: nb of 

sequences per gene



Identification of ‘common’ IMGT clonotypes (AA) in different sets



IMGT/HighV-QUEST (web portal for NGS)

http://www.imgt.org

2419 users from 46 countries, March 2018

15.8 billions of IG and TR sequences analysed



IMGT/StatClonotype: significance of differences

in proportions  
http://www.imgt.org

• Statistic test : z-score (exact Fisher’s test for low or null occurrences)

• Adjustment of the p-values with 7 multiple testing procedures



IMGT/StatClonotype: Multiple testing procedures plots for 

genes (also available for alleles)
http://www.imgt.org

Scatter plot

Aouinti et al. PLoS One 2015, Front Immunol 2016 



IMGT/StatClonotype: Statistical significance

http://www.imgt.org

Results: Test interpretation is displayed in Synthesis graphs

Aouinti et al. PLoS One 2015 

Front Immunol  2016 



IMGT/StatClonotype: CDR-IMGT AA Properties

http://www.imgt.org

Displays:
. 20 amino acids

. Physicochemical

. Hydropathy

. Volume

. Chemical

. Charge

. Hydrogen donor 

or acceptor atoms

. Polarity” 

(here CDR3-IMGT length=13 AA)

Variability plot Variability indexes :
. Shannon entropy 

. Wu-Kabat variability 

. Simpson index 

Aouinti et al. Front Immunol  2016 



http://www.imgt.org


