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ABSTRACT

IMGT/V-QUEST, for ‘V-QUEry and STandardization’,
is an integrated software program which analyses
the immunoglobulin (IG) and T cell receptor (TR) rear-
ranged nucleotide sequences. The extraordinary
diversity of the IG and TR repertoires (1012 antibodies
and 1012 TR per individual) results from several
mechanisms at the DNA level: the combinatorial di-
versity of the variable (V), diversity (D) and joining (J)
genes, the N-diversity and, for IG, the somatic muta-
tions. IMGT/V-QUEST identifies the V, D and J genes
and alleles by alignment with the germline IG and TR
gene and allele sequences of the IMGT reference
directory. IMGT/V-QUEST delimits the structurally
important features, frameworks and complementarity-
determiningregions (the lastof theseformingtheanti-
gen binding site), on the basis of the IMGT unique
numbering. The tool localizes the somatic mutations
of the IG rearranged sequences. IMGT/V-QUEST also
dynamically displays a graphical two-dimensional
representation, or IMGT Collier de Perles, of the IG
and TR variable regions. Moreover, IMGT/V-QUEST
can interact with IMGT/JunctionAnalysis for the
detailed description of the V–J and V–D–J junctions,
and with IMGT/PhyloGene for the construction of
phylogenetic trees. IMGT/V-QUEST is currently avail-
able for human andmouse, and partly for non-human
primates, sheep, chondrichthyes and teleostei. IMGT/
V-QUEST is freely available at http://imgt.cines.fr.

INTRODUCTION

IMGT, the international ImMunoGeneTics information sys-
tem1 (http://imgt.cines.fr) (1,2), created in 1989 by the

Laboratoire d’ImmunoG�een�eetique Mol�eeculaire (LIGM)
(Universit�ee Montpellier II and CNRS) at Montpellier,
France, is a high-quality integrated knowledge resource
specialized in the immunoglobulins (IG), T cell receptors
(TR), major histocompatibility complex (MHC), immuno-
globulin superfamily and related proteins of the immune
system (RPI) of human and other vertebrate species.
IMGT comprises six databases (3–5), 10 interactive tools
(6–9) and 8000 HTML pages of genomic, genetic and struc-
tural data related to IG, TR, MHC and RPI (2,5). In
particular, IMGT deals with all the IG and TR nucleotide
sequences published in the generalist databases DDBJ,
EMBL and GenBank (10–12). Most of these are re-
arranged sequences resulting from the very complex syn-
thesis that includes combinatorial diversity rearrangements
between the variable (V), diversity (D) and joining (J)
genes, the N-diversity mechanism and, for IG, the somatic
mutations [for review see (13,14)]. Indeed, these three
mechanisms create the huge diversity of the IG and TR
repertoires (1012 antibodies and 1012 TR per individual).
One major challenge for IMGT is to provide users with a
detailed and accurate characterization of these sequences
according to the IMGT Scientific chart rules, based on the
IMGT-ONTOLOGY concepts (15). This objective is
achievedwith IMGT/V-QUEST (V-QUEry and STandard-
ization), an integrated on-line software program which
analyses IG and TR rearranged nucleotide sequences.
IMGT/V-QUEST identifies the V, D and J genes and
alleles in the rearranged V–J and V–D–J sequences. This
step is performed by aligning and comparing the input
sequence with the reference sequence sets of the germline
(not rearranged) IG and TR genes and alleles, defined
according to the IMGT criteria and grouped in the
IMGT reference directory sets. IMGT/V-QUEST numbers
the translated amino acids of the IG and TR variable
region on the basis of the IMGT unique numbering (16)
and delimits the region’s structurally important features,
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the three frameworks according to the IMGT unique num-
bering (FR-IMGT) (17) and the three complementarity-
determining regions according to the IMGT unique
numbering (CDR-IMGT) (the last of these forming the
antigen binding site). IMGT/V-QUEST dynamically
displays a graphical two-dimensional (2D) representation,
or IMGT Collier de Perles (16,18), of the variable region,
clearly delimiting the structural CDR-IMGT loops
and FR-IMGT beta sheet strands. Moreover, IMGT/
V-QUEST provides users with optional and complemen-
tary analyses, such as detailed description of the V–J or
V–D–J JUNCTION between the V 30 end and the J 50 end
using IMGT/JunctionAnalysis, and the construction of
phylogenetic trees computed with IMGT/PhyloGene (7).

IMGT/V-QUEST is dedicated to the analysis of V–J and
V–D–J sequences of any vertebrate species provided that their
germline IG and TR genes are known, have been expertly
analysed by IMGT and are in IMGT Repertoire (http://imgt.
cines.fr). IMGT/V-QUEST is currently available for human
and mouse, and partly for non-human primates, sheep,
chondrichthyes and teleostei. IMGT/V-QUEST is freely avail-
able from the IMGT home page (http://imgt.cines.fr).

IMGT/V-QUEST INTEGRATED ON-LINE TOOL

Algorithm, reference directory and ontology

An input sequence is entered by the user into the IMGT/
V-QUEST tool as an IG or a TR sequence. IMGT/V-QUEST
first identifies the locus to which the sequence belongs by com-
parison with a pool of test V-REGION sequences (from the IGH,
IGK and IGL loci for an IG sequence, and from the TRA, TRB,
TRG and TRD loci for a TR sequence) (13,14).

IMGT/V-QUEST then delimits the V-REGION in the input
sequence and numbers the codons by alignment, for a given
locus, with the master sequence set. The master sequence set
comprises one representative of each V-REGION, with dif-
ferent FR-IMGT and CDR-IMGT lengths. Gaps are intro-
duced into the input sequence at positions which are
unoccupied in comparison with the master sequences.

In a next step, IMGT/V-QUEST identifies the V, D and
J genes and alleles by alignment of the input sequence with
the IMGT reference directory. The IMGT/V-QUEST refer-
ence directory sets are constituted, for a given species and
for a given locus, by sets of sequences which contain the
V-REGION, D-REGION and J-REGION alleles isolated
from the functional and open reading frame (ORF) allele
IMGT reference sequences for the V, D and J genes, respect-
ively. By definition, these sets contain one sequence for each
allele. The names of these allele sequences are shown in red in
‘Alignments of alleles’ in IMGT Repertoire (http://imgt.
cines.fr). Exceptionally, the IMGT/V-QUEST reference direc-
tory sets may include sequences isolated from pseudogene
allele IMGT reference sequences [indicated with (P) following
the allele name]. The set of sequences from the IMGT refer-
ence directory used for IMGT/V-QUEST can be downloaded
in FASTA format from the IMGT/V-QUEST page. The
IMGT/V-QUEST program first aligns the V-REGION, then
the J-REGION (on the sequence located downstream of the
30 deduced end of the V-REGION) and finally the D-REGION
(on the sequence between the 30 deduced end of the

V-REGION and the 50 deduced end of the J-REGION).
IMGT/V-QUEST delimits the three FR-IMGT and the
three CDR-IMGT of the V-REGION, and the JUNCTION,
based on the DESCRIPTION and NUMEROTATION con-
cepts of IMGT–ONTOLOGY (15). The JUNCTION encom-
passes the sequence between the V-REGION conserved
cysteine (2nd-CYS) at position 104 and the J-REGION con-
served phenylalanine (J-PHE) (for the IG light chains and the
TR chains) or tryptophan (J-TRP) (for the IG heavy chains) at
position 118. The analysis of the JUNCTION by IMGT/
JunctionAnalysis has been integrated into IMGT/V-QUEST.
This option is currently selected by default because it has
the advantage of providing a detailed description of the N-
diversity regions [N-REGION(s)].

An IMGT/V-QUEST query

An IMGT/V-QUEST query consists of two steps:

(i) The user selects the antigen receptor (Immunoglobulin or
T cell receptor) and the species on the IMGT/V-QUEST
Search page.

(ii) On the next page, the user has the options not to include
IMGT/JunctionAnalysis and to give a name to the input
sequence. The user provides the input nucleotide
sequence by one of the three following means: typing
the sequence, copying and pasting it, or uploading it
by giving the path to a local file containing the sequence
in FASTA format.

IMGT/V-QUEST will give a message indicating an error or
aberrant results for pseudogene sequences with nucleotide
insertions or deletions (to which the IMGT unique numbering
cannot be applied), for too short partial sequences (for which
the V-GENE cannot be identified), for reverse sequences, and
for sequences containing a cluster of V-GENEs, or sequences
with too long 50- or 30-untranslated region.

IMGT/V-QUEST output

The output of IMGT/V-QUEST shows six major results:

(i) Alignments for V-GENE, D-GENE and J-GENE. IMGT/
V-QUEST displays the alignments of the input sequence
with the closest five V and D genes and alleles, and the
closest three J genes and alleles, of the IMGT reference
directory (Figure 1). The best alignment score indicates
the gene and allele most likely to be involved in the
rearrangement. Figure 1A shows that for the input
sequence, the V–D–J rearrangement involves the variable
IGHV3-30 * 04 allele, the diversity IGHD4-23 * 01 allele,
and the joining IGHJ4 * 02 allele.

(ii) Translation of the JUNCTION. IMGT/V-QUEST dis-
plays the translation of the V–J, or V–D–J, JUNCTION,
delimited by the V-REGION 2nd-CYS at position 104
and the J-REGION J-PHE or J-TRP at position 118 (both
positions according to the IMGT unique numbering) (16).
The display also includes the three amino acids at posi-
tions 119, 120 and 121, which are part of the characteristic
J-REGION motif (F/W–G–X–G). In the default option,
the alignment with the D gene is replaced by the analysis
of the JUNCTION by IMGT/JunctionAnalysis. In this
case, the alignment with the best D gene and allele is
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Figure 1. IMGT/V-QUEST results. (A) Alignments for V-GENE, D-GENE and J-GENE, and translation of the JUNCTION. The input sequence is aligned with the
closest V, D and J genes and alleles of the IMGT reference directory set. The IMGT/LIGM-DB accession number (identical to the DDBJ/EMBL/GenBank accession
number), the IMGT gene name and allele are indicated for each reference sequence. Dashes indicate nucleotide identity. Dots indicate gaps according to the IMGT
numbering or nucleotides that are not taken into account for the alignment (16). The JUNCTION extends from the 2nd-CYS (C) at position 104 to J-TRP (W) at
position 118. (B) The default option of IMGT/V-QUEST: the alignment for D-GENE is replaced by the results of IMGT/JunctionAnalysis.
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D Collier de Perles

C “input” V-REGION

B Translation

A Alignment with and delimitationsFR-IMGT CDR-IMGT

Figure 2. IMGT/V-QUEST results. (A) Alignment with the FR–IMGT and the CDR–IMGT delimitations according to the IMGT unique numbering. Dashes indicate
nucleotide identity. Dots indicate gaps according to the IMGT numbering or nucleotides that are not taken into account for the alignment (16). Nucleotide differences
correspond to somatic mutations. (B) Translation of the input sequence. (C) ‘‘Input’’ V-REGION nucleotide and amino acid sequences in FASTA format with gaps
inserted according to the IMGT unique numbering. The formatted nucleotide sequence can be automatically loaded into IMGT/PhyloGene for phylogenetic studies
by clicking on the corresponding button (7). (D) IMGT Collier de Perles. Amino acids are shown by one-letter abbreviation. Hydrophobic amino acids and tryptophan
(W) found at a given position in more than 50% of analysed IG and TR sequences are shown in blue. All Proline (P) are shown in yellow. The CDR–IMGTs are limited
by amino acids shown inside squares.
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displayed with a detailed description of the N-diversity
regions (Figure 1B).

(iii) Alignment with the FR-IMGT and CDR-IMGT delimita-
tions. IMGT/V-QUEST shows the alignment of the input
nucleotide sequence with the closest V-REGIONs and
with the FR-IMGT and CDR–IMGT delimitations
(FR1-, CDR1-, FR2-, CDR2-, FR3- and germline
CDR3-IMGT). This representation allows the user to
easily compare the sequences and to locate somatic
mutations (Figure 2A).

(iv) Translation. IMGT/V-QUEST provides the translation of
the input sequence. The nucleotide and deduced amino
acid sequences are shown with the FR-IMGT and CDR-
IMGT delimitations (FR1-, CDR1-, FR2-, CDR2-, FR3-
and rearranged CDR3-IMGT) (Figure 2B).

(v) ‘Input’ V-REGION. IMGT/V-QUEST provides the
input V-REGION nucleotide sequence in FASTA format,
with gaps inserted according to the IMGT unique num-
bering (16). By clicking on the button ‘Analyse this
sequence with IMGT/PhyloGene’, this formatted nucleo-
tide sequence is automatically added to the reference
sequence set of IMGT/PhyloGene for phylogenetic
studies (7) (Figure 2C).

(vi) IMGT Collier de Perles. IMGT/V-QUEST automatically
displays a graphical 2D representation, or IMGT Collier
de Perles, of the input V-REGION amino acid sequence
(16). This representation is particularly useful for visual-
izing the beta sheet strands that compose the FR–IMGT,
the loops of the CDR1–IMGT and CDR2–IMGT that are
part of the antigen binding site, and the positions of the
conserved amino acids (Figure 2D).

Implementation

IMGT/V-QUEST was implemented using Java 2 and cgi-bin
programs. It uses, for the sequence alignments, the DNAPLOT
program, an alignment tool component of IMGT developed by
Hans-Helmar Althaus and Werner M€uuller (Institut f€uur Genetik,
K€ooln, Germany) (19), and for the IMGT Collier de Perles
representations, the IMGT/Collier de Perles tool developed
by G�eerard Mennessier (Montpellier, France) (20).

DISCUSSION AND CONCLUSION

IMGT/V-QUEST (http://imgt.cines.fr) is the first tool avail-
able on the Web that identifies and delimits the V, D and
J genes and alleles within IG or TR nucleotide rearranged seq-
uences, that delimits the frameworks and the complementarity-
determining regions, and that displays a graphical 2D repre-
sentation of the variable region. Moreover, IMGT/V-QUEST
interacts with additional IMGT tools for more detailed ana-
lysis, via an option on the IMGT/V-QUEST Search page for a
detailed analysis of the JUNCTION using IMGT/Junction-
Analysis, and via a link to IMGT/PhyloGene on the result
page for the phylogenetic analysis of the variable region of
the input sequence.

Although IMGT/V-QUEST is mostly used to characterize
rearranged V–J and V–D–J sequences, it can also be used to
identify genes in germline V-GENEs. To the best of our
knowledge, IMGT/V-QUEST is the first Web tool that

displays such detailed and accurate analysis of nucleotide rear-
ranged sequences from antigen receptors. The information
provided by IMGT/V-QUEST is of much value to clinicians
and biological scientists studying the repertoire of the immuno-
globulins and T cell receptors in physiological and patholo-
gical immune responses (autoimmune diseases, leukaemias,
lymphomas, myelomas, infectious diseases, etc.) (21,22), for
evolution studies and for antibody engineering.

AVAILABILITY AND CITATION

Authors who use IMGT/V-QUEST are encouraged to cite this
article and to quote the IMGT home page URL, http://imgt.
cines.fr.
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