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Montpellier 2, Institut de Génétique Humaine IGH, UPR CNRS 1142, 34396 Montpellier cedex 5, France

INTRODUCTION

IMGT/V-QUEST is the integrated online IMGT tool for the standardized analysis of the immunoglobulin
(IG) or antibody and T cell receptor (TR) rearranged nucleotide sequences. The analysis of these antigen
receptors represents a crucial challenge for the study of the adaptative immune response in normal and
disease-related situations. The expressed IG and TR repertoires represent a potential of 1012 IG and 1012

TR per individual. This huge diversity results frommechanisms that occur at the DNA level during IGmol-
ecular synthesis, including the combinatorial rearrangement of the variable (V), diversity (D), and joining
(J) genes, the N diversity (V, D, and J exonuclease trimming and addition at random of nucleotides by the
terminal deoxynucleotidyl transferase during the V-(D)-J rearrangement) and, for IG, somatic hypermu-
tations. IMGT/V-QUEST, as described here, identifies the V, D, J genes and alleles by alignment with the
germline IG and TR gene and allele sequences of the IMGT reference directory. The tool describes the V-
REGION mutations and identifies the hot spot positions in the closest germline V gene. IMGT/V-QUEST
integrates IMGT/JunctionAnalysis for a detailed analysis of the V-J and V-D-J junctions and IMGT/Automat
for a complete sequence annotation of the sequences, and provides IMGT Collier de Perles.

RELATED INFORMATION

IMGT/V-QUEST (Lefranc 2004; Giudicelli and Lefranc 2005, 2008; Brochet et al. 2008) is part of IMGT,
the international ImMunoGeneTics information system, http://www.imgt.org (Lefranc et al. 2009). Stan-
dardization and IMGT Scientific chart rules are based on the IMGT-ONTOLOGY concepts of identifi-
cation, classification, description (Giudicelli and Lefranc 1999; Lefranc et al. 2004, 2005a, 2008), and
numerotation (Lefranc 1997, 1999; Lefranc et al. 2003, 2005b,c) generated from the axioms of the
Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope (Duroux et al. 2008). The concepts of identification
led to the IMGT standardized keywords, the concepts of classification to the IMGT standardized gene
and allele names, the concepts of description to the IMGT standardized labels, and the concepts of
numerotation to the IMGT unique numbering.

A detailed description of IMGT is provided in IMGT, the International ImMunoGeneTics 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 DESCRIPTION Axiom to
IMGT Standardized Labels: For Immunoglobulin (IG) and T Cell Receptor (TR) Sequences and
Structures (Lefranc 2011c), From IMGT-ONTOLOGYCLASSIFICATIONAxiom to IMGT Standardized
Gene and Allele Nomenclature: For Immunoglobulins (IG) and T Cell Receptors (TR) (Lefranc
2011d), IMGT Unique Numbering for the Variable (V), Constant (C), and Groove (G) Domains
of IG, TR,MH, IgSF, andMhSF (Lefranc 2011e), and IMGT Collier de Perles for the Variable (V), Con-
stant (C), and Groove (G) Domains of IG, TR, MH, IgSF, and MhSF (Lefranc 2011f).

In addition, protocols are available for IMGT/JunctionAnalysis: IMGT Standardized Analysis of
the V-J and V-D-J Junctions of the Rearranged Immunoglobulins (IG) and T Cell Receptors (TR) (Giu-
dicelli 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

1Corresponding author (Marie-Paule.Lefranc@igh.cnrs.fr).
Cite as: Cold Spring Harb Protoc; 2011; doi:10.1101/pdb.prot5633 www.cshprotocols.org

© 2011 Cold Spring Harbor Laboratory Press 695

C
o

ld
 S

p
ri

n
g 

H
ar

b
o

r 
P

ro
to

co
ls

w
w

w
.c

sh
p

ro
to

c
o

ls
.o

rg
P

R
O

T
O

C
O

LS

 Cold Spring Harbor Laboratory Press
 on June 16, 2023 - Published by http://cshprotocols.cshlp.org/Downloaded from 

1 of 22
OnCusp 

Ex. 1023

http://cshprotocols.cshlp.org/
http://www.cshlpress.com


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).

MATERIALS

It is essential that you consult the appropriate Material Safety Data Sheets and your institution’s
Environmental Health and Safety Office for proper handling of equipment and hazardous materials
used in this protocol.

Equipment

Computer (Internet-connected)

METHOD

1. Using any modern web browser, access the IMGT Home page, http://www.imgt.org and click, in the
“IMGT tools” section, on the link to IMGT/V-QUEST.
This gives access to the IMGT/V-QUEST Welcome page.

IMGT/V-QUEST Welcome Page

2. In the IMGT/V-QUEST Welcome page (Fig. 1), locate the following sections:

i. “Analyze your immunoglobulin (IG) or antibody nucleotide sequences”
This section shows the species for which the analysis of IG sequences is available.

There is no need to specify more precisely the type of IG chain or locus, as the tool will automatically identify
whether sequences are IGH, IGK, or IGL by selecting one species or taxon in that section. This works for
species with complete IMGT reference directories, such as human (Lefranc 2000a; Lefranc and Lefranc
2001a) and mouse (Giudicelli et al. 2005a). This also holds for the other species or taxons with incomplete
IMGT reference directories; however, in those cases, results should be analyzed considering the status of the
IMGT reference directory (information on the updates on the web site).

ii. “Analyze your T cell Receptor (TR) nucleotide sequences”
This section shows the species for which the analysis of TR sequences is available.

There is no need to specify more precisely the type of TR chain or locus, as the tool will automatically identify
whether sequences are TRA, TRB, TRG, or TRD by selecting one species or taxon in that section. This works
for species with complete IMGT reference directories, such as human (Lefranc 2000b; Lefranc and Lefranc
2001b) and mouse (Giudicelli et al. 2005a). This also holds true for the other species or taxons with incomplete
IMGT reference directories; however, in those cases, results should be analyzed considering the status of the
IMGT reference directory (information on the updates on the web site).

iii. “Download IMGT reference directory in FASTA format (IG and TR)”
This section shows the species for which the IMGT reference directory is available.

Clicking on one of the links gives access to the data (overview and IMGT/V-QUEST reference directory per species
or taxon), if needed.

3. Choose the IG or TR section (see Step 2), depending on your sequences.

4. Click on the species (e.g., “Human”) or taxon that corresponds to the IMGT reference directory
against which you want your sequences to be analyzed.
This will open the IMGT/V-QUEST Search page. That page has a similar display regardless of the choice IG or TR (Step 3)
and the species (Step 4).

IMGT/V-QUEST Search Page

5. In the IMGT/V-QUEST Search page (Fig. 2), and below the title that reflects your choice IG or TR
(Step 3), locate the following.

i. “Your selection” that recalls your selection, for example “Human” (Step 4)
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A note indicates the IMGT reference directory set against which your sequences will be analyzed, e.g., “Human
(Homo sapiens) IG set,” as determined by the tool from Steps 3 and 4. A link provides access to the IMGT refer-
ence directory sets.

A link for sequence sets allows one to test IMGT/V-QUEST, if needed (only for human IG sequences).

ii. The sequence submission section
That section comprises:

Twowindows to either type (or copy/paste) your sequence(s) or upload a file, in FASTA format (proceed to Step 6
for entering your sequences).

The “Start” and “Clear the form” buttons.

iii. “Selection for results”
IMGT/V-QUEST provides the choice between three types of selection for the results:

“A. Detailed view.” This displays the results of the analysis for each sequence, individually (proceed to Step 8).

“B. Synthesis view.” This displays the alignments of sequences that express the same V gene and allele and
allows one to compare the localization of the mutations and the composition of their junctions (proceed to
Step 14 for choice of the parameters).

“C. Excel file.” This allows the users to get the results of the analysis in a spreadsheet with the choice of 11 sheets
(proceed to Step 21 for choice of the parameters).

FIGURE 1. IMGT/V-QUEST Welcome page.
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FIGURE 2. The IMGT/V-QUEST Search page. The title “Analyze your IG or antibody nucleotide sequences” and the selection “Human”
reflect the user’s choice.
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iv. “Advanced parameters”
“Advanced parameters” allows one to modify the parameters for sophisticated queries or unusual sequences
(proceed to Step 11 for choice of “Advanced parameters”).

Entering Nucleotide Sequences for Analysis

6. Copy and paste your sequence(s) in the text area of “Nucleotide sequences,” or upload a text file by
selecting the option “Or give the path access to a local file containing your sequence(s) in FASTA
format” and using the “Browse” button to select the file.
The analyzed sequences are the V-J or V-D-J regions that encode the variable domain (V-DOMAIN) of the antigen recep-
tors. The analysis is performed for sequences from genomic DNA (gDNA) or complementary DNA (cDNA) without need
for the user to specify the molecule type. If the submitted sequences are in reverse orientation, the tool will automatically
“complementary reverse” them and will provide the user sequences and the results in the sense orientation. The online
IMGT/V-QUEST can analyze up to 50 sequences in a single run. The sequences must be formatted in FASTA format. Note
that FASTA headers longer than 30 characters will be truncated in the results.

7. Depending on the selection you want for your results, proceed to:
i. Step 8 for A. Detailed view

ii. Step 14 for B. Synthesis view

iii. Step 21 for C. Excel file

IMGT/V-QUEST Detailed View

8. Select the option “A. Detailed view” (selected by default).

9. Select the format of the results, “HTML” (by default) or “Text,” and the “Nb of nucleotides per line in
alignments” (60 by default).

10. Select, in the light orange box, the displays of the results to be shown.
There is a choice of 14 different result displays for the analysis of the V-DOMAIN (Lefranc 2004; Giudicelli and Lefranc
2005, 2008; Brochet et al. 2008). The most commonly requested are already selected by default. You can check or
uncheck the result displays as needed.

i. Alignment for V-GENE

ii. Alignment for D-GENE

iii. Alignment for J-GENE

iv. Results of IMGT/JunctionAnalysis with full list of eligible D-GENE or without list of eligible
D-GENE

v. Sequence of the JUNCTION (nucleotide [“nt”] and amino acid [“AA”])

vi. V-REGION alignment

vii. V-REGION translation

viii. V-REGION protein display

ix. V-REGION mutation and AA change table

x. V-REGION mutation and AA change statistics

xi. V-REGION mutation hot spots

xii. Sequences of V-, V-J-, or V-D-J-REGION (“nt” and “AA”) with gaps, in FASTA and access to
IMGT/PhyloGene for V-REGION (“nt”)

xiii. Annotation by IMGT/Automat

xiv. IMGT Colliers de Perles: link to IMGT/Collier de Perles tool 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 Collier de
Perles (for a number [nb] of sequences less than five), or no IMGT Collier de Perles
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11. Go to “Advanced parameters” at the bottom of the search page and modify the parameters accord-
ing to the particularities of the sequences, if needed.
Default values of “Advanced parameters” have been set for classical analysis. They should be modified for sophisticated
queries or for unusual sequences (for example, with insertions and/or deletions).

i. “Selection of IMGT reference directory set,” with a choice of four sets (“F+ORF,” “F+ORF+in
frame P” (by default), “F+ORF including orphons,” or “F+ORF+in frame P including
orphons”) where F is functional, ORF is open reading frame, P is pseudogene. This allows
sequences to be compared with only relevant sequences (e.g., orphon sequences are relevant
for genomic, but not for expressed repertoire studies).
The selected set can also be chosen either “With all alleles” or “With allele *01 only.”

ii. “Search for insertions and deletions in V-REGION” (“Yes” or “No”).
If “Yes,” the search is slower and the number of submitted sequences in a single run is limited to 10.

iii. “Parameters for IMGT/JunctionAnalysis:” “Nb of accepted D-GENE” (provided for the IGH
junctions and for the TRB and TRD junctions, respectively) or “Nb of accepted mutations”
in 3′V-REGION, D-REGION, and 5′J-REGION.

iv. “Parameters for Detailed view:” “Nb of nucleotides to exclude in 5′ of the V-REGION for the
evaluation of the nb of mutations” (to avoid, e.g., counting primer specific nucleotides) or
“Nb of nucleotides to add (or exclude) in 3′ of the V-REGION for the evaluation of the align-
ment score” (e.g., in case of low or high exonuclease activity).

12. Click on the “Start” button to launch the analysis.
“Detailed view” results are displayed in “A. Detailed results for the IMGT/V-QUEST analyzed sequences.” The top of
this page indicates the number of analyzed sequences with links to individual results (Fig. 3).

13. Use the link associated with a sequence name to go directly to the individual results.
The results include the sequence in FASTA format and a Result summary (Fig. 4 and Fig. 5) and, if selected in Step 10:

• The Alignment for V, D, and J genes and alleles (Fig. 6)

• The results of IMGT/JunctionAnalysis and the sequence of the JUNCTION (“nt” and “AA”) (Fig. 7)

• Different displays of the V-REGION (Fig. 8)

• The analysis of the mutations (Fig. 9)

FIGURE 3. IMGT/V-QUEST “Detailed view” result page: top of the page. The number of analyzed sequences is indicated.
The link associated to a sequence name allows one to go directly to the individual sequence result.
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• The localization of the mutation hot spots (Fig. 10)

• The sequences of V-, V-J-, or V-D-J- REGION (“nt” and “AA”) with gaps in FASTA and access to IMGT/PhyloGene
for V-REGION (“nt”) (Fig. 11)

• The annotation by IMGT/Automat (Fig. 12)

• The IMGT Collier de Perles or, by default, the link to the IMGT Collier de Perles tool IMGT/Collier de Perles: IMGT
Standardized Representation of Domains (IG, TR, and IgSF Variable and Constant Domains, MH andMhSF
Groove Domains) (Fig. 13; Ehrenmann et al. 2011)

IMGT/V-QUEST Synthesis View

14. Select the option “B. Synthesis view.”

15. Select the format of the results, “HTML” (by default) or “Text,” and the “Nb of nucleotides per line in
alignments” (60 by default).

FIGURE 4. IMGT/V-QUEST “Detailed view” result page: top part of an individual result with the sequence and the “Result
summary.” The top part of each individual result indicates the IMGT reference directory set (here, human IG set) against
which the sequence was analyzed, and displays the user sequence in FASTA format (a sequence submitted in antisense
orientation will be shown as a complementary reverse sequence, that is in V gene sense orientation). The “Result
summary” provides a crucial feature that is the evaluation of the user sequence functionality performed by IMGT/
V-QUEST: productive (if no stop codon and in-frame junction) or unproductive (if stop codons and/or out-of-frame junc-
tion). It also summarizes the main characteristics of the analyzed sequence, which includes (1) the names (with species
in the six-letter abbreviation, and the functionality added in the version 3.2.19) of the closest “V-GENE and allele” (e.g.,
Homsap IGHV3-30*04 F) and “J-GENE and allele” (e.g., Homsap IGHJ4*02 F) with the alignment score, the percentage
of identity and the ratio “number of identical nucleotides/number of aligned nucleotides,” (2) the name (with species in
the six-letter abbreviation, and the functionality) of the closest “D-GENE and allele” (e.g., Homsap IGHD5-5*01 F) deter-
mined by IMGT/JunctionAnalysis (Giudicelli and Lefranc 2011) with the D-REGION reading frame, (3) the framework region
(FR)-IMGT lengths (e.g., [25.17.38.11]), the complementarity determining region (CDR)-IMGT lengths (e.g., [8.8.11]), and
the amino acid (AA) JUNCTION sequence that characterizes a V domain. Information shown in orange (here, “Productive
IGH rearranged sequence” and “93,06%” are used by clinicians analyzing the level of mutations in chronic lymphocytic
leukemia (CLL) IGHV rearranged sequences as a prognostic criterion (Giudicelli and Lefranc 2008). Note that IMGT/
V-QUEST provides warnings (data not shown) that appear as notes in red to alert the user if potential insertions or deletions
are suspected in the V-REGION (sequences with <85% of identity and/or with different CDR1-IMGTand/or CDR2-IMGT
lengths compared with the closest germline V-REGION), or whether other possibilities for the J gene and allele are identified.
The seq1 accession number is AB012909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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16. Check, in the light orange box, the displays of the results to be shown.
There are seven different result displays for the alignments of sequences that express the same V gene and allele, and
the results of IMGT/JunctionAnalysis (Lefranc 2004; Giudicelli and Lefranc 2005, 2008; Brochet et al. 2008). They are
all selected by default, but you can uncheck or check them as needed:

Alignment for V-GENE
V-REGION alignment
V-REGION translation
V-REGION protein display
V-REGION protein display (with AA class colors)
V-REGION protein display (only AA changes displayed)
V-REGION most frequently occurring AA
Results of IMGT/JunctionAnalysis

17. Go to “Advanced parameters” at the bottom of the search page and modify the parameters accord-
ing to the particularities of the sequences, if needed (for details, see Step 11).

18. Click on “Start” to launch the analysis.
“Synthesis view” results are displayed in “B. Synthesis for the IMGT/V-QUEST analyzed sequences.” The top of this
page indicates the number of analyzed sequences and displays a “Summary table” (Fig. 14).

19. Below the “Summary table,” use the links associated with the locus name(s) (e.g., IGH) to display
Results of IMGT/JunctionAnalysis for sequences identified by the tool as belonging to the same
locus (Fig. 15).

20. Use the links associated with the gene and allele names to display the synthesis results of input
sequences identified by the tool as using the same closest germline V gene and allele.
The synthesis results provide seven different displays (if all were selected):

• “Alignment for V-GENE” (Fig. 16)

• “V-REGION alignment according to the IMGT numbering” (Fig. 16)

• “V-REGION translation”

• V-REGION protein displays in three different formats (Fig. 17)

• “V-REGION most frequently occurring AA per position and per FR-IMGT and CDR-IMGT” (Fig. 18)

FIGURE 5. IMGT/V-QUEST “Detailed view” result page: example of “Result summary” for a sequence with insertion analyzed with the
option “Search for insertions and deletions.” The detection and detailed description of insertions and/or deletions are shown in the
“Result summary” first row to capture the user attention. Insertions appear as capital letters in the FASTA sequence. In the “V-GENE and
allele” line of the “Result summary,” the percentage of identity and the ratio are those obtained after removal of the insertion(s) and/or del-
etion(s) by IMGT/V-QUEST. Between brackets are shown the percentage of identity and ratio considering each insertion or deletion as one
mutational event. This information is used by clinicians analyzing the level of mutations in CLL IGHV rearranged sequences (Giudicelli and
Lefranc 2008). The seq2 accession number is L26531 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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FIGURE 6. IMGT/V-QUEST “Detailed view” result page: “Alignment for V-GENE and allele identification” and “Alignment for J -GENE and
allele identification.” If selected in the Search page, the alignments for the V- and J-GENE and allele identification are displayed with the
alignment score, the percentage of identity for the five closest genes and alleles and the ratio number of identical nucleotides/number of
aligned nucleotides. Dashes indicate identical nucleotides. Dots indicate gaps. FR-IMGT and CDR-IMGT are delimited according to the
IMGT unique numbering (Lefranc 1997, 1999; Lefranc et al. 2003). The seq1 accession number is AB012909 from the IMGT/LIGM-DB
database (Giudicelli et al. 2006).
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FIGURE 7. IMGT/V-QUEST “Detailed view” result page: “Results of IMGT/JunctionAnalysis” and “Sequence of the JUNC-
TION (“nt” and “AA”).” The “Results of IMGT/JunctionAnalysis” (Giudicelli and Lefranc 2011) comprise the detailed “Analy-
sis of the JUNCTION” (Yousfi Monod et al. 2004) with the D-REGION reading frame, “Eligible D genes” if selected (D genes
and alleles that match at least four or more nucleotides with the junction, allowing the user to visualize the result among
other close solutions), and “Translation of the JUNCTION” with AA colored according to the 11 IMGT physicochemical
classes (Pommié et al. 2004). The “Sequence of the JUNCTION (“nt” and “AA”)” provides the JUNCTION in nucleotides
and amino acids according to the IMGT numbering and in the FASTA format required as input by IMGT/JunctionAnalysis
online. The seq1 accession number is AB012909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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FIGURE 8. IMGT/V-QUEST “Detailed view” result page: three displays of the V-REGION. “V-REGION alignment according to the IMGT
unique numbering” displays the nucleotide sequences with the FR-IMGTand CDR-IMGT delimitations according to the IMGTunique num-
bering (Lefranc 1997, 1999; Lefranc et al. 2003). The “V-REGION translation” displays the nucleotide sequence and deduced amino acid
translation of the input sequence, aligned with the closest germline V-REGION, and with the FR-IMGT and CDR-IMGT delimitations.
“V-REGION protein display” displays the deduced amino acid translation of the input sequence, aligned with the V-REGION of the
closest germline V-GENE and with the FR-IMGT and CDR-IMGT delimitations, and on the third line of the alignment and shown in
bold, the amino acids of the input sequences that are different from the closest germline V-REGION. The seq1 accession number is
AB012909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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FIGURE 9. IMGT/V-QUEST “Detailed view” result page: “V-REGION mutation and AA change table,” and “V-REGION
mutation and AA change statistics.” The “V-REGION mutation and AA change table” lists the mutations (nt and AA) of
the analyzed sequence compared with the closest V-REGION allele. They are described for the V-REGION and for each
FR-IMGT and CDR-IMGT, with their nucleotide and codon position according to the IMGT unique numbering (Lefranc
1997, 1999; Lefranc et al. 2003) and for the AA changes according to the IMGT AA classes (Pommié et al. 2004). For
example, c1>g, Q1>E (++−) means that the nucleotide mutation (c>g) at nt 1 leads to an AA change (Q>E) at codon
1 with the same hydropathy (+) and volume (+) but with different physicochemical properties (−) classes (Pommié
et al. 2004). It is the first time that such qualification of AA replacement is provided. This has led us to identify four types
of AA changes: very similar (+++), similar (++−, +−+), dissimilar (−−+, −+−, +−−) and very dissimilar (−−−).
The “V-REGION mutation and AA change statistics” comprises two tables, the first one for “Nucleotide (nt) mutations”
described as silent/nonsilent, transitions/transversions, and the second one for “Amino acid (AA) changes” described as
above. For both tables, results are given for the V-REGION and per FR-IMGT and CDR-IMGT. Statistics are calculated up
to the 3′ end of the V-REGION identified in the input sequence (this includes the 3′ last two identical nucleotides with
the closest germline V-REGION). The numbers in parentheses, in the V-REGION and CDR3-IMGT columns, correspond
to the statistics calculated up to the 3′ end of the closest germline V-REGION, and therefore may include nucleotide and
amino acid differences due to the junction diversity. The accession number of the analyzed sequence is AB012909 from
the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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FIGURE 10. IMGT/V-QUEST “Detailed view” result page: “V-REGION mutation hot spots (motifs and localization in
germline V-REGION).” This table provides the hot spot motifs identified in the closest germline V-REGION and their local-
ization. The hot spot patterns are (a/t)a and (a/g)g(c/t)(a/t), and their complementary reverse motifs t(a/t) and (a/t)(a/g)c(c/t).
The accession number of the analyzed sequence is AB012909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).

FIGURE 11. IMGT/V-QUEST “Detailed view” result page: sequences of V-REGION and V-J- or V-D-J-REGION. This section
provides nucleotide and amino acid sequences with gaps according to the IMGTunique numbering (Lefranc 1997, 1999;
Lefranc et al. 2003) and includes the V-REGION nucleotide sequence in FASTA format with access to the IMGT/PhyloGene
tool (Elemento and Lefranc 2003), “V-REGION amino acid on one line,” V-J or V-D-J-REGION nucleotide and amino acid
sequences in FASTA format, V-J, or V-D-J-REGION AA sequence on one line.
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IMGT/V-QUEST Excel File

21. Select the option “C. Excel file.”

22. Select, in the light orange box, the displays of the results to be shown.
There are 11 sheets proposed for the result display. The “Summary” and “Parameters” sheets are always provided by
default.

• Summary

• IMGT-gapped-nt-sequences

FIGURE 12. IMGT/V-QUEST “Detailed view” result page: “Annotation by IMGT/Automat”: the results of the analysis of the
input sequence by IMGT/Automat (Giudicelli et al. 2003, 2005b) provide a full automatic annotation for the V-J-REGION or
V-D-J-REGION using IMGT standardized labels.
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• nt-sequences

• IMGT-gapped-AA-sequences

• AA-sequences

• Junction

• V-REGION-mutation-and-AA-change-table

• V-REGION-nt-mutation-statistics

• V-REGION-AA-change-statistics

• V-REGION-mutation-hot spot

• Parameters

23. Go to “Advanced parameters” at the bottom of the search page and modify the parameters accord-
ing to the particularities of the sequences, if needed (for details, see Step 11).

24. Click on “Start” to launch the analysis.
A small window will appear on the screen, giving the choice to “open” or “save” the Excel file.

FIGURE 13. IMGT/V-QUEST “Detailed view” result page: IMGT Collier de Perles. This section recalls the identified region
(here, V-D-J-REGION) and the CDR-IMGT lengths and FR-IMGT lengths. Depending on the choice selected in option 14 of
the IMGT/V-QUEST Search page (see Fig. 2), the “IMGT Collier de Perles” (Ruiz and Lefranc 2002; Kaas et al. 2004, 2007;
Kaas and Lefranc 2007) can be displayed either as a “link to IMGT/Collier de Perles tool” 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) or as a direct “IMGT Collier de Perles (for a nb of sequences <5)” representation inte-
grated into IMGT/V-QUESTresults. The IMGT Collier de Perles shown was obtained by selecting this last option. Positions in
blue mean that the amino acids of the user sequence at these positions is hydrophobic (hydropathy index with positive
value) or is a tryptophan (W), as in 50% or more of analyzed V domains. Positions with red and bold letters indicate the
five conserved positions of a V domain: 1st-CYS 23, CONSERVED-TRP 41, hydrophobic 89, 2nd-CYS 104, and J-TRP
118. Anchor positions are in squares. Hatched positions correspond to gaps according to the IMGT unique numbering
for V domain (Lefranc 1997, 1999; Lefranc et al. 2003). Prolines are shown in yellow. Arrows indicate the β strands and
their direction. The CDR-IMGT lengths of this domain are (8.8.11). The CDR-IMGT are colored as follows: CDR1-IMGT
(red), CDR2-IMGT (orange), and CDR3-IMGT (purple) for the IGH (this figure), TRB and TRD V-D-J-REGION, and
CDR1-IMGT (blue), CDR2-IMGT (green), and CDR3-IMGT (greenblue) (data not shown) for the IGK, IGL, TRA, and
TRG V-J-REGION.
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25. To see the results, click on “open.”
The Excel file comprises 11 sheets. These can be viewed in the supplementary material (Results_Excel.doc).

DISCUSSION

IMGT/V-QUEST (http://www.imgt.org) provides a highly detailed and standardized analysis of the IG
and TR rearranged sequences: it describes the main characteristics of user sequences according to the
axioms and concepts of IMGT-ONTOLOGY (Giudicelli et al. 1999; Duroux et al. 2008). IMGT/
V-QUEST is constantly updated based on the results of biological and clinical research. Improvements
can be followed through the program version number and the reference directory release number indi-
cated in the search pages and the list of the corresponding changes found in the corresponding docu-
mentations. New alleles annotated in IMGT are integrated in the IMGT reference directory as soon as
they are confirmed experimentally and are publicly available in the generalist databases. IMGT/HighV-
QUEST (Alamyar et al. 2010, 2011), the high-throughput version of IMGT/V-QUEST for Next Generation
Sequencing (NGS) that analyzes up to 150,000 sequences per run, uses the IMGT/V-QUEST program
and standards, and provides results with the same degree of resolution and high quality (results

FIGURE 14. IMGT/V-QUEST “Synthesis view” result page: top of the page. The number of analyzed sequences is indicated. The Summary
table displays one row for each input sequence, including: (1) the name of the sequence (Sequence ID), (2) the name of the closest V-GENE
and allele (a note may appear with the V-GENE and allele name when the V-REGION score is very low (<200), and/or the percentage of
identity is <85% and/or, compared with that of V, when input sequence has different CDR1-IMGTand/or CDR2-IMGT lengths: the align-
ment for this sequence has to be checked in “A. Detailed view,” using the advanced parameters “Search for insertions and deletions in
V-REGION”), (3) the functionality of the sequence (when found, the presence of stop codons is indicated), (4) the V-REGION score, (5)
the V-REGION percentage of identity and ratio number of identical nucleotides (nt)/number of aligned nt, (6) the name of the closest
J-GENE and allele (notes may appear with the J-GENE and allele name to indicate that other possibilities exist for the choice of the
J-GENE and allele name), and (7) provided according to the IMGT/JunctionAnalysis results, the D-GENE and allele name, the D reading
frame, the CDR-IMGT lengths, the AA JUNCTION, and the JUNCTION frame. In the absence of results of IMGT/JunctionAnalysis, only
the AA JUNCTION defined by IMGT/V-QUEST is displayed. The seq1, seq2, seq3, seq4, seq5, seq6, and seq7 correspond to the
DQ100777, AB021524, AB012909, AB021511, AB021516, AB021514, and AB021539 accession numbers, respectively, from the
IMGT/LIGM-DB database (Giudicelli et al. 2006).
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FIGURE 15. IMGT/V-QUEST “Synthesis view” result page: results of IMGT/JunctionAnalysis. This section displays the “Analysis of the JUNCTIONs” and the “Translation of the JUNCTIONs”
per locus, as provided by the IMGT/JunctionAnalysis tool for all sequences identified by IMGT/V-QUESTas belonging to the same locus (IGH, IGK, or IGL locus for IG sequences, TRA, TRB,
TRG, or TRD locus for TR sequences) (Yousfi Monod et al. 2004; Brochet et al. 2008; Giudicelli and Lefranc 2011).
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similar to those of the Excel file, formatted in comma separated value [CSV]). Rules for sequence analysis
are improved through scientific collaboration and with the constant feedback of scientists. IMGT/
V-QUEST has been recommended by the European Research Initiative on chronic lymphocytic leukemia
CLL (ERIC) for the analysis of the IGHV gene mutational status in CLL (Ghia et al. 2007). The level of
mutations in IGHV genes of CLL patients is a prognostic criterion. Moreover, >20% of patients with

FIGURE 16. IMGT/V-QUEST “Synthesis view” result page: “Alignment for V-GENE” and “V-REGION alignment according to the IMGT
unique numbering.” The sequences are displayed with the delimitations of FR-IMGTand CDR-IMGT. Dashes indicate identical nucleotides.
Dots indicate gaps. FR-IMGTand CDR-IMGTare delimited according to the IMGTunique numbering (Lefranc 1997, 1999; Lefranc et al.
2003). Displayed sequences are those of the input set, which have been identified as using the same closest germline gene and allele (here
IGHV3-30*04). The sequence of the V-REGION of IGHV3-30*04 is shown on the first line and the input sequences are aligned, with
nucleotide mutations indicated by comparison with IGHV3-30*04. Underlined nucleotides in IGHV3-30*04 correspond to mutation
hot spot motif localizations.
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CLL carry stereotyped receptors with pathogenetic implications and clinical correlations (Stamatopoulos
et al. 2007). Results obtained by the users have important implications in basic and medical research,
antibody and TR specificity, and in biotechnology related to antibody engineering (Giudicelli and
Lefranc 2008; Lefranc 2009; Ehrenmann et al. 2010). IMGT standards are approved by the World
Health Organization-International Union of Immunological Societies (WHO-IUIS) subcommittee for IG
and TR (Lefranc 2007, 2008).

FIGURE 17. IMGT/V-QUEST “Synthesis view” result page: V-REGION protein displays. Three different displays are shown. “V-REGION
protein display,” “V-REGION protein display with colored AA according to the AA IMGT classes,” and “V-REGION protein display (only
AA changes displayed).” The first line shows the AA sequence of the closest V-REGION allele against which are aligned the translations
of the input sequences identified by IMGT/V-QUEST as using the same gene and allele (here IGHV3-30*04).

FIGURE 18. IMGT/V-QUEST “Synthesis view” result page: “V-REGION most frequently occurring AA per position and per FR-IMGT and
CDR-IMGT.” This section shows, for each FR-IMGTand CDR-IMGT, and for each codon (or AA), the position of the most frequently occur-
ring AA.
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