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I Protocol

IMGT/V-QUEST: IMGT Standardized Analysis of the Immunoglobulin
(IG) and T Cell Receptor (TR) Nucleotide Sequences

Véronique Giudicelli, Xavier Brochet, and 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/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 10'21G and 10'2
TR per individual. This huge diversity results from mechanisms that occur at the DNA level during IG mol-
ecular synthesis, including the combinatorial rearrangement of the variable (V), diversity (D), and joining
(J)) genes, the N diversity (V, D, and ] exonuclease trimming and addition at random of nucleotides by the
terminal deoxynucleotidyl transferase during the V-(D)-) rearrangement) and, for IG, somatic hypermu-
tations. IMGT/V-QUEST, as described here, identifies the V, D, ] 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-] and V-D-] 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 ImnMunoGeneTics 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-ONTOLOGY CLASSIFICATION Axiom 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, and MhSF (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
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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 |G 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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I
WELCOME ! M?l 5
to IMGT/V-QUEST Gi
i Information
THE Ticg, p irsteme
INTERMATIONAL
IMMUNOGENETICS nitp:iwww. imgt.org
INFORMATION SYSTEM®

Citing IMGT/V-QUEST: Brochet, X. et al., Nucl. Acids Res. 36, W503-508 (2008). PMID: 1 =
IMGTV-QUEST programme version: 3.2.18 (21 March 2011) - MGT/V-QUEST reference directory release: 201110-1 (7 March 2011)

Analyse your immunoglobulin (IG) or antibody nucleotide sequences

@ Human @ Teleostei
S pouse - Atlantic cod
- Channel catfich
- Channel catfish
- Rainbow trout
® Rat @ chondrichthves
@ Rabbit @ Sheep
Analyse your T cell Receptor (TR) nucleotide sequences
@ Human @ Nonhuman primates
&  Mouse @ Bovine
S camel ® Dog
@ Rainbow trout

Download IMGT reference directory in FASTA format (IG and TR)

& Human 8 Teleostei
8 Mouse - Atlantic cod
- Ch | catfish
- Rainbow trout
%  Ral 8 Chondrichthyes
8 Rabbit @ Sheep
. Dog 8 nonhuman primates
8 Camel

FIGURE 1. IMGT/V-QUEST Welcome page.

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:

Two windows 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).
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Analyse your IG or antibody nucleotide sequences

Your selection: Human

Your sequences will be compared to the Human (Homo sapiens) IG set from the MGTN-CGUEST reference directory sets
Sequence sets to test MGT/NV-QUEST are avalable here

Sequence submission

Ex. 1023

@ Type (or copypaste) your nucleotide seq {s) in EASTA format

>seql ﬂ

- g EEEE] el = g

ccng;c;w;qg'ccq;;wwq‘wcng‘bc“wc.;:cwl;gqu;mn;mnct“ _:l

C Or give the path access to a local file ining your seq in FASTA format
Parcouri..
SMI Clear the form

Display resuits
@ p. Detailed view &y © Text Nb of per line in - [e0 =]

1. ¥ Alianment for V-GENE
2. " lignment for D-GENE
3. ¥ Alionmert for J-GENE

4. ¥ Resuts of MGTAUNctionAnalysis
€ with full st of eligible D-GENE
& without list of eligile D-GENE
5. I sequence of the JUNCTION (i’ and "AA")

© B. synthesis view

1. ¥ alanment for v-GENE
2. ¥ v-REGION aigrment
3. ¥ v.REGION transiation
4. ¥ v.REGION protein display

' C. Excelfile

Advanced parameters

14, T
& link to IMGT/Colier-de-Perles toal
c IMGT Collier de Perles (for a nb of sequences < 5)
€ no IMGT Coflier de Perles

© Hme © Text

S0t th

|

. ¥ V-REGION.AA change-stalistics
10. ¥ v.REGION. muation-hot-spots
1. P Parameters

o C

<
E

Selection of IMGT reference directory set  [F20RF+ inframe P =] @ With all alieles © With allele *01 only

?mh"“‘“mn'md“’mﬂ' " ves (slower, the nb of submitted sequences in a single run is linted to 10). Mo

Parameters for IMGT JunctionAnalysis Nb of accepted D-GENE in IGH JUNCTION (default i= 1) IdBlM ..I Mb of accepted mutations: default = | in 3V-REGION
default ‘= | in D-REGION
default » | in SU-REGION

Parameters for "Detailed view™ Nb of nuclectides to exclude in ' of the V-REGION forthe  Nb of nucleotices to add (or exclude) in 3 of the V-REGION for the evaluation of the

of the nb of mutations (in results 8 and 10) alignment score (in results 1)

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-| 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
ii. 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')-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 | genes and alleles (Fig. 6)
e The results of IMGT/JunctionAnalysis and the sequence of the JUNCTION (“nt” and “AA”) (Fig. 7)
e Different displays of the V-REGION (Fig. 8)

e The analysis of the mutations (Fig. 9)

THANK YOU Im
for using IMGT/V-QUEST hél;:o

- Information
I:jfEERNA!‘IONAL TICS sysiem®
IMMUNOGENETICS
INFORMATION SYSTEME hitp: e imglorg

MGTAN-QUEST programme version: 3.2.18; IMGTAV-QUEST reference directory release: 20111041

A. Detailed results for the IMGT/V-QUEST analysed sequences

Number of analysed sequences: 7

zeql seq? seql seqd seqS seq seq?

BZ* This release of IMGT/V-QUEST uses IMGT JunctionAnalysis for the analysis of the JUNCTION

K& Hypl {-) show leotide identity, dots (.) represent gaps

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.

www.cshprotocols.org 700 Cold Spring Harbor Protocols


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

5%;:?§ Cold Spring Harbor Protocols

PROTOCOLS

www.cshprotocols.org

7 of 22

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

Ex. 1023

Sequence number 1: seq1

Sequence compared with the human |G set from the IMGT reference directory

>seql

gaggrgecagetgttggagtotggggyayycgtggtccagectggyaggtocctgagacte
LCCLOLALAYCCLCLgYAt LCACCLLCAYLAJC AL CCLALJACCLYYYTLCCYCCAgUCT
ccaggcaagyuyctyyayt gygtog gtatatcatatgacggaagttatasatataagy
gtagactecatgaagggccgactocaccatctccagagacaattocaagaacacgetgtat
ttggasatgaacagectyacagetgagyacacgyctgrgtattactgtycyaggacaget
ttotttaacgoctatyacttotggyyccagdggaaccectyggtcaccygtetoctocageotec
accaagggcccatcggtottocccccigycaccetcoteccaagageacctetyygggcacsa
goggccctgggctgectggtcaaggactactteccccgaaccyytgacyytytogtggaac
toaggegecotgaccagcyyegtgoacacctieccogyctgtoctacagtoctcaggacte
tactccctocaAyCaAYCYtyYtyaACCYlJCCClCCayCagctLyyyCaACCCAYACCTACAtT
tgcaacgtgaatcacaagocccagecaacaccaaggtggacaayasagttgagoccaaatct

tgtgacaasactcacaca

Result summany: Productive IGH rearranged sequence (no stop codon and in-frame junction)
W-GEME and allele IGHV3-30"04 score = 1255 identity = 93.06°, (268/288 nt)

J-GENE and allele GHJAT2 score = 204 identity = 91 67 % (44/48 nt)

D-GENE and allele by IMGT/AJunctionAnalysis IGHD5-5"01 D-REGION is in reading frame 1

FR-IMGT lengths, COR-IMGT lengths and AA JUNCTION | [25.17.38.11] [8.8.11] CARTAFFNAYDFW

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-IMGT and/or CDR2-IMGT
lengths compared with the closest germline V-REGION), or whether other possibilities for the ] gene and allele are identified.
The seq1 accession number is ABO12909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).

e 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)

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

e 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 and MhSF
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).
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Sequence compared with the human IG sef from the IMGT reference directony

>aeqi

e

ggagacy TELGUAtSgUSTtURUT

sy o Uty tgat

TatT
attgtotootea

rrgate gate

Result summary:

B Nucleotide inserions have heen detected and automatically removed for this analysis: they are displayed as capital leners in the user submined sequence above.

localization in V-REGION | nb of inzered nt | inseded nt cauging frameshift | from V-REGION codon | from it position in user submatted sequence

COR1-IMGT 9 GCAGACGET |no bl 76

IMGTVQUEST results after removal of the insertions):
Patemtially productive IGH reanangod sequence: no stop codon and in-frame junction

(Check also your sequence with BLAST against DB referance to identify out-of-fr n
W-GENME and allele IGHVS-51T1 score = 1201 identity = 90.97* (262288 nt) [90.62": (261/288 )]
J-GENE and allele |GHMT2 score = 172 identity = 85,11% (40447 nt)
D-GENE and allele by IMGT/ unctiondnalysis IGH 1 D-REGION is in readsng frarne 2
FRIMGT lengths, COR-IMGT lengths and A& JUNCTION | [25.17 38 11] [88.14] [CATNSGYYF‘GDGFDYW

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).

16. Check, in the light orange box, the displays of the results to be shown.

17.

18.

19.

20.

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

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).

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).

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).

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):
e “Alignment for V-GENE” (Fig. 16)
e “V-REGION alignment according to the IMGT numbering” (Fig. 16)
e “V-REGION translation”
e V-REGION protein displays in three different formats (Fig. 17)
e “V-REGION most frequently occurring AA per position and per FR-IMGT and CDR-IMGT” (Fig. 18)
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1. Aligment for V-GENE and allele identification
Closest V-REGIONs (evaluated from the V-REGION first nucleotide to the 2nd-CY'S codon)

Score Identity
LO6615S IGHV3-30%04 1255 93,06% (268/288 nt)
M83134 IGHV3I-30*01 1246 92,71% (267/288 nt)
M77300 IGHV3-30%09 1246 92,71% (267/288 nt)
M77324 IGHV3-30%14 1246 92,71% (267/288 nt)
¥92283 IGHV3I-30-3201 1246 92,71% (267/288 nt)

Alignment with ERIMGT and CDR-IMGT delimitations

< FR1-INGT >
seql gaggrgocagetgttggagtetggggga. . ggcgtggtocagectgggaggtecctgagactoctoctgtatagectotggattoaccree
LO6615 IGHV3-30*04 [ o . go
M83134 IGHV3I-30*01 c o - go
N7?7300 IGHV3-30*09 c o e go
N77324 IGHV3I-30*14 [ = g e -——gc ——
X92283 IGHV3-30-3%01 c o . go
__ CDR1-IMGT < FRZ-INGT > CDR
seql ceree e Agtagotatcctatgacctyggtocgecaggotocaggcaagggyctggagtgggtggcaagratatcatatgac. . .
LO6615 IGHV3-30*04 ssssssaannns - ca: gt L
M83134 IGHV3I-30%01 ieiiesivnsnns g ca a gt Bz
M77300 IGHV3-30*09 g ca gt Toue
N77324 IGHV3I-30*14 g ca gt Teus
X92283 IGHV3-30-3*01 = ..cecsssssss g a: gt 3
2-INMGT < FR3I-INGT -=-=====——m—m
seql ... ggaagttatasatataaggtagactoccatgasg. . . gUccgacte ctocagagacaatto cgotgtatttggaa
LD6615 IGHV3I-30%04 P a ct-c-C g e T ——C——
M83134 IGHV3I-30701 e & ct-Cc-C g e t c--Cc-=
MN77300 IGHV3I-30%09 e a cL-C-C o e L= C==C--
M77324 IGHV3-30*14 e a t-c-c o es t -te--
X92283 IGHV3I-30-3*01 waa ca T=C=C o PR t e
——— CDR3-INMGT
seql atgaacagcctgacagctgaggacacggctgtgtattactgtgcgaggacagettictttaacgoectatgact tetggggccagggaace
LO6615 IGHV3I-30*04 g aga
M83134 IGHV3I-30*01 g aga
M7?7300 IGHV3-30*09 g aga
N77324 IGHV3I-30714 g aga
X92283 IGHV3-30-3701 g a
seql crtggreaccgtotecteagoctocaccaagggcccateggroettoccoctggoeaccotecctecaagageacctetgggggeaca
LO6615 IGHV3-30*04
H83134 IGHV3I-30*01
N7?7300 IGHV3-30*09
N77324 IGHV3I-30*14
X92283 IGHV3-30-3%01
3. Alignment for J-GENE and allele identification
Closest J.-REGIONs
Score Identity
X86355 IGHJ4*D2 204 91,67% (44/48 nt)
JOOZ56 IGHJ4*01 195 89,58% (43/48 nt)
M25625 IGHJ4+*03 177 85,42% (41/48 nt)
JO0256 IGHJS*O1 174 82,35% (42/51 nt)
XB6355 IGHJS*D2 174 82,35% (42/51 nt)
Alignment
seql gacagctttctttaacgectatgacttotgggyccagyggaaccotggteaccgtotectoagoctecaccaagggeccatecggrottoece
%B6355 IGHI4*02 3 c.eeesssssssss --ta--t: a
JO0256 IGHJ4*01 rarerrrnsassss==LA-=T a a:
M25625 IGHJ4*0D3 B - o 2 i a a-—g
J00256 IGHJS*01 e e ™" [ o o e a
X86355 IGHJIS5*02 = i iieisaseas ac---tgg-toc---cc

FIGURE 6. IMGT/V-QUEST “Detailed view” result page: “Alignment for V-GENE and allele identification” and “Alignment for ] -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/LICM-DB
database (Giudicelli et al. 2006).
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4. Results of IMGT unctionAnalysis

number of
Mazimum number of accepted D.GEIE = 1

Analysis of the JUNCTION

D-REGION i in reading frame 1.
Chck 2nied

to see the

Cold Spring Harbor Laboratory Press

nz IV.REGION = 2, D-REGION = 4, 5'J.REGION = 2

—

Input V name

3'V-REGCION N1

5'J-RECION

seql  IGHV3-30704
Eligible D genes:

O name D length
IGHD 101
IGHD2-2'0
IGHD2. 202
IGHD2-2%03
IGHD3-3'01
GHD3.3°02
IGHDA-4'1
IGHDS-5'01
IGHDE-E*01
IGHD1-T'01
IGHD 28"
GHD2-8%00
IGHD3-8'
GHD3-10°01
KGHD3-10'02
IGHDA-1M
IGHDSA 20
MGHDE-1 301
IGHD 1 4'01
1GHDZ-15'01
IGHD3-16°01
IGHD316'02
IGHDS-18'01
IGHD <201
GHD2-21'
IGHD2-1"02
GHD3-22°01
GHD4-23'0
IGHDS-24*01
KGHDE- 25401
IGHD-26°01
GHDT-27' 0

Translation of the JUNCTION

——
i
...... amgg===

——

-y —

=etegegoe==

R p—

Chick on mutated (underined) amino ackd to ses the ceiginal one:

CORI-IMGT Molecular
104 105 106 107 108 109 110 113 114 115 116 117 118 Frame - g
< N -
s8q] Tyt gog APY ACA GOt LEE EET AAC QOC AT gAC TEC Tgy + 11 1,611.8 6.44
Be aware that some allels rafs may be or from cOMAZ In those cases, IMGT

J mame

D name Veut Deut Jeut Ngo

ICHI4"0Z ICHDS-5"01 O

Scored

R e

L o R T A R O .

=

A B a2 ® B B @ 8.

5. Sequence of the JUNCTION ('nt" and "AAT

104 105 106 107 108 109 110 113 114 115 116 117 118

c A R T A F F

& Y D ¥ L

gt gog AQY ACA GO TEC CET AAC gOC TAT gAC TEC TgY

Inputt for IMGT JunctionAnalysis

rseql , ICHVI-30"04 , ICHI4*0Z

3 z s

- T I S T T A R R - - T - L e -

o o o & o =

OnCusp
Ex. 1023

Location
d[4-9)5110-15]
d[19-23)5[11-15]
d[19-23)5[11-15]
d[19-23)5(11-15]
d[10-14].5{16-20]
d[E-14],2[12-20)
a[10-13]2(21.24]
d[7-19),5(10-22]
d[9-13],5(11-15]
d[5-815(21-24)
d[25-28),5(18-22]
d[25-28].5(18-22]
d[13-18],5(19-24]
d[28-31),5(21-24]
d[7-13],5[14-20)
d[10-13],5(21-24]
d[13-22).5[13-22)
d[12-16]2(11-15]
di5-8]si21-24]
d20-23),5(12-15]
d[23-33] 8(12.22]
d[23-33)5(12-22
d[7-19)5(10-22}
df5-8]2(21-24]
d[19-23,£{1519)
d[17-23].5(3-15]
d[22-26] 5{16-20]
d[13-16].2(21-24]
d[10-19],2[13-22)
d[9-12),2(11-14]
d[12:15] (12-15]
d[2-5);s21-24]

the allele *01 for the snatysis of the JUNCTION,

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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6, V-REGION alignment according to the IMGT unique numbering

zeql

LOSELS
H83134
H77300
n77az4
x9zze3

seql

LOSELS
HE3L34
H77300
H77I24
Xe2283

sagql

LOSGLE
He3IL4
77300
nI73Z4
Hp2zed

seql
LO6ELS
HE3134
H77300
77324
xoz283

zeql

LOSELS
HE3134
H77300
H77324
x9z283

IGHV3I-30"04
IGHV3-30"01
ICHV3-30*09
IGHV3-30"14
IGHV3=30-3*01

ICHV3=-30*04
IGHV3-30"01
IGHV3-30*09
IGHV3-30"14
IGHV3-30-3"01

IGHV3-30%04
IGHV3-30%01
IGHV3I-30"09
IGHV3=-30*14
IGHV3-30-3"01

IGHV3-30704
IGHV3=30*01
ICHV3-30"0%
IGHV3-30*14
IGHV3-30-3"01

ICHV3-30"04
IGHV3-30%01
IGHV3-30"09
IGHV3-30"14
ICHV3=30-3*01

eeg

P

CDRL -

INGT

cte
-
e
o
==
B

ace

ety

gEe

tec toa goc

e ang

age

cea teg

seql

LOEELS

saql

LOEELS

sagql

LOEELS

sagl

LOsE1S

seql

LO&EELE

ICHV3-30"04

IGHV3-30"04

IGHV3-30"04

IGHV2-30"04

ICHV3-30*04

1
E v Q L
gayg gy cag ctg
Q

__ CDR1L - IMGT

= IMGT

gre

tte

cee cryg gea

85
aag asc

CDRZ -

Tto tLo gac tte

cee Boe BOC AAQ AQC ACE tot

FR3 - IMGT

acyg

tgg

999

G R 5
999 agyg too

FR2 - INGT

P G K
coa gye aag

n H 8 L
aty aac

L v T ¥
oty grc

E
aca get
"

toe

tac

P 4
cea tog

L T I
acc atc

oty goa

aag asc

¥ ¥ N A T ] F
ttc Tttt aac goo gac ttc

P 4 g E 8 T 8
€oc toc toc asg acc tot

-3
tet

acyg

L
tgg

G
999

ggc cag

aca

G 4
gga Tt

3 k4
toa tat

oty tat

(=
ggc cay

G T
ggc aca

Tty

G
e

acec

30

tte

CDR2
60

FR1-IMGT
(1-26)

CDRL-IMCGT
(27-38)

FRZ-INGT
(39-55)

CDRZ-INGT
(56-65)

FR3-INCGT
(66-104)

20 30 40 50 70 a0 EL 100
sssrssaasn bosasanans | PR —— lissaanss o bowucnunnn Bovuna wuns bassaa sann lassassaaa bavianasas Dosasansns | RPN
EVQLLESGG. GVWQPGRSLRLECIAS GFTF. ... SSYP NTUVRQAPGHGLEWVAS ISYD..GSYH YHVDSMK.GRLTISRDNSENTLYLEMNSLTAEDTAVYYC A
OVQLVESGG. CVVQPGRSLRLSCAAS GFTF....SSYA MHWVRQAPGHCLEWVAY ISYD..CGSNK YYADSVE. GRFTISRDNSKMTLYLQMMSLRAEDTAVYYC AR
E L I P T 5 ¥ K¥ M L E T

saql
LO661S IGHV3-30704

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 IMGT unique num-
bering (Lefranc 1997, 1999; Lefranc et al. 2003). The “V-RECION translation” displays the nucleotide sequence and deduced amino acid
translation of the input sequence, aligned with the closest germline V-RECION, and with the FR-IMGT and CDR-IMGT delimitations.
“V-RECION 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
ABO012909 from the IMGT/LIGM-DB database (Giudicelli et al. 2006).
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Ex. 1023
0. V-REGION mutation and AA change table
FRIIMGT CORTIMGT FRZIMGT CORZIMGT FRIIMGT CORIAMGT
cl>g, OISE (+ 4] | gl12>c, A3BP --4) | c1182a, HADST (+-4) | 177>¢ 18831 a318>g
13>t VSaL (+- 4) al18>c, HA0T (+--) | 19051, NBA>Y (---) | 1199>a, YET5K {-- ) g319>a
grlza, A24>| (+- +) g163=a, VE525 (- ) e =g, YET>K {-- <) ad20=c
7131, AZds] (+- 4) 1164>g, VE525 (- - ) c203st, ARGV (+- 4)
G212, V7 1>M (+- )
122%>¢, FTBaL (+- )
e26531
c268>g, D90E (+ +-)
§284>¢, RIS>T f-- )
10, V-REGION and AA change statistics
HNucleotide fnf} mutations
IMGT labels V-REGION | FR1IMGT | COR1IMGT |FRZIMGT | CORZIMGT | FRIIMGT | CORTIMGT
:"’d‘l’.'d'l'::::g gupsioy |27 CD | T8 ' 5 N 1"r 5@
b of nucleotides 93 (295) 75 ) 51 4 14 5@
Hb of identical nucleotides 3 n 3 a7 2 105 [
Hb of mutations 20 23) '} 1 4 2 9 o@
Silent 3@ o o a 1 2 @
Hansilent L 4 1 4 1 7 1]
axg [T 0 0 0 0 [i] o
g*a 3) 1 [ ] i 1 o
= 4 1 o 1] 0 3 1]
o 2 L} o [} 1 1 [}
arc 1@ 0 o i 0 o af)
e 1 0 o 1 o 0 o
ast 1 o o a 1 o o
o t>a 1 o 1]} o o 1 o
q=e 2 o 1 0 o 1 o
g 3 1 [ [} i 2 0
gt 1 1 0 L} o 0 0
g 1 0 0 1 0 (] 1]
Amino acld (A8) changes
IMGT labels V.REGION | FR1IMGT | COR1AMGT | FRZIMGT | CORZAMGT | FRIAMGT | COR3IMGT
::;!&;s'ilhns including IMGT 105 (105) % 12 17 10 E) @
Hb of AA 97 [98) % B 17 8 8 1@
Hb of identical AR 84 B5) 2 I 15 s 32 1@
Hb of Af changes 13 3 1 2 1 B o
Very similar f++94) 0 0 0 1] 0 1] o
- il 2 1 0 0 0 1 1]
[ -3 2 o 1] o 1 1]
Al changes [LEE ] 3 (1} [t} 1 o 2 o
Dissimilar f-+4 [ o o 1] o o 1]
k- 0 o 0 0 0 o 1]
Very dissimilar |{-- 4 5 0 1 1 1 2 o

FIGURE 9. IMGT/V-QUEST “Detailed view” result page: “V-RECION 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-IMCT, 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-RECION, 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).

www.cshprotocols.org 706 Cold Spring Harbor Protocols


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

fco;ﬁﬁb Cold Spring Harbor Protocols

PROTOCOLS

www.cshprotocols.org

Downloaded from http://cshprotocols.cship.org/ on June 16, 2023 - Published by OnCus
Cold Spring Harbor Laboratory Press p
1 3 Of 22 11. V-REGION mutation hot spots (motifs and localizations in germline V-REGION EX' 1 023
(aft)a t(alt) (alg)g(cit)(alt) (alt){alg)e(cit)
wa w Tayw wicy
Motif [ Localization Motif | Localization Motif [ Localization Motif [ Localization

ta | 105106 (COR1) tt | 8283 (CORY) | | aget [ 811 (FR1) aget | B-11 (FR)

ta | 102110 (CORY) tt | 8389 (COR1) | | agta [103-106 (CORY)| | agec | 41-44 (FRY)

ta | 114-115 (CORY) ta |105-106 (COR1)| | gget | 132135 (FR2) | | agec | 7275 (FR1)

aa 142143 (FR2) ta |109-110 (COR1) | | ggea | 139-142 (FR2) | | aget |106-109 (COR1)

ta |165-165 (FR2-COR2)| | ta [114-115 (COR1) | | get | 146-149 (FR2) | | tgct [111-114 (COR1)

ta 167-168 (COR2) t | 164-165 (FR2) | | ggea | 159162 (FR2) | | tact | 196-198 (FR3)

ta | 172173 (COR2) ta |167-168 (COR2) | | agta |187-190 (COR2) | | agee | 277280 (FR3)

aa | 185-187 (CDR2) ta |1724173 (CDR2) | | aget | 285-288 (FR3) | | aget | 285-288 (FR3)

ta | 189-190 (COR2) ta |189-190 (CDR2) | | gget | 297-300 (FR3) | | tact | 307-310 (FR3)

ta | 192-193 (COR2) ta |192.193 (COR2)

aa | 194-195 (CDR2) ta | 196-197 (FR3)

ta 196-197 (FR3) ta | 193-200 (FR3)

ta 193.200 (FR3) | 226227 (FR3)

aa 214.215 (FR3) t | 246247 (FR3)

aa 244-245 (FR3) ta | 262:263 (FR3)

aa 250251 (FR3) ta | 304-305 (FR3)

aa 253254 (FR3) t | 306307 (FR3)

1a 262263 (FR3)

aa 269-270 (FR3)

aa 274.275 (FR3)

1a 304-305 (FR3)

1a 307-308 (FR3)

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).

12. 'seql' V-REGION and V-D-J-REGION

V-REGION nucleotide sequence in FASTA format

>seql
g I og B i e agtagctatcctatgace
ggagtgggtgycaagtatatcatatgac. . .
atasat s s
ShuAFCAcEaR el 5 '
grgtattactgtycgag
Anslyse this sequence with IMGT/PhyloGane |

V-REGION amino acid sequence in FASTA format

>seql

EVQLLESGG . GVVQPGRSLRLSCIASGFTF. . . . SSYPHTWVRQAPGKGLEWVASISYD.
.GSYEYKVDSHK. GRLTISRDNSKNTLYLEMNSLTAEDTAVYYCA

V-REGION amino acid sequence on one line

>seql
EVQLLESGG. GVWQPGRSLRLSCIASGFTF . . . . SSYPNTUVRQAPGKGLEWVASISYD. . GSYKYEVDSHE. GRLTISRDNSENTLYLEMNSLTAEDTAVYYCA

V-D-J-REGION nucleotide sequence in FASTA format

>seql

gaggtgcagotgtiggagt - - QUCcgtyy g gag
g o gUBLLCACOLEC. carasannnss agtagctatcctatgace

ggagt atat

2 tac

gacaatt o getgtattigy ] o ) getgagy g

gty gLy Eotet g ) gogY

ctggtocaccgtotootoag

V-D-J-REGION amino acid sequence in FASTA format

rseql

EVQLLESGG. GVWQPGRSLRLSCIASGFTF. .. . SSYPNTUVRQAPGKGLEWVASISYD.
<GSYEYKVDSHME. GRLTISRDNSENTLYLEMNSLTAEDTAVYYCARTAFFNAYDFUGOGT
LVTVSS

V-.D-J.REGION amino acid sequence on one line

EVOLLESGG. GVVOPGRSLRLSCIASGFTF. . . . SSYPNTWVRQAPGRGLEWWASISYD. . GSYRYEVDSHE . GRLTISRDNSKENTLYLEMNSLTAED TAVYYCARTAFFNAYDFUGQOGTLVTVSS

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 IMGT unique 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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13. Anmotation by INGT/Automat

Label Location/Qualifiers
V-D-J-REGION 1..355

/CDR_length="[8.8.11]"
/FR_length="[25.17.38.11]"
/nucleotide sequence
gaggtgcagetgt tggagt ot gugggaggcgtggtcoagectgggaggtococtgagacte
tectgtatagoctotggattoaccttoagtagetatoctatgacctgggtocgocaggot
coaggoaaguygctggagt gyt gycaagtatatcatatgacggaagttatasatataay

gragactccatgaagggccgact ctee aattce acgctgtat
ttggasatgaacagocty t acggctgtgtattactgtgogaggacaget
ttetttaacgoctatgactiotygygocagggaaccetggtocaccgtetecrtoay
/translation

EVOLLESGGGVVOPGRSLRLSCIASGF TFSSYPHTWVROAPGEGLEWVASISYDGSYEYEK
VDSHEGRLTISRDNSKNTLYLEMNSLTAEDTAVYYCARTAFFNAYDFWGOGTLVTVSS
V-REGION 1..293
fallele="IGHV3-30*04"
/gene="IGHV3-30"
/nucleotide sequence
gaggrgoagetgtgyagtotgggggaggegtggtecagectgggaggtocctgagacte
toctgratagoctotggattoaccticagtagotatcctatgacctgggtocgecagget
ceaggcaagggyetggagtgggtygeaagtatatcatatgacgyaagttataaarataay
gragactccatgaagggocgactoaccatoctocagagacaattoccaagaacacgoetgrat
ttggasatgaacagoctgacagetyagygacacggetgrgrattactgtgogagy
/translation
EVQLLESGGGVVQPGRSLRLSCIASGFTFSSYPHTUVRQAPGKGLEWVASISYDGSYKYK
VDSHKGRLTISRDNSKNTLYLEMNSLTAEDTAVYYCA
FR1-IMGT 1..75
FAL_INGT="AA 1 to 26, AA 10 is missing"
/nucleotide sequence
gaggrgoagetgttggagtetggggyaggcgtygtecagoctgggaggtecctgagacte
toctgratagoctot
/translacion
EVQLLESGGGVVQPGRSLRLSCIAS
1st-CYS 64..66
/nucleotide sequence
tgt
Jtranslation
C
CDR1-IMGT 76..99
/AA INGT="AA 27 to 38, AA 31, 32, 33, 34 are missing”
/nuecleotide sequence
ggattocaccttocagtagotatcot
/translation
GFTFSSYP
FRZ-INHGT 100..150
/AL _INGT="AA 39 to 55"
/nucleotide sequence
atgacctygggtocgocaggctecaggeaaggggetggagryggtggeaage
/translation
HTWWVRQAPGKGLEWVAS
CONSERVED-TRP 106..108
/nucleotide seguence
Tog
/translation
W
CDRZ2-INGT 151..174
JAA_!HGT-"AL 56 to 65, AA 60, 61 are missing"™
/nucleotide segquence
atatcatatgacggaagttataas
/translacion
ISYDGSYK

www.cshprotocols.org
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FIGURE 12. IMCT/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 IMCT standardized labels.

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.

e Summary

e IMGT-gapped-nt-sequences
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14. IMGT Collier de Perles for seql
IMGTA-QUEST identified region: V-D-J-REGION

CDR-IMGT lengths: [5.8.11]
FR-IMGT lengths: [25.17.38.11]

COR-IMGT and FR-IMGT lengths are based on the IMGT unique numbering for V-

FIGURE 13. IMCGT/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-QUEST results. 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 B strands and
their direction. The CDR-IMCT 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-RECION, and
CDRT-IMCT (blue), CDR2-IMGT (green), and CDR3-IMGT (greenblue) (data not shown) for the IGK, IGL, TRA, and
TRG V-J-REGION.

® nt-sequences

* IMGT-gapped-AA-sequences

* AA-sequences

e Junction

® V-REGION-mutation-and-AA-change-table
® V-REGION-nt-mutation-statistics

e V-REGION-AA-change-statistics

e V-REGION-mutation-hot spot

e 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.
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B. Synthesis for the IMGT/V-QUEST analysed sequences
Number of analysed sequences: 7
Seq es compared with the human |G set from the IMGT reference directory
aSummary table:
V-REGION D-REGION
Is;)eqneuce VGENE and | pocionariny | V-REGION | iy % | J:GENE and |D.GENE and | "ol CORAMGT [0 11 ction JUNCTION
allele score allele allele lengths frame
{nt) frame
9375% IGHJ4*O1 or
seql IGHV1-69'01 | Productive 1273 ! IGHM02 or |IGHD3-22701 |2 18.8.12) CARQYGSSGYYAYW in-frame
(2707288 nt) (GHIAT3
IGHV3-30"03 9931% :
seq2 OHV3 048" | Praductive 1417 oaea my |/SHET2  |IGHD3-16T2 |2 8.8.23) CAKDLDDYVWGSYRHSRYYYGMDFW | in-frame
seq3 IGHV3-3004 | Productive 1265 g36% IGHMT2  |IGHDS5D1 |1 B8.11) CARTAFFNAYDFW in-frame
(268/288 nt)
seqd IGHV330'04 | Productive 1435 22%?2?; w |OHT2  [icHoso01 |2 [B815] | CARDRSIAVAGYYFDYW infrare
seqs IGHV33004 | Productive 1408 m w [H4T2  |iGHDBA3D1 [2 [8817]  |CARDSSYPPGIABAGVXYW in-frame
seqh IGHY3-30"D4 Productive 1426 g??;ﬂ nl) IGHJ1"01 IGHD3-10"D1 |2 [8.8.16] CARGRTKGSGRPGYFOHW in-frame
Unproductive 99 31% :
seq? IGHV3-9D1 elop ooden). | 147 ooaea y |/SH4T2  [IGHD31001 |2 B.8.17) CAKDIGGKYGSGGSGLD™W in-frame

@ Results of IMGT/JunctionAnalysis for : IGH junctions

@ Alignment with the closest alleles:

The lysed seq are aligned with the closest allele {with ber of aligned seq inp

IGHV1-68"01(1) IGHV3-30"03(1) IGHV3-30"04(4) IGHV3-3D1(1)

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-IMGT and/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).

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 1G
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
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Analysis of the JUNCTIONs

Click on mutated (underlined) nuclectide to see the original one;

—

Input ¥ name 3'V-REGION P N1 P D-REGION N2 P 5' J-REGION
seql ICHV1-63*01 tgtgcgaga. . CBR 0 aeeeses tatggtagtagtggttattac. .. ge e e ctactgy
seq2 IGHV3-30703 tgtgogasaga tot o 00 sk atgattacy gygggagrtatcgtcat. . . CCLRgY 00 ...aeaees gytatgyacttotyy
seq3 ICHV3-30*04 tgtgogayg... g amamaa acayctitottta. acgc - .. CtAatgacttotyy
seqd ICHV3-30"04 tgtgocgagaga te gya .- gratagcagtygyc. ... .. ce agc actactttgactactyy
g5 IGHV3-30"04 tgty L - ceo YYYTACAYCAYCAYCEYY. . .- a8, sassss Cogantactyy
zeqb ICHV3-30"04 tgtgogagag. JAAYYACYRAY 0 ...eeaanas [ A T Y ageegyge 0000 aaeaas CACCCCCAYCACTYY
seq? ICHV2-9*01 tgtg a © gggggcaaa 000 ....... AU YUY - - cccccnaas gyctegggac 0000 aiaeees ttgactaatgy
Translation of the JUNCTIONs

Click on mutated (underlined) amino acid to see the original one:

—

J name
IGHI4*01
IGHI&*02
IGHI4*02
IGHJ4*02
IGHI4*02
IGHI1=*0l1

IGHI4*02Z

CDR3-IMGT Molecular

104 105 106 107 108 109 110 111 31311.1 1311.2 111.3 111.4 111.5 112.5 112.4 112.3 112.2 112.1 112 113 114 115 116 117 118 Frame

length
c Il - ;s B RARS  RE

#1 seql tgr gog aga caa tat ggt agt ... agt gyt tat tac goc tac tgyg + 1z
- I - I v-m-—v--—- c o

#2 seq2 tgt gog asa gat cty gat gat tac gtt  tgg gygy  agt  tat agy tac tac tac gyt atg gac ttc tgy  + 23
< IE - B H: -l

#3 seq3 cygr gog agy aca got EtE ELE ... . - - - - . - - ves ... BAC gCC TAL gac CLLC TYy + 11
- - IR SES RERS

#4 zeqd vyt gog aga gat Cgy Agt ata goca gty s - Lotk i S eI =t goo Cay Tac TAC TET gAC Cac tgy + 15
c BN - S v > v - -

#5 seqS tgr gog aga gat Tec Tec Tac coc  coy ata goa ¢ca got gya gtt gan Tac tgy + 17
| | | BN [ B -- By KN &N

#6 seqf togt gog aga gya agy acg aag ggt  tog wis gy cec gge tac ttc cag cac t.gq + 16
- il - EEEE - . e

#7 seq7 tgt gea asa gat att ggg ggc asa  tat ggt P - - s - waw teg gyy ggc tog gga CLt gac taa tgg + 17

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-QUEST as 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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Sequences aligned with IGHV3-30"04

L. Alignment for V-GENE

< FRL-INGT
LO66LS IGHVI=-30*04 CAYUL YCAGCt YUt gYATtCL gUYYYa. . . gt gy gectgygagy crgag,
seq3 g S
seqd
seqs . m— A
seqg6 00 =eee= e T e e e e s
—_— FRZ-IMGT CDR2-IMGT
LOEELE IGHVI-307"04 CggytocgecaAggot CoAgYCARYYCt YAt JUYT JYCAJEEACATCARAT At . . . . JYaAYT AATAAATACEACYCAJACTOOQEYARY. . . JJCCYALECACCAR CEOCAYA
seq3 A== ———————— . o & sas
seqd 20200 eeemee s s s s s s s s s s s s s e e e e e s e e ———— L
seqf =202 eeeesesesesesesesssesss s e e e e s s s s e ————— L L &
seqf ======z20020202020202 0000 @ mmemees e s e e sesescseses e e s e ————— L .
sessses—s FRE-THCT CDR3-INGT
LOE6LS ICHVI-307"04 gacaact A gotgLat gcasatgaacagoctgagaget gyctgtgLattactgtyogagaga
seq3 g o a a et a a gy a9y
seqd ggagt @ ag o actttgactactgy
seqS JIT getggagttgan
seqé gaaggacyaagyyttogygyay ggctacte
LOSELS ICGHV3-30*04
seqd ctggtcaccgtctoctoay IGHT4*02
seqd ggccagyy gytcaccgrotoctoay IGHI4*02
seqs tactgggy g ggtcaccgtctocteay  IGHI4702
seqé tygggeca IGHIL*01

2. V-REGION alignment according to the IMGT unique numbering

FRL = IMGT

1 L3 1o 15 20 25 30
LOE615S IGHVI-30*04 cag gty CAg Cty gty gag tCC ggy gga ... gUc gty gtc CAQ CCt ggyg agy TOC Cty AgAa CtC ToC Tt goa goc tot gga tto acc tto
seq3 e e i e e | i i e
seqd i e g e i
seqS i e | e e T | .
seqb e et TR el e
CORL - IMGT

LOGELS IGHV3-30%04
seq3
seqd
seqS
seqb

LOEELE IGHVI-30%04

seq3

seqd

seqs

seqt

CDR3 - IMGT
-1 100 104

LOE6LS ICHV3I-30%04 atg BAc Agc cty aga gct gay gac acg gct gty tat tac tygt gog aga ga

seq3 Fes mes mms e el see s s got tto ttt aac goo tat gac ttc tgyg gyc cag gga acc
seqd e e Cgy agt ata goa gty goo cag tac tac Lttt gac tac tgyg
seqs TR e e S e e e LoC LOC tac CCC Coy gyt ata goa goa got gga gtt gan
seqb T s e e e e e s agy acy aay gyt Loy gUy aga coc gygc tac tto cag cac

LOE6LS IGHV3=-30%04

seq3 Cty guc acc gtc tEC tea ¢ IGHI4*02
seqd gyc cag gya acc oty gt acS gto tec toa g IGHT4=02
seqs tAC LYY gUc Ay gga acc Cty gte acc guc tee tea g IGHI4TOZ
seqb tgg ggc ca IGHI1*0L

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-IMGT and CDR-IMGT are delimited according to the IMGT unique 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.

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
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4. V-RECION protein display

FR1-INGT CDR1-INGT FR2-INGT CDR2-INGT FRI-INGT
(1-26) (27-38) [39-55) (56-65) (66-104)

LO661S IGHVI-30704 QVOLVESGG . GVVOPGRSLRLSCALS GOFTF. HHWVRQAPGRGLEWVAY ISYD..GENE YYADSVE.GRFTISRONSENTLYLOMNSLRAEDTAVYYC AR

zeqld EVQLLESGG. GVWOPGRILRLSCIAS GFTF. HTUVROAPGEGLEWVAS ISYD..GSYH YRVDSME.GRLTISRDNSENTLYLEMNSLTAEDTAVYYC ARTAFFNAYDFUGQGTLVTVSS

seqd QVQLVESGG . GVVOPGRSLRLSCAAS GFTF.... MHWWROAPGKGLEWVAV ISYD..G3NK YYADSVE.GRFTISRDNSENTLYLOMNSLRAEDTAVYYC ARDRSIAVAQYYFDYWUGQGTLVTVSS
seqs QVQLVESGG . GVWQPGRSLKLSCAAS GFTF.... MHUWVRQAPGEGLEWVAV ISYD..GSNK YYANSVE.GRFTISRDNSENTLYLOMNSLRAEDTAVYYC ARDSSYPPGIARAGVXYWGQGTLVTVSS
seqb QVQLVESGG . GVWQPGRSLRLSCAAS GFTF.... HMHWWRQAPGEGLEWVAV ISYD..GSNK YYADSVE.GRFTISRDNSENTLYLOMNSLRAEDTAVYYC ARGRTEGSGRPGYFQHUG

5. V-REGION protein display with colored AA according to the AA IMGT classes

FR1-INGT CDR1-INGT FR2-INGT CDRZ-INGT FR3I-INGT
{1-26) (27-38) (39-55) (56<65) (66-104)
1 10 20 ELC]
,,,,,,, levosnsssnaloecnns wusl
LO6615 IGHVI-30*04 NLVT2GG . GV GRELRLE AkE GFTF AR
seqd VILL GV GRILRLI "IAS GFTF ARTAFFNAYDFUGOGTLVTVSS
seqd NOLVESC GVVQ GRELRLS AAS GFTF ARDRSIAVAQYYFDYWGQGTLVTVSS
seqs oW GV GRELKELS AAS GFTF ARDSSYPPGIARAGVEYWGQGTLVTVSS
seqs VLV 266 . GV GRELRLE CAAS GFTF ARGRTRGSGRPGYFOHUG

6. V-REGION protein display (only AA changes displayed)

FR1-INGT CDR1-INGT FRZ-INGT CDR2-INGT FR3I-INGT
{1-26) (27-38) (39-55) (56-65) {66-104)
1 10 20 EL] 40 50 60 T0 80 90 100

R P RS lovone cuns lowsss auns lovnsannns | lovorsnsns [
ROAPGHG!

LO6615 IGHVI-30*04 QVQLVESGG . GVVOPGRILRLECAAS YYADSVE. GRFTISRONSFENTLYLOMNSLRAEDTAVYYC AR

seqd Pewsljovnn, sesvvnsvaneanon KV--H-,--L g ~-TAFFNAYDFUGOGTLVTVSS

seqi . . ==DRSIAVAQYYFDYWGQGTLVTVSS
=eq5 . K: N . ==DSSYPPCIARAGYRYUGQOTLVTVSS
seqs ==GRT FOHEG

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).

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 I1G
and TR (Lefranc 2007, 2008).

7. V-REGION g ind per FR-IMGT and COR-IMGT
FR1MGT
Postion 1 |2 3 0 5 |8 T 8 9 win |z 13 Jiu s e 17 fi e o 5 |z (B3 |m |5 (=
v v ) I 6 |n [ RofL s fa
Ocourencenn |34 e lam fam  faw |as fam Jam e CTRI (TR T 1S am |as fam Jam |fae faw  fes TR T T
Frecuency 75% [100% |100% {100% | 75% | 100% [100% |100% | 100% 100% || 100% [100% |100% [100% | 100% | 100% | 100% | 100% [75% [100% |100% [100% |75% |100% [100%
CORI-IMGT
Poston. F B ENBEERENE E)
AL o r F N
Ocourencert a4 (4 (44 fam CT R TR TR - TS
Frecuency 100% |100% [100% [100% 100% (| 100% [100% |75%
FR2AGT
Postion. 8 e & a1 e fas Jas far Jes  fea feo ;1 [s2 (53 fs4  fes
AR 4 v R A W O v a v
(Occurencerb [4M |34 (4M  J4d  Jad (AW (M fdM laM (M (4l (44 JdM [aM (4M fde (3N
Frequency 100% [75% [100% [100°% | 100% | 100% | 100% | 100% |100% |100% |100% |100% [100% |100% |100% |100% | 76%
CORZ-IMGT
Postion 7 58 80 |81 85
AR I L K
(Occurencerb (44 (44 144 44 M A
| Frecuency 100% [100% [100% |100% 1007% | 100% |[75% |[100%.
FRLIGT
| Postion &6 67 |68 &2 |70 o 7378 77 8 bl L 82 L] L -3 L3 &7 e Ll CO L a2 L L a8 &7 Ll o 100 f101 1oz (103 (104
Y B v |« o |r F | R 3 L L 8 fa v
(Occurence b (48 |34 (34 134 J4M |34 (44 o T T LT T LT L T T T T T T T T T LT R T T i L T L LT LT L M e
| Frequency 100% |75% |75% |T5% | 100% | 75% | 100% 100% [100% [75% |100% |100% [100% [100% | 100% | 100% | 100% | 100% |100% |100% |100% [100% {100% |75% |100% | 100% | 100% | 100% | 75% |100% |100% [100% |100% |100% |100% |100% | 100% | 100%

COR3-IMGT

Occurence s |44
| Frecuancy 100%

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-IMGT and CDR-IMGT, and for each codon (or AA), the position of the most frequently occur-
ring AA.
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