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IMGT® domain: the adaptive Immune response

http://www.imgt.org
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IMGT®, the international ImMMunoGeneTics information system®
http://www.imgt.org

Information
system®



Why was IMGT® necessary?

http://www.imgt.org

1. Unique structure of the immunoglobulin (IG) and
T cell receptor (TR) genes.

2. Huge diversity of the immunoglobulin (IG) and
T cell receptor (TR) repertoires.

IMGT® Is at the origin of Immunoinformatics



Structure of an immunoglobulin (IG) or antibody

http://www.imgt.org

Chaines

o
Chaine kappa
0 o
3 ? Chaine |égére Chaine lambda

L / Chaine légére

Potentially 2 x 1012 different IG (or antibody) specificities

B
N

IMGT®, http://www.imgt.org
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http://www.imgt.org
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IMGT Repertoire, http://www.imgt.org
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Immunoglobulin (IG) synthesis %}t

TiCS sysieor®

http://www.imgt.org
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IMGT Repertoire, http://www.imgt.org
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Genomic DNA in germline configuration

V-GENE

>X62106.0|HSVI2 | Homo sapiens VI-2 gene for immunoglobulin heavy chain
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tgagagctcc gttcctcacc actgga cctggaggat cctcttcttg gtggcagcag 60
ccacqd@Ulaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccafa_ggapcccact cccaggtgeca gectggtgeag 180
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http://www.imgt.org

>J00256 | IGHJ1*01 | Homo sapiens J-GENE
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Genomic DNA in germline configuration

http://www.imgt.org

D-GENE
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Immunoglobulin V-D-J generation
of sequence diversity

http://www.imgt.org

3’V-REGION N-REGION D-REGION N-REGION
tgtgcgaama g t gtgtggtgactgctate &) __gaf(s.-
JUNCTION
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V domains of an IG (or antibody) “éf( =

http://www.imgt.org

VH VL

V-D-J junction V-J junction

IMGT® http://www.imgt.org



Structural domains of the IG and TR
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http://www.imgt.org

V-DOMAIN

C-DOMAIN

CDR: complementarity determining region

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



3 IMGT/JunctionA nalysi ozilla Firefox

Fichier  Edition  Affichage  Aller &  Marque-pages  Outils 7
A
JUNCTION alighments
Click on mutated {underscored) amino acid to see the original one: |:|
104 105 106 107 108 109 110 111 i1i. 1 1ir. 2 11i.3 1ii1.4 1125 1i12.4 112.3 1i12.2 112.1 112 113 114 115 116 117 118 Frame COR3-IMBT Moleoulay
length mass
L s N - EE -
#1 Z70256 toc gtt cag cge ctg gta - - - - - - - coe aaa tat cac tEt gac cac tog + 15 2,438.76
: -- - 2 - B - 0 - - EE
#2 F70257  tot age ten cat oo - Ce - Ce - Ce g coo cac Toy cac T gac coe cgy + 16 2,256.49
#3 ZTO606  tot act . . . . . . . . . tat gt et gat gte tog + 11 1,604.77
#4 770608 tgt gta oty gtt Ce - Ce - att coo coy gy aat got Tttt gat atco tgy + 15 2,426,758
#5 770610 tot age gat [ tog agt oot - - - tat too coa cat gat got tht gat ato tog + 19 2,539.73
: ---- . - B DN -
#5 70611 tot aat oo - - - - - - - oo gtk gac oy tho gac coo oy + 15 z,072.21
c ------ s - - O
#7 270613 tgt e acc too cto tLh gac tac tgg + 1z 1,551.71
: --- . - - WM v IS
#3 Z70614  tot aat Ce ack tat coo ot gac tac tgg + 13 1,846.01
¢ ---- -- Wi - N - Il
#9 70615 tot grt - Ce - Ce - Ce ceg gan cac Toy cac T gac coe cgy + 16 z2,419.75
#10 Z70616 tgr A too cac tog Tt gac co oo + 1z 1,602.8
C-- --- » - HEEE - Bl
#11 Z70620 tgt aty Ce - Ce - Ce - Ce - gttt gy gat got Tttt gat atco tgy + 14 1,932.17
#12 Z706217 tot gat tta tgy L) - Ce - Ce - Ce agy gag £ttt gac coo =13 gac tac tgy + 16 2,307.53
. - - BN BN - BN - G
]
E—— El
Terming




The eleven IMGT amino acid classes

according to the physico-chemical properties
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http://www.imgt.org
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Pommié et al. J. Mol Recognit. 17, 17-32, 2004



Spacefill 3D representation of an IgG ¥
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http://www.imgt.org

_______

2 HINGE-REGION

« VH V-DOMAIN of the o globulin heavy chain
¢ VL V-DOMAIN of the itenuano globulin ight chain

« CHI, CH2, CH3: C-DOMAIN of the imtrinoglobutin heavy chain
+ CL:C-DOMAIN of the irenuano globulin light chain

. VHcorresponds to the V.D-J-REGION (in green (V), orange (D) of the heavy chain.
. .,:.;: VL corresponds to the V-J-EEGION (in green (V) and yellow (1)) of the Lght chain,

The Immunoglobulin FactsBook, 2001
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aactggggct ccgctgggtt ttccttgttg cttttttaga 120 http:/Awww.imgt.org
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IMGT birth and objectives: 1989

IMGT was created in June 1989, following the Human

Genome Meeting HGM, at New Haven, USA.

* Thomas Shows and Ken Kidd, meeting organizers
* Lap Chee Tsui, chromosome 7 responsable
* Claude Boucheix (€O nomenclature)

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

2. IMGT was created to answer the need to manage the T
cell receptor (TR) and immunoglobulin (I6) genes and to
enter them in the generalist databases.



Lefranc M-P.

Immunoglobulin (IG) and T cell receptor genes (TR): IMGT® and the birth
and rise of immunoinformatics.

Front Immunol. 2014 Feb 05;5:22.

doi: 10.3389/fimmu.2014.00022.

Open access. PMID: 24600447

Lefranc M-P et al.

IMGT®, the international ImMMunoGeneTics information system® 25 years on.
Nucleic Acids Res. 2015 Jan;43(Database issue):D413-22.

doi: 10.1093/nar/gkul1056. Epub 2014 Nov 5

Free Article. PMID: 25378316



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

Part 2.

1. IMGT-ONTOLOGY
2. A new science: Immunoinformatics

3. An information system for IG, TR and MH.
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http://Amww.imgt.org

IMGT-ONTOLOGY seven axioms:

To share, reuse and represent knowledge
In Immunogenetics and Life Sciences

IDENTIFICATION

~

CLASSIFICATION

DESCRIPTION

\\ OBTENTION

ORIENTATION

LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999, Front Genet 2012



Concepts of IDENTIFICATION
IMGT® standardized keywords

Information
system®

http://www.imgt.org

IG-Heavy IG-Light-Kappa IGK
IGH IG-Light-Lambda IGL
"MoleculeType" | "ConfigurationType]
V-gene D-gene C-gene V-gene C-gene concept concept
1 [ 1 1 1 .
Genome - {EHEHEHHH-IHHEHE-- - {EHEHEHEE-[ VA germiine
1 DNA rearrangements 1
V-D-J-gene C-gene V-J-gene C-gene
I 1 [ 1 1 1
© —H—HHEH- - —fEHHE——|  9DNA rearranged
2 Transcription 2
L-V-D-J-C-sequence L-V-J-C-sequence
: !  E——
Transcriptome s — (T — - s —{[l— = mRNA rearranged
Nranslation g (or in vitro CDNA)
V-D-J-C-chain
V-J-C-chain
Proteome (G-Light-Chain protein rearranged
IG-Heavy-Chain

IG (or antibody)



Concepts of CLASSIFICATION

http://www.imgt.org

Gene name: Homo sapiens IGLV2-11
Definition: Homo sapiens immunoglobulin lambda variable 2-11

‘ IGL Locus \

CLASSIFICATION

IS a member of is ordered in

IGLV2-11

is a variant of T

Allele . |'1GLV2-11%01 |

Gene

v

/|

i(13-20
319

©we  owy C-CLUSTER Telomeric
R[] I 1234567

& HHH— 3 1050 Kb
g‘ ! Enhancar

aﬁz‘?:ﬂ

3-24
2.93
g.rl}-zz-*l
22
3-21
218
3-17
3-16
3-15
214
313
3-12
3-10
3-9

2-8
3-7

LOCALIZATION Human IGL locus (22q11.2)
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http://Amww.imgt.org

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

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

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

4. All IMGT human gene names were approved by HUGO Gene
Nomenclature Committee (HGNC) in 1999, and endorsed by
NCBI in 2000

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

IMGT/GENE-DB: international reference database for IG and TR
genes (links from NCBI Gene to IMGT/GENE-DB) and alleles

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



Concepts of NUMEROTATION

1. IMGT Unique numbering http://www.imgt.org

2. IMGT Collier de Perles
CDR-IMGT lengths

[8.10.12]

(first one in 1997)

118

@SR = [

—_
[
[=75]

Lefranc et al. Dev Comp Immunol 2003



Concepts of NUMEROTATION

1. IMGT Unique numbering http://www.imgt.org

2. IMGT Collier de Perles

(first one in 1997) CDR-IMGT lengths

[8.10.12]

- conserved AA (and codons)
always at the same positions:

23 1st-CYS

41 CONSERVED-TRP
89 hydrophobic

104 2nd-CYS

118 J-PHE, J-TRP

118

- six anchors: delimitation of the
FR-IMGT and CDR-IMGT

@SR = [

CDR-IMGT lengths are crucial
information

—_
[
[=75]

Lefranc et al. Dev Comp Immunol 2003



Concepts of DESCRIPTION

IMGT labels are in capital letters ntp gt org

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

V-D-J-GENE

L-V-D-J-GENE-UNIT

| V-D-J-REGION |
V-D-J-EXON
[ |
(N-D)-J-REGION
1
(N-D)-REGION
1

D-REGION

N1-REGION|N2-REGION
L-INTRON-L V-REGION | v J-REGION
Al 1
3V-REGION 5'J-REGION
1 1

V-INTRON ;R“"MG
INIT-CODON DONOR-SPLICE J-TRP or J-PHE| DONOR-SPLICE
ACCEPTOR-SPLICE :

LI L L 1 L |
| L-PART1 L-PART2 CDR1-IMGT CDR2-IMGT CDR3-IMGT

5UTR : | 3UTR
JUNCTION



IMGT®

sequences/oligonucleotides

"g § e‘/”’wap,bns http://www.imgt.org
%, F % created in 1989
o, g i y 1
Al k % by Marie-Paule Lefranc
o % Montpellier Universit
& ontpellier University,
éf“ %‘% o= CNRS, France
g

& mAb-DB

%
3 %
IMGT/Genefrequency %x s « 7 databases
& e 17 online tools
%

&
- MGT/Geneinfo_| : « 20,000 web pages

_IMGT/CloneSearch | =
_IMGT/GeneSearch | § .S

~ IMGT/GeneView § equences

IMGT/LocusView & ° Genes

* Structures
 IMGT/LIGMotif
9, . Immun_oglqbulms (1G)
i (or antibodies)
Gerwticapprodch T cell receptors (TR)

Genomic approach
Structural approach

 MH
* IgSF and MhSF

E . Sequences
== Genes

E . 3D structures
E-_3 Monodonal antibodies



IMGT® source and reference for IG and TR genes

e/

iy,
’ B
ENSEMBL ] | P"Ota-'
<> NCBI )
m—— ¢ pDBJ

NCBI

IGHV1-69f immunoglobulin heavy variable 1-69 [ Homo

= Summary

THANK YOU N}m
for using IMGT/GENE-DB G

THE T .
INTERNATIONAL 1Cs

Official Symbol 1GHV1-69 provided by HGNC
Official Full Name immunoglobulin heavy variable 1-69 provided by HGNGC
me—— Primary source HGNC:HGNC:5558

IMMUNOGENETICS See related |MGT/GENE-DB:IGHY1-69
INFORMATION SYSTEM® http:/Awww.imgt.org Gene type other
H G N C RefSeq status VALIDATED

Organism Homo sapiens

Citing IMGT/GENE-DB : Giudicelli, V. et al.
Nucleic Acids Res., 33: D256 - D261 (2005).

i R 3 (1056210 GEN T)B Symbol Report: IGHV1-69 o

IMGT/GENE-DB program version: 3.1.11 (8 February 2016) APPROVED SYMBOL @ IGHV1-69
IMGT/GENE-DB data uporades /' APPROVED NAME @ immunoglobulin heavy variable 1-69
IMGT/GENE-DB DETAILED RESULTS HGNCID @ HGNC:5558
PREVIOUS SYMBOLS & IGHV1-E
Selected genes: Homo sapiens IGHV1-69 NAMES @ SYNONYMS © _
LOCUS TYPE © immunoglobulin gene
IMGT/GENE-DB entry for Homo sapiens IGHV1-69 CHROMOSOMAL 14q32.33
Creation dale: 2001-06-15 LOCATIONISY GENE FAMILY © Immunoglobulin heavy locus at 14932.33
Last updaled: 2018-06-22 HCoP © QOrthology Predictions for IGHV1 69
@ IMGT gene name and definition -
External links
MGT g
namg. . Homo sapiens IGHY1-69 SPECIALIST DATABASES IMGT/GENE-DB D
/]
w Homo sapiens immunoglobulin heavy variable 1-69 GENE RESOURCES © Entrez Gene: 28461 C

Ensembl: EN5G00000211973 C Region in detail Sequence
Vega: OTTHUMG00000151862 C Region in detail Sequence




IMGT/3Dstructure-DB M

Im
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http://ww.imgt.org

Chain details of b12 neutralizing mAb, anti-gp120 [HIV-1], IG, FAB-GAMMA-1_KAPPA Home sapiens (human) [1n0x_H, 1n0x_L]

Chain 1D 1n0x_H

Chain length | 230

IMGT chain
description

VH-CH1
=WH (1-127) [D1] + CH1 (128-219) [D2]

OVOLVOSGRAEVEKPGASVEVSCOASGY EF SHE VI HWVRORPGORFEWMGWINE THGNKEF SAKFODREVTFTADT SANTAYMETL.ESLESED

;:;:?JI;HCE TELE‘;’YCELRVGPYSHDDS PUDHY‘E]{ID‘IWGE’GTW:‘.FSéﬂE.STKGPS‘.’FFLAPSSHSTSGGFMGELVKDYFPEngéﬁéi%g;éﬂé
PL!:LTFLEJSSGLHSLSWSSSLGTQTYIMHESMME{EE’E PEEC
Seqguence in FASTA format  Seguence in IMGT format
descrption | VH(-2D) D1 CLASSIFICATION
MGT gene and allele | |G1v4-3+01 (79.60%)(human) Alignment details
qaGT gene and allele 614603 (93.80%)(human) Alignment details
| 2D representation | IMGT Collier de Perles or IMGT Collier de Perles on 2 lavers
V-DOMAIN | Contact analysis | Domain contacts (overview)
| CDR-IMGT lengths | [8.8.20]
| Sheet composition [WEDE][A"CC C"FG]
[ CDRL ] [ CDRZ ]
OVOLVOSGL. EVEKPGASVEVSCORSGYRF . . . . SHEVIHWVROAPGORFEWMGWINEY . ( NGHEEFSLEFQ. DRVI FTRDTSANTAYME
LE SLRSADTAVY‘EEF-.R‘JGP‘;’SWEEE%G CHYYMOVHGRGTTVIVSS

IMGT/Domain GapAlign resuits

| IMGT domain | Pl I I B T T . I e |




IMGT/3Dstructure-DB

IMGT Collier de Perles : Homo sapiens (Human) IGHV V-DOMAIN from b12 (1hzh_H)

http://Amww.imgt.org

CDR-IMGT lengths [8.8.20]

06 V-DOMAIN
Q D
D W
N s) (F) (s
Y Q & R (N /
Y P) (v) (F
M Q) @) (G)_(V)s(N —@
D L) (W[s |1 (1) oo |Whe){E e
Vv R) A (A) A6~ F

118 | W Q AESQMW M S
G s)fel=(@) _(Wes) W) (T) (A
K g) Yy s) (R E) (F) (K
G A2 M_©@ O O G

Hydrogen bonds (I EF (V) (K) (A Q) ) (Q

T v) _(n) (v)=(P G) 5 (RD
Vv K) (1) (s L
| K) (D) (A R
V) 15(P)—(A)—G) S W
S

le@ LT L LT TR

Lefranc et al. Nucl Acids Res 2009



IMGT/3Dstructure-DB: Contacts IG/Ag (Ligand) “{im’

Tics

http://www.imgt.org

Information
system®

IMGT/3Dstructure-DB Domain pair contacts (overview) of 1n0x
Click "DomPair' for IMGT/3Dstructure-DB Domain pair contacts (list of Residue@Position pair contacts)

MNumber of residues Atom pair contact types
Unit 1 Unit 2 Residue
_ _ _ | paircontacts 1otz From1 From2 Total Polar Hydrogen Nonpolar
Domain  Chain Domain  Chain

DomPair [D1)JVH 1n0x_H | [D2] CH1 1nOx_H 10 11 5 §] 56 11 1 45
DomPair [D1] V-KAPPA 1n0x_L 59 46 21 25 596 61 7 535
DomPair (Ligand) 1n0x_P 17 15 7 8 106 10 1 96
DomPair (Ligand) nix_K 2 4] 4 2 34 12 1 22
DomPair [D2] CH1 1n0x H [D1]VH 1nOx_H 10 11 6 5 56 11 1 45
DomPair [D2] C-KAPPA 1n0x_L 56 47 25 22 413 28 4 385
DomPair [D1]V-KAPPA 1nOx L [D1]VH 1nOx_H 59 46 25 21 596 61 7 535
DomPair [D2] C-KAPPA 1n0x_L 15 14 6 8 126 22 5 104
DomPair [D1] V-KAPPA 1n0x_M 4 5 2 3 52 11 1 41
DomPair (Ligand) 1n0x_P 24 19 12 7 195 32 3 163
DomPair [D2] C-KAPPA 1nOx L [D2] CH1 1nOx_H 56 47 22 25 413 28 4 385

DomPair [D1] V-KAPPA 1nOx_L 15 14 ] 6 126 22 5 104



Im

M
IMGT/3Dstructure-DB Domain pair contacts G
Information
Domain Chain . Domain Chain Ties system®
contacts of - |ip11vH 1nox_H| " |(Ligand) 1n0x_P Pttp . imgt.org

Summary:
Residue Number of residues Atom pair contact types

pair coMacts Total From1 From2 Total Polar Hydrogen Nonpolar

17 15 7 8 106 10 1 %6

List of the Residue@Position pair contacts:
Click 'R@P’ for IMGT Residue @Position cards

Order Order Atom pair contact types
oy Residue Domain Chain Nor Residue Domain Chain Total Polar Hydrogen Nonpolar
R@P 55 TRP W [DIIVH 1nOxH R@P 19  ORN  (Ligand) 1nOx P 6 0 0 6
REP 55 TRP W [D]VH 1n0xH R@P 20 LYS K (Ligand) 1nOx P 8 0 0 8
R@P ASN N 19 ORN  (Ligand) 1nOx P 10 0
REP 64  ASN N 18  GLU E (Ligand) 1n0x P 1 1 0 0
RAP 64  ASN N 19  ORN  (Ligand) 1n0x P 5 2 1 13
R@P 64  ASN N 20 LYS K (Ligand) nOx P 8 1 0 7 4
REP 65 LYS K 19 ORM  (Ligand) 1nOx_P 11 0 0 ¢
R@P 65 LYS K 20 LYS K (Ligand) InOx_P 8 1 0 7
RGP 66 G E [DI]VH n0xH R@P 20 LYS K (Ligand) 1nOx P g 2 0 7
R@P 66 GLU E [DIVH 1n0xH R@P 21  LYS K (Ligand) nOx P 2 0 0 2
REP 1123 PRO P SER S (Ligand) 1n0x P 5 0 0 5
REP 1123 PRO P TYR Y (Ligand) 1nOx_P g 1 0 8
R@P 1123 PRO P MET M (Ligand) nOxP 18 0 0 19
R@P 1123 PRO P ALA A (Ligand) 1n0x P 2 0 0 2
REP 1122 GLN Q MET M (Ligand) 1n0xP 10 0 0 10
R@P 1122 GLN Q ALA A (Ligand) 1nOx P 10 0 1
REP 1122 GIN Q LYS K (Ligand) 1n0x P 11 0 0
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Two IMGT tools for interpretation
of IG and TR sequences and NGS repertoires:

. IMGT/HighV-QUEST

« IMGT/StatClonotype



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

WELCOME!
to IMGT/HighV-QUEST

THE INTERNATIONAL IMMUNOGENETICS INFORMATION SYSTEM®

IMGT/HighV-QUEST version: 1.5.5 (9 June 2017) IMGT/V-QUEST version: 2.4 7 (8 June 2017) IMGT/V-QUEST

Citing IMGT/HighV-QUEST:
Alamyar, et al. IMGT/HighV-QUEST: The IMGT® web portal for immunoglobulin (1G) or antibody and T cell receptor (TR)
analysis from NGS high throughput and deep sequencing. Immunome Res. 8:1:2 (2012). LIGM:400 PMID 22647994

reference directory release: 201723-4 (8 June 2017)

Alamyar E_, et al., Methods Mol. Biol. 882:569-604 (2012). PMID:22665256 LIGM:404

Li 8., et al. IMGT/HighV QUEST paradigm for T cell receptor IMGT clonotype, clonal expression evaluation diversity and
next generation repertoire immunoprofiling. Nat. Commun. 4:2333 (2013). Open access. PMID:23995877 LIGM:419
Giudicelli V., et al., Autoimmun Infec Dis. 1(1) (2015). doi:10.16966/aidoa.103. Free Article LIGM:448
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on the Web since 2010, freely available for academics (user registration required)
deals with NGS sequences from Roche 454, lllumina, lon Torrent, PacBio

2 modules: 1. Analyses up to 500,000 IG or TR rearranged sequences per batch

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

Alamyar et al. Immunome Res 2012



IMGT/HighV-QUEST Module 1: sequence analysis

IMGT/V-QUEST results in 11 CSV files e mgtorg

(1 line per analysed sequence, ~500 columns per line)

1 _Summary.txt

2 IMGT-gapped-nt-sequences. txt

3 Nt-sequences.txt

4 IMGT-gapped-AA-sequences.txl

5 Ahd-sequences.txt

6 Junction txt

~ |l IMGT_HighV-QUEST _main_folder (named according

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

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

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

W) [0 (1) i) (i) 'Hlﬁ.]‘l'llllﬂ T T A e

11_Parameters.txt

7_V-REGION-mutation-and-AA-change-table. txt
8_V-REGION-nt-mutation-statistics, txt

9 V-REGION-AA-change-statistics. txt

10 V-REGION-mutation-hotspots. txt

7-10. Characterizes:

nt mutations

AA changes

localisation of the hotspots

11. Parameters

Alamyar et al. Immunome Res 2012



IMGT/HighV-QUEST sequence analysis [
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1 Summary (CSV file):
equivalent to Results summary of online IMGT/V-QUEST

Sequence number 1: seq1

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

>seqgl
caggtgcagoctggtgcagtoctggggectgaggtgaagaagoctggggectocagtgaaggte
tcctgcaaggcttctggttacacctttaccagttatggtatcagoctgggtgocgacaggcco
cctggacaagggcttgagtggatgggatggatcaaccecttacaatggtaacacaaattat
gocacagaagoctocagggcagagtcaccatgaccacagacacatcoccacgagecacagcctac
atggagctgaggagcocctgagatttgacgacacggocgtatattactgtgogagagattte
tggagcagtggtgatatctggggccaagggacaatggtcaccgtectegage

Result summary: Productive IGH rearranged sequence (no stop codon and in-frame junction)
V-GENE and allele Homsap IGHV1-18"01 F score = 1363 | identity = 97.22% (280/288 nt)
J-GENE and allele Homsap IGHJ3*02 F score = 137 identity = 75.91% (37/49 nt)
D-GENE and allele by IMGT/JunctionAnalysis Homsap IGHDG-19"01 F | D-REGION is in reading frame 1

FR-IMGT lengths, CDR-IMGT lengths and AA JUNCTION | [25.17.38.11] [6.8.10] CARDFWSSGDIW




IMGT/HighV-QUEST sequence analysis
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6_Junction (CSV file)
equivalent to IMGT/JunctionAnalysis detailed analysis

Input V name 3'V-REGION P

||
N D-REGION 5'J-REGION J name D name WVmut Dmut Jmut Ngc
seq1 Homsap tgtgegagaga t ttet agcagt tgatatect Homsap Homsap 0 0 0 3/6
Y Teavi_1sxp1 F9TICIRIRT EEREEE R g 99 1cHI3*02 IGHDE-19*01
| Translation of the JUNCTION

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

104 105 106 107 108 109 113 114 115 116 117 118 Frame CLro IMGT Molecular

T PhysicoChemical Descriptor
length mass P
S B e B E

(by BRFAA)
seql tgt gog aga gat ttc tgg age agt ggt gat atc tgg

+ 10 1,442.57 4.44 CARDFWSSCGDIW
Be aware that some allele reference sequences may be incomplete or from cDNAs. In those cases, IMGT/JunctionAnalysis uses automatically the allele *01 for the analysis
of the JUNCTION.




IMGT/HighV-QUEST Module 2:

Statistics for sequence analysis interpretation

« Upto 1,000,000 sequence results

« Performed on filtered-in sequences (reliable set)

Input
Filtered-in sequences sequences

Filtered-out sequences

Total

3

v

More than 1 H
1 copy H

l
Single allele  Several alleles
(or genes)

No results

Unknown functionality

Warnings

No junctions

\ No J-GENEs

http://www.imgt.org

Li S, et al. Nat Commun 2013



Characterization of IMGT clonotypes (AA)
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An IMGT clonotype (AA) is defined by:

a unique V-(D)-J-rearrangement (V and J genes and alleles ) (nt)
a unique CDR3 (AA)
Conserved anchors 104, 118 (C104, W or F118)

An example of table for TRB IMGT clonotypes (AA)

[mGT J
ID Nb |IMGT clonotype (AA) definition IMGT clonotype (AA) representative sequence iclonotype
(nt)
Total :ztzlr Sequences
nb of|, [V geneand Dgene |Jgene and CDR3-IMGT| Anchors}, .. |Sequence . . .
# [Exp.ID 1 MoreTc:rI:aIIallele and allele allele length (AA) CDR3-IMGT sequence (AA) 104,118 v length Functionality/Sequence ID Iﬁle(:l
|::‘)I:.‘y.llhan lcopy')
1
Homsap Homsap |Homsap Sequences
1 [61-MID4 123 [12 (135 |TRBV6-1*01 TRBD1*01TRBJ2-2*01/12 AA ASLIGLDTGELF CF 100 493 productive | GQMCOHMO4IGRCE length=493 ﬁ—
F F F —
Homsap Homsap |Homsap Sequences
2 [1260-MID4j48 2 50 [TRBV29-1*01TRBD1*01TRBJ2-7*01/11 AA SASQGSPYEQY C.F 100 464 productive | GQMCOHMO04JAQ96 length=464 ﬁ—
F F F —
Homsap Homsap |Homsap Sequences
3 [1061-MID4M48 0 48 |TRBVG-1*01 [TRBD1*01TRBJ2-2*01[11 AA ASAGGDTGELF CF 100 493 productive  |GQMCOHMO04IPY4R length=493 ﬁ—
F F F —
Homsap Homsap |Homsap Sequences
4 1839-MID4 47 |1 48 |TRBVS-1*01 TRBD1*01TRBJ2-7*01[12 AA ASSLGQGEYEQY C,F 100 495 productive  |GAMCOHMO04JLVOJ length=495 ﬁ—
F F F —
Homsap Homsap |Homsap Sequences
5 [167-MID4 |39 3 42  |JTRBV29-1*01TRBD1*01TRBJ1-3*01[15 AA SVEKDRGPHSGNTIY CF 100 463 productive | GAMCOHMO4IWSJK length=463 ﬁ—
F F F —
Homsap Homsap |Homsap Sequences
6 1391-MID4 |38 4 42 |TRBV20-1*01TRBD2*01TRBJ2-1*01{14 AA SARSPLAGDYNEQF C,F 100 479 productive | GQMCOHMO04JHQGB length=479 ﬁ—
F F F —

Li S. et al

. Nat Commun 2013




Evaluation of the clonotype diversity and expression per gene
IMGT clonotype (AA) diversity
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1D IMGT clonotype (AA) definition IMGT clonotype (AA) represe [
CDR3-IMGT| V gene and D gene «J gene and Anchors Sequence . .
# [Exp.ID length {MIGDRE-IMGTsequencE (AA) allele :Ir'IIEI:llE allele 104,118 V % length Functionality |
ASSTSRAGGPETDTQY
Homsap Homsap [Homsap
204-Treq 16 AA ASSTSRAGGPETDTQY TRBV7-6"01 TRBD2"02TRBJ2-3"01 [C104 F118[100 495 productive
F F F
b Homsap Homsap [Homsap
245-CD4n 16 AA ASSTSRAGGPETDTQY TRBV7-6"01 TRBD2"02TRBJ2-3"01 [C104,F118[100 501 productive
F F F
ASSLGLAGLTDTQY
Homsap Homsap [Homsap
S28-Treg 14 AA ASSLGLAGLTDTQY TRBVS-1*01 TRBD2*01[TRBJ2-3*01 |C104,F118100 487 productive
b — F F F
Homsap Homsap [Homsap
1074-CD4n [14 AA ASSLGLAGLTDTQY TRBV7-2*01 TRBD2*01[TRBJ2-3*01 |C104,F118/95.19411 productive
F F F
ASSLGLAGPTDTQY
Homsap Homsap [Homsap
632-Treg 14 AA ASSLGLAGPTDTQY TRBV3-1*01 TRBD2*01|TRBJ2-3"01 [C104, F118/99.63460 productive
a F F F
Homsap Homsap |Homsap
1073-CD4n |14 AA ASSLGLAGPTDTQY TRBV3-1*01 TRBD2*01|TRBJ2-3"01 [C104 F118[100 434 productive
F F F
ASSLLGGQGANEQF
Homsap Homsap [Homsap .
G064-Treg 14 AA ASSLLGGQGANEQF . TRBD1*01[TRBJ2-1*01 |C104,F118[100 505 productive
TRBWV27+01 FF £
14
Homsap Homsap [Homsap .
1102-CD4n [14 AA ASSLLGGQGANEQF . TRBD1*01TRBJ2-1*01 |[C104,F118[100 481 productive
TRBWV27+01 FF £
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MGT/StatClonotype: significance of differences

INn proportions

Statistic test : z-score (exact Fisher's test for low or null occurrences)
Adjustment of the p-values with 7 multiple testing procedures
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Information
system®

Procedures Type of control | Algorithm structure | dependence of p-values under Hp | Properties
Bonferroni FWER Single-step Ignorance || The most conservative
Sidak (S8) FWER Single-step Independence ||Less conservative than Bonferroni
Holm FWER Step-down Ignorance |Less conservative than Bonferroni
Sidak (SD) FWER Step-down Dependence Similar to Holm
Hochberg FWER Step-up Independence Step-up of Holm
Benjamini & Hochberg (BH) FDR Step-up Independence The least conservative
Benjamini & Yekutieli (BY) FDR Step-up Ignorance More conservative than BH

© we assume that the two compared sefs are independent and the individual tests are independent of each other {i.e., multiple hypotheses are independent).

§ ----- rawp

g Bonferroni
“g Holm

.:E Hochberg
8 SidakSS

' 5] = SidakSD

'% — BH

:: BY

Q

L ]

©

_Q i

£ :

=] .

=z :

0 L
MI 0.2 0.3 04 05 06 0.7 0.8 05 1

Type | error rate Aouinti et al. Front Inmunol 2016



IMGT/StatClonotype: Multiple testing procedures plots for g
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genes (also available for alleles)
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100 ® rawp

o e Bonferroni

w 75 e Holm

=

] e Hochberg

=

& 50 | Scatter plot

o Sidakss

z

o * SidaksD

T 25

o s BH

S

L-3C0Mes
z (Test -log_10 -log_10 . .
Gene_Name statistic) - log_10 (rawp) (Bonferroni) - log_10 {Holm) (Hochberg) - log_10 (SidakS5) - log_10 (SidakSD) - log_10 (BH) - log_10 (BY)

16 :-(;DHm\f;—LF -1.01  0.505156523996588 0 0 0.0140828634659759 8.34914720542639%-13  0.000831390732409686  0.411252021128257 0
17 :?;Dﬁigg,: 3.2 2.86192607708363 1.00459358065236  1.29372435301663 1.29372435301663 1.02561862489211 1.30442805347286  2.56089608141964 1.87418742205409
18 :—éol_:n\ff_gmz 20,72 94.6407615059182 92.7834290094869 92.7895031571991 92.7895031571991 94.6407615059182 94.6407615059182  93.0844590051509 92.3977503457853
19 :—(;DI—T\.?;ESF 508 6.42315798117749  4.56582548474622  4.71558780507955 4.71558780507955 4.56583130376861 4.71559190297203  5.90824816556843 5.22153950620287
20 :-éDHrn\f4a_g1F -1.63  0.89957179774879 0 0 0.0140828634659759 0.0000266699546555017 0.0200607816043128 0.741209305653541 0.0545006462879823

Aouinti et al. PLoS One 2015,

Front Immunol 2016




IMGT/StatClonotype: Statistical significance

Results: Test interpretation is displayed in Synthesis graphs
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Test interpretation:

Null difference
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IMGT/StatClonotype: CDR-IMGT AA Properties

Bar graph of the 20 amino acids at CDR3-IMGT positions (set 1)
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(here CDR3-IMGT length=13 AA)
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Displays:
. 20 amino acids
. Physicochemical
. Hydropathy
. Volume
. Chemical
. Charge
. Hydrogen donor
or acceptor atoms
. Polarity”

Variability indexes :
. Shannon entropy

. Wu-Kabat variability

. Simpson index
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