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Il y a autant de définitions de la « bioinformatique »
et des « ontologies » qu’il y en a pour la notion de
« gene ».

Au-dela de cette diversité, nous définirons les termes
geneériques du domaine.

Nous montrerons comment se construit une ontologie pour
le partage des connaissances.

Nous decrirons pourquoi une ontologie est une nécessité
en bioinformatique,

en particulier lors de I'évolution de systemes d’information
et lors des modélisations de systemes biologiques.



A partir d’'exemples, nous dégagerons les axiomes et principaux
concepts qui ont permis a une ontologie, IMGT-ONTOLOGY,
de devenir un paradigme au niveau international.

Nous montrerons gue les axiomes d’'IMGT-ONTOLOGY

qui permettent d’appréhender les connaissances sous differentes
facettes sont utilisables pour une représentation multi-échelle
(moléculaire, cellulaire, de 'organisme et de population),

et par suite en biologie systémique pour la modélisation de
réseaux de régulations, de processus biologiques, de
communications entre organes et au sein de population.



-La construction d’'une ontologie engendre une dynamique
continuelle en recherche fondamentale et en recherche
appliquée qui integre les avancées scientifiques et
technologiques du domaine.

- En terme de visibilité internationale et a I'aide d’exemples
en recherche clinique (diagnostic des leucémies) et en
biotechnologie (ingénierie des anticorps, humanisation des
anticorps), nous montrerons comment IMGT-ONTOLOGY permet:

- de gérer efficacement un projet,

- de concilier assurance gualité et creativité,

- et de favoriser une valorisation de la recherche.



Acquis alafin de la formation:

Cette formation démontrera qu’une approche integree des
connaissances

d’'un systeme complexe en bioinformatique

est possible a la condition de reposer sur une solide ontologie.

L’étudiant réalisera de plus qu’une ontologie
amene tout naturellement a une assurance gualité
et a une valorisation de la recherche.
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CHI, CH2, CH3: C-DOMAIN of the immuno globulin heavy chain
CL: C-DOMAIN of the irmunoglobulin hight chain
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The Immunoglobulin FactsBook, 2001
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VH VL VH VL
V-D-J junction V-J junction

Side view of the V-DOMAINs View from above the CDRs

Mouse(Mus musculus) E5.2Fv CDR3-IMGT= Complementarity determining region (105-117)
V-J junction (104-118)
V-D-J junction (104-118)
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Immunoglobulin (IG) synthesis Mx:
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1 (MGT Repertoire, http://www.imgt.org
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IMGT®, the international ImMunoGeneTics information system®

Created in 1989 at Montpellier, France (University Montpellier 2 and
CNRYS)

IMGT® is the international reference in iImmunogenetics and
Immunoinformatics.

IMGT® comprises:

- 6 databases

- 15 on-line tools

- more than 10,000 HTML pages of Web resources.

IMGT® receives 150.000 requests per month.
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Why and how has IMGT® become a paradigm
towards Systems Biology?

http://www.imgt.org

IMGT-ONTOLOGY axioms
and concepts



http://lwww.imgt.org

IMGT-ONTOLOGY seven axioms:

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

DENTIFICATION |~ \\‘ OBTENTION

CLASSIFICATION ORIENTATION

DESCRIPTION | LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999
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CLASSIFICATION axiom

http://www.imgt.org

The IMGT-ONTOLOGY main concepts of classification
Include ‘group’, ‘subgroup’, ‘gene’, ‘allele’.

They allowed to set up the nomenclature for IG and TR
genes (V, D, J, C genes).

IMGT gene names were approved by HGNC in 1999 and
entered in GDB, LocusLink and Entrez Gene (NCBI).

IMGT/GENE-DB Is the international reference database for
|G and TR genes (direct links from Entrez Gene NCBI).

WHO-IUIS/IMGT 2007 report (Dev. Comp. Immunol.,
Immunogenetics).



PROTOTYPE for a V-GENE

V-GENE
| L-PART1 V-EXON
1 [ 1
5'UTR | FRl—IMGT.lI;RZ-IMGT . FR3-IMGT 3'UTR
CERw c%
[ |
DONOR-SPLICE V-REGION
Label 1 Label 2 Relations entre Labels
V-GENE V-EXON
FR3-IMGT CDR3-IMGT | |
L-PART1 DONOR-SPLICE — ,
V-REGION FR1-IMGT -
V-REGION CDR3-IMGT L

http://lwww.imgt.org
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http://imgt.cines.fr
>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chain
tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag 60
ccacgggtaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccara ggagcccact cccaggtgca gctggtgcag 180
tctggggctg aggtgaagaa gcctggggcc tcagtgaagg tctcctgcaa ggcttctgga 240
tacaccttca ccggctacta tatgcactgg gtgcgacagg cccctggaca agggcttgag 300
tggatgggat ggatcaaccc taacagtggt ggcacaaact atgcacagaa gtttcagggc 360
agggtcacca tgaccaggga cacgtccatc agcacagcct acatggagct gagcaggctg 420
agatctgacg acacggccgt gtattadfgi gcgagagafa Cagtg[iEEEizIaaeElz]ase 480
LEekle[e[sjde[tc agaaacccaa gggaggaggc ag
L-PART1 L-PART?2 V-REGION V-RS
5'UTR - 3UTR
. jv INTRON + . . 3
V-HEPTAMER
DONOR  ACCEPTOR 19;§YS ZnigiYS V-SPACER

-SPLICE -SPLICE V-NONAMER
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FH
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FT ddb xref="taxon:2c0c"
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FT Jorganism="Homo sSapiens"™
FT W—D—-J-REGION 1..375
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FT SN TLYLOMMNILRAED TAVYYC
i CLASSIFICATION
FT W—REGICHN =T
FT allele="IGHVI-33%01,] puctative' .
FT gene="IGHVI-33" 136.575 sequences from 235 species
FT FUDR Ienghimmlo.o. 100
FT .-"'putative_limit="3' =ide'™
FT Jtranslation="CVHLVESGGAVFHPGRSLELIRAASGFTFS3YGMHWVROAP s
FT AEGLEWV AV INYDGINEY YAD S VEGRF TIZRDNEFNTLYLOMNILRAED TAVYYC
FT LE™
FT FR1-IMGT 1..75
FT Jabh IMGT="1 to 26, AL 10 iz missing™
FT /translation="COVHLVESGGAVFHPGRSLRLSRAAS™ |MGT—ONTOLOGY
FT CDR1-INGT 76..99
FT /hk_INGT="27 to 3" 277 IMGT labels for sequenc
FT Jtranslation="GFTF33¥G"
FT | FRZ-IMGT 100..150 285 IMGT labels for 3D struct
FT fAA_IHGT="39 to 557
FT Jtranslation="MHW RQALP AKGLEWWVAV"
FT COMNIERVED-TRFP 106..105
FT | CDRZ-INGT 151..174 SO (Sequence 0nt0|ogy):
FT JAabh IMGT="56 to 637
FT /translation="IWTDGSNK" 67 ||\/|GT |abe|S
FT FRG_TMoT 175..2885
FT fAA_IHGT="EE to 104, AA V73 iz missing™
FT Jtranslation="YYTAD3VEGRFTISRDNSEINTLYLOMNSLREAED TAWVYYC " :ﬂ
Coare: -




DESCRIPTION axiom

http://www.imgt.org

The IMGT-ONTOLOGY concepts of description comprise
the standardized IMGT labels and relations.

They have allowed to describe the IG, TR and MHC
sequences and 3D structures, whatever the receptor type,
the chain type, or the species.

They are particularly useful to describe IG, TR, and MHC
and their complexes (IG/antigen, TR/pMHC).

It is possible to query the IMGT® databases (IMGT/LIGM:-
DB for sequences, IMGT/3Dstructure-DB for 3D structures)
with IMGT labels.

Sequence Ontology (SO) includes IMGT labels.
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IMGT Web resources: 10 000 pages HTML

IMGT

Im

Mugb

Gene :
Information

Ti{‘s system®

http://www.imgt.org

X02350 | TRAVE-E+01
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Immunogenicity

-omab -ximab -zumab -umab
muromonab (1986)| abciximab (1994) daclizumab (1997)| adalimumab (2002)
edrecolomab (1995) rituximab (1997) palivizumab (1998)| panitumumab (2006)

ibritumomab tiuxetan (2002)| basiliximab (1998) trastuzumab (1998)
tositumomab (2003)| infliximab (1998) gemtuzumab ozogamicin (2000)
cetuximab (2004) alemtuzumab (2001)

efalizumab (2003)
omalizumab (2003)
bevacizumab (2004)
natalizumab (2004)
nimotuzumab (2004)
ranibizumab (2006)

eculizumab (2007)

certolizumab pegol (2008)
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NUMEROTATION axiom

http://www.imgt.org

The IMGT-ONTOLOGY concepts of numerotation include
IMGT unique numbering and IMGT Collier de Perles for V-

DOMAIN (IG and TR).

They have been extended to the C-DOMAIN (IG and TR)
and G-DOMAIN (MHC).

They have allowed to bridge the gap between sequences
and 3D structures in IMGT/3Dstructure-DB.

They are used for mutations, polymorphisms, CDR-IMGT
lengths, contact analysis, potential iImmunogenicity
evaluation and paratope definition.

WHO-INN programme requires the CDR-IMGT lengths for
antibody.



Examples of IMGT® tools based on the
IMGT-ONTOLOGY concepts

IMGT/JunctionAnalysis
IMGT/V-QUEST
IMGT/3Dstructure-DB



Immunoglobulin V-D-J generation
of sequence diversity

http://www.imgt.org

3'V-REGION N-REGION D-REGION N-REGION
tgtgcgaaa ga @ taéa.: g gtggtgactgctat tcc @:QQL@-
JUNCTION

cC AP Y R G D T Y DY
tgt gcg cca tac cgg ggt gac act tat gat t



IMGT/JunctionAnalysis: analysis of the IG and TR junctions

IMGT/JunctionAnalysis Results

Locus
Species
IMGTrepertoire link Locus representation

IGH

Homo sapiens

Maximum number of mutations :

V-REGION : 2, D-REGION : 4; J-REGION : 2

Deletion criterium : Using pattems
Best D gene choice for a same score ; Less mutations

http://lwww.imgt.org

Description of the JUNCTIONs

Click on mutated {underscored) nucleotid fo see the original orje: :c

Input  V name V-REGION P H1 D-REGION H2 P J-REGION  J name D name Vmut Dmut Jmut Hge
#1 770256 IGHV2-26701  tgtgtacy..... tgttyt oo gEagegeetggtas coaaatate ...actttgaccactgy IGHJ4*02 IGHD6-13*01 1 2 1 5/15
#2 710257 16HV3-7*02 Loy, GUALHY 000 seersrsrsssssssass cagetottatges cgoee ctactgytacttegatctetyy IGHIZ*01  IGHDZ-2%01 O 2 0 9/11
#3 770606 IGHV4-31%03 tgtgcgagag. c LOACEACT. v ... cact ..atgettttgatgtetgy IGHI3*01 IGHD4-17+01 O ] o 3/5
#4 770608 IGHV4-39%05  tgtge. cagagta 0 ... acgatttttggagtggttatt. . ... cocoggggga ..atgettttgatatetgy IGHI3*02  IGHD3-3*01 O 0 0 12/17
#5 770610 IGHV4-34%09  tgtgegagad. tegggag eee e CHAtELLLOEAGLOUtLAtL, ., ., secga ca tgatgottttgatatetygy IGHJ3*02  IGHD3-3%01 O 0 0 9/12
#5 770611 IGHV4-59701  tgtgogaga. . - WS tggtaactataa, tgceggegtiy .. .Actggttogaccectgy IGHIST0Z  IGHD3-9+01L O 2 0 95/13
#7 770613 1GHV4-59701 tgtgogagag. e cagcayctygtac ctecct ....ctttgactactgy IGHI4*02 IGHD6-13*01 O 0 0 4/
#8 770614 IGHV4-59*01  tgtgegaga.. CACEAEAR 00 ceresereierenes EECHYIUACtEat. v v era s CECCEE aeeeees gactactgy IGHI4*02 IGHD3-16*01 O 2 o 7/14
#9 770615 IGHV4-59%01  tgtgegagad. gycty FLETELEY: [+1- PP tttegyas .tactggtacttogatetetgy IGHJ2*01 IGHDS-24%01 0 2 o /13
#10 Z70616 IGHV4-34701  tgtgogagag. ey Y 1.1« PN ttece ...actggttegacceetyy IGHIS®02 IGHD3-16*01 O 0 0 /8
#11 Z70620 IGHV4-30-4701 tgtgcgagaga BE ererarerarassaees GUHYCHYYAtYYtE. .. cyy .gatgettttgatatetyy IGHI3*02 IGHD3-16%01 1 4 0 5/5
#12 770621 IGHV4-39%01  tgtgogagaca COACHACEEALTT vevevesasaranes ACTe e 115111 S COACECEE 0 weaaas ttgactactgy IGHI4*02 IGHD3-16%01 O 1 0 1z/21
#13 770627 IGHV4-39%*06  tgtgegagaga t 0 tgoccogotoctgocaaaat gLattactatggttoguUua. «vorarara tatgtacg 0 ..... tttgactactgy IGHJ4*03 IGHD3-10%*01 O 0 0 15/28
< b3
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The eleven IMGT amino acid classes
according to the physicochemical properties

“olume' classes ‘Hydropathy' classes
in A Hydrophohic Weutral Hydrophilic
Wery large 189-228 F WY b
Large 102-17 4 | L Iyl k. H
Wedium 1538-154 i E (1]
Small 108-117 C H T [ Mo
Wery small B0-90 A, (5 =
Aliphatic 2 ?ﬁ; Basic = S
‘” 7 s 2 | %
T
— | |
lIncharged Charged LIncharged
Monpalar I | Folar I

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



IMGT/JunctionAnalysis

. analysis of the IG and TR junctions r.éio

Tics system®

http://www.imgt.org

JUNCTION alignments with translation and IMGT AA classes

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

104 105 106 107 108 109
#1 OAY393054 Lt agt oo oo gyt agt
T
#2 AYIHZ0AA hetiyst gLy aaa coo acy gar
#3 AY393058 tgt agt coc oo agt agc
o e - EEEEEE
#4 AYIHI0T2 hetiyst agt ooo guy Julu o agt
#5  AY393088 tgt gog aga caa aac coc
T
#6 AYIHZ0BM hetiyst gog aga gag atyg oo
#TOAY39301 Tyt gog aga cag aat coc
T
#3 AYIHZ042 hetiyst gog aga gag atyg oo
#9 AYI93004 Tyt gog aga cag aac coc

110 111 111.1  111.2  111.3 112.3 112.2 112.1 112 113 114 115 116 117 118
gct tat . . tac cac gaa cac £t cag cag toy
> BN - - B
gar gat gic cac ooy got gaa tac tto cay tac oy
gt tat tac cac gaa gac tto cag cag g

N - . B - DN s s
gor tat . v v - tac cac gaa cac tto cay cag oy
cco gag tat agt e gca tat cat gat gy Loy tto gac cca g

. B - - - - - B
tat gt ey Joy gyt tat tac faluls [eled gat goa ot od gagy cte oy
coco gag tat agt o goa tat cat gat goy tog tto gac coo tog
B - - - - O B e
tat gt ey Joy gyt tat tac faluls [eled gat gca ot od gagy gtc oy
coco gag tat agt o goa tat cat gat goy tog tto gac coo tog

Yousfi Monod et al. Bioinformatics 20, 1379-1385 (2004)
Pommié et al. J. Mol Recognit. 17, 17-32 (2004)



IMGT/V-QUEST: analysis of IG and TR sequences

WELCOME ! Im"

to the IMGT/V-QUEST Search page h(%i:ﬂ

THE T ; e Information
INTERNATIONAL . e
VWU OGENETICS

INFORMATION SYSTEM® http://mgt. cines. fr

Citing INGT/V-QUEST: Gudicelh, V. et al Mucl Acids Ees. 2004, 32, W435-440 PRID: 15215425 |

B You are m the new INNGT/V-QUEST, upgraded for multiple sequernces and with new functionalities. N

Analyvse vour Immunoglobulin nucleotide sequences

¥ Human B Teleostei
B Mouse - Atlantic cod
- Channel catfish
- Bainbow trout
@ Chondrichthyes B Sheep

Analvse vour T cell Receptor nucleotide sequences

@ Muman @  Non-human primates

@ fouse




Analyse vour Immunoglobulin sequences

Your selection: Human

Your sequences are compared to the Homan 1G set from the [MGTA-QUEST reference directory sets

Im
Mugb

Gene

Tics

http://www.imgt.org

Information
system®

Nucleotide sequences

Analysis by batches of up to
50 sequences in a single run

Enter your sequence(s) in FASTA format (FASTA format is required):

® Type {(or copy/paste) your sequence(s) into the box below :

=A¥393054

JoLgyyL Lt C Lyt tyo At L LaasayyytCcaatgLyagyieayCc Oyt gyayt ctyyyyuagye L LYyt acaye o agyye g
tocotgagactoctootgtgragottoctgyat tyacoctttgytgattact ttat gagotgot t cogoocagye b o oagguaagguac tgga
gryggtaggtttoattaagagogaaacttatgytgggacaacagaatacygoogogtot i gaaagyoagat toatcatctogagagat o
ALLCCAARadUatCYUCTal T igrasatgaacayo ol gyaaaccgayyacacaycoatatat tartgtayt oyt Ayt go T tat
taccacgaacacttocagoagtgygoooogoyoaccat ggtcacogtctoctocagootcocaccaaguyeccatcgytot tooooo b oo
aoCotoctocaagagraccte tgyygUoacagogyocc tygot ooty oaaggactacttoooo

=AT393055
gotgguttttocttgttgotatttoaasagotytoccagt gbgagut goage tggt gyagact gyaguagye L tgat coago o b ogugaoo
toCctyagactot oo tgtgUagoCtotgyyttoacoytcagytagoaactacat Jayotyyyt cogocagye tocayyyaayyyyctoga

O or give the path access to a lecal file containing your sequence{s) in FASTA format (FASTA format is required):

Farcourir...

[Start] ’ Clear the form

http://www.imgt.org

&) 8 Internst

Giudicelli V. et al.



MGT/3Dstructure-DB: analysis of the 3D structures

THANK YOU

for using IMGT/3Dstructure-DB

THE

INTERMATIONAL
IMMLIMNOGENETICS
[MFORMATION SYSTEME

[

Information
system®

bt /imgt.cines.fr

IMGT protein name

IMGT/3Dstructure-DB card for : 1cel

Entry code I:l

CAMPATH-1H, alembuzumab,

IMGT receptor type IMGT receptor description Ligand(s)

Species

CC Chain ID

IG5 FAB-GAMMA-1_KAPPA Humanized lcel Hicel L
MABCAMPATHE - [ ]
Peptide CDS? (synthetic Synthetic [1cel P
peptide)
Experimental technique X-ray diffraction Besolution {in angstrom) 1.g0 FDR release date 25-JUN-go0
Epitope and Chain Contact 3D visualization Renumbered IMGT numbering References Printable
details analysis Imol ar QuickPDE MGT file = comparison and links card

Atom contact types

O Mo covalent O Covalent

IMGT/ 3Dstructure-DB Domain pair contacts

{overview) of lcel

Atom contact categories
O (BB) Backbone/backbone

Kaas Q. et

al.




Access to atomic pair contacts in IMGT/3Dstructure-DB

MGT Collier de Perles : Homeo sapiens (Human) IGHV V-DOMAIN from 2F5 (1ugk_B)

http://www.imgt.org
CDR-IMGT lengths [10.7.24]

o

Click on residue
in IMGT Collier de Perles
(or in amino acid sequence)

118

DEEERLEIESEEEEREEEE

Al ET Cl C'T C"l DT El FT Gl 12?



Atomic pair contacts in IMGT/3Dstructure-DB

IMGT Residue@Position card

Residue@Position:

L'.-x. 3 'I
- TRP (W) - VH - 1u8k_B .5

eneral information:

POB file numbering
IMGT file nurmbering
Residue full name

Formula

26

41

Tryptophan
Cl11 H1Z M2 O2

IMGT LocalStructure@Position

Secondary structure
Fhi {in degrees)
Psi {in degrees)
A5A (in sguare angstrom) 0.0

Extended conformation
-122.64
137,12

Pair contacts:

IMGT

o [ O | [ A | N
e

Fesidus

GLU
LEL
THR
=
WAl
ARG

—

a =< 0

Atorm contact tvpes

Mon covalent
Folar
Hydrogen bond
Mon polar

Covalent
[ Disulfide

Check, all
Uncheck all

Atom contact categories

[] ey Backbonebackbone
[ 155 Side chain/side chain
[] {pS) Backbone/side chain

[] rse) Side chain/backbone

Check, all
Uncheck all

Domain  Chain

YH
YH
WH
WH
YH
YH

1ugk_B
1ugk_B
1usk_B
1usk_B
1ugk_B
1ugk_B

i]
17
8
10
2
2

i)
17
8
10
2
2

= = O O 9O @
o o o o Qo Q

i)
17
8
10
1
1

Atom contacts Non Covalent Polar Hydrogen Bond Non Polar

Im
Mugb

Gene

Tics

http://www.imgt.org

Information
system®



Hydrogen bonds (IMGT Collier de Perles on 2 Iayerﬂs) Viye

. Information
TLCS system®

http://www.imgt.org

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

CDR-IMGT lengths [8.8.20]

m
m

R
N

S I I T A e I




Contacts VH-(Ligand), V-KAPPA-(Ligand)

LomPair
LomPair
ComPair
LomPair
LomPair
ComPair
LomPair
LomPair
ComPair

ComPair

IMGT molecule name IMGT_ _ Chain IMGTFh@n Domain
description 1D description number
CAMPATH-1H, alembuzumab, FAB-GAMMA- i
MABCAMPATH® 1_KAPPA leel A VHCAL [O1]
[C2]
1cel L L-KAPPA 1]
[C2]
CDS2 (synthetic peptide) Peptide lcel P Peptide
MNumber of residues Atom contact bypes
Unit 1 Unit 2 Resg”ti
CONLACES. Total From 1 From 2 Total Polar Hydrogen
Domain  Chain Domain  Chain
WH leel H | CHL lcel H 19 17 o a9 125 9 1
VAHAPPA 1cel | B3 45 24 21 532 61 o
(Ligand) 1cel P 29 19 12 i 216 40 9
CH1 leel H WH lcel H 19 17 9 8 125 9 1
CHAPPA 1cel | ats] o5 28 30 498 40 o
VHAPPA 1cel | WH lcel H 63 45 21 24 532 61 o
CHAPPA 1cel | 15 18 (5 10 137 19 2
(Ligand) 1cel P 16 14 7 7 171 37 5
CHAPPA 1cel | CHI lcel H ats] o8 30 26 498 40 o
WAHAPPA 1cel | 15 18 10 8 137 19 2

Im
Mugb

Gene

Tics

IMGT domain http://www.lngt.org
description

Information
system®

WH

CH1
W-KAPPA
C-KAPPA

Kaas Q. et al.



Contacts VH-(Ligand)

IMGT Residue Domain Chain IMGT
NUm Num

Residue Domain Chain Total Polar Hydrogen

e | | | | EEIEERE icel P 4 0 0
ged | || | e ALA A icel P 13 1 0
el [ [ | | EEEE ASP D 1cel P 14 2 2
RGP 55 PHE F WH el HR@ 6  SER S lcel P 5 0 0
R@P 55 PHE F WH icel H R@P 7  ALA A el P 16 0O 0
RGP 55 PHE F WH fcel H RGP 8  ASP D lcel P 0 0
rar |57 ARG R|VH [eeiH rap 7 ALA A icel P 9 3 2
rae 5700 ARG RIVAT el rae 8 A% D el P 20 6 1
rar [610 0 V8 K VAT el rar s ASP D icel P 12 1
RGP 66 GLU E WH icel H RGP 7  ALA A icel P 1 0 0
gedl [ [0 | e THR T icel p 13 2 1
gasl o [ | e SER S icel P 2 0
ror [RCENEE ] oo 7 A A icel P 0 0
ror [EIERNEIE N o> 1 o G lcel P 1 0 )
gesl - [0 [ | e THR T 1cel P 2 0
rar [ESSHN N ) E o ¢ GLY G icelP 24 4 0
el [0 [ | e THR T lcelP 21 5 0
rar [ESSHN N N o s SER S icel p 9 2 1
rar O R ] - ¢ GLY G icel_p 11 0
ror O o 2 = s fcelP 11 4 i
rar [EE R ] o s SER S icel P 3 1 0
el [ [ | e THR T 1cel P 3 0 0
rar SN R ] o s SER S icel P H 0
rer (SN ] o - SER S5 icel P 4 0 0
rar [ EREH B ] o - SER S icel P 5 0 0 Kaas Q. et al




Summary:

Fesidue Mumber of residues

contacts

Atom contact types

Total From 1 From 2 Total Polar Hydrogen

16 14 7 7 171 37

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

Order Order

IMGT
N

IMGT

Residue Domain Chain
Num

L
< | I
g | | e
2o [SEN JASN 0 AP HESE =
<o | S R S - -
< | ) N - -
< | I = -
<o | N R S -
<o | N R S - -
<o | R - -
< | -
<o | ) S - -
<o | R S - -
<o | ) N = -
< | I = -
= [ ] R
<o | ) S - -

Bt I T 5 T o 1 e 5 A o N 68 ]

5

Residue Domain Chain

SER.
PRO
SER.
SER.
FRO
SER.
PRO
SER.
SER.
SER.
ALA
ASP
THR.
SER.
SER.
ALA

T O T S L o O O o 0 W 2 W w NN 0 W w B O S5 W w N 0

lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
leel P
lcel P
lcel P
lcel P
leel P
lcel P
lcel P
lcel P

Atom contacts

Total Polar Hydrogen

1
21

3
20
12
14
12
12
11
18

20

Mo B o= NN W W= WM N O O

O = = O O 0O = O O QO = O = O O O

Im

Tics

http://www.imgt.org

Kaas Q. et al



Im

CONCLUSIONS and PERSPECTIVES Mg

Gene

Tics e
1. The IMGT-ONTOLOGY axioms and concepts: CLASSIFICATION
(nomenclature), DESCRIPTION (labels), NUMEROTATION (IMGT
unique numbering, IMGT Colliers de Perles)...are acknowledged
as the international standards in immunogenetics and
Immunoinformatics.

2. The WHO-INN programme requires the CDR-IMGT lengths.

3. American and European companies (Centocor Johnson and
Johnson USA, Merck USA,..) have adopted the IMGT® tools for
antibody engineering and antibody humanization.

4. The IMGT-ONTOLOGY axioms are used for a multiscale and
systemic approach (system immunobiology). Concepts are
currently described at the cell level (EU ImmunoGrid IST projet).
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