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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
generiques du domaine.

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

Nous décrirons pourquoi une ontologie est une necessité
en bioinformatique,

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



A partir d'exemples, nous degagerons 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’apprehender les connaissances sous différentes
facettes sont utilisables pour une représentation multi-échelle
(moléculaire, cellulaire, de I'organisme et de population),

et par suite en biologie systémiqgue _ pour la modélisation de
reseaux de regulations, 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 scientifigues 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 qualité et creativite

- et de favoriser une valorisation de la recherche




Acquis a la fin de la formation:

Cette formation demontrera qu’'une approche intégrée des
connaissances

d’'un systeme complexe en bioinformatique

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

L'étudiant réalisera de plus gu’'une ontologie
amene tout naturellement a une assurance qualité
et a une valorisation de la recherche
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1. IMGT®
Quel est le domaine d’expertise d’'IMGT®?

2. Ontologie
Qu’est-ce qu’une ontologie?

3. IMGT-ONTOLOGY axioms et concepts

4. Exemples d’applications



IMGT® domain: the adaptive immune response s
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Bone marrow Blood Lymph nodes, spleen
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VH: V-DOMAIN of the oo globulin heavy chain

VL: V-DOMAIN of the itmunoglobulin light chain

CHI, CH2, CH3: C-DOMAIN of the irenanoglobulin heavy chatn
CL: C-DOMAIN of the immunoglobulin ight chain

Y VH cortesponds ta the V-D-J-EEGION (1 green (V), orange (DI)) of the heavy chain.
: VL cotrespotuds to the V-J-REGION (i green (V) and yellow (I7) of the light chain,

The Immunoglobulin FactsBook, 2001
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MHC
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Structural domains
|G and TR

V-DOMAIN

C-DOMAIN
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V-DOMAINs: VH and VL G
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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) ES.2Fv CDR3-IMGT= Complementarity determining region (105-117)
V-J junction (104-118)
V-D-J junction (104-118)



Immunoglobulin (IG)

V-DOMAIN

V-J-REGION hight chain
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V-D-J-REGION
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Membrane IgM

T cell receptor (TR)
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Contribution of the
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to the antigen binding site

Alpha - Beta

T cell receptor

The Immunoglobulin FactsBook, 2001



Immunoglobulin IgG
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Immunoglobulin (IG) synthesis

http://www.imgt.org

genomic DNA V
(IGH Locus 14932)

rearranged
DNA

MRNA

A

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

2 x 102 different IG
per individual




Immunoglobulin (IG) synthesis ’“é[;@
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FUNCTIONAL IG GENES
HEAVY CHAIN \Y D J c v J C LIGHT CHAIN
-DECHHHEHEE--  -—EOCHE-—
38-46 x 23 x 6 30-35 Xx 5 Kappa
29 -33 X 4-5 Lambda
I I
6300 POTENTIAL RECOMBINATIONS 185 +165 POTENTIAL RECOMBINATIONS
N-DIVERSITY
SOMATIC MUTATIONS
x 1000
ABOUT 6.3x 105 POSSIBILITIES A'iO/UT 3.5x10° POSSIBILITIES
A 2 X 1012

DIFFERENT ANTIBODIES

ﬁ (MGT Repertoire, http://www.imgt.org




IMGT® http://www.imgt.org f“m-

http://www.imgt.org

IMGT®, the international ImMunoGeneTics information system®

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

IMGT® is the international reference in iImmunogenetics and
Immunoinformatics.

IMGT® comprises:

- 7 databases

- 17 online tools

- more than 15,000 HTML pages of Web resources.

IMGT® receives 150.000 requests per month.



/ Sequences

IMGT/LIGM-DB
IG and TR
(150 vertebrate species)

Information
system®
IMGT/PhyloGene E
IMGT/PRIMER-DB -
IG and TR : : Genome
(11 species) =

IMGT/Genelnfo
MGT/LocusVie

IMGT/PROTEIN-DB [

IG and TR
human and mouse GT/GeneSearc
-
.
MR ' MGT/GeneVie
N .
. X
N
N
.
IMGT/MHC-DB

.
(HLA and MHC/NHP)

o IMGT /3Dstructure-DB BN IMGT /StructuralQuery
IG, TR and MHC

-

© Copyright 1995-2004 IMGT, the international ImMunoGeneTics information system® \

2D and 3D structure5/




Why and how has IMGT® become a paradigm T
tOWardS SyStemS B|O|0gy’) http://www.imgt.org

IMGT-ONTOLOGY axioms
and concepts



http://www.imgt.org

IMGT-ONTOLOGY seven axioms:

To share, reuse and

represent knowledge

IN Immunogenetics and Life Sciences

IDENTIFICATION 1=

CLASSIFICATION

DESCRIPTION

\\‘ OBTENTION

ORIENTATION

LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999
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CLASSIFICATION axiom

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

http://www.imgt.org

 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).

e 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 it

V-GENE
| L-PART1 V-EXON |
1 [ |
5'UTR | FRl-IMGT.lF.RZ-IMGT . FR3-IMGT 3 'UTR
C W 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 I . |




An example of V -GENE

http://imgt.cines.fr

>X62106. 0| HSVI 2| Hono sapiens VI-2 gene for inmmunogl obulin heavy chain

t gagagct cc gttcctcacc atggactgga cctggaggat cctcttcttg gt ggcagcag 60
ccacaggilaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccafa ggagcccact cc 180
240
300
360
420
480
[HeElelelejgelt c agaaacccaa gggaggaggc ag
L-PART1 L-PART2 V-REGION V-RS
5'UTR g 3'UTR
5 PO e——
1st-CYS 2nd-cys VHEPTAMER
DONOR  ACCEPTOR 3 104 V-SPACER
-SPLICE -SPLICE V-NONAMER



IMGT/LIGM-DB

Z0—4410T—2TOWLMO

T' X Information
£33 IMGT/LIGM-DB Consultation module ¥3 - Mozilla Firefox e _— -
File Edit Miew Go Bookmarks Tools  Help ht@/www.lmgt.org
FH Eey Location/Qualifiers il
FH
FT L-V-D-J-C-2EQUEMNCE <1..375=>
FT Spartial
FT ddb xref="taxon:S606"
FT fcell_type="B—cEll hvhridoma ZF7T"
FT a"II-IGT_nDte="au1:Dmaticallgr annotated with IMGT tools™
FT Sorganisw="Homo Sapiens"
FT V—-D—-J-REGICHN 1..375
FT LERALASGFTFS3YGHMHINWVROLR
FT NS ENTLYLOMMNILEAEDTAVYYC
o CLASSIFICATION
FT V—-REGICOHN =T
FT allele="IGHVI-33%01,]| putative™
FT gene="IGHVI-=33" 170,685 sequences from 335 species
FT JLDR Iengoi="|lo.o. 101"
FT ,.-’put;tive_limit="3' =ide™
FT Jtranslation="OVHLVEIGSAVFHP GEILRELIRAASGF TFI3YGMHIWVROALR bscoon
FT AR GLEWV AV INMY D ANEYYAD S VEGRF TISREDNSENTLYLOMNSLEAED TAWYYC
FT LR
FT FR1-IMZET 1..75
FT SAA IMGT="1 to 26, Ak 10 is missing™
FT /translation="ovELvEsccavrarcrsirLsraast  [MGT-ONTOLOGY:
FT CDR1-TMGT Ta. .99
FT /ib_INGT="27 ta 34 277 IMGT labels for sequences
FT ftranslation="sFTF33¥G"
FT | FRz-IHGT 100. . 150 285 IMGT labels for 3D structures
FT HAA_IHGT="39 to 557
FT Fftranslation="MHUVREOAP AKGLETN AWV
FT COMNSERVED-TERP 106..108
FT | CDRZ-IMGT 151..174 SO (Sequence OntOI()gy):
FT Jon IMGT="56 to 63
FT /translation="IWYDGSNE" 67 ||\/|GT |abe|S
FT FEG_TMT 175..288
FT HAA_IHGT="EE to 104, &k 73 is mwissing™
FT ftranslation="YYAaD3VEGREFTISRDNSEKNTLYLOMNSLEAED TAWYYC ™ :j
Done L




DESCRIPTION axiom T

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

 They have allowed to describe the IG, TR and MH
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/pMH).

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

o Seqguence Ontology (SO) includes IMGT labels.
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Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)



IMGT Web resources: 15 000 pages HTML

IMGT
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X0Z850 | TRAVE-E%01
AEO0065S, TRAVE-E%02

MESE361 , TRAVE-E¥02

X028E0 |, TRAWE-E¥01
RENOORGS, TRAWE-EF02

MEE3E1 |, TRAVE-E6%02

X02850 |, TRAWE-E¥01

iz 3 4 & & 7 8

3 10 11 1z 1% 14 15 16 17 18 13 20

A Q 5 L T Q L bl 5 Q W P W F E E A P 7 E
GCC CAG TCT GTG ACC CAG CTT GAC AGC CAA GTC CCT GTC TTT GAA GAA GCC CCT GTG GAG

3
21 22 23 24 25 26 27 28 23 30 3 32 33

LOCES e N: Wy asl LB 08D W sl e
CTG AGG TEC AAC TAC TCA TCE TOT GTT TCA GTG TAT ... ... ... ... ... ..

41 42 43 44 45 46 47 4% 43 B0 51 &2
w ks W 0 ks P R 0 G L ) L L L K g L i ] &
T&G TAT GTG CAA TAC CCC AAC CAA GGA CTC CAG CTT CTC CTGé AAG TAT TTA TCA GGA TCC

CDE1-IHGT,

34 35 36 37 38 33 40
L T
CTEC TTEC

E3 B4 G55 BB &7

IMGT
Alignment

Col I ier REN00653, TRAVE-6702 B e
MEEIEL , TRAVE-6*02 SSm M mmnSSn S SSnSen sl sln i looSSnosolslnson e ssl s s s f II I
I'E?m 66 E7 68 59 70 71 72 73 74 75 76 77 78 79 80 o a e es
de Perles X02850 |, TRAWE-6¥01 HEC C;G G:T Gf\RHZC H%C A.}:lc pAs o ens GET T;T G:G
REO00559, TRAVE-6%02  --- --- LTI e hen B B MR N peeeee
M8E3E1 | TRAWB-6*0Z --- --- R R = 2o
81 B2 3 84 B4R S4B B4C §5 BE 87 B8 89 90 91 92 93 94 95 96 97 98 33 100
X02850 ,TRAVE-6*01 GgT Gf\.ﬂ T;T n.?\c R§G F\gT CAA R:T Tgc TTC CAC TTE RFG{G F\iﬂ cgc Tgﬁ G:C C:T R¥R ch ch ﬂgG GET
AEOQUEES, TRAVE-6+02 B e T
WEE3EL | TRAVE-E*02 mmm e mmm mem mm mmn e e men e een s en mmn oo e con e een mem e —em oo
101 102 103 104 ﬁcgﬁg_%’g-rm
X02850  , TRAVE-E¥01 GEG T§C T;C TgT GgT G¥G RET GR
REO00E5 9, TRAVE-6+02 mms s s ommm e oem
MEBEIEL , TRAVE-670Z e —I—{s #e
TRAV FR1-IMGT COR1-IMGT FRE-IMGT CORZ-IMGT FR3-INMGT CDR3-IMGT
qene (1-28) (27-38) {39-55) {BB-E5) (BE-104) (105-1153
1 10 20 kKTI] 40 &0 60 T 80 84aEC an 100 110
......... T D I U IR IR T P R U P
AENOORES, TRAW1-1 GOSLEQ. PSEVTAVEGATWOINCTY] TSGFYG. ... .. LEWTQQHOGGAPTFLSY NALDG. .. .. LEETG. . ... .. RF35FLSRSDSVGYLLLOELOMEDSASYFC AVE. .. ... ..
IMGT BEOOOESE, TRAVI-Z GOWIDGQ. PTEMTATEGATWAINCTY( TSGFNG. ... .. LFW¥QHACEAPTFLEY NWLIG. .. .. LEEEG. . ... .. RFSSFLESRSEGYSYLLLEELOMFOSASYLE AVE. .. ... ..
AENOORSE, TRAVE EDQVED. PSTYVASSEGAVVEIFCNHS WSNAYN. . .. .. FFWYLHFPGCAPRLLVE GSE. . ... .. BsO0G. .. ... RYNMTYER. . FRSSLLILOVEEADNABYYYC AVE. .. ... ..
° AENOOGSE, TRAV3 ANSVANPEDOVNVAEGNPLTVECTYS WSGNEY. . .. .. LFWYWOYPNEGLOFLLE YITGDML. .. VEGSY....... GFEAEFNESOTSFHLERPSALVSOSALYFC AWRD. ... . ..
Pr‘ote'n BEOOOESE, TRAEVL LAKTTI). PISMOSYEGOEVNITCSHN NIATNDY. .. .. ITWY¥QQFPSOGPRFIIN GYET. . .. .. EVINE. . . .. .. VASLFIPADRESSTLSLPRVSLSOTAVYYC LVGD. ... ..
. AENOORSD, TRAVE GEDVEQS. LELSYREGDSSVINCTYT DSSSTY. ... .. LYWYERQEPGAGLOLLTY IFSHMD. ... MEODQ. ... ... FLTVLLNFEDEHLSLRIANTOTGOSAIYEC AES. ... ...
D|s Ia AENO0GSD, TRAVE SOKIEQNSEALNIQEGETATLTCHYT NYSPAY. ... .. LOWYRJDPGRGEVFLLL IRENWEE.... EEREE....... RLEVIFOTTLEQSLFHITASOPANSATYLC ALD. ... .. ..
p y BEOOOESD, TREVT ENQVEHSPHFLGPQOGDVASMSCTYS WSEFNN. ... .. LOWYRONTCMCGPEHLLS MYSAGY. ... EROQEG. . ... .. RLWATLLE.  NGSSLYITAVOPEDSATYFC &WD. .. ... ..
AENODRED, TRAWE-1 BOSVSOHNHHVILSEAASLELGCNYS YGGTWH. . .. .. LFWVOYPGOHLOLLLE YFSGOPL. .. WEGIK....... GFEAEF TESKFSFNLEERSVOWSDTAEYFC AVH. .. ... ..
BEOOOGS, TRAVA-Z AQSVTILOSHVSVSEGTEPVLLECHYS S5VSPS. ... .. LFWYWHPNEGLOLLLE YTSAATL. .. VEGIN....... GFEAEFEKSETSFHLTREPSAHMSOAAEYEC WWs. .. .. ..
BEOOORSD, TRAVA-3 AQSVTNPOIHITVSEGASLELRCHYS ¥GATPY. ... .. LFW¥V(SPCGOCLOLLLE YFSGDTL. .. VAQGIE....... GFEAEFERSOSSFNLREPSVHWSOALEYFC AVG. .. .. ..
AENODRED, TRAWE -4 BOSVTOLGSHYSVSEGALVLLRCNYS SSVEEY. ... .. LFWYVOYPHOGLOLLLE VTSAATL. .. VEGIN....... GFEAEFERSETSFHLTEPSAHMSOAREYFC AWS. .. ... ..
HOZB50 |, TRAVA-G AQSVTNLDSOVEVFEEAPVELRCHYS S5VSVY. . .. .. LFWFWOYPNOGLOLLLE YLSGSTL. .. VESIN....... GFEAEFNESOTSFHLERPSVHISOTAEYFC AWS. .. .. ..
EENQOEED, TRAWE-T TOSVINLOGHITYSEEAPLELECNYS ¥SGWPS. ... .. LFWYVQ¥SS)SLOLLLE DLTEATQ. .. VEGIR....... GFEAEFERSETSFYLEEPSTHWSDAAEYFC AVGDR. ... ..
AFMNNAEY TRAWO-1 ANSTATE GOV PESFANIST. TWHNSVE TTAVES T.RIINYEAFAEPAT.HLE AWE AN ENRNE ARPFAMVREFTTSRFHI.FENSWAFSNSATVRR AT.S



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)

This table is from 2008. Using IMGT/mAb-DB: 1) What are the withdrawn mAbs?
2) What are the novel approved mAbs?
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Mutant 1: S28>F
Mutant 2
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NUMEROTATION axiom T

[m ™
Mugé

The IMGT-ONTOLOGY concepts of numerotation include

IMGT unigue 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 (MH).

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
tgt gcgaaa ga S\ taéag g gtggtgactgctat tcc gﬁ:g&(?
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 IGH
Species Homo sapiens
IMGTrepertoire link Locus representation

Description of the JUNCTIONS

Click on mutated (underscored) nucleotid to see the oniginal one: |c

Input ¥V name V-REGION P Hi
#1  Z70256 IGHVZ-26%01  LOLULACT..... tgttgt
#2 0 Z70257 IGHV3I-7*02 tgtgc‘c}s- ggatoy
#3  J70R06 IGHV4-31%03  totgogsosdg. ©
#1  Z70B08 IcHV4-39+05  totge. cagagta
#5 770610 ICHV4-34%09  totgegagad. tegyyag
#5  Z70B11 IGHV4-59¢01  totgogadga. . ca
#7  Z70B13 IGHV4-59+01  totgogagsd.
#3 770614 IGHV4-59+01  togtgogaga. . cactataa v
#9 770615 IGHV4-59*01  totgegagad. yoCty
#10 770616 IGHV4-34%01  totgogsgsd. Coy .
#11 Z70620 IGHV4-30-4701 tgtgegagags oo .
#12 770621 IGHV4-39+01  tgtgogagacs coacgatttatgy .
#124 770627 IGHV4-39*06  togtgegagags €0 tgoccCgohCChOoCasaat
{

Terming

Maximum number of mutations :
YV-REGION 2 D-REGION - 4: J-REGION - 2

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

D-REGIOH H2
....... graggectygtac coaaatate
.................. cagetettatgoe cgoce
= =T 1o S cact
..... acgatttttgyagtgytoatt. ... . CoCCOyYyya
...... cyatttttggagtggttatt. .. .. cecga
.................. tyytaactataa. tyecyyegtty
........ Cayragotygac ptecet
............ ttogygyacttat. ... coocte
JLARAUAYI. c v v e tttoggaa
.......... =18 oo o o tteoeo
............... gygyCOygatgytt. .. .. gy
............ LLogygyagtt. ... ... ... LOACCCCE
BV =Tk o= Uol (v LA el (o (s [ - W tatgracy

J-REGIOH

.. .actttgaccactyy
ctactggtacttogatototygy
. atgottttyatytotyy

. Btgottttgatatctyy
tyatycttttgatatcoyy

. AEtgYttegaccoctyy
... CEttgactactyy
........ gactactyy
.tactggtacttogatototyy
... EEtgYttegaccoctyy
.gatgettttyatatctygy
...... ttgactactyy

..... tLLgactactyy

Im
M udé
Gene
Ties

http://www.imgt.org

Information
system®

J name D name Vmut Dmut Jmut Hyge
IGHT4%02 IGHDE-13%01 1 2 1 5/15
IGHI2*01 IGHDZ-Z*01 O 2 0 8/11
IGHT3*01 IGHD4-17+*01 O o o /5
IGHT3*02  IGHD3I-3*01 O o 0 12/17
IGHT3*02  IGHD3I-3*01 O o 0 8/12
IGHIS*02  IGHD3-9+*01 O 2 0 89/13
IGHT4*02 IGHDE-13%01 O o o 4/4
IGHT4%02 IGHD3I-16%01 O 2 o /14
IGHI2*01 IGHDS-24*01 O 2 o /13
IGHIS*0Z IGHD3-16%01 O ] 1] 6/8
IGHI3*0Z IGHD3-16%01 1 4 0 5/5
IGHI4#02 IGHD3-16%#01 O 1 0 12721
IGHJ4#03 IGHD3-10#01 O 1] 0 15/28




The eleven IMGT amino acid classes

according to the physicochemical properties

http://www.imgt.org

“olume' classes ‘Hydropathy' classes
in A Hydrophobic Meutral Hydrophilic
Wery large 189-2.8 F Wy i
Large 162-174 I L [y k. E
Wledium 135-154 b E 3]
=mall 103-117 L F T [ M|
Wery small B-50 A, (5 =
Aliphatic = % Basic 5 =
“ = z 2 |z
T
(I | |
LIncharged harged LIncharged
Monpolar I | Folar I

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



IMGT/JunctionAnalysis: analysis of the IG and TR junctions

syslem®

http://www.imgt.org

JUNCTION alignments with translation and IMGT AA classes

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

104 105 106 107 108 109 110 111 111.1 111.2 111.3 112.3 112,22 112.1 112 113 114 115 116 117 118

#1 AY3IL3054 tot agt coo ooy oot agt oot tat . . . . . tac cac gaa cac tte cag cag toy
. D s c o ENENEN - - B

#2 AY3IH3085 tot fegel) aaa coo acy gat gat gat ggc . . . cac cog got gaa tac tte cag tac toy
c pan o NN B : o BN

#3  AY3IH3058 tot age coo gy fufuls agc got tat . . . . . tac cac gaa gac tLo cag cayg Ty

. pEn - I . B - DN e

#4 AY3IL3072 tot age coo gy fufuls agrt got tat . . . . . tac cac gaa cac tLo cag cayg Ty
e ; Ce - I EEEE - B - B :
#5  AY393088 tot gog aga caa aac coo gag tat agt ggc gca tat cat gar g oy tLo gac Ty

| =1
7]
In i
7]
=

B - - - -

P
cco
#6  AY3IL3089 tot gog aga gag aty [od o tat ggt tog ooy Jufug tat tac coo cot
P
coco

q gar goa L gag cto i lsf
#7 AY3ILI09T Tyt gog aga cag aat coo gag tat agrt ggc gca tat Cat gar g oy tto gac coo Ty
#8 AY3IL3062 Tyt gog aga gag aty [o] ol tat ggt tog ooy [ilepd tat tac coco cot gart gca tLL A gro Ty
#4 AY3IH3094 Tyt gog aga cag aac coo coo gag tat agrt ggc gca tat Cat gar g oy tto gac coo Ty

Yousfi Monod et al. Bioinformatics 20, i379-1385 (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 M6

Gene e
THE ) Information
INTEEITATION AT Tl CS system®
AT OGENETICS
HFORMALION STSTEM® http:/fungt. cmes. fr

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

B You are m the new IMGT/V-QUEST, upgraded for multiple sequences and with new flinctionalities. N5

Analvse vour Immunoglobulin nucleotide sequences

%  Human B Teleostei
B louse - Atlantic cod
- Channel catfish
- Bainbow trout
B Chondrichthves B Sheep

Analvse vour T cell Receptor nucleotide sequences

@ Human @  on-human primates

@ fouse




Analyse vour Immunoglobulin sequences Tics el ™

http://www.imgt.org

Your selection: Human

Yoursequences are compared to the Human 1G set from the IMGTA-GQLUEST reference directony sets

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

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

® Type (or copypaste) your sequence(s) into the box below :

+LT393054 Al
gotgggttttocttgtigrtattitaaaaggtgrecastgryagytgraget gt ggagtetguyggagge ttygtaragecagageag| = |
tocctgagactotoctgtgoagottotgyattgacctttggtgat tactttatgagotggt tocgo caggo teoagggaagggact goa
gtggotaggtttoattaagagogaaacttatggtgggacaacagaatacgoogogtobgtgasaguoagat toat catotogagagat
attocassagoatcgectatttgrasat gRasadc e L IgRaaCCgAdacacarcratatat tACtgtadt ooogUYYYt agtgot LAt
taccacgaacactiecayeadtgogeeogdgeaccat gyt cac oo Lo aye o Lo CaC C AU Cr St o gt oL Lo oo S o O
accotoctocaagagoacctobgygggoacagoggocotgygetgootgyteaaggactacttoooo

| »LY393055
gotgggttttoctigtigrtattioasaaa gt grecagt gyagyt graget gyt goagas tgyaggagge t LUat Coage ot oy
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O or give the path access to a local file containing your sequence(s) in FASTA format (FASTA format is required):

Farcouri..,

(Siat | e http://www.imgt.org .
& B Irternet

Giudicell V. et al.



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

[

THANK YOU
for using IMGT/3Dstructure-DB

Information

THE system®
INTERMNATIONAL

[MAUMOGENETICS

INFORMATION SYSTEME htp: /fimgt.cines. fr

Entry code I:l

IMGT/3Dstructure-DB card for : 1cel

IMGT protein name IMGT receptor type IMGT receptor description Ligand(s) Species CC Chain ID
CAMPATH-1H, alemtuzumab, } ) ,
MABCAMPATH® I3 FAB-GAMMA-1_KAPPA Humanized [1cel Hlcel [ ]
. CD52 (synthetic ,
Peptide neptide) Synthetic [1cel P ]
Experimental technique X-ray diffraction Resolution {in angstrom) 1.00 FDE release date  25-JUM-goQ
Epitope and Chain Contact 20 wisualization Renumbered IMGT numbering References Primtahble
details analysis Jrmol or QuickPDE MGT file = Comparison and links card

IMGT,/ 3Dstructure-DB Domain pair contacts (overview) of 1cel

Atom contact types Atom contact categories
O Mon covalent [ Covalent [ (BB) Backbore/backbone Kaas Q et

al.




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

I

oRe

IMGT Collier de Perles : Homo sapiens (Human) IGHV V-DOMAIN from 2F5 (1u8k_B)
http://www.imgt.org
CDR-IMGT lengths [10.7.24]

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




Atomic pair contacts in IMGT/3Dstructure-DB Mg

GL';‘II..E Information
A Ti,("_f; . 1'.".-.I|.'l:.|3
IMGT Residue@Position card by % ? http:/www.imgt.org
= ]
i Ll
. — . : o |
Residuei@Position: - TRP (W) - VH - 1u8k_B (
eneral information: IMGT LocalStructure@Position
PDE file numbering 36 Secondary structure Extended confor mation
IMGT file numbering 41 Phi {in degreas) -122.64
Residue full name Tryptophan Psi {in degrees) 137.12
Formula C11 H12 M2 02 &54A (in square angstromy 0.0
Pair contacts:
Atom contact types &tom contact categories
Mon covalent Covalent [] (BB} Backbone/backbone
Palar [] Disulfide [] (=5} Side chain/side chain
Hydrogen bond [] ¢psy Backbone/side chain
Maon polar [] ¢sB) Side chain/backbane
Check. all Check all
Uncheck. all Uncheck all

I:]l GrI Residye Domain  Chain  Atom contacts Non Covalent Polar Hydrogen Bond Non Polar
u} oLy EOWH 1usk_B i} 6 0 0 i}
21 LEL L wH 1usk_B 17 17 0 0 17
22 THR T WwH 1usk_B 8 8 0 0 8
23 CYs C wH 1usk_B 10 10 0 0 10
ici=) Mol oW WH 1usk_B 2 2 1 0 1
43 ARG R wH 1usk_B 2 2 1 0 1



Hydrogen bonds (IMGT Collier de Perles on 2 layers)

: ; http://mww.imgt.org
MGT Collier de Perles : Hormo sapiens (Human) IGHY V-DOMAIN from b12 (1hzh_H)

CDR-IMGT lengths [8.8.20]

(511

—_
—
oo

(XL [ EE==Z
@)

o

T
1
oo




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

LomPair
DomPair
LomPair
LomPair
LomPair
LomPair
DomPair
DomPair
DomPair

ComPair

IMET molecule name IMGT. _ Chain IMGT_ ch_ain Domain
description 1D description number
CAMPATH-1H, alembuzumab, FAB-GAMMA- ~
MABCAMPATHE 1_KAPPA teel A VH-CHI [O1]
[O2]
lcel L L-KAPPA [D1]
[D2]
CDS2 (synthetic peptide) Peptide leel P Peptide
Mumber of residuss Atom contact types
Unit 1 Unit 2 Reggué
CONLECTS Total From 1 From 2 Total Polar Hydrogen
Domain Chain Domain Chain
WH leel H | CHL lcel H 19 17 (5] 9 125 Q 1
VAAPRA 1cel | 63 45 24 21 532 61 6
(Ligand) 1cel P 25 19 12 ;i 216 40 9
CH1 leel H WH leel H 19 17 9 g 125 9 1
CRAPPA 1cel L ate] o8 28 0 498 40 6
WRAPPA lcel L | WYH leel H 63 45 21 24 532 61 6
CkAPPA 1cel L 18 18 g 1o 137 19 2
(Ligand) 1cel P 16 14 7 7 171 37 5
C-kKAPPA 1cel | CHI1 lcel H sts o5 30 26 498 40 6
W-kAPPA 1cel L 15 15 10 g 137 19 2

IMGT domain
description

WH

CH1
YAHCAPPA,
CHAPPA

Im*®
Mugé
GL;FH_.E

Tic;

http://mww.

w

Information
system®

mgt.org

Kaas Q. et al.



Contacts VH-(Ligand)

IMGT
MNLIm

oo [ =
o [ -~
. | P

R@P 55 FHE F WH lcel H R@P
R@E 35 FHE F YH leel H R@P
R@EP 55 PHE F WH leel H R@P

oo SN Y O ] <o
coe 70N N ) N i <o
oo G0N 0 0 R e <o
R@k &6 oLt E WH lcel H E@PE
e [ < -~
oo [N <=
e [N < -~
oo [N <>
o [ -~
. P
. e
oo [N N -~
oo [N <=
oo [N <=~
oo [N <=
e [N -~
oo [N I <=
e [N I < -~
oo [N -~

Residue Domain Chain

IMGT
Num

e L O i T L e L T N e 6 0 L 00 = T o ¢ BN B

Residue Domain Chain

THR.
ALA
ASP
SER
ALA
ASP
ALA
ASP
ASP
ALA
THR
SER
ALA
[ERy
THR
Gl
THR,
SER
&Ly
SER
SER
THR
SER
SER
SER

mw v own 4 W wLoono w4 ;M 4 0 4 0 r 0 U0 O -

leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
lecel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P

Total Polar Hydrogen

4
13
14

5
16

20

11

13

24
21

11

Lok o~ W W

O O N QO = L = N O L N = O N N QO N G W o O O M = O

o O 0O Q0 QO = 0O = 0O C O 0O 0O QO = 0O = = N O O O N O O

Kaas Q. et al



Summary:

Recidue  Mumber of residues Atom contact types
contacts . .
Total From 1 From 2 Total Polar Hydrogen http://www.imgt.org
16 14 7 7 171 37 5

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

Order Order Atom contacts

Im?rl Residue Domain Chain IEIE; Residue Domain Chain Total Polar Hydrogen
rer [ - 2 = lcel P 10 0
gedl | [ | | EEEEEOR icelP 21 O 0
rar (SO SR N AR e rar 3 R S icel P = 0
gedl [ [ | | R el P 20 4 1
g | || | REEEE PRO P icel P 12 2 0
e | || | REEE SER S icel P 14 3 1
e | || | REEEE PRO P icel P 12 1 0
e | | || [HEECECEC icelP 12 3 0
gesl | | | | el P 11 2 0
roe [ - 5 =r S icelP 18 3 1
gedl [ [ | | EEET lcel P 2 0
gedl [ [ | | EECEEECI icel P 6 2 0
roe [ oo 2 R T icel P 1 0
gedl | [ | | REEECCE icel P 9 4 1
e | || | REEE SER S icelP 20 6 1
el | ||| REEE A icel P 7 2 0 Kaas Q. et al



Im*®

CONCLUSIONS and PERSPECTIVES Mg

Gete
Ties
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 (Janssen 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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