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* Analyse de génomes (en immunogénétique)
« Axiomes et concepts dIMGT-ONTOLOGY

Un outil que vous utiliserez: IMGT/V-QUEST

Notions requises et ...a redécouvrir:

Locus, genes, alleles

Orientation et localisation

Description

Classification

Fonctionalité

Relations séquences-structures-fonctions

http://imgt.cines.fr



IMGT®, the international ImMMunoGeneTics
information system®

Pourquoi IMGT® a-t-il eté
cree’?



IMGT® domain: the adaptive immune response
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VH: V-DOMAIN of the itrono globulin heavy chain

VL: V-DOMAIN of the iteunoglobulin ight chain

CHI, CH2, CH3: C-DOMAIN of the ummunoglobulin heavy chain
CL: C-DOMAIN of the immunoglobulin light chain

-4 VH cotresponds to the V-D-J-REGION (i green (V), orange (DT)) of the heavy chain,
o VL cotresponds to the V-J-REGION (in green (V) and yellow (T7) of the light chain,

The Immunoglobulin FactsBook, 2001



Structural domains

http://imgt.cines.fr

IG and TR MHC
V-DOMAIN C-DOMAIN G-DOMAINs




Immunoglobulin (IG) T cell receptor (TR) o merer

V-DOMAIN Contribution of the
V-J-REGION ' i 2 V-DOMAINs

to the antigen binding site

Alpha - \ Beta

Gamma Delta

V-DOMAIN
V-D-J-REGION

Heavy chain

Membrane IgM T cell receptor

The Immunoglobulin FactsBook, 2001



Immunoglobulin IgG
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Immunoglobulin (IG) synthesis
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genomic DNA V
(IGH Locus 14932)

rearranged
DNA

MRNA

2 x 102 different IG % §
per individual

IMGT Repertoire, http.//imgt.cines.fr



Immunoglobulin (IG) synthesis

http://imgt.cines.fr

150
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HEAVY CHAIN v D J C v J C LIGHT CHAIN
ORHHIHEHEHE- - -— B
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29 -33 X 4-5 Lambda
| |
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LN 2 x 1012
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ﬁ ( IMGT Repertoire, http.//imgt.cines.fr




IMGT®

* 6 Bases de donnees
* 15 outils
* 10.000 pages de ressources Web



/ Sequences

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

IMGT/PRIMER-DB

IG and TR
(11 species)
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IMGT/PROTEIN-DB R

IMGT/GENE-DE
IG and TR
human and mouse
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Information
system®

' - http://imgt.cines.fr

"
snppapapnunnant’®

Genome

IMGT/Genelnfo

/ MGT /LocusVie
—~ GT/GeneSearc
\ MGT/GeneVie

.

(HLA and MHC/NHP)

o

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

IMGT/MHC-DB R R R IMGT/3Dstructure-DB G HN IMGT /StructuralQuery

IG, TR and MHC

<

2D and 3D structureS/




IMGT® Ressources Web

IMGT Repertoire 10.000 pages HTML
Chromosomal localizations
Locus representations
Gene tables
Alignments of alleles
Protein displays...

IMGT Bloc-notes
Interesting links...

The IMGT Immunoinformatics page
Resources...

The IMGT Biotechnology page
Clinical monoclonal antibodies...

IMGT Education
Tutorials, IMGT Lexique...




AXxiomes et concepts
d'IMGT-ONTOLOGY



IMGT-ONTOLOGY seven axioms:

http://imgt.cines.fr

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

IDENTIFICATION |— \\‘ OBTENTION

CLASSIFICATION ORIENTATION

DESCRIPTION " LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics 1999




group locus IGLV human IGL
A (22g11.2)

is a member of is a member of

an instance of

http://imgt.cines.fr

subgroup IGLV2

is ordered in
an instance of

is ordered in

is a member of

] is a member of
an instance of

gene J IGLV2-11
is a variant of !
an instance of is a variant | of
allele IGLV2-11*02

« Concepts » « Instances »
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CLASSIFICATION axiom

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

http://imgt.cines.fr

« 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 ] FR1-IMGT.lI;R2-IMGT . FR3-IMGT 3°'UTR
CI W c%' :
[ |
DONOR-SPLICE V-REGION
Label 1 Label 2 Relations entre Labels
V-GENE V-EXON I | | 1
FR3-IMGT CDR3-IMGT f | )
L-PART1 DONOR-SPLICE ; — ,
V-REGION FR1-IMGT ,

V-REGION CDR3-IMGT [ . )
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An example Of V-GENE http://imgt.cines.fr
>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chain
tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag 60
ccacdggliaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccaga ggagcccact cc 180
240
300
360
420
tgaaa acccacatcc 480
agaaacccaa gggaggaggc ag
L-PART1 L-PART2 V-REGION V-RS
s b S 8
) ) V-HEPTAMER
DONOR  ACCEPTOR 1St2%YS 2”?03\(5 V-SPACER
V-NONAMER

-SPLICE -SPLICE



Im
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An example of D-GENE

>J00256 | IGHD7-27*01 | Homo sapiens D—-GENE

ccagccgcag ggtttttgo{cmserstefehulersleN-Ye! att 60

sfeferclefaadllc. Caaaaaccat gctcccccgg g

5D-RS D-REGION  3p-Rs

5'UTR 3'UTR
S'ﬂE 3

5'D-NONAMER 3'D-HEPTAMER
5’D-SPACER 3'D-SPACER

5'D-HEPTAMER 3’'D-NONAMER



http://imgt.cines.fr

An example of J-GENE

>J00256 | IGHJ1*01 | Homo sapiens J-GENE

accccgggct gtgggtttct gtlefeleieleisiefe BNcifer-Yelelelchule T ols gctgaatact 60
120

tccagcadfg_glbgccaggge accctggtca ccgtctecte aggtlgagtct gctgtactgg
ggatagcggg gagccatgtg tactgggcca agcaagggct ttggcttcag 170

J-RS J-REGION
5UTR 3UTR
5' — s o # 3|
J-NONAMER J-TRP
J-SPACER 118 DONOR
J-HEPTAMER -SPLICE

Heavy chain  WGXG (J-TRP)
Light chain FGXG (J-PHE)



IMGT/LIGM-DB Yo

Z20—=-T—-3JOOMLMO

Gene
Tics
¥ IMGT/LIGM-DB Consultation module 3 - Mozilla Firefox —'h@ﬁ%'c
File Edit Wew Go Bookmarks Tools Help A
FH Key Location/Cualifiers ;I
FH
FT L-V-D—-J-C-3EQUELICE <1..375>
FT Spartial
FT Fdb xref="taxon:9606"
FT .-’cell_tgrpe="B—cEll hyvbridoma 2F7"
FT .-’IHGT_nDte="au1:Dmaticall;:,r annotated with IHNGT toolzs™
FT Jorganismw="Homo sapiens"™
FT W—D—-J—-REGION 1..375
FT Jtranslation="OVHLVEIGGAVFHPGRSLELIRAASGF TF33VYGMHWVROALR
FT AR GLEWV AV INY D GENEY YADSVEGRF TIZRDNEKNTLYLOMNSLRAED TAVYYC
FT AKH?TIAAAGRRGAG@P?UGQGTT?T?SS" .
FT | V-REGION 1..ze6  Ayril 2007: 105 188 sequences from 150 speﬁles
FT fallele="IGHV3-33+*01, putative™
FT rgene="1ciflgre 2008 121 983 sequences from 221 spe
FT /CDE_length="[5.5.
FT .-’putatlve_llrnlt—"S' 51-:1E"
FT Jtranslation="OVHLVEIGGAVFHPGRSLELIRAASGF TF33VYGMHWVROALR T
FT AR GLEWV AV INY D GENEY YADSVEGRF TIZRDNEKNTLYLOMNSLRAED TAVYYC
FT AR
FT FR1-INGT 1..75
FT fAA_IHGT="1 to 26, AL 10 iz wissing™
FT /translation="QVHLVESGGAVFHPGRSLELSRALLS™ IMGT-ONTOLOGY:
FT CDE1-IHNGT TE..99
FT /LL_INGT="27 to 34" 277 IMGT labels for sequenc
FT Stranslation="GFTFIa3v¥G"
FT | FRz-INMGT 100. . 150 285 IMGT labels for 3D struct
FT fAA_IHGT="39 to 557
FT Jtranslation="MHWWROAFALEGLEWVLY
FT CONIERVED-TERF 106. .10
FT | CDRZ-IMGT 151..174 SO (Sequence Ont()logy):
FT fAA_IHGT="56 to 63"
FT Jtranslation="IVYDGSNE" 67 |MGT |abe|S
FT FES-_TM3T 175..288
FT fAA_IHGT="EE to 104, Ad V3 iz missing™
FT Jtranslation="YYAD3VEGRFTISRDINSENTLYLOMSLEAED TAVYYC ™ :ﬂ
Ciore o

Information
systenr®

t.cines.fr
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LIFres




DESCRIPTION axiom

http://imgt.cines.fr

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

They have allowed to describe the 1G, 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.



IMGT/V-QUEST



| ) V-QUEST Search Page - Mozilla Firefox

File Edit Wiew Go Bookmarks Tools Help

WELCOME ! Im’

[

to the IMGT/V-QUEST Search page M

THE T | . Information
INTEEINATIONAT 1CS system®
AT OGENETICS :

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

Citing INGT/V-QUEST: Gmdicelh, V. et al. MNucl Acids Bes 2004, 52 W435-440 PRID: 15215425 |

B You are m the new IMGT/V-QUEST, upgraded for multiple sequences and with new functionalities. NEV!

Analvse vour Immunoglobulin nucleotide sequences

%  Human @ Teleostei
B Nlouse - Atlantic cod
- Charmel cathish
- Bamnbow trout
¥ Chondrichthyes B Sheep

Analyse vour T cell Receptor nucleotide sequences

R  Human @  on-human primates
@ Nouse

[ S




Analyse vour Immunoglobulin sequences

Your selection: Human

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

Nucleotide sequences

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

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

Im
Mud
Gene

Tics
http://imgt.cines.fr

Information
systenr®

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

=BAY393054

=RY393055

gobggybtttooctightgotattttaasagytytococaatgtyagytgoage byt gyagt ct gygyuagye L byt acagC o ag o o
tCCCLyayac Lot e Lyt ayC Lot yat LyacC i Lyl gattact LAt Jaye LUt Co Qo Cay e Lo CayyUaayyyac L gga
gryggtaggtttoattaagagogaaacttatgytgggacaacagaatacygoogogtot gt Jaaagyoagat toatcatctogagagat o
attocaasagoatcgootatttgrasatgaacagootgyasaaccgagyacacagecatatat tactgtagt cocguyut agtgot tat
taccacgaacacttocagoagtgyyyooogyyoaccatyygtoacogtotoctocagootocaccaayyyeccatcgytettooooo oo
SCCCLoCtoCaayayeacc e tgyyyyoacayegyoec Lyyyotgoc LYyl oaayyactacttooos

gobggyttttooctightgotatttoaasagytytococagtgtyagyt goage byt gyagact gyagyagyec Lt gat coay o o b gogooy
toCCLyagac ot oo nyLgUayoC Lo tyyyttoacoytcayi agoaac tacat Jayo Lyt cogocayye L ocagguaagyggoroggal v |

) Or give the path access to alocal file containing your sequence(s) in FASTA format (FASTA format is required):

’Start] [ Clear the form

Farcourir...

€l

a Inkternet
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A IMGT/V-QUEST - Microsoft Internet Explorer SeleCt|On Of OUpU’[
. Fichier Edition  Affichage  Favoris  Cutils 2 parameters
Selection of parameters for the results

Display type :| HTML — » Nb of nucleotides per line in alignment:

® A. Detailed view

. [¥] Alignment for Y-GENE 5. [] Seguence of the JUNCTIORN {nt' and 47 11. IMGT Collier de Perles

. [4] slighment for D-GEME B. [7] W-REGICHN alignment according to the IMGT numbering © links ta IMGT Collier de Perles

. [¥] Alignment for JFGENE 7. [¥] ¥-REGION translation © IMGT Callier de Perles (PNG farmat, slow)
. [4] Results of IMGTAunctionAnalysis 8. [¥] ¥-REGION mutation table © no IMGT Callier de Perles
g
0

LT R R

() with full list of eligible D-GENES ; W-REGIOM mutation statistics
(& without list of eligible D-GEMNES 10. W-REGIOMN mutation hot spots

12. Sequences of Y- _-J- or V-D-J- REGION ('nt" and 'AA7% with gaps in FASTA i3 Annotations by IMGTiAUtomat
Access to IMGT/PhyloGene for W-REGION (nt?

More options

Mb of nucleotides to exclude in 5 Mb of nucleotides to add (or Nb 0f D-GENES in |GH

of the Y-REGION far the == exclude) in 3' of the Y-REGIOMN |:|
evaluation of the nb of mutations for the evaluation of the JUNCTIQNS default ¥
: : : (defaultis 1)
{inresults 8 and 9% alignment scare finresult 1)

' B. Synthesis view

. [#] *-REGION protein display twith colar

. [¥] ¥-REGION protein display imutations diplayed
. [¥] ¥-REGION rnost frequently occurring A%

: Results of IMGT/JunctionAnalysis

Alignrment for ¥-GENES

W-REGIOM alignment according to the IMGT numbering
Y-REGIOM translation

Y-REGION protein display

A e
o o
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) IMGT/V-QUEST - Mozilla Firefox
File Edit Wiew Go Bookmarks Tools  Help

Sequences aligned with IGHVS-51*03

1. Alignement for V-GENE

FR1-IMGT

xhe368 IGHVS-51*03 .« - yaggtgassaayccyyygyyaytototyaag
AT393084 e

AT393088

AT393089

AT393091

AT393092

AT393094

xKhe368 IGHWVS-31*03
AT393084
AT39303885
AT393089
AT393091
AT39309:2
AT393094

xKhe368 IGHWVS-31*03
AT393084
AT39303885
AT393089
AT393091
AT39309:2
AT393094

£
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) IMGT/V-QUEST - Mozilla Firefox

http://imgt.cines.fr
File Edit ‘jew Go  EBookmarks Tools  Help prime
6. Protein display (mutations displayved)

FR1-IMGT CDR1-IMGT FRZ-IMGT
[27-38) [39-55)

30

—
x5ie36d IGHVWS-51+%03 EVOLVQSGA. EVEEPGEILETACEGS GYSFTITW. ...
AY303034
AT3I93085 .
AT3I93039 1255 -G--E--—-.-————————————-4~
AY393091 1237 :
AT3F3092 1255 ---E-——-—-, - ————-——--———-0-~

AY393004 1300 --R--—--- S mmm e Am mmm - N-....

R2-IMGT FR3-IMGT
BG-65) [66-104)

60

] mo— gt
XEG368 IGHVS-51%03 PGDSDT. . RYSPSFQ. GOVTISADKSISTATLOWSSLEASDTAMYYC AR
A¥393084 .. . L e e I--- -- QNPPEYSGA
AY393088 .. o e e T-§-m=om - QNFPEYSGA
AY393089 2 : L e F-mm - EMLYGSGEY
AY393091 = : Fomm e Tommmmom - QNPPEYSGA
AY393092 i . EMLYGSGGY
AY393004 2 : Vommel—mmmmm e Tmmmm—mm == QNPPETSGA
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5] IMGT/V-QUEST - Mozilla Firefox
File Edit Wew Go  Bookmarks  Tools  Help

|| >

3. V_.EEGION translation

e FR1 - IMGT

1 L 10 15

E v ] L W 1] 3 (e iy E v E K P

xhe3ed IGHVS-51%03 gag gty cay oty gty cag tot gga goa ... gad gty 8aa aaq ooy
E

AT3I93054 L3 s = e o e e e e e S e S e S e e
E

AT3I93055 LA0S = e S e e e s e e e s

AT303089 ISRESE S S SR S S B SRR i || SRS T R i S s
AT303091 BRI S S e e R S e
AY393092 1255 === =ff= === === —f= === === —m= ——= ., ==f === == ——— -

AT393094 L300 === === =0 ==L === === === == ——— L, mmm mem e —em oo

 E 3 L K I 3 C K G 3 G T A F
x56368 IGHVS-51%03 gy gay tot Ctg A3y atc too tQL ag gyt CCOC gga Tac agc Lot

AY393084 1327 === === === —m= mmm mmm —of mm= mmm o= e mmm mm —em e
AT303088 oy R e e e e R S S e
AT303089 e e e e e e e ey, S, e
AY393091 1237 === === === === m= mm= mme mem mem mme mme mem =of =L =-C
AY393092 1255 === === === —=f === === —m= mm— mom o= —m= —mm ——m o[ —--

AT303094 ey e e e S B S S S e
< | >

| &
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VH V-KAPPA VH V-KAPPA
V-D-d junction V-J junction

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

Mouse (Mus musculus) E5.2Fv CDR-IMGT= Complementarity determining region (en couleurs)
FR-IMGT= Framework region (en gris)






