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IMGT-ONTOLOGY seven axioms:

To share, reuse and represent knowledge
in Immunogenetics and Life Sciences
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Immunoglobulin (IG) synthesis

rearranged
DNA

mRNA

genomic DNA
(IGH Locus 14q32)

5’ 3'

V D J C

5’ 3'

2 x 1012 different IG
per individual
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Immunoglobulin (IG) synthesis
http://imgt.cines.fr

2 x 1012

DIFFERENT ANTIBODIES

5 ' 5 '3 ' 3 '
x 1000

6300 POTENTIAL RECOMBINATIONS POTENTIAL RECOMBINATIONS
N-DIVERSITY

SOMATIC MUTATIONS

ABOUT POSSIBILITIES3.5 x 105ABOUT POSSIBILITIES6.3 x 106

185 +165

15 0
FUNCTIONAL IG GENES

5 ' 3 '

V D J C

38 - 4 6 x 2 3 x 6 30 - 35 x 5 Kappa
29- -33 x 4 -5 Lambda

5 ' 3 '

V J CHEAVY CHAIN LIGHT CHAIN
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1. IDENTIFICATION axiom

http://imgt.cines.fr
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1. IDENTIFICATION axiom



5' 3'
V-INTRON

L-PART1 V-REGIONL-PART2

1st-CYS
23

2nd-CYS
104

DONOR

-SPLICE

ACCEPTOR

-SPLICE

5'UTR 3'UTR

V-HEPTAMER

V-NONAMER
V-SPACER

V-RS

tgagagctcc gttcctcacc atggactgga cctggaggat cctcttcttg gtggcagcag      60
ccacaggtaa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga 120
gatctcatcc acttctgtgt tctctccaca 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 gtattactgt gcgagagaca cagtgtgaaa acccacatcc     480
tgagggtgtc agaaacccaa gggaggaggc ag

>X62106.0|HSVI2|Homo sapiens VI-2 gene for immunoglobulin heavy chain            

aa gaggctccct agtcccagtg atgagaaaga gattgagtcc agtccaggga
gatctcatcc acttctgtgt tctctcca

tgaaa acccacatcc
tgagggtg

http://imgt.cines.fr

2. Description of a V-GENE



5' 3'
5'UTR 3'UTR

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

J-REGION

J-HEPTAMER

J-NONAMER
J-SPACER

DONOR

-SPLICE

J-TRP
118

accccgggct gtgggtttct gtgcccctgg ctcagggctg actcaccgtg gctgaatact 60
tccagcactg gggccagggc accctggtca ccgtctcctc aggtgagtct gctgtactgg 120
ggatagcggg gagccatgtg tactgggcca agcaagggct ttggcttcag 170 

gcccctgg ctcagggctg act

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

J-RS

http://imgt.cines.fr

2. Description of a J-GENE



5' 3'
5'UTR 3'UTR

D-REGION

5’D-HEPTAMER

5’D-NONAMER
5’D-SPACER

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

3’D-NONAMER

3’D-HEPTAMER
3’D-SPACER

ccagccgcag ggtttttggc tgagctgaga accactgtgc taactgggga cacagtgatt 60
ggcagctcta caaaaaccat gctcccccgg g 

c tgagctgaga ac att
ggcagctct

5’D-RS 3’D-RS

http://imgt.cines.fr

2. Description of a D-GENE



V-GENE
V-EXON

FR1-IMGT FR2-IMGT FR3-IMGT

L-PART1

V-REGION

CC
5 ’UTR 3 ’UTR

C
D

R
3

-IM
G

T
DONOR-SPLICE

W

V-GENE V-EXON

FR3-IMGT CDR3-IMGT

L-PART1 DONOR-SPLICE

V-REGION FR1-IMGT

Label 1 Label 2

V-REGION CDR3-IMGT

Relations entre Labels

2. DESCRIPTION axiom

PROTOTYPE for a V-GENE http://imgt.cines.fr

ENTITY PROTOTYPE and LABELS



Human IGH locus

Chromosome
14q32.33

http://imgt.cines.fr

3. Gene nomenclature



« Concepts » «Concept instances »

3. CLASSIFICATION axiom

http://imgt.cines.fr

NOMENCLATURE



Immunoglobulin IgG
http://imgt.cines.fr
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T cell receptor (TR)

Membrane IgM T cell receptor

Heavy chain

Light chain

Alpha - Beta

Gamma - Delta

Contribution of the
2 V-DOMAINs 

to the antigen binding siteV-J-REGION

V-J-REGION

V-D-J-REGION

V-DJ-REGION

V-DOMAIN

V-DOMAIN

Immunoglobulin (IG)
http://imgt.cines.fr

The Immunoglobulin FactsBook, 2001

Antigen receptors4.



TR-BETA TR-ALPHA

V-BETA

[D1]

C-BETA

[D2]

V-ALPHA

[D1]

C-ALPHA

[D2]

Target cell

V-ALPHA

[D1]

TR-BETA
TR-ALPHA

C-ALPHA

[D2]
C-BETA

[D2]

V-BETA

[D1]

The Immunoglobulin FactsBook (2001)

TR-ALPHA_BETA

T cell receptor chains and domains 
http://imgt.cines.fr



4. NUMEROTATION axiom

IMGT 
Collier 

de 
Perles

http://imgt.cines.fr

IMGT Colliers de Perles and IMGT unique numbering



G-ALPHA2

[D2]

G-ALPHA1

[D1]

I-ALPHA

C-LIKE

[D3]

C-LIKE

[D]

B2M

MHC-I-ALPHA_B2M

G-ALPHA2

[D2]

G-ALPHA1

[D1]

I-ALPHA B2M

C-LIKE

[D3]
C-LIKE

[D]

Lefranc et al., Dev. Comp. Immunol. 29, 917-938 (2005)

MHC-I chains and domains

(infected or tumoral cell)

http://imgt.cines.fr



IMGT Colliers de Perles for G-DOMAIN
Based on the IMGT unique numbering for G-DOMAIN

G-ALPHA1
[D1] G-ALPHA2

[D2]

Lefranc et al., Dev. Comp. Immunol. 29, 917-938 (2005)

AB

AB

BC

BC

CD

CD

MHC-I

http://imgt.cines.fr



V-DOMAIN C-DOMAIN G-DOMAINs

IG and TR MHC

Notion of structural domains
http://imgt.cines.fr
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V type domain and IMGT Collier de Perles4.



http://imgt.cines.fr

C type domain and IMGT Collier de Perles4.



http://imgt.cines.fr

G type domain and IMGT Collier de Perles4.



What do we learn from IMGT-
ONTOLOGY and IMGT Colliers 

de Perles ?



Chimeric antibodies and humanized (reshaped) antibodies
Chimeric and humanized antibodies

http://imgt.cines.fr



CAMPATH-1H

VH domain
(V-D-J-REGION)

Humanized CAMPATH-1H mutant 1

[8.10.12]

human
rat

Mutant 2: 
alemtuzumab

S31>T

Mutant 1: S28>F

http://imgt.cines.fr



IMGT Collier de Perles on two layers

Kaas Q. et al. NAR 32, D208-D210 (2004)

http://imgt.cines.fr
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IMGT Residue@Position cards

CDR3-IMGT

G-ALPHA2

Peptide

IMGT/3Dstructure-DB: Contact Analysis
http://imgt.cines.fr



Tot 

NCo

Pol

HB

NPol

Cov

SS

Number of non covalent atomic 

Total number of atomic pair 
contacts

Number of polar atomic pair 
contacts
Number of hydrogen bonds

Number of non polar atomic pair 
contacts
Number of covalent links (other 
than chain covalent links)
Number of disulfide bridges

41V - TRP (W)

chain : 1u8k_B

From IMGT Colliers de Perles or from domain/chain sequence

http://imgt.cines.fr



T cell receptor V-DOMAINs

TR V-BETA TR V-ALPHA

CDR: complementarity determining region

1ao7_E

Human TR αβ A6 

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

1ao7_D

http://imgt.cines.fr



JUNCTION

gatttgtgcgaaa gtggtgactgctat actcctgg

3’V-REGION D-REGION 5’J-REGION  

agcatattgtg acaactggttcg

Immunoglobulin V-D-J generation
of sequence diversity

N-REGION

tcctacc

N-REGION

ga

C    A P Y     R     G     D     T    Y D    Y    S    W
tgtgcgcca ggggtgactactattgt gcg cca tac  cgg ggt gac act tat gat tac tcc tgg

http://imgt.cines.fr
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The eleven IMGT amino acid classes 
according to the physico-chemical properties

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

http://imgt.cines.fr
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T cell receptor (TR) MHC- I

TR-BETA

TR-ALPHA

B2M

I-ALPHA

C-ALPHA

C-BETA

V-ALPHA

V-BETA

C-LIKE-DOMAIN

G-ALPHA2

G-ALPHA1

C-LIKE-DOMAIN

TR/peptide/MHC complex

C

N

Peptide
http://imgt.cines.fr
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IMGT/3Dstructure-DB 

Reference 1ao7: Garboczi et al., Nature 384, 134-141 (1996)



Receptors Chains Domains

Peptide

IMGT/3Dstructure-DB: Contact Analysis
http://imgt.cines.fr



Contacts between domains

IMGT/3Dstructure-DB: Contact Analysis
http://imgt.cines.fr



Contacts of V-ALPHA with G-ALPHA1

IMGT/3Dstructure-DB: Contact Analysis

K 2
S 26

D 27
R 28  
Q 37

T 108
D 109
W 113
G 114

http://imgt.cines.fr



Contacts of V-ALPHA with G-ALPHA1
Involve CDR1-IMGT and CDR3-IMGT 

TR V-ALPHA 
[6.6.11]

Contact with G-ALPHA1

Kaas and Lefranc, In Silico Biology 5, 505-528 (2005)

G-ALPHA1
[D1]

G-ALPHA2
[D2]

I-ALPHA

58E 62G 65R 66K 68K 69A 72Q
CDR1-IMGT

CDR3-IMGT

1ao7_D

1ao7_A

http://imgt.cines.fr



Contacts of V-ALPHA with G-ALPHA2

E 65
Q 66
A 69
Y 70
T 73
E 76
W 77
R 80

R 28
G 29  
Q 37

Y 57
S 58
N 63

K 82

http://imgt.cines.fr

IMGT/3Dstructure-DB: Contact Analysis
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Contacts of V-ALPHA with G-ALPHA2
Involve CDR1-IMGT and CDR2-IMGT

TR V-ALPHA
[6.6.11]

Contact with G-ALPHA2

G-ALPHA1
[D1]

G-ALPHA2
[D2]

I-ALPHA 

Kaas and Lefranc, In Silico Biology 5, 505-528 (2005)

1ao7_D
1ao7_A

CDR1-IMGT

CDR3-IMGTCDR2-IMGT

80R 77W 76E 73T 70Y 69A 66Q 65E



Contacts of V-BETA with G-ALPHA2

A 61
A 61A
H 62
V 63
Q 66

A 111
G 112.1
G 112
R 113
P 114

IMGT/3Dstructure-DB: Contact Analysis
http://imgt.cines.fr
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Contacts of V-BETA with G-ALPHA2

Contact with G-ALPHA2

TR V-BETA
[5.6.14]

Kaas and Lefranc, In Silico Biology 5, 505-528 (2005)

Involve CDR3-IMGT

I-ALPHA

G-ALPHA1
[D1]

G-ALPHA2
[D2]

CDR3-IMGT

1ao7_E
1ao7_A

66Q 63V 62H 61AA 61A



TR V-ALPHA

HLA-A*0201 regions in contact with TR αβ A6

G-ALPHA1
[D1]

G-ALPHA2
[D2]

TR V-BETA
7 1ao7

TR V-BETA

TR V-ALPHA
CDR3-IMGT

contacts
V-ALPHA
V-BETA

http://imgt.cines.fr



G-ALPHA2

[D2]

G-ALPHA1

[D1]

I-ALPHA

C-LIKE

[D3]

C-LIKE

[D]

B2M

Peptide 8, 9 or 10 amino acids
Groove with “closed” ends

N

C

MHC-I-ALPHA_B2M

G-ALPHA2

[D2]

G-ALPHA1

[D1]

I-ALPHA B2M

C-LIKE

[D3]
C-LIKE

[D]

Lefranc et al., Dev. Comp. Immunol. 29, 917-938 (2005)

MHC-I chains and domains

(infected or tumoral cell)

http://imgt.cines.fr



MHC-I 9 amino acids

1ao7_C

10 amino acids

1bii_P

Number of residues Peptide sequence

13 amino acids

1j8h_C

8 amino acids

1jtr_Q

IMGT pMHC contact sites

Peptide alignment

E     - Q       Y      (K)     F    - - Y      S     V

L     - L        F     (G)     Y    - P     V      Y     V

R     - G       P      (G)     R    A    F     V     T      I

Pocket A Pocket F

P K Y     V    K      Q     (N)      T     - - L     K     L   A TMHC-II

Kaas and Lefranc, In Silico Biology 5, 505-528 (2005)

http://imgt.cines.fr



F8 V 8

7 S7

E6 Y6

---

---

C5 F5

(4 K)4

D3 Y 3

B2 Q2

---

A1 E1

Pocket
(approx.)

Peptide
8-amino acid 

peptides

Mouse H2-K1 (MHC-I) and a 8-amino acid peptide

IMGT Collier de Perles pMHC contact sites

Kaas and Lefranc, In Silico Biology 5, 505-528 (2005)

[D3]

G-ALPHA1
[D1]

G-ALPHA2
[D2]

http://imgt.cines.fr



Why are IMGT Colliers de Perles so useful?
The IMGT Colliers de Perles
1. bridge the gaps between sequences and structures
2. are used whatever the IG,TR, MHC and whatever the species.

3. have been extended to the IgSF proteins and MhcSF proteins (CD1, FCRN, RAET, 

HFE, MICA, AZGP1,…).

Interestingly, only one additional position 54A in G-ALPHA1-LIKE was  needed 
to extend the IMGT unique numbering for G-DOMAIN to the G-LIKE-DOMAIN.

H2-DMA,-DOA
H2-DMB,-DOB

H2-AA,-EA
H2-AB,-EB 

H2-M,-Q,-TH2-D,-K,-L

HLA-DMA,             -
DOA
HLA-DMB,             -
DOB

HLA-DPA,-DQA, -
DRA
HLA-DPB,-DQB, -
DRB

HLA-E,-F,-GHLA-A,-B,-C

MHC-IIbMHC-IIaMHC-IbMHC-Ia

http://imgt.cines.fr



Many thanks to the IMGT® team at Montpellier, France


