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Section 1. Introduction
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Section 2. The ImmunoGrid project and the IMGT-
ONTOLOGY axioms and concepts

2.1. The Formal IMGT-ONTOLOGY or IMGT Kaleidoscope
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Fig. 1. The axioms of the Formal IMGT-ONTOLOGY or IMGT-Kaleidoscope.
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Table 1. Terms used in ontologies and databases.
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Table 2. IDENTIFICATION, DESCRIPTION and CLASSIFICATION axioms of the Formal IMGT-ONTOLOGY.
The main related IMGT Scientific chart rules correspond to the ImmunoGrid concepts required for the modelling

of the immune system at the molecular level.

2.3.
immunoglobulin synthesis

"&* + 9 #3$ %

# & " #
2 (*

#r G
&+9 #

4 G Coo

# 74155 41 "8 #+

"8

An example of knowledge at the molecular level: the
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Fig. 2. An example of knowledge at the molecular level: the synthesis of an IG or antibody in humans. A human
being may potentially synthesize 10™ different antibodies [2]. 1: DNA rearrangements (is_rearranged_into), 2:
Transcription (is_transcribed_into), 3: Translation (is_translated _into). The configuration of C-GENE is

undefined.
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Fig. 3. The variable domains VH and VL of the heavy and light chains of an IG or antibody. VH CDR1-IMGT is in
red, CDR2-IMGT in orange and CDR3-IMGT in purple. VL CDR1-IMGT is in blue, CDR2-IMGT in green and
CDRS3-IMGT in greenblue (IMGT color menu).

Section 3. Necessity of identification: the
IDENTIFICATION axiom
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3.1. Identification of an organism: the "Taxon" concept
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3.2. Identification of an entity: the "EntityType" concept
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Fig. 4. The "Molecule EntityType" concept. The "Molecule_EntityType" concept is defined by the
"MoleculeType", "GeneType" and "ConfigurationType" concepts of identification and has properties identified in
the "Functionality" and "StructureType" concepts (IDENTIFICATION axiom). Arrows indicate the reciprocal
relations "is_defined_by" and "defines", " _has_" and "_for_". Concept instances which are general are in blue,
those which are specific of the IG and TR are in red. The "Molecule_EntityType" concept instances comprise
nineteen instances which are listed in Table 3. Only a few examples of the "StructureType" concept instances
are shown (other instances are quoted in 2.2.6 and in Table 4).



3.2.1. The "MoleculeType" concept
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3.2.2. The "GeneType" concept
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3.2.3. The "ConfigurationType" concept.

4 #H8& o+ - # + #& #&

7 & 8 N' # O # #& #

( # 748 & N& O N &O
#+ B A9 2 M & 9 *# # 2! & 9
(+<9=

3.2.4. The "Molecule_EntityType" concept.
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Table 3. "Molecule_EntityType" concept instances. Nineteen "Molecule_EntityType" concept instances are
defined based on the "GeneType", "MoleculeType" and "ConfigurationType" concept instances
(IDENTIFICATION).

3.2.5. The "Functionality" concept
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3.2.6. The "StructureType" concept
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Table 4. "Molecule_StructureType" concept instances relevant to the nineteen "Molecule_EntityType" concept
instances (IDENTIFICATION).
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3.3. Identification of a receptor: the "ReceptorType" concept
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Fig. 5. The "Molecule_ReceptorType" concept. The "Molecule_ReceptorType" concept, defined by the

"ChainType" concept of identification, has properties identified in the "StructureType", '
concepts (IDENTIFICATION axiom). The "ChainType" concept is itself defined by the '

'Specificity" and "Function”

'‘Molecule_EntityType" and

"DomainType" concepts and by concepts of classification (hierarchy). Arrows indicate reciprocal relations
"is_defined_by" and "defines", "_has_" and "_for_". These concepts have different levels of granularity, up to six

for "Molecule_ReceptorType" and "ChainType", as this is described in 2.3.1 and 2.3.2.
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3.3.1 The "Molecule_ReceptorType" concept.
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Fig. 6. Identification of an IG or antibody as an instance of the "Molecule_ReceptorType" concept made of four
chains, two 1G-Heavy-Chain and two IG-Light-Chain ("ChainType" concept). The four representations, although
different, allow to identify an IG as a receptor of four chains, themselves organized in domains ("DomainType"
concept). VH and VL are V type domains, coded by the V-D-J region and V-J region, respectively. CL, CH1, CH2
and CH3 are C type domains. (A) 3D structure, (B) organization in Ig-like domains, (C) organization in modules,
(D) regions coded by the V, D, J and C gene types. The C gene type codes the constant region (CL for the 1G-
Light- Chain and CH1, hinge, CH2 and CH3 for the 1G-Heavy-Chain). This representation, schematized as a Y
shape, is frequently used to represent an IG.
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Fig. 7. "Molecule_ReceptorType" and "ChainType" concepts, their different levels of granularity and relations
(IDENTIFICATION). For completeness, the relations with "ClassType" and "SubclassType", two concepts of
identification specific of the 1G, and the relation with the "Gene" concept (CLASSIFICATION) are shown.
Examples of "Molecule_ReceptorType" and "ChainType" concept instances are shown for the IG (red), TR
(blue), MHC (green) and Integrin chosen as RPI (orange).
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3.3.2 The "ChainType" concept
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3.3.3 The "DomainType" concept
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3.3.4 The "Specificity" and "Function” concepts
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Section 4. The necessity of description: the
DESCRIPTION axiom

2/5413 " #
' "9 9 '9 &9 & 9
9 ( * *

4.1. Description of an entity: the "EntityPrototype" concept
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4.1.1 The "Molecule_EntityPrototype" concept
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Fig. 8. Instances of the "Molecule_EntityPrototype" concept (DESCRIPTION axiom). The three instances
"GENE", "nt-SEQUENCE" and "AA-SEQUENCE" correspond to conventional genes while the 16 other instances
are specific of the IG and TR. The concept instances for mRNA are also valid for in vitro cDNA. The first column
corresponds to ‘sterile transcript’ instances.
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Fig. 9. Graphical representation of two instances of the "Molecule_EntityPrototype" concept (DESCRIPTION
axiom). (A) V-GENE. (B) V-D-J-GENE. Twenty-five labels and ten relations are necessary and sufficient for a
complete description of these instances.
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Table 5. Relations between labels for sequence description (LOCALIZATION axiom).
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4.1.2 The "Core" concept
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Fig. 10. Graphical representation of relations between the constitutive motifs of a V-GENE, concept instance of
the “Molecule_EntityPrototype” concept (DESCRIPTION).



Fig. 11. The five "Core" concept instances in relation with the nineteen "Molecule_EntityPrototype" concept
instances (DESCRIPTION). The relation "part_of" is represented with an arrow, the reciprocal relation being
"includes".

4.1.3 The "RecombinationSignal” concept
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Fig. 12. Graphical representation of the instances V-RS, J-RS, 5'D-RS and 3'D-RS of the "RecombinationSignal"

concept. Yellow boxes correspond to the 3'V-REGION (V), to the 5'J-REGION (J), and to the D-REGION (D)
(DESCRIPTION) [40].

1

A 15

A?/31/1
A 53!4/1
A I/l

A 5/SI/ 4/

M 15

M?/31/1
M 53!4/1
M /1

M /]

M 4 5/SI/ 4/

[1TK?/31/1 ATl

A 5/SI/ 4/

0215

T2 11
T2 53!4/1
T27?/31/1

211
2M [/

2 5/SI/ 4/

0215

T27?/3'/1
T2 53!4/1
T2 /1

211

2 5/Sl/ 4/

Table 6. Instances of the "Recombination Signal" concept instances (DESCRIPTION) in relation with the

"ChainType"
(DESCRIPTION).
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4.2. Description of a cluster for "EntityPrototype": the "Cluster"

concept
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Fig. 13. Graphical representation of the instances "V-J-CLUSTER" and "V-(VDJ)-CLUSTER" of the
"GeneCluster" concept (DESCRIPTION).

G' 1% 9 + *
4 #

+# # - 4 - o #
5G' &+3 > 758< =




6 6 LT7& "+
OH O## # ##

4415/1 4
A415/1 Al
M415/1 M|/
2415/1 2/
AM415/1 AYl

M /]
M4415/1 M I/

41/
A2415/1 Al

21/
2M415/1 2 1/

M /]
AMA4415/1 Al

M /]

4 /]
A2M415/1 Al

2171/

M /]
2M4415/1 2 1|/

M /]

41/
A2M4415/1 All

21/

M /]

41/
A7AMB8415/1 Alll

AM /]
272M8M415/1 2|11/

2M [/

M /]
72M84 415 /1 2M /]

4 /]
72M8M 415 /1 aMm /]

M /]
7TA2M8 4 415 /1 APM /]

4 /]
7TA2M8 M 415 /1 A2M /]

M /]
7TAMB8M 415 /1 AM [/

M /]
272M8 415/1 21/

2M /]
A72M8 415/1 Alll

2M /]
7TAM84415/1 AM [/

41/
AT7A2M8 415/1 Alll

A2M//
72M8M 4 415/1 2M /]

M /]

4 /]
7TA2M8M4415/1 A2M /]

M /]

4 /]




11
/1
/1

>

TAM8M4415/1 M
M
4

272M84415/1 2 (/
2M /]
41/

A72M84415/1 Alll
2M /]
41/

A72M8M415/1 Al
2M /]
M //

AT7A2M84 415/1 Al
A2M /]
41/

A7A2M8M415/1 Al
A2M /]
M /]

A7AM84415/1 Alll
AM [/
41/

A7TAM8M415/1 All
AM [/
M //

A272M8 415/1 Al
2171
2M /]

AT72M8M4415/1 Alll

2M /]
M/

41/

A7A2M8M4415/1 Alll

A2M /]
M/
41/

A272M84415/1 Al
21/
2M /]
41/

ATAM8M4415/1 ATl
AM [/
M 7/
41/

A272M8M415/1 Alll
21/
2M /]
M //

A272M8M4415/1 Alll
211
2M 1/
M /]
4171/

Table 7 : "GeneCluster" concept instances and relation with the "Molecule_EntityPrototype" concept instances
(relation "includes", the reciprocal relation being "is_part_of"). The minimal number of different instances of
"Molecule_EntityPrototype" and the name of these instances are indicated (DESCRIPTION).



Section 5. The necessity of classification: the
CLASSIFICATION axiom
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Fig. 14. Concepts of classification for gene and allele nhomenclature (CLASSIFICATION axiom). (A) Hierarchy of
the concepts of classification and their relations. (B) Examples of concept instances for each concept of
classification. The concepts instances are associated to an instance of the "Taxon" concept, and more precisely
for the "Gene" and "Allele" concepts to an instance of the "Species" concept (here, Homo sapiens). The "Locus”
concept is a concept of localization (LOCALIZATION axiom).

5.1. The "Group" concept
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Table 8. The "Group" concept instances (CLASSIFICATION) in relation with the "GeneType" and "ChainType"
concept instances, in Taxon is "Mammalia" (mammals)" (IDENTIFICATION).

5.2. The "Subgroup" concept
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5.3. The "Gene" concept
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Table 9. Examples of instances of the "Gene" concept (CLASSIFICATION) and relations with instances of
"GeneType", "MoleculeType", "ConfigurationType" (IDENTIFICATION), "Group" and "Subgroup" concepts
(CLASSIFICATION) and "Position-In-Locus" (NUMEROTATION).

5.4. The "Allele" concept
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Section 7. Perspectives for ImmunoGrid and the
modelling of the immune system
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