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INTRODUCTION

IMGT®, the international ImMunoGeneTics information system@, http://www.imgt.org [1],
iz the global reference in immunogenetics and immunoinformatics |2], founded in 1989 by Marie-
Paule Lefranc at Montpellier {Université de Montpellier and CNRS). IMGT®H is a high-quality
integrated knowledge resource specialized in the immunoglobulins (IG) or antibodies, T cell
receptors (TR), major histocompatibility (MH) of human and other vertebrate species, and in
the immunoglobulin superfamily (Izg5F), MH superfamily (MhSF) and related proteins of the
immune system (RPT) of vertebrates and invertebrates.

The genome of the vertebrates with jaws [ Gmathostomata), which appeared in the evolution
ahout 450 million vears ago, includes the IG, TR and MH genes characteristic of the adaptive
immune repertoires. Currently, there are 244 annotated vertebrate genomes including 112 from
mammals at NCRBL

In humans and other mammals, there are seven main loci for IG and TR: three for IG (IGH,
IGK and IGL) and four for TR (TRA, TRB, TRD and TRG). IMGT® genomic annotated
data are classically displayed in IMGT Repertoire Web Resources (Locus description, Locus
representation, Gene tables, Alipnments of alleles). So far the number of species present in the
IMGT Web Resources reaches 40, however only two species, Homo sapiens and Mus musculus,
have been fully annotated for their seven antigen receptor loci. This biocuration has been per-
fomed manually and the standardized annotation has allowed data entry in IMGT® databases
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and tools [2]. The dog [ Canis lupus familiaris) represents the first species for which the seven
loci are annotated simultaneously, The biocuration was performed on the loci extracted from
renome assembly.

METHODOLOGY

The seven IG and TR loci of the dog genome were recently described (3]. CanFam3.! is the
last assembly (March 2015) of a female boxer (GenBank assembly accession: GCA_DDOO02285.2,
GenBank BioProject accession: PRINA13179). Each locus sequence was localized on the cor-
responding chromosome and extracted. As the locus orientation on a chromosome can be ei-
ther forward (FWD) or reverse (REV), the REV locus sequences were placed in the 5 to &
locus orientation. Each locus sequence was assigned to a unique IMGT® accession number
(IGH: IMGTO00001, IGK: IMGTO00002, IGL: IMGTO0000%, TRA,/TRD: IMGTO00004, TRE:
IMGTO00005 and TRG: IMGTO00006).

RESULTS

The dog IGH locus, on chromosome 8 (REV), spans 1425 kilobases (kb) and consists of 89
IGHV genes belonging to 4 IGHV subgroups (36 functional, 2 ORF and 51 psendogenes), 6
IGHD genes (5 functional and 1 ORF), 6 IGHJ genes (5 functional and 1 ORF) and 5 IGHC
genes (4 functional and 1 ORF). The dog IGK locus, on chromosome 17 (REV), spans 349
kilobases (kb) and consists of 22 IGKV genes belonging to 5 IGKV subgroups (13 functional,
1 ORF and & psendogenes), 5 IGK] genes (4 functional and 1 ORF) and 1 IGKC gene (func-
tional). The dog IGL locus, on chromosome 26 (FWD), spans 2523 kilobases (kb) and is still in
progress. In June 2018, 261 IGLV genes belonging to 7 IGLV subgroups (69 functional, 12 ORF
and 180 psendogenes), O IGLJ genes (functional) and 9 IGLC genes (functional) were identified.

The dog TRA locus, on chromosome 8 (FWD), spans 743 kilobases (kb) and consists of 56
TRAV genes (34 functional and 22 pseudogenes) belonging to 30 TRAV subgroups, 50 TRAI
genes (40 functional, 12 ORF and 7 psendogenes) and 1 TRAC gene (functional). The dog
TRB locus, on chromosome 16 (REV), spans 271 kilobases (kb) and consists of 36 THBV
genes (22 functional, 1 ORF and 13 pseudogenes) belonging to 25 TRBY subgroups, 2 TRBD
genes (functional), 12 TRBJ genes (9 functional, 2 ORF and 1 pseudogene) and 2 TRBC genes
{functional). Like in the human { Homo sapiens) TRB locus, the functional TRBVI0 gene is
in inverted orientation of transcription downstream of the TRBC2 gene and rearranges by a
mechanism of inversion. The dog TRD locus, on chromosome 8 (FWD), spans 344 kilobases
{kb) and is embedded in the TRA locus between the TRAV and the TRAJ genes. It consists of
5 TRV genes (3 functional belonging to 3 subgroups; 1 ORF and 1 psendogene interspersed
among the TRAV genes), 2 TRDD genes (functional), 4 TRDJ genes (3 functional and 1 ORF),
and 1 TRDC gene (functional). Like in the human TRD locus, the functional TRVD3 gzene
is in inverted orentation of transcription downstream of the TRDC gene and rearranges by a
mechanism of inversion. The dog TRG locus, on chromosome 18 (FWD), spans 447 kilobases
{kb) and consists of 16 TRGV genes (8 functional and 8 pseudogenes) belonging to 7 TRGYV
subgroups, 16 TRGJ genes (7 functional, 3 ORF and 6 pseudogenes) and 8 TRGC genes (6
functional, 1 ORF and 1 pseudogene).

CONCLUSION AND PERSPECTIVES

Information on the IMGTH gene and locus reference sequences is available in the classical
IMGT Repertoire pages, to which were added two novel pages: Locus in genome assembly and
Locus gene order (with links to Locus representation). The annotation of the seven dog lori gives
access to the study and comparison of the expressed adaptive immune repertoires in veterinary,
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normal and pathological situations, using IMGT(® tools such as, for nucleotide sequence analysis,
IMGT/V-QUEST [4], for high throughput next generation sequencing (NGS), IMGT/HighV-
QUEST [5], and for domain amino acid sequence analysis, IMGT/DomainGapAlign [6]. The
curated IG and TR dog genes and alleles have been entered in the IMGT/GENE-DB database
[7] and the corresponding IMGT® reference directories [1] will be used for coherent gene and
sequence annotations of IG and TR loci in other Canidae. Indeed, this simultaneous biocuration
of the seven IG and TR loci in Canis lupus familiaris has extended, between [oci, the IMGTER
concepts of classification (nomenclature) and description (labels) for a standardized IMGT(H
renomic annotation at the chromosome and genome assembly levels.,

Diogs are an excellent model for human disease. For example, the treatment of canine lvm-
phoma has been predictive of the human response to that treatment [3]. Study of the antigen
receptor and immune response in dogs offers a unigue opportunity for potential applications in
veterinary and human medicine.
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