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Abstract

‘Nomenclature of the Human Immunoglobu-
lin Heavy (IGH) Genes’, the 16th report of the
‘IMGT Locus in Focus’ section, provides the
first complete list of all the human IGH genes.
The total number of human IGH genes per
haploid genome is 170-176 (206-212 genes,
if the orphons and the processed gene are
included), of which 77-84 genes are func-
tional. IMGT/Human Genome Organization
(HUGO) gene names and definitions of the
human IGH genes on chromosome 14g32.33,
processed gene on chromosome 9 and IGH
orphons on chromosomes 15 and 16 are pro-
vided with the gene functionality and the
number of alleles, according to the rules of
the IMGT Scientific chart, with the accession
numbers of the IMGT reference sequences
and with the accession ID of the Genome

Database GDB and NCBI LocusLink data-
bases, in which all the IMGT human IGH
genes have been entered. The tables are
available at the IMGT Marie-Paule page of
IMGT, the international ImMunoGeneTics
database (http://imgt.cines.fr:8104) creat-
ed by Marie-Paule Lefranc, Université Mont-

pellier I, CNRS, France.

Copyright© 2001 S. Karger AG, Basel

Introduction

‘Nomenclature of the Human Immuno-
globulin Heavy (IGH) Genes’ is the 16th
report of the IMGT Locus in Focus’ section
launched in the April 1998 issue of Experi-
mental and Clinical Immunogenetics [1-16].
This report comprises two tables and three
figures entitled, respectively: (1) ‘Complete
list of the human IGH genes on chromosome
14 at 14q32.33’; (2) ‘Human IGH processed
gene on chromosome 9 and IGH orphons on
chromosomes 15 and 16’; (3) ‘Chromosom-
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al localization of the human IGH locus at
14q32.33%; (4) ‘Representation of the human
IGH locus at 149q32.33’, and (5) “The “CLAS-
SIFICATION” concept of the IMGT-ON-
TOLOGY exemplified for the IGHV genes’.
The tables provide the first complete list of all
the human IGH genes. The total number of
human IGH genes per haploid genome is
170-176 (206-212 genes, if the orphons and
the processed gene are included), of which
77-84 genes are functional. IMGT/Human
Genome Organization (HUGO) gene names
and definitions of the human IGH genes on
chromosome 14q32.33, processed gene on
chromosome 9 and IGH orphons on chromo-
somes 15 and 16 are provided with the gene
functionality and the number of alleles, ac-
cording to the rules of the IMGT Scientific
chart, with the accession numbers of the
IMGT reference sequences and with the ac-
cession ID of the Genome Database GDB and
NCBI LocusLink databases, in which all the
IMGT human IGH genes have been entered.
Detailed references for individual IGHYV,
IGHD, IGHJ and IGHC genes are avail-
able in other reports [5-7, 17]. These ta-
bles and figures are available at the IMGT
Marie-Paule page of IMGT, the internation-
al ImMunoGeneTics database (http://imgt.
cines.fr:8104) created by Marie-Paule Lefranc,
Université Montpellier II, CNRS, Montpel-
lier, France [18-20].

Human IGH Locus at 14q32.33

The human IGH locus is located on chro-
mosome 14 [21] at band 14q32.33, at the telo-
meric extremity of the long arm [22, 23]
(fig. 1). The orientation of the locus has been
determined by analysis of translocations in-
volving the IGH locus in leukemia and lym-
phoma.
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Fig. 1. Chromosomal localization of the human IGH
locus at 14q32.33. The vertical line indicates the local-
ization of the IGH locus at 14q32.33. The arrow indi-
cates the orientation 5 — 3’ of the locus, and the gene
group order in the locus. The arrow is proportional to
the size of the locus, indicated in kilobases (kb). The
total number of genes in the locus is shown between
parentheses. Seven unmapped IGHV genes which
have a provisional designation are not included in this
figure. The number of functional genes defines the
potential IGH repertoire, which comprises 76-84
genes (38-46 IGHV, 23 IGHD, 6 IGHJ and, in the
most frequent haplotype, 9 IGHC) per haploid ge-
nome.

Fig. 2. Representation of the human IGH locus at
14932.33. The boxes representing the genes are not to
scale. Exons are not shown. SWITCH sequences are
represented by a shaded circle upstream of the IGHC
genes. The 7 unmapped IGHV genes which corre-
spond to insertion/deletion polymorphisms but which
have not yet been precisely located are not shown.
Pseudogenes which could not be assigned to subgroups
with functional genes are designated by a Roman
numeral between parentheses, corresponding to the
clans, followed by a hyphen and a number for the local-
ization from 3’ to 5" in the locus. All these pseudogenes
have truncations. Horizontal arrows indicate the ex-
tent of the allelic IGHC multigene deletions [36, 37,
50-55] or duplications [56-59] described in healthy
individuals. I to VI refer to the type of deletion [for a
review, see ref. 55], duplication or triplication, defined
by the deleted, duplicated or triplicated genes. Exam-
ple: deletion I (del G1-EP1-A1-GP-G2-G4).
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The human IGH locus at 14q32.33 spans
1,250 kilobases (fig. 2). It consists of 123-129
IGHYV genes [5, 7, 24-29], depending on the
haplotypes, 27 IGHD genes [6, 30-33] be-
longing to 7 subgroups, 9 IGHJ genes [6, 34]
and, in the most frequent haplotype, 11
IGHC genes [35-49] (table 1). Eighty-two to
88 IGHY genes belong to 7 subgroups, where-
as 41 pseudogenes, which are too divergent to
be assigned to subgroups, have been assigned
to the 4 clans (see header of table 1). Seven
unmapped IGHV genes have been described
as insertion/deletion polymorphisms but have
not yet been precisely located. Most 5 IGHV
genes occupy a position very close to the chro-
mosome 14q telomere, whereas the IGHC
genes are in a more centromeric position. The
potential genomic IGH repertoire is more
limited, since it comprises 38-46 functional
IGHYV genes belonging to 6 or 7 subgroups,
depending on the haplotypes [7], 23 IGHD, 6
IGHJ and, in the most frequent haplotype, 9
IGHC genes. Allelic IGHC multigene dele-
tions [36, 37, 50-55], duplications or triplica-
tions [56-59] have been described in healthy
individuals. I to VI refer to the type of dele-
tion [for a review, see ref. 55], duplication or
triplication, defined by the deleted, dupli-
cated or triplicated genes (fig. 2). For exam-
ple, deletion I [36, 37, 50] is designated as
del G1-EP1-A1-GP-G2-G4. The number of
IGHC genes may vary from 5 in deletion I to
probably up to 19 in triplication III. Dupli-
cated and triplicated genes have, in all cases
but one, not been sequenced.

Orphons and Processed Gene

Thirty-five IGH genes have been found
outside the main locus in other chromosomal
localizations (table 2). These genes, designat-
ed as orphons, cannot contribute to the syn-
thesis of the immunoglobulin chains, even if

Human IGH Gene Nomenclature

they have an open reading frame (ORF). Nine
IGHYV orphons and 10 IGHD orphons have
been described on chromosome 15 (15q11.2),
and 16 IGHV orphons on chromosome 16
(16p11.2) [5]. In addition, 1 IGHC processed
gene, IGHEP2, is localized on chromosome 9
(9p24.2-p24.1) [60]. This is so far the only
processed Ig gene which has been described.

IGH Gene Nomenclature and IMGT
Scientific Chart

Gene Names

Gene names (tables 1, 2) are designated
according to the IMGT gene name nomen-
clature for Ig and T cell receptors (TcRs) of
all vertebrates based on the ‘CLASSIFICA-
TION’ concept of the IMGT-ONTOLOGY
[61] (appendix 1) and according to the rules
of the IMGT Scientific chart [18, 20], avail-
able at http://imgt.cines.fr:8104. IMGT gene
names and IMGT gene definitions for the
human Ig [62] and TcR genes [63] were ap-
proved by the HUGO Nomenclature Com-
mittee in 1999. Note that in the HUGO
symbols  (http://www.gene.ucl.ac.uk/nomen-
clature), slashes and parentheses are omitted
and capital letters replace the lowercase letters
found in some provisional IMGT gene names.
Otherwise, the gene symbols and all the full
names (including slashes and parentheses) are
identical in IMGT and HUGO nomencla-
tures.

Functionality

Criteria of functionality (F = functional;
P = pseudogene; ORF = open reading frame)
(tables 1 and 2) are described in the IMGT
Scientific chart [1]. The definition of func-
tionality is based on the sequence analysis. As
examples, the instances functional (for germ-
line V, D, J and for C sequences) mean that
the coding regions have an ORF without a

Exp Clin Immunogenet 2001;18:100-116 109



stop codon, and that there is no described
defect in the splicing sites and/or recombina-
tion signals and/or regulatory elements. Ac-
cording to the gravity of the identified defects,
the functionality can be defined as OREF,
pseudogene or vestigial (for germline V, D, J
and for C genes) [1]. Complete definitions are
available from the IMGT Scientific chart at
the IMGT Marie-Paule page. Information on
gene rearrangement, DNA transcription into
mRNA and RNA translation into a polypep-
tide chain is provided in the IMGT ‘Germline
gene tables’ in the IMGT Repertoire (columns
designated as R, T and Pr, respectively), and
has been published in a previous ‘IMGT Lo-
cus in Focus’ report [5]. This information is
extracted from the literature and through an
IMGT/LIGM-DB sequence database search
[19,20]. The IMGT/V-QUEST tool, available
at the IMGT home page at http://imgt.
cines.fr:8104, allows the identification of the
germline IGHV, IGHD and IGHIJ genes from
IGHV-D-J genomic rearrangements and
transcripts, and provides translation and two-
dimensional representation (Collier de Perles)
of the variable regions [19, 20, 64].

Reference Sequences

For each gene, an IMGT reference se-
quence accession number is given (tables 1
and 2). For the functional or ORF genes, the
IMGT reference sequence accession number
is that corresponding to the allele *01. Note
that the number *01 does not necessarily
mean that other alleles are already known, but
it signifies that any new polymorphic se-
quence will be described by comparison to
that allele *01. Although the IMGT accession
numbers are the same as those from the
EMBL/GenBank/DDBJ generalist databases,
the content of the IMGT/LIGM-DB flat files
differs in terms of the expert annotations add-
ed by IMGT.

110 Exp Clin Immunogenet 2001;18:100-116

Alleles

The number of alleles of the human IGHV,
IGHD, IGHJ and IGHC genes (tables 1 and
2) is determined according to ‘Tables of al-
leles’ and ‘Alignments of alleles’, in the IMGT
Repertoire, at http://imgt.cines.fr:8104. A
dash (-) indicates that allele polymorphism
of the pseudogenes has not been studied.
Alignments of all known germline functional
and ORF sequences assigned to the different
alleles, by comparison to the allele *01, are
displayed in another source [17]. Human
IGH entries in this source include 99 genes
and 285 alleles, with a total of 482 sequences
[17].

Genome Database Accession Numbers

All IMGT/HUGO human IGH gene sym-
bols, full names and reference sequence acces-
sion numbers have been entered into the Ge-
nome Database GDB, Toronto, Canada
(http://www.gdb.org), and into LocusLink at
NCBI (National Center for Biotechnology In-
formation), Bethesda, USA (http://www.ncbi.
nlm.nih.gov/LocusLink). Accession ID to
these genome databases are provided in ta-
bles 1 and 2. Links to OMIM (Online Men-
delian Inheritance in Man) (http://www.ncbi.
nlm.nih.gov/Omim) are cited when there are
existing entries in OMIM. Links to the indi-
vidual IMGT, GDB and LocusLink gene en-
tries are available from http://imgt.cines.
fr:8104 from IMGT Repertoire > List of hu-
man Ig and TcR genes > Immunoglobulins.

Correspondences between
Nomenclatures and Numberings

Correspondences between nomenclatures
have previously been reported for the human
IGHYV [5] and IGHD genes [6].

In order to easily compare sequences of
immunoglobulins and TcRs, a unique num-
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‘group’ IGHV

‘locus’ IGH (14932.33)

is a member of

is ordered in

‘subgroup’ IGHV3

is a member of

‘gene’ IGHV3-15

Fig. 3. The ‘CLASSIFICATION’

is a variant of T

concept of the IMGT-ONTOLO-

‘allele’ IGHV3-15%01

GY, exemplified for the IGHV
genes.

bering has been defined for the variable re-
gions [64, 65]. Correspondence between the
IMGT unique numbering and other number-
ings for the human IGHV genes is available
from the IMGT Scientific chart and from a
previous report [64]. The IMGT unique num-
bering relies on the high conservation of the
structure of the variable region. This number-
ing takes into account and combines the defi-
nition of the framework (FR) and comple-
mentarity determining regions (CDR) [66],
structural data from X-ray diffraction studies
[67] and the characterization of the hypervari-
able loops [68]. The unique numbering has
allowed the redefinition of the limits of the
FR and CDR [64]. The FR-IMGT and CDR-
IMGT lengths themselves become crucial in-
formation characterizing the variable regions
belonging to a group, a subgroup and/or a
gene. For example, for a germline gene of the
human IGHV1 subgroup, the lengths of the 3
CDR-IMGT, expressed as the number of ami-
no acids, are designated as [8.8.2] IMGT
Repertoire > 2D and 3D structures) [7, 64].

Human IGH Gene Nomenclature

The unique numbering is used as the output
of the IMGT/V-QUEST alignment tool, and
in the ‘Alignments of alleles’ (IMGT Reper-
toire > Proteins and alleles) [17].

Correspondence between the IMGT CH
(immunoglobulin heavy constant exon or do-
main) numberings and the protein EU heavy
chain numbering [69] has been reported else-
where [17].
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Appendix 1

The ‘CLASSIFICATION’ Concept of the

IMGT-ONTOLOGY

The ‘CLASSIFICATION’ concept of the IMGT-
ONTOLOGY (fig. 3) organizes the immunogenetics
knowledge useful for the naming and classification of
the immunoglobulin genes [63].

‘locus’: A locus is a group of immunoglobulin genes
that are ordered and are localized in the same chromo-
somal location in a given species. The ‘locus’ IGH
(14932.33) is one of the three main immunoglobulin
loci in the human genome. Immunoglobulin genes
have also been identified in other chromosomal loca-
tions outside the main loci, which represent new
instances of the concept locus. However, the genes they
contain, designated as orphons, are not functional.

‘group’: A group is a set of genes which share the
same ‘gene type’ (V, D, J or C) and potentially partici-
pate in the synthesis of a polypeptide of the same
‘chain type’. By extension, a group includes the related
pseudogenes and orphons. A 4-letter root designates
the ‘group’, for example, IGHV, IGHD, IGHJ and
IGHC for the immunoglobulin heavy genes.

‘subgroup’: A subgroup is a set of genes which
belong to the same group, in a given species, and which
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