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ABSTRACT

Developmental fates along the anterior-posterior axes
of animals are controlled by clustered homeotic genes
which in vertebrates are called Hox genes. The gene
clusters are similar and probably functionally
homologous in animals as different as nematodes, flies,
and mammals. A new set of names for Hox genes was
recently agreed upon by many workers in the field.
Remarkably, the order of the Hox genes along the
chromosome reflects where they are expressed along
the body axis1. This simple principle is reflected in the
new nomenclature system.

Homeotic genes control cell fates during the development of all
animals, as was first revealed by studies of the Drosophila
homeotic gene complexes (1,2). Many of these genes contain
a homeobox, a 180 bp sequence of DNA which encodes an
evolutionarily conserved DNA binding domain, the homeodomain
(3, 4). A plethora of mammalian homeobox genes have been
reported, among which 38 are located in four clusters. A new
nomenclature for the mammalian Hox genes, approved by both
the mouse and human nomenclature committees, has recently
been announced (5). The main features of the nomenclature are
summarized in Figure 1. The new names take advantage of the
elegant arrangement of the genes to provide a logical
nomenclature system rather than the names given when the genes
were discovered. The new system is initially designed only for
vertebrate genes, although it is to be hoped that similar systems
will be useful, and adopted, for other animals. In order to
preserve as much clarity in the literature as possible, it has been
agreed by a large number of workers in the field and by the
nomenclature committees that homeobox genes not located within
the Hox complexes should not be given names containing the
word 'Hox'.
There are four clusters of Hox genes (6) now to be known

as A, B, C, and D. Based on sequence similarity the genes can
be sorted into 13 'paralog' groups, each group having, in most
cases, a representative in each complex. The order of paralogs
along the chromosome is preserved in the four complexes. The
genes within a complex are transcribed in the same direction and
are numbered according to their paralog group from 1 at the 3'
end to 13 at the 5' end. In several cases a representative of a
paralog group is absent from a complex, in which case the
corresponding gene number is omitted (blank spaces in the

figure). The most commonly used old nomenclature is shown
in columns marked H, for human, and M, for mouse.
One of the most interesting aspects of Hox genes is the

similarity of their organization to Drosophila genes, now thought
to represent true homology (7-9). Many Drosophila homeotic
genes are located within two clusters called the Antennapedia
complex (ANT-C) and the bithorax complex (BX-C), which are
thought to have arisen from an ancestral single cluster. The closest
correspondences of fly and mammalian genes are indicated in
the figure. Due to the remarkable organization of the genes in
insects and in mammals, one can also describe them according
to their realm of function in the developing animal. The genes
required farthest anterior in the animal are at the 3' end of the
complex. Genes with more posterior domains of action are located
farther 5' in the complexes. Thus in the figure the paralog groups
are demarcated by 'anterior' and 'posterior'. The conservation
of this gene organization for more than 600 million years suggests
its importance.
The bracket indicates four fly genes which are all similar to

four paralog groups; the precise correspondences, if they exist,
have not been determined in these cases. Several paralog groups
(10- 13) are not represented in Drosophila. The A and D Hox
complexes contain an Evx gene at the 5' end. Evx genes are most
similar to Drosophila even-skipped gene, which is not located
within the clusters of Drosophila homeotic genes. The different
type of homeobox sequence of Evx genes has led to the retention
of the Evx name. Conversely the Drosophila ANT-C contains
four homeobox genes, zen, z2, ftz, and bcd, not represented in
the mammalian complexes.
The new system should help in following the results in the field,

as it allows one to easily remember the relationships between
paralogs in different complexes. It is also easy to remember that
low numbers mean more anterior function. When the genes are
so logically, if mysteriously, arranged, their names should be
equally rational.
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