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Hox genes determine the anterior-posterior axis of the bilaterian body [1]. They encode transcription factors with domains composed of sixty amino acids that bind DNA in a sequence-specific manner, known as the homeodomain. The Hox genes specify organ identity along the animal body-plan and their mutant phenotypes lead to transformations of body segments and organs known as homeotic mutations. These genes are very conserved in sequence and expression across arthropods and other animals and ten groups of orthology, presumably present in the ancestor of all present-day arthropods in the Early Cambrian, make up what we know today as the Hox Complex [2]. These ten genes are expressed in a hox-like fashion in chelicerates and myriapods but not in insects. Instead, the insect Hox3 homologs zerknullt (zen), zerknullt2 (zen2) and bicoid (bcd), and the gene fushi tarazu have evolved novel developmental roles.

Hox genes are found in single clusters in a number of invertebrates including amphioxus, sea urchins, and several insects such as mosquitoes, beetles and locusts [2]. In Drosophila melanogaster, the cluster is split onto the Antennapedia Complex (ANT-C) and the Ultrabithorax Complex (BX-C). The former contains genes required for the development of the mouth, head and thoracic segments – labial (lab), proboscipedia (pb), deformed (dfd), Sex combs reduced (Scr), and Antennapedia (Antp) – and the latter is made up of the Ultrabithorax (Ubx), Abdominal-A (abd-A) and Abdominal-B (abd-B) genes, which are responsible for the development of the abdomen and telson of the fly. These complexes are separated by approximately 7.5 Mb, a split thought to be of fairly recent origin.

As it is the case in most insect genomes studied to date, besides the fruit fly, e.g: Anopheles gambiae [3], Tribolium castaneum [4], Apis mellifera [5] and Nasonia vitripennis [6], Hox genes are organized in a contiguous, single-copy cluster in the leaf-cutter ant Atta cephalotes. However, only 9 of the 10 genes usually found in the cluster were identified here (Figure1). Despite sequence similarity analyses against the entire genome, a homolog for Hox3-A was not found in Atta cephalotes, probably due to sequence gaps located in the genomic area between the gene models for dfd and pb, where Hox3-A is usually found in other insects. Gaps are located in scaffold scf00013 between base pairs 4246214 and 4248324, and 4253065 through 4253134. Further sequencing of this region will be necessary to shed light on this matter.

Although intergenic distances are similar to those between the genes of the Apis mellifera [7] and N vitripennis Hox genes, gene sizes are comparably smaller in Atta cephalotes. Because of this, the cluster is estimated to be approximately 0.9 Mb in length in the leaf-cutter ant (Table 1), which is only slightly larger to that of Drosophila melanogaster and the red flour beetle Tribolium castaneum, but still considerably smaller to other sequenced hymenopterans (1.68 Mb for Nasonia vitripennis and 1.37Mb in Apis mellifera).

Three microRNAs (miRNAs) were identified within the Atta cephalotes Hox cluster, two of which conserve their locations with respect to Apis mellifera and Drosophila melanogaster, miR-iab-4 and miR-10 [7]. The remaining miRNA miR-993 has been described in other species of Hymenoptera Apis mellifera and Nasonia vitripennis [6] but has not been identified in other Arthropod Hox clusters. 
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Table 1. Gene sizes, intergenic distances and total length of the Atta cephalotes Hox cluster.

	Gene
	Coordinates
	Size (Kb)
	Distance to next gene (Kb)

	abd-B
	3443320-3450096
	6
	182

	abd-A
	3632250-3656885
	25
	103

	Ubx
	3760078-3842282
	82
	155

	antp
	3997220-4006485
	9
	104

	ftz
	4110885-4112437
	2
	8.7

	Scr
	4121107-4141239
	20
	51

	Dfd
	4192587-4201171
	9
	88

	Hox3-A
	-
	-
	-

	pb
	4289447-4314969
	26
	22

	lab
	4337134-4352819
	16
	-

	Total size (Kb)
	-
	-
	910


Figure 1. Hox clusters compared. No Hox3-A / zen homolog was identified through manual annotation of the Atta cephalotes (c) Hox cluster (see text for more details). Drosophila melanogaster (a) and Apis mellifera (b) data were obtained from Dreaden et al. [7], except the location of miR-993 from Werren et al. [6]. Arrows indicate the direction of transcription. Ruler not drawn to scale.
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