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Nestmate Recognition
Seven Ant Genomes
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 Desaturase gene diversity among seven newly sequenced ant species

Social insects have complex communication systems 
and must be able to identify and differentiate between 
members of their own and foreign colonies. In many 
ants, species and colony recognition is largely based on  
cuticular hydrocarbon (CHC) profiles. Until now, no 
genes have been identified or isolated that are known 
to modify the CHC patterns of any social insect. In 
Drosophila, however,  studies of CHC components or 
desaturases (desat1, desat2, and desatF) have been shown 
to be essential for CHC biosynthesis and variability by 
inserting carbon-carbon double bonds into linear al-
kanes to form monoenes and dienes. Alkenes can play 
an important role as discriminator cues in CHC pro-
files of insects, and are a crucial component of the 
CHC profiles of many ants . �7�K�X�V�����������G�H�V�D�W�X�U�D�V�H��
genes are potentially important candidate genes for 
the observed variation in CHC profiles. This will be 
a first step to understanding the genetic architecture 
and evolution of nestmate recognition.

Thanks to the Ant Genome Consortium for access to the seven 
ant genomes researched here, to Jürgen Liebig and Navdeep 
Mutti for support in the lab, and to the National Science     
Foundation and Arizona State University for funding. 

Using GC-MS/GC-FID methods we will determine 
qualitative and quantitative differences in CHC pro-
files between workers from different colonies, as well 
as between developmental stages in P. barbatus. We 
will then compare variation in CHCs with variation 
in desaturase gene expression levels to identify geno-
type-phenotype relationships.

Additionally, having identified Pbar_desat1 as the or-
tholog to D. melanogaster desat1, this gene makes a 
prime candidate for experimental studies regarding 
its contribution to CHC alkene biosynthesis, nestmate 
recognition, and caste recognition cues in P. barbatus 
(Fig. 6).
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Figure 5. �$�U�U�D�Q�J�H�P�H�Q�W���R�I���V�K�D�U�H�G���V�\�Q�W�H�Q�L�F���������G�H�V�D�W�X�U�D�V�H�V���I�R�X�Q�G���L�Q���W�K�H���J�H�Q�R�P�H�V���R�I��Camponotus floridanus 
(a.i.) and Pogonomyrmex barbatus (b.i.) relative to the more dispersed arrangement of Linepithema humile 
(c.i.-iv.) and Drosophila melanogaster ���G���� ������ �G�H�V�D�W�X�U�D�V�H�V�� ���Q�R�W�H�� �V�F�D�O�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q��D. melanogaster). Gene 
names are included directly below the gene box indicating its scaffold region, and are color 
coded to match the phylogenetic clade to which it belongs (Figure 2).

Figure 4. �%�R�[�S�O�R�W�V�����0�H�G�L�D�Q�����������4�������4�������R�I���S�D�L�U�Z�L�V�H���G�1���G�6���U�D�W�L�R�V���I�R�U���W�K�H���V�L�[���V�X�E�I�D�P�L�O�L�H�V���R�I���������G�H�V�D�W�X�U�D�V�H�V��
found in the seven ant genomes. Desaturase subfamily names are indicated on the x-axis, and are 
color coded to match the phylogenetic clades to which they belong (Figure 2).

Figure 3. �8�Q�U�R�R�W�H�G���P�D�[�L�P�X�P���O�L�N�H�O�L�K�R�R�G���W�U�H�H���R�I���������G�H�V�D�W�X�U�D�V�H���J�H�Q�H�V�����!���������D�D�����I�R�X�Q�G���L�Q���W�K�H���J�H�Q�R�P�H�V���R�I��
seven ant species (in bold color): H. saltator (Hsal), L. humile (Lhum), C. floridanus (Cflo), P. barbatus (Pbar),           
S. invicta (Sinv), A. echinatior (Aech), A. cephalotes (Acep), and seven other insects (in black): N. vitripennis (Nvit), 
A. mellifera (Amel), A. pisum (Acpi), T. castaneam (Tcas), D. melanogaster (Dmel), and A. gambiae (Agam). Gene 
labels reflect homology to respectively named D. melanogaster���J�H�Q�H�V�����6�X�S�S�R�U�W���Y�D�O�X�H�V���!���������D�U�H���E�D�V�H�G���R�Q����������
rapid bootstrap replicates and shown at the nodes of the tree. 
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The number of ������desaturase genes in ants
varies between species, with L. humile and
S. invicta showing  much higher levels of 
possible pseudogenes (Figure 2).

Using a phylogenetic approach, orthologous
genes between the seven ant species and
D. melanogaster have been identified. Notably,
desaturase genes in ants show a major gene
expansion in Clade B (CG9747) relative to other
insects (Fig. 3).

Desaturases in the P. barbatus genome form a
cluster of nine tightly linked genes and share
some synteny with 5 other ants, whereas in
the genomes of L. humile and D. melanogaster
they are much more dispered (Fig. 5).

Ant genes in Clades B show relatively high levels
of variation and positive selection compared with
more conserved genes in Clades D & E (Fig. 4). 

Check for RNAi effects on cuticular
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Determine RNAi (knock-down) effects
on desaturase gene with qPCR.
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Genome Sequencing & Assembly

Manual Annotation

Phylogenetic Analyses

Table 1. Comparison of genome metrics between seven ants and two other Hymenoptera. 

Species Coverage (X)Sequencing Method N50 (kb) # of Genes Gene SetCommon Name

Pbar 12454 ������ 17,177 OGS1.2Red Harvester Ant

Aech 454 123 1,100 20,243 OGS1Leaf-Cutter Ant (Acro.)

Acep 454 18 - 20 5,154 18,153 OGS1.2Leaf-Cutter Ant (Atta)

Sinv Illumina & 454 70 721 12,488 OGS2.3Red Imported Fire Ant

Lhum Illumina & 454 23 1,386 OGS1.2Argentine Ant 16,123

17,064Cflo Illumina >100 444 OGS3.3Florida Carpenter Ant

Hsal Illumina >100 600 18,564 OGS3.3Jerdon’s Jumping Ant

Nvit Sanger 6.8 ������ 18,822 OGS1.2Jewel Wasp

SangerAmel 7.5 362 21,001 OGS2Honey Bee

Genome sequencing, assembly and annotation of the 
seven ant genomes included in these analyses (Fig. 1), 
were completed using 454 and/or Illumina sequenc -
ing. The metrics of the genome assemblies and anno-
tations are comparable with other recently sequenced 
genomes using Sanger sequencing (Table 1). 

BLAST was used to identify genomic scaffold regions 
and gene models from the official gene sets (Table 1) 
for the 7 ant species, using desat1 as a query sequence. 

Predicted gene models were confirmed using MAFFT 
to ensure consistent alignments, and were edited as 
needed using Apollo or manual methods (when 
Apollo was not available).

Homology relations of each manually annotated gene 
prediction to D. melanogaster���������G�H�V�D�W�X�U�D�V�H���J�H�Q�H�V��
were assessed with tblastn using the current versions 
of genomic sequences in NCBI. 

Amino acid sequences of 178 homologous genes were 
aligned using the L-INS-i algorithm implemented in 
MAFFT v6, and trimmed by Alicut - resulting in a 
final dataset of 290 amino acid positions.

The evolutionary model with the best fit to this data-
set, LG+G, was used, and a maximum likelihood tree 
was reconstructed using RAxML v7.2.6, obtaining 
nodal support values by a rapid bootstrap analysis of 
500 replicates (Fig. 3).

Figure 2. �7�R�W�D�O���Q�X�P�E�H�U���R�I���������G�H�V�D�W�X�U�D�V�H���J�H�Q�H�V�����L�Q�F�O�X�G�L�Q�J���I�X�O�O�����!�����������D���D���������S�D�U�W�L�D�O�������������������������D���D���������D�Q�G
fragment (< 150 a.a.) sequences, found in the genomes of the seven ant species. Number of genes are
indicated within each bar, and number of expressed sequence tags (ESTs) are included in parentheses. 

Figure 6. Planned research including: RNAi, gene expression analyses, CHC profile analyses, 
and behavioral assays, which will be used to determine the relationship between Pogonomyr-
mex barbatus desaturase genes, CHCs, & nestmate recognition.

Figure 1. The seven ant species whose genomes have been sequenced in the past two years. 
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Perform behavioral assays to determine
effects on nestmate recognition.
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