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A b s t r a c t 

Sensitivity of ant communities to environmental disturbances, combined with their excellent functional 

importance and the simplicity of collection, makes ants an appropriate group of organisms in studies of 

molecular and bioinformatics analysis of their genomes. Mitogenomic analysis of ants indicates a trend 

toward the development of adaptive traits at specific environmental conditions. Adaptability is primarily 

manifested at gene level. Finally, the result of such an adaptation is a modified gene expression - proteins. 

This study is based on the comparison of codon usage and the level of gene expression of currently 

available mitochondrial protein-coding genes of ants (Family: Formicidae Latreille, 1802) which were 

sampled within the primary, secondary and, with special emphasis, tertiary ecosystems in quarry Ribnica, 

Kakanj, BIH. INCA 2.1. was used for analysis of codon usage and prediction of mitochondrial protein 

expression. Measure Independent of Length and Composition (MILC), was used to estimate the codon 

usage of 32 mitochondrial protein-coding genes from eight selected species of ants. MILC- based 

Expression Level Predictor (MELP), was used for prediction of protein expression. Reconstruction of 

phylogenetic relationships was mediated by MEGA 6 software, based on the NJ and UPGMA statistical 

methods for cox1 gene among the analyzed species. Results of codon usage analysis indicate that the 

differences in codon usage bias, as well as the relative frequencies of the level of protein expression 

(MELP) were not statistically significant. Phylogenetic analysis based on the molecular marker gene, 

point to complete and partial differentiation of species within their ecosystems.  
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1. Introduction 

 The aim of this study was to determine the influence of carbonate quarries on the changes of gene 

expression of ants that inhabit local quarry ecosystems. This has been done by codon usage analyzing of 

mitochondrial genes and identification of possible differences in codon frequency and protein expression 

level values as a contribution to evolutionary adaptive processes, as well as phylogeny elucidation among 

ants that inhabit three different ecosystems within quarry Ribnica, Kakanj, Bosnia and Herzegovina. All 

abbreviations and symbols are, hereafter, listed in section Nomenclature.  

Mitochondria are organelles with their own genetic material which is present in almost all eukaryotic 

cells. Besides being involved in the supply of ATP molecules in cells, mitochondria are participating in 

many other cellular processes, such as the cell cycle control and cell growth. Mitochondrial DNA varies in 

terms of size, structure and coding capacity. The number of genes of animal mitochondrial genomes varies 

between 5 to more then 100 (Thrash et al., 2011). 

Mitochondrial genes of ants encode for a small and large ribosomal subunit, 13 proteins and up to 22 

tRNA molecules. Every change in their encoding mechanism (codon usage) is reflected on the protein 

expression of specific genes. That may could serve as a relevant indicator of ants adaptation porcesses  to 

specific environmental conditions under which these animals live. 

2. Material and methods  

 The order of research methodology is shown schematically in Figure 1. The material used in this 

study was taken from public databases, as well as bioinformatics software for the analysis of nucleotide 

sequences. All softwares that were used are free to download from the server or can be used directly on 

the server. The availability of databases and programs that were used in this study are not limited for 

users. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematics of research methodology used 
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2.1. Material 

 The material used in this research was taken from the public biological database NCBI/GenBank 

and consists of complete sequences of available protein-coding genes conserved in FASTA format from 

mitochondrial genomes of eight selected species of the family Formicidae. The selection of ants species 

followed after several field researches which were carried out in the tertiary, secondary and primary 

ecosystems in quarry  Ribnica, Kakanj.  A final taxonomic determination of ants species was performed in 

the laboratory, as well as ants photographing. The determined ants species are as follows: Primary 

ecosystem (1) Lasisus niger Linnaeus, 1758, (2) Camponotus vagus (Scopoli, 1763); Secondary 

ecosystem (3) Formica cunicularia Linnaeus, 1758, (4) Camponotus ligniperdus (Latreille, 1802), (5) 

Formica fusca Linnaeus, 1758; Tertiary ecosystem (6) Tetramorium caespitum (Linnaeus, 1758), (7) 

Aphaenogaster subterranea (Latreille, 1798), (8) Tapinoma erraticum (Latreille, 1798). Mitochondrial 

genes which were used for codon usage analysis, prediction of protein expression and phylogenetic 

analysis are as follows: cox1, cox2 cytb, nad6. Reconstruction of phylogenetic relationships among the 

specified species was assessed according to cox1 gene.  

2.2. Methods 

 Analysis of the qualitative composition of ants in quarry Ribnica were performed on June 10, 

2014. During the field research, three test areas within the quarry (tertiary ecosystem), mesophyll's 

meadow (secondary ecosystem) and pine forest and hornbeam (primary ecosystem) were analyzed for the 

purpose of collecting myrmecofauna. The material collected during the field research was stored in tubes 

in 96% ethyl alcohol. The material was identified in the lab using two different taxonomic keys: (Agosti 

and Collingwood, 1987 and Seifert, 2007). The determined ants species were photographed under a 

binocular microscope (10 x 40 magnification). 

Public database of biological data that was used in this research was GenBank. GenBank is a 

comprehensive database that contains publicly available DNA sequences for more than 140 000 named 

organisms, obtained primarily through submissions from individual laboratories and batch submissions 

from large-scale sequencing projects. GenBank is accessible through NCBI's retrieval system, Entrez, 

which integrates data from the major DNA and protein sequence databases along with taxonomy, genome 

mapping, protein structure and domain information, and the biomedical journal literature via PubMed. 

BLAST provides sequence similarity searches of GenBank and other sequence databases (Benson et al., 

2004). 

Codon usage analysis 

 INCA 2.1 (Interactive Codon Usage Analyzer) software was used for codon usage analysis of 

nucleotide sequences. We used the latest verion of INCA, 2.1., which was published on February 3, 2006 

(Supek & Vlahoviček, 2006). It was used to analyze synonymous codon usage in a genome. It calculates a 

number of codon usage indices, and has many different options for graphical display of these values. 

Finally, it also features a  kind of neural network, called the self-organizing map (SOM), which can cluster 

genes by codon usage. We used two main algorithms for codon usage calculations, MILC and MELP, 

which are both incorporated into INCA 2.1. Measure Independent of Length and Composition (MILC) is, 

mathematically, based on a log-likelihood ratio score used in the statistical G-test for goodness-of-fit. This 
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methodology yields numerically similar results to the more commonly used χ2 test, but may hold 

theoretical advantages over it in statistical analyses. MILC- based Expression Level Predictor (MELP) is a 

method of quantitatively predicting gene expressivity and its computed simply as the ratio of respective 

distances of a gene's codon usage from the genomic average, and a predefined reference set. MILC and 

MELP values were calculated by the following formulas:  
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Fortunately, optimal codon usage in genes seems to coincide with factors enhancing transcription – this is 

why it is possible to observe a correlation between codon usage (acting at translation level) and transcript 

abundances. Reference set was defined simply by including protein genes that appears to be a valid 

starting point for expression level predictions in examined ants species. 

Phylogenetic analysis 

 MEGA6 software was used to reconstruct phylogenetic relationships among ants species. We used 

the latest version of MEGA, 6.0, which was published on January 22, 2013 (Tamura et al., 2013). Two 

statistical methods were used to reconstruct phylogenetic relationships (NJ and UPGMA). 

Neighbor-joining (NJ) is a special case of the star decomposition method. In contrast to cluster analysis 

neighbor-joining keeps track of nodes on a tree rather than taxa or clusters of taxa. A modified distance 

matrix is constructed in which the separation between each pair of nodes is adjusted on the basis of their 

average divergeance from all other nodes. At each stage in the process two terminal nodes are replaced by 

one new node. The process is complete when two nodes remain, separated by a single branch (Nei & 

Kumar., 2000). 

UPGMA (Unweighted Pair Group Method with Arithmetic mean) is a simple agglomerative (bottom-up) 

hierarchical clustering method. UPGMA is used for the creation of phenetic trees (phenograms), assumes 

a constant rate of evolution (molecular clock hypothesis), and is not a well-regarded method for inferring 

relationships unless this assumption has been tested and justified for the data set being used. UPGMA was 

initially designed for use in protein electrophoresis studies, but is currently most often used to produce 

guide trees for more sophisticated phylogenetic reconstruction algorithms. (Nei & Kumar., 2000).  

Reconstruction of phylogenetic relationships among the specified species was assessed according to cox1 

gene.  

3. Results and discussion 

 Results of taxonomic identification analysis of species sampled at the primary, secondary and 

tertiary ecosystems in quarry Ribnica Kakanj are presented in the first part of this chapter. Taxonomic 

determination was carried out using two taxonomic keys: (Agosti and Collingwood, 1987 and Seifert, 

2007). The presented pictures were photographed under a binocular microscope (10 x 40 magnification). 

The second part presents the results of codon usage and phylogenetic analysis that were mediated by 

INCA 2.1. and MEGA 6, respectively. 
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 Primary ecosystem: forests dominated by pine (Pinus), oak (Quercus) and hornbeam (Carpinus) 

     
       (1) Lasius niger  Linnaeus, 1758               (2) Camponotus vagus (Scopoli, 1763)  

 

 Secondary ecosystem: mesophyll's meadow 

      
 (3) Formica cunicularia Linnaeus, 1758        (4) Camponotus ligniperdus (Latreille, 1802) 

 
     (5) Formica fusca Linnaeus, 1758 
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 Tertiary ecosystem: quarry formed by exploiting stone 

       
        (6) Tetramorium caespitum (Linnaeus, 1758)     (7) Aphaenogaster subterranea (Latreille, 1798) 

 
(8) Tapinoma erraticum (Latreille, 1798) 

 

Table 1. Selected species of ants and their genes used for sequence analysis, with mitochondrial genes 

accession numbers in GenBank database. 

 

Species Genes Accession numbers 

(1) Lasius niger  Linnaeus, 1758 

(2) Camponotus vagus (Scopoli, 1763) 

(3) Formica cunicularia Linnaeus, 1758 

(4) Camponotus ligniperdus (Latreille, 

1802) 

(5) Formica fusca Linnaeus, 1758 

(6) Tetramorium caespitum (Linnaeus, 

1758) 

(7) Aphaenogaster subterranea (Latreille, 

1798), 

(8) Tapinoma erraticum (Latreille, 1798) 

 

 

 

 

 

 

cox1, cox2, 

cytb, nad6 

AY452155.1, AY456155.1, JQ681115.1, JQ681010.1 

AB019415.1, AB019442.1, AY185274.1, AY185224.1 

AB010926.1, HQ853322.1, HQ651084.1, DE170885.1 

JN134886.1, JN134992.1, JN134777.1, JX179785.1 

 
AB010925.1, AY334398.1, HQ651077.1, JA170888.1 

 
KC510134.1, DQ335195.1, EU616819.1, JX199785.1 
 

 

FJ824414.1, AL348726.1,  EF518580.1, GA178331.1 
 

GU388394.1, AE314322.1, JE683715.1, AS183414.1 
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Figure 2.  Relative frequencies of codon usage (MILC) and the level of gene expression (MELP) for cox1  

gene of eight selected species from the family Formicidae Latreille, 1802 mediated by INCA 

2.1. software. 

 

 
 

Figure 3.  Relative frequencies of codon usage (MILC) and the level of gene expression (MELP) for cox2  

gene of eight selected species from the family Formicidae Latreille, 1802 mediated by INCA 

2.1. software. 
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Figure 4.  Relative frequencies of codon usage (MILC) and the level of gene expression (MELP) for cytb  

gene of eight selected species from the family Formicidae Latreille, 1802 mediated by INCA 

2.1. software. 

 

 
Figure 5.  Relative frequencies of codon usage (MILC) and the level of gene expression (MELP) for nad6  

gene of eight selected species from the family Formicidae Latreille, 1802 mediated by INCA 

2.1. software. 
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Figure 6. Variability of MELP values for 32 genes (cox1, cox2, cytb and nad6) of eight selected species 

of the family Formicidae Latreille, 1802 

 

 
 

Figure 7. Variability of  MELP values for 12 genes from species of tertiary ecosystems relative to the 

mean MELP value for genes from species of primary ecosystems (MVP) and the mean MELP 

value for genes from species of secondary ecosystems (MVS).  
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Figure 8. Variability of MELP values for 12 genes from species of tertiary ecosystem in relation to the 

MELP values for genes of species which inhabit primary and secondary ecosystem. 

 

  

 Relative values of codon usage frequency (MILC) served for the calculation of relative values of 

protein-coding gene expression level (MELP). Were found MELP values ranging from 1.219 for cox1 

gene of  Aphaenogaster subterranea (Latreille, 1798) to 2.391 for cytb gene of Camponotus ligniperdus 

(Latreille, 1802). Average MELP value for 32 genes of eight ants species is 1.741.  

 Codon usage analysis results of selected mitochondrial genomes of ants point to small differences 

in the relative frequency of codon usage and the expression levels of genes of species that inhabit three 

distinct ecosystems. There was a statistically insignificant difference between MELP values for 12 gene 

for species that inhabit tertiary ecosystems, relative to the mean MELP value of the same genes for species 

that inhabit primary and secondary ecosystems. This difference is less than 5%. In other words, the 

expression of the analyzed protein-coding genes in the species that inhabit three different ecosystems were 

95% identical.  

Average MELP value for cox1 gene is 1.0834, cox2 gene 1.3232, 1.0854 for cytb gene and for nad6 gene 

1.3652. MELP values for cox1 gene ranged between 1.0428 to 1.1080, for cox2 gene from 1.0957 to 

1.4047, for cytb gene from 0.9672 to 1.1508 and for nad6 gene from 1.0972 to 1.4302.  

The most common codon of 32 analyzed genes was UUA (L) with the number of 122 and relative 

synonymous codon using value of 3.3. Codon CGC (R) is the least frequent codon with the number of 2.3, 

and with a relative synonymous codon using value of 0.37.  

The average value of the total evolutionary divergence among all selected species was 0.12. 

 

 After performing codon usage analysis in INCA 2.1. sotware, reconstruction of phylogenetic 

relationships for eight selected ants species of the family  Formicidae Latreille, 1802 followed by MEGA 

6 software analysis, using two different statistical methods for phylogenomics. The results are shown in 

the following part. 
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Figure 8. The evolutionary history was inferred using the Neighbor-Joining method for cox1 gene. The 

optimal tree with the sum of branch length = 2.01876584 is shown. The percentage of replicate 

trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are 

shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as 

those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary 

distances were computed using the modified Nei-Gojobori (assumed transition/transversion bias 

= 2) method and are in the units of the number of synonymous substitutions per synonymous 

site. The analysis involved 8 nucleotide sequences. All positions containing gaps and missing 

data were eliminated. There were a total of 592 positions in the final dataset.  

 

  

 

Figure 9. The evolutionary history was inferred using the UPGMA method for cox1 gene. The optimal 

tree with the sum of branch length = 2.01473013 is shown. The percentage of replicate trees in 

which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown 

next to the branches. The tree is drawn to scale, with branch lengths in the same units as those 

of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using the modified Nei-Gojobori (assumed transition/transversion bias = 2) 

method and are in the units of the number of synonymous substitutions per synonymous site. 

The analysis involved 8 nucleotide sequences. All positions containing gaps and missing data 

were eliminated. There were a total of 592 positions in the final dataset.  
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  Reconstruction analyses of phylogenetic relationships, based on the cox1 gene, suggest very 

interesting phylogenetic relationships between species Camponotus ligniperdus and Tapinoma erraticum. 

These two species inhabit two different ecosystems, secondary and tertiary, respectively. Through both 

statistical methods for reconstruction of phylogenetic relationships, we obtained a gene cluster that units 

these two species. Other species were fully differentiated on the basis of the ecosystems which they 

inhabit. Results of the phylogenetic analysis indicate common features of cox1 genes for species from two 

different ecosystems. Cox1 gene is a molecular marker gene,  evolutionarily highly conserved, in which 

each change is manifested as a result of some of the external or internal factors. Encoding changes of this 

gene could serve as a good indicator of adaptation processes of the organism at the molecular level. 

4. Conclusions 

 Laboratory identification of ant species confirmed the species that were identified and determined 

within the project "Ants as bioindicators of diversity in calcareous quarries (Čausević & Vesnić, 2012)." 

 We determined twelve different ants species in quarry Ribnica in three analyzed ecosystems. The 

mitochondrial genomes of eight ants species were used for analysis of protein expression prediction, based 

on codon usage.  

 In silico analysis confirmed a high degree of evolutionary conservation of codon usage among 32 

analyzed mitochondrial genes.  

 Analyses of codon usage suggest minor changes in relative frequencies among eight selected 

species of ants and their mitochondrial genes. MILC and MELP values differ less than 5%, based on the 

statistical analysis of the MELP standard deviation value for genes from species of tertiary ecosystems, 

relative to the mean MELP value of the same genes for species that inhabit primary and secondary 

ecosystems. 

 We conclude that the differences in codon usage (MILC), as well as the protein-coding gene 

expression levels (MELP) are statistically insignificant for all 32 genes for eight analyzed species of ants 

from three different ecosystems. 

 Ants that live within the primary ecosystems (forests) have a similar level of mitochondrial 

protein-coding gene expression, as well as ants that inhabit the secondary (meadow) and tertiary 

ecosystem (quarry). This points to the possibility of high adaptivness of ant species that inhabit primary or 

secondary ecosystem to the conditions of a quarry. 

 We conclude that the analyzed species of ants are completely adaptable to quarry habitats, based 

on the expression of mitochondrial genes mediated by codon usage analysis. 

 Phylogenetic analysis indicate common features for cox1 gene for species that inhabit two 

different ecosystems. On the basis of these gene clusters, we conclude those species that inhabit the 

secondary ecosystems can fully adapt to carbonate quarries. 

 Molecular / genetic adaptations of ants inside the carbonate quarry are reflected in minor changes 

of codon usage and gene expression of their mitochondrial genes. 

 Quarry Ribnica can serve as an adequate habitat for species of ants that once used to live in 

primary (forests) or secondary (meadows) ecosystems, with small changes in gene expression. 

 Quarry Ribnica,  Kakanj, Bosnia and Herzegovina offers ants a wide range of habitats within 

which the same could very effectively adapt, to form colonies and join biocenosis. 
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6. Nomenclature 
 
ATP           adenosine riphosphate 

C               correction factor 

cox1 gen    cytochrome c oksidase subunit 1                      

cox2 gen    cytochrome c oksidase subunit 2                      

cytb gen    cytochrome b 

DNK         daeoxyribonucleic acid 

Ec             expected count of the same codon in gene c 

FASTA     text-based format for representing either nucleotide sequences or peptide sequences 

fc              frequency of the codon c in a gene c 

gc             expected frequency of the same codon in gene c. 

Ma            individual contribution of each amino acid in MILC calculations 

MELP       MILC- based Expression Level Predictor 

MILC        Measure Independent of Length and Composition 

mtDNK     mitochondrial DNA 

nad6 gen   NADH dehydrogenase subunit 6                        

NCBI        National Center for Biotechnology    Informations 

NJ            Neighbour-Joining 

Oc            observed count of the codon in gene c                

OTU         Operational Taxononmic Unit 

RNK         ribonucleic acid  

tRNK        transport RNA 

UPGMA    Unweighted Pair Group Method with Arithmetic mean 


