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Sociality affects mutational spectrum of mtDNA 
in termites versus cockroaches  
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Abstract — Population structure is an important factor 
driving genetic changes. Comparing social (termites) and non-
social (cockroaches) insects we found the difference in their 
mitochondrial mutational spectrum: transition transversion 
ratio (ts/tv) is higher in termites compared to cockroaches 
suggesting potential influence of population structure on 
mutational patterns.  
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Introduction  

Ts/Tv ratio in different species  
The transition transversion ratio (Ts/Tv ratio) is very 

high in human mitochondrial DNA and varies significantly 
between different species, families, and orders [1], but the 
reason for this difference remained unknown. Recently it 
was suggested that the mitochondrial mutational spectrum 
is associated with cellular and organismal longevity [2]. It 
was also shown during mutation accumulation experiments 
that the pattern of mitochondrial mutations is different in 
four model organisms [3]. So, both polymorphism data and 
mutation accumulation experiments tell us about differences 
in the mutational spectrum of mtDNA across species and 
lineages.  

Termites and cockroaches  
Termites are eusocial insects that evolved from 

cockroaches of order Blattodea. They are among the most 
abundant terrestrial organisms and play an important role in 
decomposition and nutrient recycling, as they are able to 
digest lignocellulose [4].  

Colonies of termites can range in their size from several 
hundred to millions of individuals. Fertile females of the 
colonies called "queens" can live dozens of years. It's 
especially pronounced in "higher" termites, which tend to 
have bigger colonies and more long-lived queens.  

All that makes termites the perfect object to study the 
influence of population structure and longevity on the 
mitochondrial mutational spectrum.  

Inter-species comparisons 
We collected all mitochondrial protein-coding genes for 

98 cockroaches and 402 termites species, reconstructed 
within-species phylogeny using sequences from sister 
species as outgroups, reconstructed sequences at each 

internal node, derived a list of polarized single-nucleotide 
substitutions between the nodes, and, focusing on the most 
neutral synonymous fourfold degenerate sites, counted the 
observed frequencies of twelve types of nucleotide 
substitutions.  

We calculated the Ts/Tv ratio for every species and 
found an increased ratio in termites compared to 
cockroaches (Fig. 1), that might be explained by different 
generation lengths of the compared groups. Moreover when 
we split termites into the lower and the higher ones we see 
a tendence for concordant increase in Ts/Tv from short-
lived lower termites to more long-lived higher termites.  

Fig. 1.  Ts/Tv ratio for cockroaches, lower and higher termites 

Discussion  
We analyzed the mutational spectrum of termites and 

cockroaches and found an increased Ts/Tv ratio in termites. 
A similar trend was previously found for mammals: long-
lived mammals have a higher Ts/Tv ratio compared to short-
lived [2]. Indeed, termite queens live longer than 
cockroaches but the presence of secondary reproductives 
and social structure make mtDNA dynamics in termites 
more complicated.  

Rising the lower boundary of Ts/Tv ratio from 
cockroaches to higher termites pushed us to another 
tempting explanation: this change can be explained by a 
change in ratio between purines and pyrimidines in nearly 
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