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Parallel evolution of complex centipede venoms 
 
Centipedes are an ancient group of venomous terrestrial animals, with a fossil record going 
back about 420 million years. Living species belong to five monophyletic lineages that are 
classified as orders: Scutigeromorpha (house centipedes), Lithobiomorpha (stone centipedes), 
Geophilomorpha (soil centipedes), Scolopendromorpha (the familiar big-bodied centipedes), 
and Craterostigmomorpha (two species restricted to Tasmania and New Zealand). However, 
our understanding of centipede venoms rests almost entirely on data from 
scolopendromorphs. Combined proteomic and transcriptomic (proteotranscriptomic) venom 
profiles are available for only six scolopendromorph species and a single scutigeromorph. In 
this study we present the first proteotranscriptomic venom profiles for representatives of the 
remaining three orders, as well as a second species of scutigeromorph. We use these data to 
perform the first comparative analysis of centipede venoms that includes all currently 
available proteotranscriptomic venom profiles. Our analyses reveal that centipede venoms 
contain more than 90 phylogenetically distinct protein and peptide families. Strikingly, not a 
single one of these is found in all five orders, with 67 families being found only in single 
orders. Phylogenetic analyses of proteome-annotated gene trees show that the composition of 
centipede venoms is highly dynamic across macroevolutionary time scales, with numerous 
gene duplications as well as functional recruitments and losses. Our analyses further suggest 
that the ancestral centipede venom was a simple cocktail comprising just four protein 
families, with complex venoms only evolving after the five orders had diverged from each 
other. Complex venoms then evolved in parallel in each of the orders, with 
scolopendromorphs evolving particularly complex arsenals. Our data highlight the striking 
evolutionary plasticity of centipede venom composition throughout their evolutionary 
history. More compositional evolution happened along the lineage of Scolopendra 
subspinipes after it diverged from its congener S. morsitans than happened along the stem 
lineages of the five orders combined. 


