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Phylogenetic analysis forces rethink of
termite evolution
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1/6



Mastotermes darwiniensis M
Porotermes quadricollis T
Hodotermopsis sjostedti [ z

Zootermopsis nevadensis

Kalotermes flavicollis
Glyptotermes parvulus

Neotermes castaneus

Cryptotermes domesticus m

Cryptotermes secundus

Bifiditermes mutubae m

Epicalotermes kempae

Sphaerotermitinae
Macrotermitinae

Stylotermes halumicus w
Termitogeton planus P 40
Glossotermes oculatus
Serritermes serrifer 3

b P

—
‘M Rhinotermes hispidus
4‘_7: Schedorhinotermes sp.4

Schedorhinotermes intermedius.
Prorhinotermes inopinatus N .
Prorhinotermes simplex <l Ml
Reticulitermes speratus ;
Reticulitermes flavipes ge=, Lo

Reticulitermes grassei i-f&ﬂ?
Reticulitermes lucifugus # o
Heterotermes ferox * L e
Heterotermes tenuis :
Coptotermes acinaciformis 2l L o

! q g 3
Heterotermes malabaricus <

Heterotermes tenuior '
Sphaerotermes sphaerothorax Q L4

Pseudacanthotermes militaris

Macrotermes natalensis
Foraminitermes rhinoceros

Odontotermes formosanus %}

SepiIwIa]

\
Labritermes buttelreepeni
Jugositermes tuberculatus ’&’

mmﬁﬁmm

Astratotermes sp.
e Aparatermes sp. m

Anoplotermes banksi

Euhamitermes sp.1
Indotermes sp.1 ‘m’”

Labiotermes labralis
Cephalotermes rectangularis

Neocapritermes taracua w

Leptomyxotermes doriae

Constrictotermes cavifrons \ A f
Agnathotermes crassinasus <
Atlantitermes osborni ; -

Occasitermes sp.1 y yy!

Hospitalitermes sp. M
Nasutitermes sp. oyl
Nasutitermes takasagoensis i ;
Pericapritermes sp.7 . = O=
Dicuspiditermes cf. laetus /
Dentispicotermes brevicarinatus
Globitermes sulphureus w »
gmirerm essp.

romirotermes sp. 5
Basidentitermes Ezun'w‘!ﬁi ¥
Cubitermes sp.
Quasitermes incisus ! =3
Spinitermes trispinosus —m A

Cavitermes tuberosus

Indotermessp.2 s
Micgocerorermes sp. e
Embiratermes neotenicus

Cornitermes pugnax 3 o ﬁ

150 125 100 75

Palmitermes impostor <.__* i
0 Million years ago 4

The new phylogeny correctly places the Sphaerotermitinae as a sister of the
Macrotermitinae, within the Termitidae family. Both sub-families display the
rare behavior of building combs within their nests. Credit: OIST
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Despite their important ecological role as decomposers, termites are
often overlooked in research. Evolutionary biologists at the Okinawa
Institute of Science and Technology Graduate University (OIST) have
constructed a new family tree for this unassuming insect brood, shedding
unexpected light on its evolutionary history.

Writing in Current Biology, the team presents a new tree showing the
relationship among termite families and subfamilies. Critically, they
have managed to correctly place a subfamily of termites that has until
now befuddled researchers. Through comprehensive analysis of termite
RNA sequences, the team has now determined the proper position of
termites within the Termitidae family.

The Termitidae make up around 80% of termite species and are
important as decomposers. This is because, unlike in other families,
many Termitidae have shifted their food source from wood to soil and
decomposing plant matter—an important change in diet that took place
when they lost protist gut symbionts found in all other termite families.
This loss was possibly triggered by new relationships with fungi and
bacteria, which the Termitidae cultivate externally in complex sponge-
like structures called combs.

The Sphaerotermitinae is one such comb-building subfamily. And while
they have previously been difficult to place, the RNA analysis has
confirmed that they are, in fact, a sister of the fungus growing
Macrotermitinae subfamily—within the Termitidae. Both subfamilies
build combs inside their nests, and the new family tree explains how this
behavior evolved.

"Cultivating fungi and bacteria in combs is a peculiar way of securing
food," explains Dr. AleS Bucek, a postdoctoral scholar in OIST's
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Evolutionary Genomics Unit. "It was previously thought that comb
building led to the loss of protist gut symbionts in Termitidae. But the
new family tree suggests that combs emerged in the ancestor of
Sphaerotermitinae and Macrotermitinae—not across the whole
Termitidae family."

"It seems likely, therefore, that associations with new gut bacteria
allowed for the loss of old symbionts."

Professor Thomas Bourguignon, a Termitidae nest, and Dr. AleS Bu&ccaron;ek
Credit: OIST

Rethinking the termite family tree
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When researchers construct a family tree, or phylogeny, they can do so
using different genes. By looking at the differences in a gene between
species, they can understand how closely-related those species are.
Often, researchers construct a phylogeny using a single gene. This can,
however, give an inaccurate picture of the relationship between
species—and can incorrectly place them.

Instead of relying on a single gene, the OIST team used up to 4065 genes
from each termite species to construct the phylogeny. This provides a

more reliable picture of how different species are related. They included
55 termite species from across the globe, representing all major lineages.

This tree indicated that the Sphaerotermitinae is, in fact, a sister of the
comb building Macrotermitinae, a well-studied subfamily of termites.
The two sisters both build combs, although only in the Macrotermitinae
does this involve the cultivation of fungi for food. Sphaerotermitinae
combs, meanwhile, appear to contain bacteria, although the species are
not yet identified.

What the team can say, however, is that comb building emerged only
once, several million years after the loss of gut symbionts in the ancestor
of all Termitidae.

In addition to explaining evolutionary processes, the new family tree
improves our understanding of termite ecology. This, in turn, is useful
for developing pest control strategies and ecosystem engineering. For the
Evolutionary Genomics Unit, however, the next step is to further
investigate Sphaerotermitinae. With the subfamily now correctly placed
on the tree, they are now analyzing its gut bacteria—and whatever is
found in its intricate combs.

Provided by Okinawa Institute of Science and Technology
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