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The accumulated findings from many
laboratories (ref. 4 and references there-
in) that fusion of intracellular vesicles
requires several cytosolic proteins brings
yet another question into focus. Are
there different mechanisms used during
fusion of biological membranes? It
appears that there must be at least two
classes of fuston events; extracellular
fuston such as cell—cell or cell-virus
fusion, and intracellular fusion events of
the kind discussed in Bowser et al.l.
Due to the constraints of topology,
cytosolic factors involved in intra-
cellular fusion cannot conceivably play
similar roles during extracellular fusion.
Sigmficantly, while integral membrane
proteins involved in the physical act of
membrane fusion have been identified
for extracellular fusion events®, none
have yet been identified for intracellular
fusion. It appears that drawing close
parallels between studies on extra-

cellular and intracellular fusion events
must be done with caution.
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And now... eusocial thrips!

Raghavendra Gadagkar

Eusocial insects (the only truly social
insects, by definition) are defined as
those that possess all of the three funda-
mental traits of eusociality namely, (a)
cooperative brood care, (b) differentia-
tion of colony members into fertile
reproductive castes (queens or kings as
the case may be) and sterile non
reproductive castes (workers) and (¢) an
overlap of generations such that off-
spring assist their parents in brood care
and other tasks involved 1n colony
maintenance’'2, When this definition
was formulated, eusociality was known
to be restricted to the class Insecta and
even there to just two orders namely
[soptera (termjtes) and Hymenoptera
{ants, bees and wasps). While all known
termites are eusocial, the distribution ol
eusociality in the Hymenoptera is curious.

The suborder Symphyta, consisting of

several families of free-living phytopha-
gous species is devoid of eusociality. In
the other suborder Apocrita, the sub-
group Terebrantia consisting of severul
famihes of parasitoid species 1s also
completely devoid of eusociality. It is

only In the subgroup Aculeata that
eusoctality 1s seen. But even here, while
all ants are eusocial, most bees and
wasps are not eusocial. Nevertheless
eusociality 1s believed to have originated
at least eleven times independently
within the Aculeata’.

In recent times, eusoctality has been
demonstrated in another order of insects
namely Homoptera (in the aphids)® 5.
There 1s also an unsubstantiated claim
of a eusocial spider® and a clear
demonstration of eusociality in a
mammal, the naked mole rat™? The
discovery of eusociality in any species of
animal outside the Isoptera and Hyme-
noptera has come to be reparded as
sensational, usually warranting a report
in Nature or Science’® but claims and
counter-claims about whether something
should be classtlied as eusoctal con-
tinue> 'Y,

And now Bernard J. Crespi'! of the
Simon Fraser University in Canada has
demonstrated cusociality in two species
of Australian  gall thrips Oncothrips
tepperi Karny and Q. habrus Mound.
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(For general information about thrips
and their galls, see refs. 12, 13). The thrips
Crespi describes seem tailor-made for
the evolution of eusociality, Galls (the
equivalent of single foundress nests in
eusocial Hymenoptera) are initiated by
single inseminated macropterus (fully
winged} females in spring. After fighting
off other similar females over possession
of a presumably valuable young grow-
ing phyllode tissue of Acacia oswaldii
and A, melvillei respectively, the found-
ress oviposits 1nside the gall. Her
offspring hatch, feed, develop and eclose
inside this gall. She produces four kinds
of offspring: macropterous females (like
her), macropterous males, micropterous

(short-winged) females as well as micro-
pterous males. The term micropterous is
somewhat distracting for, the important
feature of micropterous adults is their
enlarged and armed forelegs specialized
for fighting. Sure enough micropterous
adults (both females and males) eclose
earlier than macropterous females and
males. Notice the analogy with the first
batch of brood becoming workers and
subsequent batches becoming future
reproductives in social Hymenoptera.

Crespt has convincingly demonstra-
ted that in both species, micropterous
adults attack and attempt to kill Kopto-
thrips spp. (inquiline thrips that invade
galls of other species, kill the gall
formers, and breed inside), lepidopteran
larvae and [ridomyrmex humilis ants
and do so more often than foundresses
(the macroplerous offspring of the
foundress had not yet eclosed at the
time of the experiment). He has also
provided evidence that Koptothrips spp.
form a real threat to the Oncothrips and
that the micropterous offspring provide
a substantial benefit of protection to the
foundresses. The micropterous adults
are therefore termed ‘soldiers’. Dissec-
titon of foundresses and micropterous
adults show that although many soldiers
had developing oocytes, their ovanan
devclopment was clearly inferior to that
of the foundresses. Besides, Crespi
points out that “there is simply insuffi-
cient space in the gall for micropterous
females to produce as many adull
oflspring as do foundresses™ Thus O.
tepperi and O, habrus appear to satisfy
atl the three onterta required to label
them as eusoctal. There is overlap of
generations, the morpholoyical specia-
hzatton and defenstve behaviowr of the
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mucropterous females and its consequence
for the sunvisal of the foundresses
certainly implies cooperative brood care
and there 1s some level of reproductive
caste differeniation or at least sub-
ferulity on the part of the micropterous
adults. Notice however that, unhike in
the Hymenoptera, the soldiers (workers)
can be of gither sex.

As Crespr'? remarks “Austrahan gall
thrips provide remarkable new ‘oppot-
tunities for analysing the causes of the
evolution of eusociality”™. A particularly
fascinating aspect of Crespr's discovery
of eusoctality in yet another order of
msect 1s that Thysanoptera are also
haplodiploid. The evolution of euso-
ciabty in diploid aphids, naked mole-
rats and termites is thought to be linked
to their living and feeding inside a
“highly valuable, persistent habitat that
they have created” and which is “de-
fensible primarily by individuals specia-
hzed with weapoary and bebaviour for
heroic acts' !4 On the other hand
eusociality in the Hymenoptera is usually
thought 1o be linked to the geneuc asy-
mmetries creéated by haplodipioidy and
the ability of mothers to produce female-

brased sex-ratios due to parthenoge-
nesis? 1271°% The gall thrips have both
sets of conditions, Nevertheless, unless
future resecarch proves otherwise, euso-
ciality in gall thrips, hke in the Hyme.
noptera, Aphids and naked mole-rats,
appears 10 be resiricted 1o a just a few
species while the vast majority of related
species apparently endowed with the
same set of adaptations have failed to
evolve eusociality. The plot thickens!
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COMMENTARY

An encounter with genes

(r. Baskaran

This summer, while glancing through
one of the latest issues of Physical
Review Letters, an article' entitled
‘Evolution of long-range fractal correla-
tions and 1/ noise in DNA base
sequence’ caught my attention. Even to
a theoretical physicist like me with
minimal expertence in molecular biology
of genes, the long range fractal correla-
tion looked strange and consequential, 1
took a mental note of this and decided
to study this paper further at some
future time. About a month later, a
write-up by John Maddox? in the News
and Views column of Nature, aboul the
same and related articles confirmed my
feeling of the importance of this finding,
The notion of scale invariance or power
law fractal correlation has a particular
appeal to theoretical physicists, who
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have developed some insights and
intuition about them in examples like
critical point phenomena, conformal
ficld theory, self-organized criticality, 1/f
noise and so on. I am writing this short
comment to briefly explain the observa-
tion of fractal correlation n DINA as
well as the captivating and hypnotizing
mfluence that molecular biology of
genes is having on me in the last one
month or so, whilte 1 am having an
aerial view> of the subject with occasional
detailed study. Even this short encounter
[eaves me awestruck at the amazingly
rich variety of complex phenomena,
each one being an invitation (or a trap!)
to the world of genes. When one realizes
that physicists like Schrodinger, Gamow,
Crick and others have contribuied in a
fundamental way to the molecular

biology of genes, one feels like peeping
into the gene forest, of course, with all
humility, and caution.

DNAs are long molecules with the
four nucleic acids adenine, thymine,
guanine and cytosine, abbreviated res-
pectively as A, T, G and C, forming a
one-dimensional sequence. The length
of this sequence is as large as 10" for
certain flowering plants and of the order
of 10®> for mammals. The information
content of this one-dimensional sequence
Is very basic to any living organism.
Different regions of the DNA code f(or
different proteins. This is where the
central dogma of molecular biology
operates. {Proteins are in turn involved
in the myriads of operations doing
enzyme catalytic action, providing chan-
nels for 1on conduction across the ceil
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