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DEVELOPMENT

Neurogenesis reunited

Experiments on fruit flies are shedding new light on the evolution and

development of the nervous system in metamorphosing insects.
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etamorphosis is a wonderful and curi-

ous process in which animals undergo

a transformation from one form and
lifestyle to another. It is thought that insects that
undergo metamorphosis — which include flies,
beetles, bees and butterflies - make up the
majority of animal species on Earth. However, the
first insects to evolve did not undergo this pro-
cess. Instead, much like modern-day silverfish,
these earliest insects had embryos that devel-
oped into essentially miniature versions of the
adult forms. Metamorphosing insects evolved
later and have embryos that develop into simple
larvae. These larvae move, feed and grow until
they reach a critical size, at which point they form
a pupa and undergo metamorphosis. The trans-
formation involves many of the tissues that had
developed in the embryo being broken down so
that new adult structures — such as legs, wings,
eyes, antennae and genitalia — can form.

The metamorphosis of an insect’s body is par-
alleled by changes to its nervous system. The
nerve cells required for the simple larva are born
in the embryo from other cells called neuroblasts.
This process, which is called neurogenesis, also

occurs in a late stage larva when new nerve cells
are needed to build the adult’s nervous system.

In the early 1990s, it was elegantly demon-
strated that the active neuroblasts in larvae of
the fruit fly Drosophila melanogaster are in fact
embryonic neuroblasts that have been re-acti-
vated (Prokop and Technau, 1991). However
many researchers study neurogenesis in either
the embryo or the larva, but not both. This
means that for decades these two fields of
research have remained largely disconnected, as
if they concerned two different beasts. However,
last year, Gerhard Technau and colleagues at
the University of Mainz started to bridge this
gap by studying these two phases of neurogen-
esis in D. melanogaster (Birkholz et al., 2015).
Now, in elife, Haluk Lacin and James Truman of
the Janelia Research Campus report how they
have built on this work to complete the job
(Lacin and Truman, 2016).

The nervous systems of different insect spe-
cies develop from ‘ground plans’ that are found
in each segment of an insect’s body and defined
by neuroblasts. Figuring out how these different
ground plans are modified is essential if we are
to understand how the nervous systems of
insects evolved and develop. Metamorphosing
insects, such as D. melanogaster, present an
interesting riddle. The fruit fly larva is a small,
worm-like creature and most of its body seg-
ments perform very similar roles. About 32 neu-
roblasts in the embryo produce the nerve cells
needed for the comparatively simple nervous
system in the thorax and abdomen of a larva
(Bate, 1976; Birkholz et al., 2013). When neu-
rogenesis resumes in a late stage larvae, 23 neu-
roblasts whir into action in the thorax, but only a
few are re-activated in the abdomen
(Truman and Bate, 1988). This larval neurogen-
esis produces about 90% of the nerve cells
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found in an adult fly, including those that control
its legs and wings.

The work at Mainz and Janelia has now
revealed which neuroblasts are exclusively active
in the embryo, and which become re-activated
in thorax and abdomen of the larva. Technau
and colleagues used an approach called the
“Flybow"” technique to track neuroblast cells
(plus the cells descended from these neuro-
blasts) from the embryo to the late-stage larva
just before metamorphosis (Birkholz et al.,
2015; Hadjieconomou et al., 2011). Lacin and
Truman, on the other hand, used new genetic
tools that allowed them to follow lineages of
specific neuroblasts and their descendants all
the way into the pupal and adult stages
(Lacin and Truman, 2016; Awasaki et al.,
2014).

While both studies largely agreed, there are
some discrepancies. For example, Lacin and Tru-
man discovered a new neuroblast in the larva's
thorax. It appears that this neuroblast (which
they named NB5-7) most likely arose via a dupli-
cation of a neighbouring neuroblast (called NB5-
4). What is more, while both of these neuro-
blasts produce similar nerve cells associated with
motor control of the legs in adult flies
(Harris et al., 2015), only NB5-4 also gives rise
to cells in the embryo. Together these data
point to NB5-7 being a recent evolutionary mod-
ification of the basic neuroblast ground plan,
and producing the additional cells for the adult
nervous system that might boost the control of
leg movements. Lacin and Truman also demon-
strate that the presence of the NB5-4 neuro-
blasts depended on specific genes that control
the development of animal body plans - the so-
called HOX genes (see also Bello et al., 2003).

So how should we now look at neurogenesis
in metamorphosing insects? It is possible that
the evolution of metamorphosis ushered in a
separate mode of nervous system development
that is specific to the adult stage. Alternatively,
the pause in nerve cell birth that is seen at the
end of embryonic development may simply be
just that: a pause. Drawing on a wealth of data,
Lacin and Truman show that, for D. mela-
nogaster, the pause is just a pause. Moreover, it
has now become clear that - rather than being
two distinct phases - larval neurogenesis
appears to simply resume where embryonic pro-
duction left off. For example, some neuroblasts
in the late embryo produce nerve cells ready for
the adult’s nervous system, which remain mostly
undifferentiated until the larval stages. When the
same neuroblasts become active again in the
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larva, they then produce new nerve cells that are
similar to those last made in the embryo. Finally,
although some details remain to be ironed out,
by casting embryonic and larval neurogenesis in
Drosophila as a continuum, Lacin and Truman
have opened new avenues for studying the
development and evolution of nervous systems.
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