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Abstract—The ““typical” insect sensillum is formed by a fixed number of cells: one or several bipolar sensory neurons are
enveloped by the glia-like thecogen, the trichogen, and the tormogen cells. These cells arise via differential mitoses from an
epidermal sensillum mother cell, which is “‘singled out” in the epidermis by the action of proneural and neurogenic genes, and
then inhibits its neighbours from becoming sensillum mother cells themselves (““lateral inhibition™). Morphogenesis begins with
the formation of a primary ciliary dendrite (9 x 2+ 0) by the neuron that grows above the epidermal surface. The trichogen cell
then develops an apical sprout backed by a microtubular cytoskeleton, which will secrete the cuticle of the sensory hair, whereas
the tormogen cell forms the hair socket. After finishing cuticle formation, both cells retract and form the subcuticular sensillum
lymph cavity. In hemimetabolous insects preparing for molting, the dendrite leaves the new sensillum via an apical or a lateral
pore, remaining connected with the old sensillum. During adult development of holometabolous insects, the primary dendrites
also project from the newly forming hairs, being lost when cuticle secretion starts. The definite sensory dendrites grow into the
hair shaft, whereas the trichogen cell retracts from the latter in most species. © 1997 Elsevier Science Ltd. All rights reserved.

Index descriptors (in addition to those in the title): neurogenesis; differential mitoses; cytoskeleton; cell processes; molting.

INTRODUCTION

Despite their small size, insect sensilla are complex in
structure and function. They have been termed “‘Kle-
inorgane” by Henke (1953) and “‘organules™ by Lawr-
ence (1966), because they are small and consist of too few
cells to merit the status of a proper “organ”. Although
the physiological function of the different types of sensilla
is extremely variable, their cellular composition is sur-
prisingly uniform. The “typical” insect sensillum (Fig. 1)
is an oligocellular complex consisting of one or several
bipolar sensory neurons, which are tightly enveloped by
the glia-like “thecogen” cell. This, in turn, is partly
enclosed by the “trichogen™ and “‘tormogen” cells. The
uniformity can be understood by looking at the devel-
opment. Each sensillum has its origin in a single precursor
cell that arises in the epidermis and undergoes a series of
differential mitoses during embryogenesis or meta-
morphosis. Sensilla can, therefore, be considered as
monoclonal units. The earliest knowledge of the mor-
phogenetic events came from the schools of Alfred Kiihn
and Karl Henke in the late 1930s, beginning with the
investigation of moth scale development by Stossberg
(1938). In the following, I shall give a comparative
description of the events that lead from the undiffer-
entiated epidermis to a physiologically active sensory
organulum.

MORPHOGENESIS OF INSECT SENSILLA
The precursor cells

In the differentiating epidermis, 2 successive chains of
events lead to the precursor cell of a sensillum: “‘singling
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out” and ““lateral inhibition” (Fig. 2). In Drosophila mel-
anogaster , a number of genes have been identified whose
activity is required for these processes (reviewed by Heit-
zler and Simpson, 1991; Ghysen et al., 1993; Jan and Jan,
1990, 1995).

First, the “prepattern” genes (active in determining
the dorsal-ventral and anterior—posterior axes as well as
segmentation in the embryo) fix the region in the epi-
dermis where a sensillum will develop. In this region, a
group of cells forms a “proneural cluster” in which the
“proneural” genes (e.g., those of the achaete-scute com-
plex) become active. In the cells of this cluster, the *“‘sen-
sory precursor” or ‘‘sensory mother cell” (SMC) is
“singled out” by interaction of the ““neurogenic’” genes
(such as notch and delta). This cell then suppresses the
capacity of its neighbours to become SMCs; they become
normal epidermal cells instead: this is known as “lateral
inhibition”. The type of sensillum which the SMC will
produce is determined by activity of the “neuronal type
selector genes™ (such as cut or rhomboid). The “lineage
genes” (such as numb or oversensitive) direct the cell div-
isions that lead to the different cell types of a sensillum.

Lateral inhibition was investigated much earlier in
hemimetabolous insects (Rhodnius prolixus) by Wiggles-
worth in a now “classic” paper: Wigglesworth (1940).
With each molt, the cuticular surface increases, giving
more space between individual sensilla. This decreases
their inhibitory action on neighbouring epidermal cells,
which can now give rise to additional SMCs in inter-
mediate positions.

A number of mutants is known in which sensillum
development and determination are disturbed. For exam-
ple, all epidermal cells can assume a neurogenic fate
(shaggy: Bourouis et al., 1989), all sensilla might become






