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Introduction:
In insects the large number of sense organs can be subdivided into groups based on their morphology and corresponding function. In Drosophila
melanogaster sense organ development requires proneural genes for the selection of sensory organ precursors (SOPs), but also for their subtype identity. For example, members of the Achaete-Scute family, are required for external mechanosensory organ development, while members of the Atonal
family specify chordotonal organs and a subset of olfactory sense organs among others. Thus the expression domains of these genes do not overlap
in D. melanogaster. We investigated the morphological and molecular development of sensory organs in Daphnia magna.

Results - proneural gene expression in D. magna embryos:
Using in situ hybridisation and superimposition of their schematic representations,
we found, that in D. magna atonal (magenta) and ASH (cyan) are expressed in an
overlapping pattern (purple) in several areas of the peripheral nervous system.
Examples are distal parts of the first antenna, a1 (asterisks); proximal, middle and
distal areas in the second antenna, a2 (arrowheads); distal and proximal regions of
the thoracic appendages, thp1-4 (arrows); as well as the posterior margin of the
proctodeum, pro (double arrowhead) .
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Since it is not known which sense organs are
probably
generated in these areas, we analyzed the
chemosensory
structure of the larval sense organs and traced
their origin back to embryonic stages (orange in SEM image).

Results - miss-expression of the D. magna atonal gene in D.
melanogaster:
We used stable germ line transformation to create D. melanogaster
transformants, which carry the Daphnia atonal gene in order to
perform over-expression and rescue experiments. In all results shown
the 109(2)68-Gal4 line was used to drive expression of the UAS-atonal
construct.
Over-expression of Daphnia atonal results in the lack of external
bristle structures (shaft and socket) in several positions of notal
macrochaetae (right image). The most affected positions are:
posterior and anterior scutellar, pSC (yellow circles), aSC (white
circles); posterior notopleural, pNP (magenta circles); posterior and
anterior dorsocentral, pDC (red circles), aDC (orange circles); and
anterior postalar, aPA (blue circles). A similar, but more pronounced
phenotype was found when over-expressing Drosophila atonal.

pNP
aDC
aPA
pDC

ato1 mutant

UASatoDam/109(2)68-Gal4; ato1

Interestingly, neither
Daphnia atonal nor
Drosophila atonal were
able to rescue the atonalmutant phenotype. For
example, atonal-mutant
flies do not have any
ommatidia (left image), as
do the “atonal-rescue” flies
(right image).

In the absence of achaete-scute function both Daphnia and Drosophila
atonal restore external mechanosensory organ development in some notal
macrochaetae. Amongst other phenotypic changes the employed ac-scmutant line, ac(sbm), does not form DC (orange and red circles) or aPA (blue
circles) macrochaetae (left image). The rescue flies, however, showed
supernumerous bristle
development
in all those
positions
(arrowheads,
right image).
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Discussion:
We show here that the D. magna UAS-atonal construct shows similar phenotypes in the over-expression and rescue experiments as compared to the
D. melanogaster atonal gene. However, the partial co-expression of atonal and ASH in D. magna embryos indicates that the molecular mechanisms in
sense organ determination have changed and/or that sense organs are formed that show characteristics distinct from insect sense organs. There is
indeed evidence for the latter scenario. Crustaceans possess sensory organs that contain scolopidial structures in their dendrites and can perceive
internal and external mechanosensory stimuli. The combinatorial expression of ASH and atonal might specify these sense organs. In insects such
sense organs have not been described and scolopidial structures are confined to the internal chordotonal organs. If we assume that atonal specifies
sensory organs with scolopidial structures, the separate origin of internal (mechanosensory) chordotonal organs and
external mechanosensory organs in insects could account for the non-overlapping expression of atonal and
achaete-scute described in D. melanogaster.

