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Data-driven honeybee antennal lobe model
demonstrates how stimulus-onset asynchrony
can aid odor segregation
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Insects have a remarkable ability to identify and track that originate from different sources [1]. Honeybees,
odor sources in multi-odor backgrounds. Recent beha-  Apis mellifera, are able to distinguish mixtures where
vioral experiments show that this ability relies on detect- both odors arrive at the same time (synchronous mix-
ing millisecond stimulus asynchronies between odors tures) from those where odor onsets are staggered

A A Antenna B Glomerulus A
. oA ALLL
ORN : ‘) T PN
( Odor)
sdee
o R 9 -
(AR
ORN Glomerulus B
LN ‘PN C Glomerulus 19 Glomerulus 28
L0 T
ML L
PN
—— by

Antennal
Lobe

LN I. AL |

100 mv

1s

Figure 1 A Anatomy of the olfactory system of the honeybee. Olfactory receptor neurons (ORNs) on the antenna are depicted as blue
spheres, the glomeruli of the AL were derived from the 3D AL atlas [3] and each glomerulus for which we had sufficient data (transparent) was
modeled with 5 PNs (red spheres) and one LN (green spheres). B Functional network architecture. ORNs of the same type converge onto the
same glomerulus in which they excite all PNs and the LN. The LN of each glomerulus inhibits all PNs of the same glomerulus and of other
glomeruli. The strength of inhibition was chosen proportional to the correlation of PN activity of the glomeruli as observed in the data. The LNs
also inhibit each other, forming a winner-take-all circuit. C example simulation data from PNs (red) and LNs (green).
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(asynchronous mixtures). Surprisingly, this ability
persists down to an onset delay of only 6 ms.

On this poster we explore this surprising ability in a
model of the honeybee antennal lobe. We hypothesize
that a winner-take-all inhibitory network (see Figure 1)
of local neurons (LNs) in the antennal lobe has a sym-
metry-breaking effect, such that the response pattern in
projection neurons (PNs) to an asynchronous mixture is
different from the response pattern to the corresponding
synchronous mixture for an extended period of time
beyond the initial odor onset where the two mixture
conditions actually differ. The prolonged difference
between response patterns to synchronous and asyn-
chronous mixtures could facilitate odor-background seg-
regation in downstream circuits of the olfactory
pathway.

We present a detailed data-driven model of the bee
antennal lobe that reproduces a large data set of experi-
mentally observed odor responses [2] and demonstrate
with this model that our hypothesis is consistent with
the current knowledge of the olfactory circuits in the
bee brain.
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