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Heterogeneous connectivity can positively
and negatively modulate the correlation
between neural representations
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To differentiate pooled external stimuli the sensory cen-
ter requires distinct neural representations. It is gener-
ally considered that one major function of the antennal
lobe in Drosophila is to separate the inputs from olfac-
tory sensory neurons (SNs) and encode them into only
weakly uncorrelated neural representations at the level
of projection neurons (PNs). Several reports [1,2]
demonstrated that the global dynamic of antennal lobe

exhibits an inclination to separate odors and improve
odor representations at the level of PNs. Our recent
study showed that the sensory processing in the anten-
nal lobe may also merge two odors in PNs although
they are distinctly represented at the SN level [3]. Our
experimental evidence suggests that the neural represen-
tations of the pair n-amylacetate (A) and benzaldehyde
(B) are separated both at the SN and the PN levels
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Figure 1 Combining heterogeneous connectivity of and specific inhibition by local neurons may induce both joining and separating
neural representations.
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(Figure 1A, B). Surprisingly, the representations of the
pair n-amylacetate (A) and 3-octanol (O) are joined in
the PNs although the input odorant-evoked activity pat-
terns of the SNs are separated (Figure 1A, C); therefore,
the correlation between that odor pair during the anten-
nal lobe processing decreases. Such unexpected
dynamics suggests that the function of antennal lobe
should be reevaluated.
Here, we show that the correlation between odor

representations can be either decreased or increased in
a model of the antennal lobe given the identical hetero-
geneous glomerular innervation of local neurons (LNs).
The investigation of glomerular innervation of LNs con-
firmed that whereas some LNs innervate to only a few
glomeruli, others innervate many and yet others to
almost all glomeruli [4]. Our simulation results showed
that the different inputs of odorant-evoked activity pat-
terns in SNs can be transformed into separated or
joined PN representations of odor pairs in the identical
circuits of LNs innervating all or part of glomeruli
(Figure 1D, E). Our main contribution is grounded in
the observation that selectively heterogeneous glomeru-
lar innervation of LNs may selectively inhibit particular
sets of PNs, thereby reducing the high-dimensional
inputs to lower dimensional activity of a glomerular cir-
cuit and thus modulating the dissimilarity or correlation
between information encoded in PNs. Our analysis sug-
gests that this connection heterogeneity may indeed be
a key to resolve the conflicting functions enhancing the
discriminating of odor representations (increasing corre-
lation) and being robust against noise (decreasing the
correlation between odor stimuli consisting of same
odorants but being blurred by noise) in olfactory
processing.

Author details
1Network Dynamics, Max Planck Institute for Dynamics and Self-Organization,
37077 Göttingen, Germany. 2Bernstein Center for Computational
Neuroscience, 37073 Göttingen, Germany. 3Molecular Neurobiology of
Behavior, Johann-Friedrich-Blumenbach-Institute for Zoology and
Anthropology, Georg-August-University of Göttingen, 37077 Göttingen,
Germany.

Published: 8 July 2013

References
1. Bhandawat V, Olsen SR, Gouwens NW, Schlief ML, Wilson RI: Sensory

processing in the Drosophila antennal lobe increases reliability and
separability of ensemble odor representations. Nature neuroscience 2007,
10(11):1474-1482.

2. Masse NY, Turner GC, Jefferis GS: Olfactory information processing in
Drosophila. Current biology: CB 2009, 19(16):R700-713.

3. Niewalda T, Voller T, Eschbach C, Ehmer J, Chou WC, Timme M, Fiala A,
Gerber B: A combined perceptual, physico-chemical, and imaging
approach to ‘odour-distances’ suggests a categorizing function of the
Drosophila antennal lobe. PloS one 2011, 6(9):e24300.

4. Chou YH, Spletter ML, Yaksi E, Leong JC, Wilson RI, Luo L: Diversity and
wiring variability of olfactory local interneurons in the Drosophila
antennal lobe. Nature neuroscience 2010, 13(4):439-449.

doi:10.1186/1471-2202-14-S1-P391
Cite this article as: Chou et al.: Heterogeneous connectivity can
positively and negatively modulate the correlation between neural
representations. BMC Neuroscience 2013 14(Suppl 1):P391.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Chou et al. BMC Neuroscience 2013, 14(Suppl 1):P391
http://www.biomedcentral.com/1471-2202/14/S1/P391

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17922008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17922008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17922008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19706282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19706282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21931676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21931676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21931676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20139975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20139975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20139975?dopt=Abstract

	Author details
	References

