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1 I/0 Modeling of the Antennal Lobe

In this section we present a detailed I/O modeling of the Antennal Lobe circuit. We start by modeling the I/O
of the single-channel temporal (see Section feedback configuration followed by the multi-channel spatio-
temporal (see Section feedback configurations. More details can be found in (Lazar et al., [2023).

1.1 1I/0 Modeling of a Single-Channel Antennal Lobe with Temporal Feedback

The channel considered here is generic and will not be indexed. This reduces the burden in notation. In
section the channels will be indexed by the receptor index r = {1, ..., R}. The single channel AL circuit
with temporal feedback consists of 3 subcircuits with feedback Pre-LN, with feedforward Post-eLN and with
feedforward Post-iLN. Note that Pre-LN denotes a presynaptic Local Neuron that acts presynaptically on
the OSN axon terminals. The Post-eLN and Post-iLN denote, respectively, an excitatory Local Neuron and
an inhibitory Local Neuron in the Antennal Lobe that act postsynaptically on PNs.

Single-Channel Antennal Lobe Subcircuit with Feedback Pre-LIN

The OSN to Pre-LN synapse in Figure (top left) with parameters [a{F, BOF gL EOL] is described
by
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where [NT)°F = [NT] - 24T ig the concentration of the synaptic neurotransmitter, 7% is the synaptic

maxr

current injected into the Pre-LN BSG, V' is the Pre-LN membrane voltage, and EC is the reversal potential
of the synapse. The normalized neurotransmitter concentration z4*7 is described by eq. below. For the
Pre-LN BSG model the noise variance is (O’OL )2 = 0, and the spike train generated by the Pre-LN amounts
to

Z §(t — t&) < NoisyConnorStevens(19%; 09L).
keZ

The output [NT]°F of the (feedback) OSN Axon-Terminal model with parameters

[afteT pfeT o daT [NT]  1is of the form [NT)?F = [NT], - 24T where
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Informally, the steady-state response of x amounts to
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Figure S1: Single-channel Antennal Lobe circuit with temporal feedback. (left) Schematic diagram of the single-channel AL
circuit with temporal Pre-LN feedback. The channel consists of 3 DNPs: a feedback DNP acting presynaptically on the OSN
axon terminal (top branch), a feedforward DNP with Post-eLN (middle branch) and a feedforward DNP with Post-iLN (bottom
branch). Adapted from Lazar et al. (2023) under Creative Commons Attribution License. (right) Response of the single-channel
AL circuit to a staircase acetone concentration waveform. (A) Staircase concentration waveform. (B) Synaptic current from
OSN to PN. (C) Synaptic current from Post-eLN to PN. (D) Synaptic current from Post-iLN to PN. (E) Same as in (A). (F)
DM4 PN response to the staircase concentration waveform. (grey) Electrophysiology recording of the activity of the DM4 PN
(Kim et al., [2015]) in response to the acetone staircase concentration waveform.

i.e., a family of sigmoids of the OSN input parametrized by the Pre-LN feedback.
Single-Channel Antennal Lobe Subcircuit with Feedforward Post-eLIN

The OSN to Post-eLN Synapse with parameters [a$Z, 8¢5 k¢ ast, BsE, ast, BsE, g¢k ., E¢L] is described by
(see Figure [S1| (middle left))
d
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where IV is the synaptic current injected into the Post-eLN BSG, V¢ is the Post-eLN membrane voltage
and E°L is the reversal potential of the synapse.

For the Post-eLN BSG model the noise variance is ()2 = 0 and the spike train generated by the Post-eLN
amounts to

Z 5(t — t§5) < NoisyConnorStevens(I°F; o°F). (10)
keZ

Single-Channel Antennal Lobe Subcircuit with Feedforward Post-iLN

The OSN to Post-iLN synapse with parameters [aﬁL , iL , m‘lL,OﬂQL , éL,agL , §L, gmal,,EiL} is described by
(Figure |S1| (bottom left))
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where I'" is the synaptic current injected into the Post-iLN BSG, V¥ is the Post-LN membrane voltage and
FE'™ is the reversal potential of the synapse.

For the Post-iLN BSG model the noise variance is (0'%)? = 0 and the spike train generated by the Post-iLN
amounts to

Z §(t — tiF) < NoisyConnorStevens(I'Y; o'L). (15)
keZ

Single-Channel Antennal Lobe Circuit Current Injected into a Projection Neuron

In what follows we evaluate the current inject into a PN by the OSN to PN, Post-eLN to PN and the Post-iLN
to PN synapses.

The OSN to PN synapse with parameters [a9F, OF gOP EOP] is described by the egs. (Figure (top
left))

d
axOP —_ aOP . [NT]OP . (1 o $OP) o /BOP . JZ‘OP (16)
1°F = g%fzj:v -2 (VP - EOP)’ (17)

where 197 is the synaptic current injected into the PN BSG, V' is the PN membrane voltage and EOF is
the reversal potential of the synapse.

The Post-eLN to PN synapse with parameters [a*f gl gell’ " pelP] is described by the eqgs. (Figure
(middle left))

%xe — eLP Z(S tzL _ xeLP) o /BeLP . xeLP (18)
keZ
IeLP — gf?"zLaI; eLP (VP EeLP)‘ (19>

where 1¢%F is the synaptic current injected into the PN BSG, V¥ is the PN membrane voltage and E¢FF is
the reversal potential of the synapse.

The Post-iLN to PN synapse with parameters [a'/F, giEP gibP ' [FilP] i5 described by the eqs. (Figure
(bottom left))

d , . .
%x _ 7,LP Zé tzL o szP) o /81LP . szP (20)
keZ
IiLP — g;ﬁi iLP (VP EiLP)) (21)

where I'"F is the synaptic current injected into the PN BSG, V¥ is the PN membrane voltage and E*F is
the reversal potential of the synapse.
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The Spike Train Generated at the Output of a Projection Neuron and Its Biological Valida-
tion

For the PN BSG model the noise variance is (¢7') = 0.00138493% and ¥

P (t) = Z 5(t — t¥) « NoisyConnorStevens(19F + 1¢LF 4 [iLF, o7, (22)
keZ

An example evaluation of the single channel circuit model in Figure[SI|(left) is shown in the same figure on the
(right) The odorant concentration waveform and Pre-LN, Post-eLN and Post-iLN to PN synaptic currents
estimated from physiology recording data are shown in grey. Response of each DNP (and DNP-BSG cascade)
is shown in red. In Figure (top right) the same acetone staircase concentration waveform is shown. Model
DM4 PN PSTH (red) compared with the DM4 PN physiology recording (grey) is depicted at (bottom right).
For more details, see |Lazar et al.| (2023).

1.2 I/0 Modeling of the Multi-Channel AL with Spatio-Temporal Feedback

The model architecture of the multi-channel AL circuit is shown on the left in Figure |S2| (Lazar et al., 2023).
An evaluation of the input/output relationship of the multi-channel AL circuit is shown on the right. (Right
[i,v]) Acetone staircase odorant concentration waveform. ([ii]) Post-eLN to PN synaptic currents. Different
hues of red indicate strengths of synaptic current, with strongest due to the Post-eLN receiving input from
the Or59b OSN indicated in dark red. (Right [iii]) Post-iLN to PN synaptic currents. Different hues of blue
indicate strengths of synaptic current, with strongest due to the Post-iLN receiving input from the Or59b
OSN indicated in dark blue. (Right[iv]) OSN Axon-Terminal to PN synaptic current shown as a heatmap.
Different hues of grey indicate strengths of synaptic current. Refer to colorbar for scale. (Right [vi]) Multi-
channel PN PSTH, with synaptic current of ON and OFF pathways along Or59b/DM4 channel shown as
blue and red arrows, respectively.
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Figure S2: Multi-Channel Antennal Lobe circuit with spatio-temporal feedback. (left) Schematic diagram of the multi-channel
AL circuit with spatio-temporal feedback. Adapted from Lazar et al. (2023) under Creative Commons Attribution License.
(right) Response of the multi-channel AL circuit to a staircase acetone concentration waveform. (A) Staircase concentration
waveform. (B) Synaptic currents from Post-eLNs to PNs in each of the 23 channels. (C) Synaptic currents from Post-iLNs to
PNs in each of the 23 channels. (D) Synaptic currents from OSNs to PNs in each of the 23 channels. (E) Same as in (A). (F)
PN responses to the staircase acetone concentration waveform in each channel.
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Note that the results obtained in Figure [S2 were obtained above and in [Lazar et al|(2023)) using simulations.
Biological validation of the multi-channel Antennal Lobe is not yet available in the literature.
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2 Additional Supplementary Figures

This section includes the following 7 supplementary figures:

Figure S3: Evaluating the effect of the PN-KC connectivity parameter ) on the dendritic KC input
for Diethyl Succinate.

Figure S4: Evaluating the effect of the PN-KC connectivity parameter @) on the dendritic KC input
for Ethyl Butyrate.

Figure S4: Ranking of KC dendritic inputs is preserved across different instantiations of PN-KC bipar-
tite graphs.

Figure S6: Response of the OEM to 110 odorants in the DoOR database.

Figure S7: Odorant semantics information of a mixture of Methanol and Benzyl Alcohol with different
constant concentration amplitude ratios encoded in the time domain across the population of KCs.

Figure S8: Odorant semantics information of a mixture of Acetone and Diethyl Succinate with different
constant concentration amplitude ratios encoded in the time domain across the population of KCs.

Figure S9: Odorant semantics information of a mixture of Acetone and 2,3-Butanedione with different
constant concentration amplitude ratios encoded in the time domain across the population of KCs.
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Figure S3: Evaluating the effect of the PN-KC connectivity parameter @ on the dendritic KC input for Diethyl Succinate. (A)
Diethyl Succinate affinity in descending order. Affinity is normalized by the sum of all affinity values across receptor types. (B)
Steady-state responses of OSNs to Diethyl Succinate at 4 different constant amplitude concentration levels. (C) Steady-state
responses of PNs to Diethyl Succinate at different constant concentration levels. (D) Dendritic inputs to each KC in descending
order of input strength, at 4 different constant concentration levels. (D1) Q = 3, (D2) Q = 6, (D3) Q = 9. The horizontal
axis lists the KCs in ranking order.
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Figure S4: Evaluating the effect of the PN-KC connectivity parameter @ on the dendritic KC input for Ethyl Butyrate. (A)
Ethyl Butyrate affinity in descending order. Affinity is normalized by the sum of all affinity values across receptor types. (B)
Steady-state responses of OSNs to Ethyl Butyrate at 4 different constant amplitude concentration levels. (C) Steady-state
responses of PNs to Ethyl Butyrate at different constant concentration levels. (D) Dendritic inputs to each KC in descending
order of input strength, at 4 different constant concentration levels. (D1) Q = 3, (D2) Q = 6, (D3) @ = 9. The horizontal
axis lists the KCs in ranking order.
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Figure S5: Ranking of KC dendritic inputs is preserved across different instantiations of PN-KC bipartite graphs. (A) Acetone.
(B) Diethyl Succinate. (C) Nerol. (D) Ethyl Butyrate. The connectivity matrices of the PN-KC bipartite graphs in each of
columns 1, 2 and 3 are instantiated using different random seeds. The parameter for the bipartite graph is @ = 6.
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Figure S6: Response of the OEM to 110 odorants in the DoOR database. (1st column) Ranking of KC dendritic inputs.
(2nd column) Ranking of KC dendritic outputs. (3rd column) Odorant semantics encoded in the time domain across the
population of KCs as the first spike sequence code. The first spikes of each of the active KCs in response to each odorant are
collected onto a single row for each of the odorant concentration amplitude values. (4th column) The cumulative interspike
intervals of the first spike sequence code in the third column.
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Figure S6: Continued.
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Figure S7: Odorant semantics information of a mixture of Methanol and Benzyl Alcohol with different constant concentration
amplitude ratios encoded in the time domain across the population of KCs. The mixtures are presented at a fixed ratio in row
(A) 4:1, (B) 2:1, (C) 1:1, (D) 1:2 and (E) 1:4. For each fixed ratio, 4 Methanol concentration levels are used, (red) 50ppm,
(green) 100ppm, (orange) 150ppm and (blue) 200ppm. Legend shows this concentration of Methanol. Concentration of Benzyl
Alcohol can be derived from the component ratio. (1st column) Ranking of KC dendritic inputs. (2nd column) Ranking
of KC dendritic outputs. (3rd column) The first spike sequence code. The first spikes of each of the active KCs in response
to each odorant are collected onto a single row for each of the odorant concentration amplitude values (4th column) The
cumulative interspike intervals of the first spike sequence code in the third column.
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Figure S8: Odorant semantics information of a mixture of Acetone and Diethyl Succinate with different constant concentration
amplitude ratios encoded in the time domain across the population of KCs. The mixtures are presented at a fixed ratio in row
(A) 4:1, (B) 2:1, (C) 1:1, (D) 1:2 and (E) 1:4. For each fixed ratio, 4 Acetone concentration levels are used, (red) 50ppm,
(green) 100ppm, (orange) 150ppm and (blue) 200ppm. Legend shows this concentration of Acetone. Concentration of Diethyl
Succinate can be derived from the component ratio. (1st column) Ranking of KC dendritic inputs. (2nd column) Ranking
of KC dendritic outputs. (3rd column) The first spike sequence code. The first spikes of each of the active KCs in response
to each odorant are collected onto a single row for each of the odorant concentration amplitude values (4th column) The
cumulative interspike intervals of the first spike sequence code in the third column.
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Figure S9: Odorant semantics information of a mixture of Acetone and 2,3-Butanedione with different constant concentration
amplitude ratios encoded in the time domain across the population of KCs. The mixtures are presented at a fixed ratio in row
(A) 4:1, (B) 2:1, (C) 1:1, (D) 1:2 and (E) 1:4. For each fixed ratio, 4 Acetone concentration levels are used, (red) 50ppm, (green)
100ppm, (orange) 150ppm and (blue) 200ppm. Legend shows this concentration of Acetone. Concentration of 2,3-Butanedione
can be derived from the component ratio. (1st column) Ranking of KC dendritic inputs. (2nd column) Ranking of KC
dendritic outputs. (3rd column) The first spike sequence code. The first spikes of each of the active KCs in response to each
odorant are collected onto a single row for each of the odorant concentration amplitude values (4th column) The cumulative
interspike intervals of the first spike sequence code in the third column.
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