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Wavenumber-dependent transmission of subthreshold waves on electrical synapses
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Figure 1. Anatomical gap junction network and our circuit model. (A) In the sample of the network diagram on the left, there are white-filled nodes
stand for cells, and the edges of a solid line stand for the anatomical gap junction between them. The graph on the right is the distribution of 1,433 gap
junction weights obtained from the connectome data of C. elegans. (B) In the sample of the network diagram on the left, equally spaced two virtual
nodes were added between cells connected by a gap junction, and the virtual node is presented as a black-filled circle. The solid line stands for the
connection between the cell and the virtual node that gave a weight of 1, and the dotted line stands for the connection between the two virtual nodes
that gave our processed weight between 0 and 1. Our processed weights are calculated from the anatomical gap junction weights, and the graph on

the right shows its distribution.
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Figure 2. Wavenumber-dependent transmission coefficient. Average transmission coefficient for all cell-pairs as a function of E values (E value is a
function of the wavenumber of the subthreshold wave). (A) The upper panel shows the average transmission coefficient graph on the Y-axis of the real
scale and the lower panel shows the same graph on the Y-axis of the log scale. The reference value (107) of the signal mobility edge is indicated in the
lower panel as a dot-dash line. (B) The transmission coefficient of all cell-pairs at E = 0.225 is represented as a heatmap, which is the highest average
transmission coefficient in our result. (C) The transmission coefficient of all cell-pairs at E = 5.650 is represented as a heatmap, which is one of the
signal mobility edges. (B, C) In heatmap, the X and Y axes are arranged according to the index of 469 cells, and the index follows that of the original
connectome data. Instead of displaying all cell names, only seven cell types were indicated.
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Figure 2—figure supplement 1. Selected (T(E)) peaks. The 31 selected peaks are shown as dots on the graph of the average transmission coefficient
for all cell-pairs. To make the dots more visible, only the E value range of [-1, 5] was drawn out of the total [-10, 10]. The upper panel shows the dots and
the graph on the Y-axis of the real scale and the lower panel shows the same things on the Y-axis of the log scale.
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Figure 3. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (T3 (E) > 0.5) at (A) E = 0.225, (B) E = 0.800, (C)
E = 1.450, and (D) E = 3.875 (or the corresponding wavenumbers) are shown, respectively. The left panels represent the transmission coefficient
between cells belonging to the cell-pairs with strong transmission at each E value as a heatmap. Here, the X and Y axes are the cell index, and the
cell name corresponding to the cell index can be found in Appendix 1—Figure supplements 1-4. The right panels display the cell-pairs of strong
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Figure 3 continued on next page
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Figure 3 continued

transmission at each E value as red bidirectional arrows of the same thickness on the network diagram. In the network diagram, the cell name is written
inside the circle that stands for each node (for the body-wall muscles, the cell name is abbreviated as follows; ex) dBWML1T — dL1), and the color of

the node stands for the cell type (Red: Pharynx cells, Orange: Sensory neurons, Yellow: Inter neurons, Green: Motor neurons, Light blue: Body-wall
muscles, Purple: Other end organs, Magenta: Sex-specific cells). Edges indicated by black solid lines stand for the electrical synapses among the cells,
and the thickness of the edges is proportional to our processed weight. In the network diagram, only 173 cells that belonged to the cell-pair with strong
transmission at least once in positive E values are represented, and the remaining cells and the electrical synapses by them are omitted from display.
The virtual nodes of our circuit are also omitted from the display.
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Figure 3—figure supplement 1. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 0.000,
(B) E =0.100, (C) E = 0.175, and (D) E = 0.225 (or the corresponding wavenumbers) are shown, respectively. The left panels represent the
transmission coefficient between cells belonging to the cell-pairs with strong transmission at each E value as a heatmap. Here, the X and Y axes are
the cell index, and the cell name corresponding to the cell index can be found in Appendix 1—Figure supplements 1-4. The right panels display the

Figure 3—figure supplement 1 continued on next page
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Figure 3—figure supplement 1 continued

cell-pairs of strong transmission at each E value as red bidirectional arrows of the same thickness on the network diagram. In the network diagram, the
cell name is written inside the circle that stands for each node (for the body-wall muscles, the cell name is abbreviated as follows; ex) dBBWML1T — dL1),
and the color of the node stands for the cell type (Red: Pharynx cells, Orange: Sensory neurons, Yellow: Inter neurons, Green: Motor neurons, Light blue:
Body-wall muscles, Purple: Other end organs, Magenta: Sex-specific cells). Edges indicated by black solid lines stand for the electrical synapses among
the cells, and the thickness of the edges is proportional to our processed weight. In the network diagram, only 173 cells that belonged to the cell-pair
with strong transmission at least once in positive E values are represented, and the remaining cells and the electrical synapses by them are omitted from
display. The virtual nodes of our circuit are also omitted from the display.
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Figure 3—figure supplement 2. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 0.275,
(B) E =0.325, (C) E = 0.475, and (D) E = 0.575 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the

network diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1.
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Figure 3—figure supplement 3. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 0.750,
(B) E = 0.800, (C) E = 0.850, and (D) E = 0.925 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the
network diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1
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Figure 3—figure supplement 4. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 1.350,
(B) E = 1.450, (C) E = 1.500, and (D) E = 1.575 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the
network diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1
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Figure 3—figure supplement 5. Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 1.700,
(B) E = 1.750, (C) E = 1.800, and (D) E = 1.875 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the
network diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1
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Figure 3—figure supplement 6. \Wavenumber-dependent transmission map. The cell-pairs with strong transmission (Tj; (E) > 0.5) at (A) E = 2.000,
(B) E = 2.225, (C) E = 2.450, and (D) E = 2.650 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the

network diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1
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Figure 3—figure supplement 8. \Wavenumber-dependent transmission map. The cell-pairs with strong transmission (T}; (E) > 0.5) at (A) E = 3.625,
(B) E = 3.750, and (C) E = 3.875 (or the corresponding wavenumbers) are shown, respectively. The heatmaps of the left panels and the network
diagram of the right panels are represented in the same way as in Figure 3—figure supplement 1.
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Figure 4. Average appearance rate as cell-pair with strong transmission in the WDTMs. The average appearance rate of all cell-pairs is represented as
a heatmap. Here, the X'and Y axes are arranged according to the index of 469 cells, and the index follows that of the original connectome data. Instead
of displaying all cell names, only seven cell types were indicated. The highest rate is 7/31 ~ .23, and four cell-pair groups showing rates of 3/31 ~ 0.1
or higher are identified and numbered in the heatmap. (1) PVDL-PVDR pair, (2) hmc-vBWML6, hmc-vBWML7, and hmc-vBWMLS pairs, (3) CANL-CANR,
CANL-exc_cell, and CANR-exc_cell pairs, (4) many cell-pairs of intra-strand of the body-wall muscles.
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Figure 5. Differences depending on whether the electrical synapse network model considers interference. (A) In the electrical synapse network
model without considering interference, when the electrical synapse is treated as an electrical resistor, the effective conductance (the reciprocal of the
effective resistance) experienced by the external direct current power applied to an arbitrary cell-pair was calculated, and this value was represented
as (B) a heatmap for all cell-pairs. (C) In our circuit considering interference of wave signals, the average transmission coefficient for all E values (or all
wavenumbers) of an arbitrary cell-pair was calculated, and this value was represented as (D) a heatmap for all cell-pairs. (B, D) In heatmap, the X and Y
axes are arranged according to the index of 469 cells, and the index follows that of the original connectome data. Instead of displaying all cell names,
only seven cell types are indicated.
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Appendix 1—figure 1. Searching for optimal gamma. The average transmission coefficient for all cell-pairs as a function of E value (E value is a function
of both v and wavenumber k) was calculated under the four 7y conditions (1, 2.5, 5, 10), respectively. Here, the wavenumbers used the same set as a
hundred values equally spaced in the range of [0, 7/a]. The upper panel shows the average transmission coefficient graphs as the Y-axis of the real scale
and the lower panel shows the same graphs as the Y-axis of the log scale. The reference value (107) of the signal mobility edge is shown in the lower
panel as a dot-dash line.
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