Text S1: Algorithm for Directed Network Drawing 1

To visualize a directed neuronal network we modify an approach suggested in [1,2]. In this approach, the
vertical and the horizontal coordinates are chosen independently. The arrangement of neurons along the
vertical axis conveys information about the directionality of the signal flow in the network and the arrange-
ment of neurons along the horizontal axis or axes conveys information about the strength of connectivity
regardless of directionality.

To find the vertical coordinate, z, we try to arrange the neurons so that for every synaptically connected
pair of neurons, the difference in z between a presynaptic neuron ¢ and a postsynaptic neuron j is as close
to one as possible. Specifically, we minimize the following energy function:
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of the connectivity matrix A;;, which is the sum of the gap junction and chemical connectivity matrices, and
the symmetrized connectivity matrix W;;, which satisfies W;; = (A;; + A;;)/2. By setting the derivative of
this expression to zero, we find:

Lz =b, (2)

where b; = Z;;l Wijsgn(A;; — Aj;) and the Laplacian L = D — W is defined in terms of a diagonal matrix
D that contains the number of synaptic terminals on corresponding neurons,

Di; = 65 Z Wik (3)
k=1

A unique solution to this equation can be found by using the pseudoinverse.
To find the horizontal coordinates, we use the Laplacian, L, normalized by the number-of-terminals
matrix D,
Q=D"'2LD7/2 (4)

The eigenmodes corresponding to the second and third lowest eigenvalues of ) are denoted vo and vs. Then,
the horizontal coordinates are
=Dy, and y=D"'?v,. (5)

This method produces an aesthetically appealing drawing because each neuron is placed in the weighted
centroid of its neighbors. Thus strongly coupled neurons tend to be colocated.
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