Validating the model: MSN functionality is consistent with

original target behaviour

Here we ‘close the loop’ of the relationship between MSN responses and behaviour. That
is, having established desired MSN response profiles from a behavioural analysis of basal
ganglia output (Figure 1), we now seek to confirm that the MSNs derived from our learning
rules give basal ganglia output of the required form.

Our goal here is to show that the responsiveness of the spiking D1 and D2 MSN
models learnt through the dopamine-driven STDE rules can give rise to the required
action selection and suppression at the end of leaning and extinction, respectively. To
this end, we needed to test these models responsiveness in the rate-coded network model
to allow a direct comparison to the original selection and suppression results (Figure 3).

We took the set of synaptic weights for D1 and for D2-MSNs at different epochs of the
simulated operant task, and constructed equivalent rate-coded models that matched their
input-output firing rate curves. Details of this procedure are contained in the Methods of
the main paper text. There was a remarkably good fit of the MSN responses to piecewise
linear functions of the form used in the rate-coded model (Figure S2A)

This is emphasised by comparing the fitted MSN functionality with the input/output
characteristics of the control channel MSNs in Figure S2B. The main features of D1/D2-
relative slopes,and intercepts with the z-axis, are similar in both cases. We should em-
phasise that the spiking MSNs are not based on their rate-coded counterparts but, rather,
on a detailed compartmental model of the MSN [1, 2]. It is also important to note that
the relative performance of D1-and D2- MSNs is reported using synaptic activity as input,
and not injection current; results with the latter can be quite different [3, 1].

We then embedded these parameterised rate-coded D1 and D2 MSNs into the exper-
imental channel of our basal ganglia network model and tested the model in the same
two-channel competitions used in the main text (Figure 3) to establish the selection and
suppression capability. Thus these network models incorporated the responsiveness of
the D1 and D2 MSNs learnt through the dopamine-driven STDE plasticity rules. With
these embedded the match with ideal selection templates was 76% post-learning (after

intermission), and 87% for post-extinction (Figure S2C). This compares favourably with



the matches observed in Figure 3 of the main text. We conclude that the MSNs in the

plasticity protocol do indeed give rise to expected basal ganglia behaviour.
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