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Supplementary figure 1: The sensitivity of the decision threshold to
the cortico-collicular (Cx-SC) efficacy in the absence of the basal gan-
glia. We compare the effect of changing Cx-SC synaptic efficacy on the
threshold with (circle, from Fig. 5b of the main paper) and without
(square) the basal ganglia. It is evident that the basal ganglia reduces
the sensitivity of the decision threshold to the Cx-SC efficacy. However,
even without the basal ganglia the range of cortical firing threshold is
still fairly limited.
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Supplementary figure 2: Full network simulations in which single CD neurons are endowed with
additional intrinsic ion channel mechanisms and exhibit Up and Down membrane states. We implement
the non-inactivating potassium (KS) current and the inward rectifying potassium (IR) current [1, 2] for
single CD neurons in the model. The IR current is activated at hyperpolarized membrane potentials
and contributes a small outward current that stabilizes the Down state; whereas in the Up state the
near-firing-threshold membrane potential is maintained with the help of the low-threshold KS current.
(a) A membrane potential trace of a simulated CD neurons in its baseline activity demonstrates that the
neuron switches between the Up and Down states at a frequency below 1Hz [1, 3]. The model behavior
is not affected substantially by the addition of membrane bistability to CD neurons, as shown by (b)
Population firing rates from a simulated trial, (c) psychometric functions, (d) chronometric functions
and (e) decision threshold as a function of Cx-CD synaptic efficacy.
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Supplementary Methods

1 Single neuron model

Each neuron is simulated by the leaky integrate-and-fire model. The membrane potential V(¢) obeys
the following equation:

dv (1)

Crm dt

= —gL(V(t) = VL) = Loyn(t),
where Cy, is the capacitance, gz, is the leak conductance, V7, is the resting potential and I, is the total
synaptic current in the cell.

When the membrane potential V() of each neuron reaches a threshold Vipreshoia = —50mV, a spike
is emitted and V(t) is set to the reset potential Veser = —55mV for a refractory period T, = 2ms.
For inhibitory neurons in the superior colliculus and the cortical network models, we used the following
parameters: C,, = 0.2nF, gr = 20nS and V;, = —70mV. For all other neurons in the model, we used
Cr, = 0.50nF, g, = 25nS and Vp = —70mV.

The synaptic current /sy, (%) is described by:

QNMDASNMDA(t)(V(t) - VE)
Toyn(t) = garpasampa(t)(V(t) — VE) + 1+ [Mg2H]e-0002V(D /3 57 + 9gcapascapa(t)(V(t) — Vi),

where Vi (=0) and V7 (=—70 mV) are the reversal potentials, [Mg?+] (=1.0mM) is the extracellular
magnesium concentration and ¢ is the synaptic efficacy. The gating variable s obeys

ds(t) s
dt *zk:é(tftk) T

for AMPA and GABA 4 receptor mediated currents and

ds(t) s
-~ =a(l—s(t) zk: 5t —t%) — ~

for NMDA receptor mediated current, with o = 0.63. The decay constant 7 is 2ms for AMPA, 100ms
for NMDA and 5ms for GABA 4. §(t —t¥) is the delta function and t* is the time of the kth presynaptic
spike.

2 Short-term facilitation

We implemented short-term facilitation (STF) at the SCe-to-SCi synapses in the superior colliculus.
The gating variable s is multiplied by the STF factor F', which obeys the following dynamics [1]:

‘2_1: =ap(l—F)) _§(t—ty) — F/p,
k

where the dimensionless factor ap equals 0.15 and the decay constant 7p equals 1000 ms.



3 Synaptic connections and background inputs

All synaptic connections between neural populations or within a neural population are all-to-all. The
values of synaptic efficacy g, unless otherwise specified, are:

for SC,
SCefi—5Cef _ SCeb—SCet _ | 5 SCef—S5Ci _ SCeh—SCi _
INMDA = I9INMDA = L9 Inmupa T 9INmpa T Y0
SCelf—Czi _  SCel—Cuzi _ SCelR—Czel _  SCel—Czel __
Inmpa = 9nvmpa = 01, 9xapa =9NmMDA = 0.0,
SCi—SCe? _ SCi—SCel __
9GABA = 9GABA = 2.5,
for BG,
SNri_gCeft _  SNrl_-SCel __ CDRE_SNrE _  CDL-SNrl __
GABA = 9GABA = 2.5, 9GABA = 9GABA = 0.6,
and for Cx,

CzeP—SCef _  Czel—SCel

JAMPA = 9AMPA = 3.5, g5 paCP" = ¢Gue P = 0.8 4.6,
gGzen Ot — gQaer Cmeh — 0,085, gGaen . C7" = g§rel 07" = 0.2805,
gGaepACe” = gGuer O = 0043825, g{e 0 = gres O™ = 0.14462,
g5 Al = e paC™ = 0.04, g{aen a0 = e 0T = 0.13,

G55 S = gGus g = 1.3, gGuE{™ = 1.0,

All values are in nS. Superscripts denote the presynaptic and postsynaptic populations. For example,
SCelfl — SCi represents SCef*-to-SCi connection, and SCeft — SCeft represents the recurrent connection
of SCeft.

All neurons receive background Poisson inputs with mean conductance equal to 0.4864 nS for SCe
neurons, 5.12 nS for SCi neurons, 13.76 nS for SNr neurons and 1.6 nS for CD neurons. We follow Ref. [2]
for all the parameters, including numbers of neurons, values of synaptic strength and background Poison
inputs in the Cx network.
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