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SUJET PROPOSE
Titre : Modélisation des régime oscillatoires conjoints des ganglions de la base et du cortex
Projet : (4500 signes espaces compris) Brain activity displays multiple oscillation modes, but
we don't yet know for certain whether oscillations are a byproduct of the physical properties
of the brain or an active component of its computations. Recent results suggest the implication
of β oscillations (13-35Hz) in cognitive processes: β activity is prominent in decision-making
tasks such as in free choice decision (Pesaran et al., 2008). These decision-making processes
involve circuits arranged in loops connecting frontal cortex
areas, the basal ganglia and the thalamus.
The team of E. Procyk (INSERM, Lyon) with whom we collaborate, have a set of electrophysiological data acquired in the anterior cingulate and prefrontal cortex (ACC and PFC) of
monkeys performing the self-paced decision-making EE (Exploration/Exploitation) task
(Procyk & Goldman-Rakic, 2006), which has revealed complex modulations of β oscillations
(Stoll, Wilson et al., 2016; Wilson et al., 2016). Their results suggest β bursts might reflect
on-going, unitary short-lived network dynamics subserving the deliberative processes
generating endogenous flexible decisions.
The ISIR team has already developed spiking models of the components of the cortico-basothalamo-cortical loop involved in decision-making in the EE task:
ACC and PFC recurrent networks have already been developed to explain data from the
Procyk team (Fontanier et al., In Prep). They display dopamine (DA) modulation and
emerging attractor dynamics, based on Hebbian learning. They exhibit discrete β bursts at
rest, with a relatively flat distribution of the power in the various frequency bands.
The monkey basal ganglia model, initially developed at the population level (Liénard et al.,
2014), is based on realistic spiking neurons, synaptic delays and displays emerging selection
properties (Girard et al., submitted). It also exhibits discrete β bursts, but only in the upper
part of the β band, and it has a bimodal distribution of power, in the upper β and in the ɣ band.
The thalamic network model, already published (Paz et al., 2012), will close the loop.
Connecting these models will provide an exceptional tool to investigate emerging spiking
dynamics, β bursts and decision-making in frontal loops.
The EE task includes both working memory and reinforcement learning components. Thus,
our final objective is to build a network that will incorporate DA-reinforcement synaptic rules
1) at cortico-cortical synapses, to learn associative attractors of task states representations
(PFC) and of meta-learning valuation (ACC), and 2) at cortico-basal synapses to learn task
contingencies.
The goal of the thesis is to assemble the complete model in order to explain the EE
experimental data.
* Fontanier, V., Sarazin, M., Stoll, F., Delord, B. & Procyk, E. (in preparation). Different
intrinsic timescales and cell types within midcingulate and lateral prefrontal cortex.
Girard, B., Liénard, J., Gutierrez, C., & Doya, K. (submitted). A spiking biologically
constrained basal ganglia model.

* Liénard, J., & Girard, B. (2014). A biologically constrained model of the whole basal
ganglia addressing the paradoxes of connections and selection. J comput neurosci, 36(3), 445468.
* Liénard, J., Cos, I., Girard, B. (2017). β-Band Oscillations without Pathways: the opposing
Roles of D2 and D5 Receptors. bioRxiv preprint.
* Paz J., Davidson TJ, Frechette ES, Delord B, Parada I, Peng K, Deisseroth K & Huguenard
JR (2012) Closed–loop optogenetic control of thalamus as a tool for interrupting seizures after
cortical injury. Nat Neurosci.
* Pesaran, B., Nelson, M. J., & Andersen, R. A. (2008). Free choice activates a decision
circuit between frontal and parietal cortex. Nature, 453(7193), 406.
* Procyk, E., & Goldman-Rakic, P. S. (2006). Modulation of dorsolateral prefrontal delay
activity during self-organized behavior. J Neurosci, 26(44), 11313-11323.
Spitzer, B., & Haegens, S. (2017). Beyond the status quo: A role for beta oscillations in
endogenous content (re) activation. eNeuro, 4(4).
* Stoll* F., Wilson* C.R.E., Faraut M.C.M., Vezoli J., Knoblauch K., & Procyk E. (2016)
The effects of cognitive control and time on β oscillations. Cereb Cortex, 26: 1715-1732.
* Wilson C.R.E., Vezoli J., Stoll F., Faraut M.C.M., Leviel V., Knoblauch K., & Procyk E.
(2016) Prefrontal markers and cognitive performance are dissociated during progressive
dopamine lesion. PLoS Biol, 14(11): e100257

