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Abstract

Trans-thalamic circuits link cortical regions through higher-order sensory (HOs)
thalamic nuclei to support cognition. These circuits are rich with metabotropic
glutamate receptors (mGluRs), whose seconds-long dynamics conflict with the
thalamus’s traditional relay role, leaving their function unknown. Here, we
present a model of group I mGluR-mediated suppression of Kt leak cur-
rents in single neurons. Including mGluRs in a trans-thalamic network of
spiking neurons revealed distinct modulatory roles for thalamocortical and corti-
cothalamic mGluRs. In pyramidal neurons, thalamocortical mGluRs strengthen
somato-dendritic coupling and dendritic plateau potentials, boosting feedforward
propagation of sensory information to enhance decision-making in a detection
task. In HOs thalamic neurons, corticothalamic mGluRs temporally integrate
inputs to shift thalamic firing from burst to tonic, a prediction supported by
pulvinar recordings in behaving animals. This effect increases detection of a
novel stimulus (“wake-up call”) while attenuating detection of repeated stimuli.
Therefore, mGluRs enable the HOs thalamus to dynamically modulate cortical
communication.

Keywords: metabotropic glutamate receptors, higher-order thalamus, thalamic
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1 Introduction

Conventional models of information processing in the brain are typically organized
along a cortical hierarchy. However, it has become increasingly clear that higher-order
sensory (HOs) thalamic nuclei also play a crucial role in cognitive function through
trans-thalamic (cortico-thalamic-cortical) circuits that indirectly connect two corti-
cal regions along a cortical hierarchy [1-5]. This trans-thalamic circuitry is organized
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into two distinct classes of glutamatergic connections, often referred to as ‘drivers’
and ‘modulators’ [6, 7]. Driver connections have long been theorized to rapidly relay
information with high fidelity, while modulator connections adjust how target neu-
rons respond to that information. This proposed distinction is supported by their
robust differences in synaptic properties: drivers show paired-pulse depression and rely
on fast ionotropic neurotransmission mediated by the a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid (AMPA) and N-methyl-D-aspartate (NMDA) receptors. On
the other hand, modulators show paired-pulse facilitation and can uniquely activate
metabotropic glutamate receptors (mGluRs), a family of G-protein-coupled receptors
that alter neuronal excitability for several seconds through intracellular second mes-
senger signaling pathways [2, 8]. Although the physiology and anatomical properties
of driver and modulatory connections have been extensively documented [9-13], it is
not clear how their distinct features affect network dynamics and cognitive function.
Particularly mysterious is the function of modulatory pathways in thalamic circuitry,
whose engagement of mGluRs mediates slow synaptic signaling at timescales that
present a direct challenge to the textbook view of the thalamus as a passive relay of
information. Motivated by this, we seek a principled understanding of how mGIuR
signaling in trans-thalamic circuitry supports the HOs thalamus’s role in cognition.

Despite the ubiquitous expression of mGluRs throughout the central nervous sys-
tem [14], their computational function in the brain remains underexplored. Previous
computational work has focused mainly on fast ionotropic neurotransmission mediated
by AMPA and NMDA receptors [15-17]. This is because mGluR-mediated currents
are substantially smaller in peak amplitude than AMPAR-mediated currents, yet
linger thousands of times longer [18]. Such slow, small-amplitude currents are typi-
cally ignored in single-neuron and network models concerned with millisecond-scale
fast dynamics and information processing, with a few exceptions [19-21].

The present work focuses on postsynaptic group I mGluRs, which stand out due
to their ability to substantially suppress 2-Pore Kt Leak Channels (K2P) [8, 22-24].
By modulating these key voltage-independent ion channels, group I mGluRs are well-
positioned to shape the excitability and firing properties of single neurons and, in turn,
the broader trans-thalamic network. We investigated how the molecular machinery
underlying mGluR-mediated slow modulation in single neurons is linked to network-
level dynamics. We begin by developing a biophysically constrained phenomenological
model of group I mGluR-mediated EPSCs based on their ability to suppress K2P
channels and incorporating this synaptic mechanism into models of increasing com-
plexity: from a single-neuron to the entirety of the trans-thalamic circuit (see Fig. la
for a complete circuit diagram). This multi-scale framework allows us to dissect how
mGluR-mediated modulation shapes dynamics across levels of biological abstraction
within the trans-thalamic circuit.

Our analysis of thalamocortical (TC) modulation revealed that group I mGluR
signaling can dynamically control the gain of cortical neurons in the sensory cor-
tex. In a fully reconstructed multicompartmental model of a layer 5 (L5) pyramidal
neuron (PN) in V1 [25, 26], TC feedback from the HOs thalamus onto the distal api-
cal dendrites produced a prolonged mGluR-mediated depolarization that recruited
voltage-dependent NMDA and high-threshold (L-type) Ca?* channels essential for
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dendritic plateau potentials. In addition, this suppression of voltage-independent K2P
channels enhanced somato-dendritic coupling by increasing dendritic membrane resis-
tance and improving the electrotonic compactness of the apical dendrites. Together,
we found that these effects introduced a dendritic nonlinearity in the neuronal
input-output function that substantially increased the gain of L5 PNs.

We next asked how these modulatory effects on pyramidal neurons shape behav-
ior. Previous theoretical work suggests that perceptual detection relies on a dynamical
bifurcation in which a sufficiently strong feedforward drive triggers an all-or-none “igni-
tion”, a transition from transient to sustained high-firing activity in decision-related
cortical areas [27-29]. We reasoned that if TC activation of mGluRs regulates the gain
of single neurons in the sensory cortex, it can also regulate the threshold at which
this ignition occurs. To test this, we developed a trans-thalamic network of spiking
neurons comprised of two cortical regions and one HOs thalamic nucleus capable of
performing a detection task. In this network, we added our phenomenological model
of mGluR~mediated EPSCs to modulatory connections and found that increasing the
strength of mGluR modulation in TC modulatory connections boosted feedforward
sensory propagation by increasing the gain of sensory neurons, lowering the perceptual
threshold for detection.

We then study the role of the corticothalamic (CT) modulatory pathway, where we
find that mGluRs can affect the firing mode of HOs thalamic neurons. In model HOs
thalamic neurons, we find that model CT modulatory synapses can integrate feed-
forward CT input over seconds-long timescales through mGluR’s slow kinetics. With
sufficient depolarization, thalamic neurons shift from burst to tonic firing via inactiva-
tion of low-threshold (T-type) Ca?* channels. Because this depolarization decays over
seconds, incoming excitatory input does not need to be confined to a single trial within
an experimental session: CT mGluR-mediated depolarization can accumulate across
successive behavioral trials, so that the thalamic firing mode reflects the recent trial
history of CT input. This prediction is supported by the analysis of in vivo pulvinar
recordings in awake-behaving mice, in which thalamic bursting significantly decreases
across repeated trials of L6 CT stimulation.

Finally, we examine the behavioral role of this transition. Because TC modulation
from the HOs thalamus is strongly facilitating, thalamic bursts evoke larger postsy-
naptic effects on cortical PNs than tonic spikes [30, 31]. Building on this, we found that
in the trans-thalamic network of spiking neurons, the inclusion of mGluRs allowed CT
modulator connections to accumulate CT depolarizing input in HOs thalamic neurons,
causing thalamic neurons to fire tonically and reducing their modulatory effectiveness
onto the sensory cortex. In doing so, CT modulation implements a “thalamic wake-up
call” in which the network’s detection performance attenuates across repeated stimuli
while novel input elicits a heightened response. Through this complementary orga-
nization, mGluR signaling acts distinctly along the two pathways: TC modulation
amplifies the feedforward propagation of sensory input, while CT modulation regulates
the strength of that amplification according to the recent history of CT input.

Altogether, our findings highlight that slow group I mGluR signaling transforms
the thalamus from a passive relay into a dynamic, history-dependent regulator of
cortical gain that governs how effectively sensory input is communicated across cortex.
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2 Results
2.1 A Phenomenological Model for mGluR-mediated EPSCs

A key feature of mGluRs is their ability to modulate key ion channels over the course of
several seconds through second-messenger signaling pathways. Given the complexity of
the activated biochemical cascade and our goal of gaining a systems-level understand-
ing of modulatory pathways in trans-thalamic circuitry, our first objective is to design
a computationally tractable model of an essential function of group I mGluRs: suppres-
sion of K2P leak channels, which has been experimentally shown to be the underlying
biophysical mechanism that depolarizes thalamic and cortical neurons following group
I mGluR activation [22, 32].

Classically, group I mGluRs are coupled with G, proteins which, upon their
activation, stimulate phospholipase Cz (PLCf) to hydrolyze phosphatidylinositol 4,5-
bisphosphate (PIP2) into inositol 1,4,5-trisphosphate (IP3) and diacylglycerol (DAG)
[14]. Although IP3 and DAG production mediate further downstream processes involv-
ing intracellular Ca?* release and protein kinase C (PKC) activation, respectively,
previous experimental work has identified DAG as a key molecule that can directly
suppress K2P channels, independently of downstream pathways mediated by PKC
[24, 33]. Consistent with this molecular characterization, a combination of transcrip-
tomic and pharmacological analyses has suggested that heterogeneous expression of
genes regulating DAG signaling across a neuronal population gives rise to a diver-
sity of mGluR EPSC waveforms. Specifically, the expression of DAG kinases (DGKs),
enzymes that terminate DAG signaling, is inversely correlated with the EPSC dura-
tion, while the expression of group I mGluRs and PLCg is positively correlated with
the EPSC amplitude [34].

Based on these experimental results, we design a phenomenological model that cap-
tures both the long time-course of the mGluR EPSC as well as the EPSC’s dependence
on DAG (see Fig. 1b for a schematic). In our model, we assume that the conductance
of K2P leak channels can be multiplied by a factor K, which ranges over [Kin, 1];
K,nin > 0, and describes the proportion of K2P leak channels that are open. At rest,
all K2P leak channels are active; however, after mGluR activation, DAG is produced
and decreases K by a rate controlled by Sx. When DAG disappears, the K2P chan-
nels will recover to their maximum conductance (K = 1) with a time constant of 7x.
Mathematically, this is represented by the equation:

dK 1-K
pral— Br[DAGI(K — Kpin) (1)
Then, to model intracellular DAG signaling, we use the following dynamical equation:

dDAG] _ —[DAG] +apac Y 0(t —t;) @

dt TDAG r

Here, a presynaptic spike at time ¢; produces a transient increase in postsynaptic
intracellular DAG with an amplitude apag that decays exponentially to zero with a
time constant Tpac. To generate a depolarization, we decompose the leak current into
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non-selective cation and K+ components and scale the KT leak current by K.
I, = gr(V — Ep) = In. + IxL = gnL(V — Exp) + gL K(V — Ex) (3)

with
Er — ExL _ Ep—EnL
Exp — Exy’ KL = I~ B,

We calibrate the parameters that govern the DAG-dependent suppression of K2P
channels using published experimental data from [33]. In one such experiment, DGK
was over-expressed and a membrane-permeable DAG analog was applied. Once the
application of this DAG analog stopped, we assume that intracellular DAG levels
quickly return to baseline due to DGK over-expression, allowing K2P channels to
recover to their normal open state. This assumption allowed us to compute 7x from
the reported recovery time-course of the K2P conductance (Fig. 2a, left). Parameters
Br, Kmin were then chosen using another experiment from the same study in which
the same membrane-permeable DAG analogs were applied in a range of concentrations
and the resulting efficacy of the K2P channels was measured.

By fitting this data to the steady-state expression for K as a function of DAG
concentration (Fig. 2a, right),

gNL = gL

1 —|— ﬁKTK [DAG]Kmm
K= 4
1+6KTK[DAG] ( )

(see methods for details), the values for Sx and Ky, were fixed.

To account for the variability in mGluR-mediated EPSCs due to heterogeneity in
DGK and PLCS expression in single neurons [34], we treated DAG’s decay constant
(mpac) and the DAG production amplitude (apag) as free parameters. These free
parameters were estimated by fitting a leaky-integrator model equipped with group I
mGluR dynamics to EPSCs recorded from cerebellar unipolar brush cells in [34]. We
found that our model was able to accurately reproduce the diverse set of waveforms
of experimentally recorded mGluR EPSCs with these two free parameters (Fig. 2b;
see Fig. S1 for additional examples), demonstrating the validity of our approach.

We next characterized the functional implications associated with the slow kinetics
of mGluRs. We found that mGluR’s slow kinetics endow modulator pathways with
the ability to integrate depolarizing inputs separated by several seconds. As DAG
accumulates, this integration saturates (Fig. 2c). The peak magnitude of the resulting
current depends on the frequency of presynaptic input (Fig. 2d), even in the presence
of short-term synaptic facilitation (Fig. S2). Such slow kinetics position mGluRs as a
synaptic mechanism that integrates information across seconds-long behavioral trials,
a property that their ionotropic counterparts cannot realize because NMDA receptors,
the slowest ionotropic receptors, generate EPSCs that decay in ~100 ms [35].

2.2 Thalamocortical group I mGluRs enhance
somato-dendritic coupling and dendritic plateau potentials

Equipped with our phenomenological model of mGluR-mediated EPSCs, we next
examine the influence of mGluR in each modulatory pathway on the trans-thalamic
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circuit. We begin with TC modulation, where previous experiments have shown that
HOs thalamic activation of cortical group I mGluRs increases somato-dendritic cou-
pling in L5 PNs in the sensory cortex [36], although its biophysical mechanism remains
unclear. We hypothesize that this phenomenon reflects mGluR-mediated suppression
of K2P channels. In cable theory of passive dendrites, a given signal attenuates along
the dendro-somatic axis exponentially as exp (—x/A) where A is the spatial length
constant over which a signal attenuates by a factor of 1/e [37]. Crucially, A o< v/ Ry,
so suppression of voltage-independent K2P channels increases membrane resistance
R,, and therefore A. This longer space constant makes dendritic compartments more
electrotonically compact and strengthens somato-dendritic coupling. Indeed, previous
modeling work has demonstrated that reducing K* leak channel conductance enhances
dendritic integration by increasing dendritic membrane resistance [38].

To capture the effects of K2P suppression on somato-dendritic coupling, we
employed a fully reconstructed multicompartmental model of a layer 5 PN from V1
that has been used extensively in previous studies [25, 26]. Guided by our phenomeno-
logical model of mGluR signaling, we varied K2P conductance in the apical dendritic
compartments and quantified the resulting changes in electrotonic distance (measured
in units of \) along a defined somato-dendritic path. This analysis revealed that reduc-
ing K2P conductance shortens the electrotonic separation between the soma and distal
apical dendrites, indicating enhanced somato-dendritic coupling (Fig. 3a). To assess
how this effect extends throughout the dendrite, we additionally mapped the neuron
into electrotonic space by rescaling the length of each compartment by its local space
constant A. This transformation provides a global visualization of dendritic coupling
and shows that K2P suppression compresses electrotonic distances throughout the
apical dendritic tree (Fig. 3b). To verify that these changes were also functionally rel-
evant for arbitrary transient signals, such as those generated via synaptic and action
potentials, we performed an additional morpho-electrotonic transform and generated
an attenogram [39]. In this representation, distances are expressed in units of volt-
age attenuation such that one unit corresponds to an e-fold decay in voltage between
any two compartments in the neuron. Consistent with our calculation of electrotonic
length, decreasing K shortens the effective electrotonic distances in both the cen-
tripetal direction (dendrite to soma) and the centrifugal direction (soma to dendrite)
(Fig. S3), indicating that suppression of K2P channel conductance by group I mGluR
signaling both strengthens dendritic integration and facilitates the propagation of
somatic depolarizations into the apical dendrites.

Such changes in electrotonic structure through group I mGluR activation increase
the gain of the neuronal input/output function to boost somatic firing, through two
mechanisms that operate in tandem. First, mGluR-mediated suppression of K* chan-
nels locally depolarizes the apical dendrites. Second, the accompanying enhancement
of somato-dendritic coupling allows somatic depolarizations to invade the distal apical
dendrites more effectively. Together, these effects reduce the synaptic input required
to activate voltage-dependent currents to generate a dendritic plateau potential.
With strong somato-dendritic coupling, these dendritic plateau events depolarize the
soma to elicit a somatic spike that again back-propagates effectively to the dendritic
compartments, establishing a ‘ping-pong’ interplay between somatic and dendritic


https://doi.org/10.64898/2026.07.25.740691
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.25.740691; this version posted July 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

membrane potentials that increases neuronal gain [40]. To illustrate these effects,
we delivered coincident glutamatergic synaptic input to the distal apical dendrites
and the soma of the multicompartmental model (Fig. 3c). Recording from compart-
ments in the main apical trunk, we found that sufficient K2P suppression enabled a
fixed pattern of coincident synaptic input to be markedly more effective in engaging
voltage-gated L-type Ca?t channels to facilitate a dendritic Ca?* plateau (Fig. 3d,
3e). Similarly, when we applied another fixed pattern of coincident somatic and api-
cal dendritic input and recorded from synaptically activated tuft compartments, we
found that K2P suppression helped overcome the Mg?T block of NMDA receptors to
facilitate NMDA plateaus (Fig. S4). These dendritic plateaus, together with increased
somato-dendritic coupling, synergistically increase neuronal gain and enhance somatic
firing (Fig. 3f), consistent with previous experimental work [41, 42] and the established
role of the HOs thalamus in selectively amplifying cortical responses to behaviorally
relevant stimuli [43, 44]. This elevated firing is especially significant for L5 CT driver
synapses, which are both strongly depressing and ultra-sparse [45, 46]. As such, reliably
driving HOs thalamic responses in vivo from L5 input requires either closely spaced
presynaptic events (e.g. high-firing rate burst events) rather than single isolated L5
spikes, or coincident inputs from multiple presynaptic L5 neurons to overcome the con-
nection’s typically depressed state [47, 48]. However, because L5 CT driver synapses
are ultra-sparse, short-term synaptic depression can be more easily overcome through
presynaptic burst firing; indeed, we verify this prediction in a model driver synapse
between a L5 PN and a HOs thalamic neuron (Fig. S5).

2.3 Thalamocortical mGluRs enhance perceptual detection

A large body of experimental work has shown that conscious perception in stimu-
lus detection depends on the HOs thalamus [5, 36, 49], and stimulus detectability is
correlated with the presence of dendritic plateau potentials in sensory areas [50, 51].
Given that we show that such phenomena can be regulated by group I mGluRs along
TC connections, we asked whether the inclusion of mGluRs in a network of spiking
neurons applied to a detection task could also shape perception.

To test this possibility, we implement a trans-thalamic network model of spiking
neurons (see Methods for full details). The network is made up of two cortical areas (a
lower-order sensory area and a higher-order decision area) connected directly through
cortico-cortical projections and indirectly through a HOs thalamic nucleus via trans-
thalamic pathways (see Fig. 1a for the network connectivity). In the network, the driver
and modulatory synapses are distinguished by their short-term synaptic plasticity and
postsynaptic receptors: driver synapses exhibit short-term depression and engage only
postsynaptic ionotropic receptors, while modulatory synapses exhibit short-term facil-
itation and engage group I mGluRs. Beyond this connectivity, we incorporate three
additional design principles in the network based on experimental work. First, recur-
rent excitation within the sensory area and feedback from the HOs thalamus have
synaptic weights that are tuned so that, in the absence of thalamic feedback, stimulus-
driven cortical activity is substantially reduced [52], making the HOs thalamus a
necessary amplifier of sensory input (Fig. S6a). Second, we include a cortical inhibitory
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subcircuit (see Fig. la inset) designed so that in addition to targeting the apical den-
drites of L5 PNs, HOs thalamic inputs also preferentially recruit VIP interneurons
while largely ignoring SST interneurons [53], producing periods of dendritic disinhi-
bition that are temporally aligned with TC modulatory input to enable the onset
of dendritic plateau potentials (Fig. S6b) [54]. Finally, cortico-cortical weights are
kept relatively weak, so the inclusion of trans-thalamic connections increases effective
connectivity between the two cortical areas [3] (Fig. S6c¢).

We then had the network perform a stimulus detection task to investigate the
behavioral consequences of TC group I mGluR activation. To simulate this task, we
present a brief sensory stimulus of variable strength, given as input directly to sen-
sory neurons for 150 ms after a fixation period of 500 ms (Fig. 4a, left). In this task,
the performance is quantified by a psychometric function, namely the probability of
detection as a function of input strength (e.g. contrast of a visual stimulus). Exper-
imental work on this task has observed that the conscious detection of a stimulus is
often correlated with higher-order areas undergoing an all-or-none ‘ignition’ of sus-
tained activity, [27-29]. As such, if our network displays such sustained activity in the
decision-area, the trial is classified as a hit; otherwise it is a miss (Fig. 4a, right).

With this setup, we next varied the strength of TC mGluR-mediated modulation
to study its potential role in perception. In our network, increasing the strength of
TC mGluR modulation, parameterized by the amplitude of DAG production per spike
apac (Fig. 4b), increased the average firing rate of L5 PNs in the sensory area,
enabling stronger feedforward input that helped transition the decision area from
transient to sustained high-firing activity. Consistent with our single-neuron model,
this increased firing rate reflected an enhancement of dendritic Ca?* plateaus (Fig. 4c).
In summary, increasing the strength of mGIluR modulation reduced the perceptual
threshold as reflected in the leftward shift of the psychometric function (Fig. 4d).

We note that this improved detection performance relies on two synergistic effects
with TC group I mGIluR activation, which are crucially in alignment with previ-
ous experimental work. The first is the interaction between group I mGluR EPSCs
and dendritic Ca?* currents. To test whether dendritic Ca?* plateau potentials were
causally important in enhancing perceptual detection, we blocked Ca?* currents in cor-
tical dendrites, which increased the perceptual threshold even with intact TC mGluR
modulation (Fig. 4e), in line with previous experimental work implicating dendritic
Ca?* signals in stimulus detection [50, 51]. The second is the contribution of feedfor-
ward trans-thalamic projections originating from L5 neurons in the sensory cortex,
which not only increases the effective connectivity between the two cortical regions but
also drives HOs thalamic activity to both increase its modulation of cortical gain (Fig.
S7, left) and its ability to relay input to decision areas (Fig. S7, right). Silencing this
feedforward thalamic driver during stimulus presentation produced perceptual deficits
even when TC mGluRs were present (Fig. 4f), mirroring the experimental deficits
reported by [5] and highlighting the importance of the HOs thalamus in perception.
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2.4 Corticothalamic mGluR Shifts Thalamic Neurons from
Burst to Tonic Firing Across Trials

What, then, is the role of the second modulator pathway: the projection from L6 of the
sensory cortex to the HOs thalamus? This connection also strongly engages mGluRs
[9], and has a key feature in which its axons collateralize with the thalamic reticular
nucleus (TRN), forming a disynaptic inhibitory motif alongside the monosynaptic L6
CT modulatory connection [55]. Together with TRN’s high background firing rate [56],
this motif keeps thalamic neurons hyperpolarized, de-inactivating T-type Ca?* chan-
nels to favor burst firing. In such a scenario, activation of fast ionotropic receptors from
L5 and L6 CT input would activate T-type Ca?* channels to enable a low-threshold
Ca?" spike that produces a brief burst of action potentials riding its crest [57]. Switch-
ing out of this burst mode, however, requires slower depolarization sustained for at
least ~100 ms, a duration that often outlasts ionotropic glutamatergic EPSCs but
falls well within the seconds-long time course of mGluR-mediated depolarization [58].
Such sustained depolarization is also unlikely to arise from circuit properties alone:
maintaining it through input from fast neurotransmission would require recurrent exci-
tation among thalamic neurons, connectivity the thalamus conspicuously lacks [46].
Group I mGluRs are therefore uniquely positioned to mediate the transition between
burst and tonic firing in thalamic neurons. Indeed, in vitro work in first-order nuclei
such as LGN shows that L6 CT input can overcome TRN inhibition by engaging group
I mGluRs, depolarizing relay neurons and shifting them to tonic firing [22, 59].

While this mechanism has not yet been explicitly demonstrated in the HOs tha-
lamus, we expect the HOs thalamus to depend greatly on mGluRs, as HO thalamic
neurons burst more than first-order thalamic neurons in awake behaving animals
because the HO thalamus receives additional subcortical GABAergic input [60]. This
increased inhibition places a greater demand on slow, summating depolarizations that
mGluRs can provide to transition the HOs thalamus to tonic firing. Critically, because
this depolarization decays across seconds, its summation need not be confined to a sin-
gle trial of CT mGluR activation; it can accumulate across successive behavioral trials,
so that the thalamic firing mode reflects the recent trial history of CT modulation.

To illustrate the role of mGluRs in mediating this transition, we model modu-
lator synapses between L6 CT neurons and HOs thalamic neurons, represented as
integrate-and-fire-or-burst (IFB) units that possess low-threshold T-type Ca?* chan-
nel dynamics [57], along with the disynaptic inhibitory motif through the thalamic
reticular nucleus (TRN). With these model synapses, we then simulated repeated
trials of L6 CT input at 10 Hz, a level of activity observed in L6 CT neurons respond-
ing to their preferred visual stimulus [61] and one that is itself sufficient to engage
group I mGluR signaling [22, 62], with a 2-second inter-trial interval (ITI) (Fig. 5a).
Postsynaptic mGluR EPSCs accumulated across trials in response to L6 CT input,
progressively inactivating T-type Ca?* channels and transitioning thalamic neurons
from burst to tonic firing modes (Fig. 5b). Notably, ionotropic NMDA currents in
L6 CT connections decay with time constants of ~100 ms — far too brief to persist
across the seconds-long ITI (Fig. 5b, middle), leaving mGluRs as the key mediator of
cross-trial changes in the thalamic firing mode in the model synapse.
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Our model results suggest a testable prediction: repeated activation of L6 CT
axons across seconds-long behavioral trials should cause a observable decrease in HOs
thalamic burst firing. To assess this possibility in awake-behaving animals, we reana-
lyzed in vivo extracellular recordings from the pulvinar (a HO visual thalamic nucleus)
in awake-behaving mice following optogenetic photostimulation of L6 CT neurons in
V1 [61]. We examined the firing patterns of pulvinar neurons across trials of 10 Hz
L6 photo-stimulation, separated by a 1.5 to 2 second ITI. In our analysis, each ana-
lyzed sequence of trials was preceded by a trial without optogenetic input to allow
any slow depolarizing processes to decay. Consistent with mGluR-mediated EPSCs
shifting thalamic neurons toward tonic firing at slow timescales, we observed a signifi-
cant decrease in the rate of thalamic bursts in consecutive behavioral trials (n = 383;
p < 0.001; Wilcoxon signed rank test) (Fig. 5c, left). Although we cannot definitively
attribute this observed decrease to group I mGluR activation, alternative mechanisms
are unable to explain this result. A key scenario that we consider is activity-dependent
synaptic plasticity that persists over seconds, including short-term facilitation in L6
CT connections, short-term depression of disynaptic TRN inhibition [3, 63, 64], synap-
tic augmentation, or post-tetanic potentiation [65], which could potentially increase
depolarizing effects in a subsequent trial. However, the rate of thalamic bursts during
10 Hz photo-stimulation trials preceded by high-frequency L6 stimulation (20/40 Hz)
(which would strongly engage these plasticity mechanisms) did not differ significantly
from trials preceded by no optogenetic stimulation (p > 0.2; Wilcoxon rank-sum test)
(Fig. 5c, middle), suggesting that short-term plasticity at these synapses does not per-
sist meaningfully across behavioral trials in vivo. By contrast, subjecting our model
synapses equipped with postsynaptic group I mGluRs to an identical stimulation pro-
tocol reproduced the observed decrease in thalamic burst firing across trials of L6
CT stimulation, and this effect was abolished by selectively blocking group I mGluRs
(Fig. 5c, right). Model raster plots and peristimulus time histograms (PSTHs) fur-
ther illustrate the reduction of thalamic burst firing across consecutive trials (Fig.
5d). Together, our results identify mGluR-mediated integration as a parsimonious
explanation for the observed decrease in thalamic bursting across trials.

What is the relevance of this transition in thalamic firing modes in perception? We
speculate that the ability to control transitions between burst and tonic firing can pro-
vide an effective mechanism for regulating information flow in trans-thalamic circuitry
in a history-dependent manner, particularly given the strongly facilitating nature of
TC feedback connections onto sensory cortices. In facilitating synapses, closely spaced
events such as thalamic bursts enhance postsynaptic activation of glutamate recep-
tors, because facilitation variables do not decay nearly as much across short inter-spike
intervals (Fig. 5e). Thus, thalamic burst firing could enhance HOs thalamic modulation
of cortical PNs. However, as mGluR EPSCs accumulate from repeated CT activation
across behavioral trials, thalamic neurons shift from burst to tonic firing, reducing
the strength of subsequent TC modulation. Importantly, although bursting strength-
ens TC feedback, we note that in our model, thalamic bursting is not required for TC
mGluR activation and its ability to enhance the feedforward propagation of sensory
information. In particular, we found that increasing the strength of TC mGluR modu-
lation increased the firing of sensory neurons (Fig. S8a) to enhance conscious detection
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even when thalamic neurons fired tonically through a constant 30 pA depolarizing
current injection (Fig. S8b).

2.5 Corticothalamic mGluRs implement a ‘thalamic wake-up
call’

Given the interplay between TC and CT modulation on single-neurons, we propose
that modulatory connections in the trans-thalamic circuit work in concert with each
other to implement behaviors reminiscent of the long-standing thalamic wake-up call
hypothesis. In this scenario, thalamic bursts enhance cortical firing in response to
novel and salient stimuli, thus promoting their detection [58, 60, 66]. In our model, we
propose that this “thalamic wake-up call” is implicitly realized in the trans-thalamic
circuit, where an initial burst of activity in the HOs thalamus more effectively engages
activation of postsynaptic TC receptors (including mGluRs) in sensory neurons to
enhance their gain. In doing so, this strengthens feedforward input to neurons in the
decision circuit to enable an all-or-none ‘ignition’ of sustained activity, a dynamical
motif indicative of conscious perceptual detection. However, as the stimulus is pre-
sented more frequently and its novelty decreases, repeated activation of the same CT
synapses accumulates mGluR EPSCs to shift HOs thalamic neurons into a tonic fir-
ing mode, reducing the HOs thalamus’s ability to overcome the facilitating nature
of its feedback to early sensory areas. Consequently, thalamic enhancement of den-
dritic plateaus progressively weakens, consistent with a diminished need for a thalamic
“wake-up” signal due to the decreased novelty of the sensory stimulus.

Motivated by the slow kinetics of mGluR-mediated EPSCs and their role in regu-
lating thalamic firing modes, we utilize our developed network model and repeatedly
present a stimulus of identical strength to the network across sequential trials (2 s
ITI, Fig. 6a). Despite the stimulus strength remaining unchanged, the mean firing rate
of L5 neurons in the sensory cortical area progressively decreased across behavioral
trials, reducing the mean firing rate in the downstream decision area following stim-
ulus presentation (Fig. 6b). As predicted, we found an accumulation of CT mGluR
EPSCs, whose slow depolarization progressively inactivated T-type Ca?* channels in
HOs thalamic neurons, biasing them away from burst firing and toward a tonic firing
regime. In this tonic firing regime, TC modulation weakened and the recruitment of
voltage-dependent NMDA and L-type Ca?* currents was reduced in the apical den-
drites of sensory pyramidal neurons, thus decreasing the gain of these neurons (Fig.
6¢). At the behavioral level, these circuit-level adaptations manifested as a progressive
decline in detection performance across repeated stimulus presentations, with percep-
tual thresholds increasing across behavioral trials (Fig. 6d). We then reasoned that if
this adaptation is caused by depolarization from CT mGluR EPSCs, then lengthen-
ing the ITI and allowing the mGluR-mediated EPSC to decay between stimuli should
lessen the observed cross-trial adaptation of perceptual detection. Indeed, we found
that extending the ITI from 2 s to 5 s allowed substantial decay of the CT mGluR
EPSC between trials (Fig. 6f, inset) and the adaptive rightward shift of psychomet-
ric function was nearly abolished, with the detection performance of Trial 2 closely
overlapping Trial 1 (Fig. 6e). Examining a wider range of ITTs, we found that the per-
ceptual detection threshold (50% hit rate) of the 2nd sequential trial decreased as the

11


https://doi.org/10.64898/2026.07.25.740691
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.25.740691; this version posted July 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

ITT lengthened (Fig. 6f), highlighting how the temporal statistics of incoming stim-
uli help set the degree to which CT modulation attenuates detection according to the
magnitude of the mGluR EPSC.

3 Discussion

In this work, we developed a modeling framework that spans three biological levels
to shed light on into how the engagement of group I mGluRs shapes computation
and cognition in trans-thalamic circuitry. At the molecular level, we introduced a
biophysically constrained model of mGluR signaling capable of reproducing the diverse
slow EPSCs resulting from mGluR-mediated suppression of K2P channels.

Building on the phenomenological kinetic model, we examined the functional conse-
quences of group I mGluR signaling in both TC and CT modulatory connections at the
single-neuron and network levels. In TC modulatory connections, we find that group I
mGIluR activation in distal apical dendrites enhanced somato-dendritic coupling and
promoted the generation of dendritic plateau potentials in a fully reconstructed L5
PN multicompartmental model. These dendritic plateaus in sensory neurons, in turn,
boosted the feedforward propagation of sensory information in a trans-thalamic net-
work of spiking neurons. Importantly, our model connects mGluRs to phenomena
that experimental work has shown to be crucial for performance in a detection task.
First, driving input from cortex to thalamus has been shown to increase detection
performance [5], which, in the context of our model, excites HO thalamic neurons and
increases TC modulation over sensory neurons. Second, dendritic plateau potentials
have previously been identified as crucial for detection [50, 51]; in our model, these
plateaus are enhanced by mGluR activation.

Furthermore, in CT modulatory connections, we find that HOs thalamic neurons
transition from burst to tonic firing as a result of the accumulation of mGluR-mediated
EPSCs that were activated by CT modulator inputs across behavioral trials, over
many seconds. This prediction was supported by a reanalysis of published in vivo
recordings in the pulvinar from behaving animals [61]. At the network level, this shift
towards tonic firing in HOs thalamic neurons reduced their modulatory influence on
the sensory cortex and attenuated detection performance. By connecting levels of bio-
logical abstraction, our model shows how molecular machinery (mGluR receptors) can
be causally linked through neural circuits to implement a dynamic, history-dependent
regulation of cortical gain capable of shaping perception.

The present study suggests several directions for future investigation. At the single-
neuron level, we propose that the absence of group I mGluR-mediated K2P suppression
causes the pronounced somato-dendritic decoupling observed during general anesthe-
sia, which dramatically reduces thalamic activity [36]. This prediction can be tested by
pharmacological blockade of K2P channels to assess whether somato-dendritic coupling
is restored even in the presence of group I mGluR antagonists. However, we note that
group I mGluRs are known to modulate additional ion channels that can contribute to
this phenomenon [18], including other K currents [67] and HCN channels [68] whose
suppression has been experimentally and theoretically shown to be capable of increas-
ing the electrotonic compactness of dendrites [69, 70]. Our focus on K2P suppression
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may therefore underestimate the full extent of mGluR’s ability to enhance somato-
dendritic coupling, and future experiments in tandem with computational modeling
should parse the relative contributions of these targets.

At the network level, our demonstration that the thalamic firing mode governs
the effectiveness of TC gain modulation helps address a longstanding mystery: the
functional role of thalamic bursting in cognition. Although thalamic bursting has his-
torically been associated with sleep and disconnected states, recent causal evidence
demonstrates its relevance for attention and perception in awake behaving animals
[71], with thalamic bursts in pulvinar being associated with enhanced detection per-
formance, in line with our network’s prediction that bursting increases thalamus’s
modulatory influence over cortex. In our model, thalamic bursting is triggered by feed-
forward sensory input under conditions in which group I CT mGluR EPSCs are weak,
but understanding what other excitatory/inhibitory and neuromodulatory sources can
affect burst firing remains crucial to gaining a complete understanding of thalamic
function in cortical processing. In addition, recent anatomical work has characterized
extensive feedback projections from higher-order cortical areas and motor cortices to
HOs thalamic nuclei [12], suggesting that the HOs thalamus can serve as a hub that
integrates ascending sensory signals with top-down contextual information [72] and
efference copies [2]. Experimental evidence has further revealed that HOs thalamic
activity can encode crucial cognitive variables such as decision confidence [73] and sen-
sory prediction errors [44]. Together, this anatomical connectivity and the encoding of
these important cognitive variables suggest that the HOs thalamus is well-positioned
to flexibly affect cortical processing according to task demands. Determining how
these diverse inputs interact to dynamically drive and modulate thalamic firing and,
in turn, shape cortical sensory representations represents an important direction for
future computational and experimental investigations.

Finally, we note that our model thus far has addressed only the contributions of
group I mGluRs in trans-thalamic circuitry. However, within the class of all mGluRs,
there are two other major sub-groups, group II and group III mGluRs. These group I1
and ITI mGluRs can act pre- and postsynaptically to decrease neuronal excitability [14,
74] by activating G/, proteins that can engage G protein-coupled inwardly-rectifying
K™ channels [75]. It is noteworthy that at a behavioral level, postsynaptic group
IT mGIluR3 in the primate cortex is implicated in higher cognition and intelligence
[76, 77]. Extending our present framework to incorporate these additional targets and
capture the potential interplay between these diverse mGluR subtypes will be an
important direction for future work.

4 Methods

4.1 Designing a Model of the Molecular Signaling in group I
mGluRs

Our first goal is to design a computationally tractable phenomenological model of
group I mGluR mediated EPSCs. The model is designed to capture the EPSC’s
long time-course and DAG-dependent K2P suppression, which are described by two
dynamical equations:
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Here DAG reduces K2P channel availability to a minimum value of K,,;,, with
K2P channels recovering with time constant 7x. Pre-synaptic spikes (represented by
the Kronecker delta function) increase DAG by apag, which decays with mpag.
The resulting EPSC arises from K2P suppression, assuming that the leak current
is composed of non-selective cation and K+ components:

I =91 (V= Ep) = Inv + Ik = gnu(V — Env) + gxu K(V — Ex) (3)

with

_ Ep - ExL B —-EnL

~ 9B - Bxy IKL = I Bt — B,

Here, gyt and gki, denote the non-selective cation and K* leak conductances. We
set the reversal potentials of the non-selective cation leak channels and the KT leak
channels as Ex;, = 0 mV [78] and Exy, = —100 mV [32], respectively.

The parameters governing the DAG-dependent suppression of K2P were con-
strained by experiments [33]. 7x was estimated from the recovery of K2P conductance
after the application of a membrane-permeable DAG analog under conditions of DGK
over-expression; a Q19 = 10 correction for K2P [79] was applied to the fitted value
of 7i so that it can be used to model dynamics at body temperature (36.5°C). We
then used the steady-state dose-response curve of K2P suppression as a function of
DAG concentration and found that K,,;, = 0.2 while fitting Sx to the steady-state
expression of K:

gNL

5 1+ BKTK[DAG]
by applying the BFGS algorithm [80]. These steps ultimately give us 7x = 331.6 ms
B = 5.22 x 10*4qulms’1. The remaining parameters, apag and mTpag, were fit to
mGluR EPSC traces in cerebellar unipolar brush cells [34], using a leaky integrator
model. Mathematically, the leaky integrator this model is given by:

av

CmE

=—g9.(V—-EL) = —(gno(V — Env) + gk K(V — Ex1))

In our simulations, we used g, = 2.6 nS, C),, = 16.6 pF, E; = -65 mV, values
which are in line with passive properties observed in [81].

4.2 Multicompartmental Model

We employed a fully reconstructed multicompartmental model of a layer 5 pyramidal
neuron originally introduced by [25], which faithfully reproduces key dendritic non-
linearities, including Ca?t plateau potentials and backpropagating action potentials
(bAPs). Model parameters were taken from a subsequent study [26], where they were
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fit to electrophysiological recordings. This parameterization also incorporates NMDA
and AMPA synapses distributed across basal and apical dendrites, with a maximum
NMDA-to-AMPA conductance ratio of 1:1 per synapse.

In our simulations, the leak current was decomposed into non-selective cation and
K* components as described in Eq. (3), with the KT leak conductance scaled by
the mGluR-dependent factor K. After the neuron reached steady state, we delivered
coincident synaptic input to clustered basal and apical dendritic compartments and
recorded membrane voltage in the soma and apical trunk to capture dendritic Ca?*
plateau potentials. We also similarly delivered a second pattern of coincident input to
the same basal/apical dendritic compartments and recorded the voltage responses in
activated apical compartments to capture dendritic NMDA plateau potentials.

Then, to understand how changing K could change the nature of dendritic signaling
in the neuron, we computed the total electrotonic length Z of a given path from a
somatic to a distal dendritic compartment as

L
Z:Z/\ij
J

where L; is the length and J; is the local space constant of a given compartment, j.

In a passive cable, this is given as
dR,,
A=/
4R;

where d denotes the diameter of the compartment and R,, and R; are the mem-
brane and axial resistances, respectively [37]. In addition, we characterized the effect
of changing K for the entire dendritic tree by generating graphical representations of
the neuron in electrotonic space. For the classical electrotonic representation, compart-
ment lengths L; were scaled by their local space constant, A;. To generate attenograms
that could capture the effective electrotonic changes in dendrites of arbitrary geometry,
compartment lengths were instead scaled by their log-attenuation A;; [39],

Aij = log &
J

where V; and ‘7] denote the voltage changes at the injection site ¢ and at the recording
location j.

4.3 Experimental Data Analysis

We analyzed in vivo extracellular recordings from pulvinar neurons in six awake,
head-fixed mice from [61]. In this experimental protocol, mice were free to locomote
while viewing square-wave drifting gratings or a gray screen. Each trial began with a
500 ms pre-stimulus period followed by 2 seconds of visual presentation. Optogenetic
stimulation of L6 CT neurons in V1 was given 500 ms after stimulus onset and lasted
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1 second at varying stimulation frequencies. The trials were separated by a 1.5 to 2
second ITI.

To identify units that were activated by L6 CT photostimulation, we constructed
each unit’s PSTH of spike counts (5 ms bins) across trials of 10 Hz or 20 Hz photo-
stimulation. A response threshold was defined as three standard deviations above the
mean visually evoked response during the one-second window corresponding to the
photostimulation period on no-light trials. Units were kept for further analysis if they
met either of the following criteria: (1) at least one bin exceeded the response thresh-
old within 50 ms of the first or second photostimulation pulse; or (2) in the absence
of a significant response to either of the first two pulses, at least half of all subsequent
pulses were followed by bins that exceeded the response threshold.

To quantify burst firing for all remaining units, we first classified which spiking
events were part of bursts. Following convention, a burst was defined as a sequence
of spikes in which the first spike was preceded by an inter-spike interval (ISI) > 100
ms and followed by at least one spike with an ISI < 4 ms. Subsequent spikes were
considered part of the same burst if they were preceded by an ISI < 4 ms. Burst rate
was then computed as the ratio of burst events to the total number of spiking events.
An identical calculation was done on model HOs IFB thalamic units to illustrate how
CT mGluR EPSCs can reduce thalamic bursting.

To assess the potential cross-trial effects of L6 CT stimulation, we identified
sequences of behavioral trials that meet several criteria. In all analyses, we restricted
the trials to those during which the animal remained stationary, because locomotion
and arousal are known to strongly modulate thalamic firing [82]. Because visual stimu-
lus conditions and optogenetic frequencies had been independently randomized in the
original experiment, we searched for sequences in which the same photostimulation
frequency occurred in consecutive trials by chance, allowing us to evaluate cross-trial
effects at a fixed stimulation strength. To minimize the residual effects of lingering slow
synaptic dynamics, we further required each sequence to be preceded by a trial with-
out optogenetic L6 CT activation or visual stimulus presentation. Although qualifying
sequences were relatively infrequent, we found that consecutive two trial sequences
provided us with 383 units to perform statistical analysis.

Within these sequences, we focus on 10 Hz photostimulation, as this regime most
closely approximates the in vivo firing rates of L6 CT neurons responding to preferred
visual stimuli [61], while being at a level capable of activating mGluRs [22, 62]. To
further test the contribution of short-term synaptic plasticity to pulvinar firing, we
additionally identified sequences in which 10 Hz trials were preceded by high-frequency
stimulation (20/40 Hz) and compared these to 10 Hz trials that were preceded by a
trial with no stimulation.

4.4 Trans-thalamic Network of Spiking Neurons
4.4.1 Neurons

Our trans-thalamic network of spiking neurons is comprised of three interconnected
areas: a first-order cortical area representing sensory processing (sensory area), a
higher-order cortical decision area associated with decision making (decision area),
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and a HOs thalamic area that indirectly connects the two cortical regions. The sensory
area possesses different populations of neurons that correspond to L5 and L6 neu-
rons. Within L5, we have a population of 1600 excitatory neurons and 400 inhibitory
neurons. Of the inhibitory neurons, 160 were soma-targeting PV interneurons, 160
were dendrite-targeting SST interneurons, and 80 were SST-targeting VIP interneu-
rons. Within L6, we have a population of 1000 excitatory neurons and 200 inhibitory
neurons. On the other hand, the decision area makes no distinction between neurons
from different layers and uses the same set-up as L5 Neurons in the sensory areas for
simplicity (1600 excitatory Neurons, 160 PV interneurons, 160 SST interneurons, 80
VIP interneurons). The HOs thalamus possesses 2000 excitatory neurons and receives
GABAergic input from the TRN which is made up of 400 inhibitory neurons.

L5 excitatory neurons (and HO decision-area neurons) are modeled as two-
compartment leaky-integrate-and-fire neurons (LIF) equipped with a dendritic Ca?*
current based on [41]. Mathematically, their dynamics are given by the following
dynamical equations:

v,
s = 90 (Ve = Brs) = 9e(Vs = Va) = Inwe + Lyym s
dV,
Cdditd = —QL,d(Vd — EL,d) - gc(Vd - ‘/S) - ICa + ISynad

The adaptation current (AHP) [41] and the dendritic Ca?* current [83] were given by:

—t
Inwp = ganpr (Vs — Eanp) €xp ( )
TAHP

Ica = goamgahca(Va — Eca)

For the AHP current, ¢ represents the time from the neuron’s most recent spike. The
Ca?* gating variables mc, and hc, satisfy first-order kinetics:

dr 25(Va) —
dt T (V)

Qg 1
g +Bs gy +Bz

exp?(‘075257(:‘2/z)_/‘;§)71 and B, = 0.94exp((—75 — V4)/17). For the inactivation variable

hca, an = 0.000457 exp((—13 — V4)/50) and B, = v szt Within these
equations, Cy, Cy describe the capacitance of the somatic and dendritic compartments,
respectively. Fr, Eca., Eaup represents the reversal potentials of the leak, Ca?* (L-
type), AHP currents, respectively. g1, gca, gaup denotes the conductance of the leak,
Ca?* (L-type), AHP currents, respectively. The parameter g. represents the axial
conductance between the two compartments.

To capture K2P-mediated changes in somato-dendritic coupling in the reduced
two-compartment model, we scaled the amplitude of the bAP to match the centrifugal
propagation observed in the multicompartmental model (Fig. SOA). In this framework,

where x,, = and 7, = . For the activation variable mca, o, =
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a bAP is implemented as a voltage kick to the dendritic compartment triggered by a
somatic spike, with its amplitude modulated by the fraction of open K2P channels,
K. We derived the relationship between K and the amplitude of bAP by varying K in
the apical compartments of the multicompartmental model, eliciting a somatic spike,
and measuring the resulting change in dendritic voltage in the apical trunk. A linear
fit to these measurements yielded 16.431 — 4.783K (Fig. S9B).

L6 excitatory neurons were modeled as single-compartment LIF neurons. Mathe-
matically, their dynamics are given by:

Ci = _gL(V - EL) + Isyn,s

HOs thalamic neurons were modeled as single-compartment IFB neurons [57].
Their dynamics are given by:

C— = _gL(V - EL) - ICa,T + Isyn,s

Icar = gCa,TmT,oohT(V - ECa)

The gating variables are given by mr o = H(V — V3,) where H is the Heaviside step
function and V4, is the threshold responsible for the activation of burst spiking. The
inactivation variable h has its dynamics given by:
dhr . —hT/Th— (V > Vh)
dt (1—hT)/Th+ (V< Vh)
All inhibitory neurons were modeled as single-compartment LIF neurons equipped

with adaptation. Mathematically, their dynamics are modeled by the following
dynamical equation:

Ci = 7gL(V - EL) - IAHP + Isyn

where, like excitatory neurons, the adaptation current is given by: Iagp = gaup(V —
Eanp) exp(ﬁ)7 where ¢ is the time following a spike event.

Background poisson input is given to AMPA synapses for each neuron so that their
background firing rate ranges from 1 to 8 Hz. An exception is the TRN where the
background firing rate is around 35 Hz, aligning with [56].

A complete list of parameters associated with each neuronal model and the
experimental references (if present) used to constrain their values is found in Table 1.

4.4.2 Synapses

The connectivity of the trans-thalamic network is based on Fig. 1. Recurrent and inter-
areal connections were kept sparse, with connection probabilities of approximately
6-11%. An exception was made for projections from L5 PNs to the HOs thalamus,
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which were set to be extremely sparse such that the expected number of synapses
per target neuron was approximately 2.5, consistent with experimental reports [43].
See Table 2 for a complete set of connection probabilities. In our model, we include
four synapse types: AMPA, NMDA, GABA, and mGluR. Following [17], AMPA and
GABA are modeled as linear:

Ncon

Isyn = *gsyn(v - Esyn) Z wns?myn

n=1
dsSyn _gSyn
__n_ _ n Ot — t;
dt Tsyn * ; ( J)

where s7¥" is the gating variable at the nth synapse, w,, is the synaptic weight at the
nth synapse, gsyn is the maximum synaptic conductance of the synaptic current, and
Esyn is the synaptic reversal potential.

NMDA receptors include a voltage-dependent magnesium block and their dynamics
are given by:

_ V _ E Necon
INMDA = 9N21\1DA( NMDA ) Z wnsrleDA
(1+ [Mg™"] exp(—0.062V")/3.57) “—
dSSMDA _ 75£\LIMDA tam, (1 SSMDA)
dt TNMDA,decay
dx -

=" 4 Ot —t;
dt  TNMDA, rise z]: (t=1)

where [Mg*"] = 1mM.

Group I mGluRs are postsynaptic and follow the dynamics in Egs. (1), (2). In
neurons with postsynaptic mGluRs, the leak current is decomposed into a scaled
K™ and non-selective cation leak current (Eq. (3)). The free parameter mpaq differs
between CT and TC pathways to match the time course of depolarization observed
experimentally [22, 32]. Likewise, apag is set separately for each pathway to reproduce
across-trial changes to thalamic bursting and realistic TC mGluR amplitudes [32, 61].

As described above, trans-thalamic excitatory driver connections possess short-
term synaptic depression and can only activate ionotropic glutamate receptors
(AMPA, NMDA). The dynamics of short-term synaptic depression is modeled by the
following equation [77]

dD

1-D
E :_PrelD;(S(t_tJ)‘i_

TD

Here, D describes the proportion of readily releasable synaptic vesicles and P
describes the baseline release probability.

On the other hand, trans-thalamic excitatory modulatory connections possess
short-term synaptic facilitation and can activate ionotropic and metabotropic gluta-
matergic receptors. The dynamics of short-term synaptic facilitation is modeled by
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the following dynamical equation [77]:

du

U—-u
EZUZj:CS(t—tj)(l—u)—F

TF

Here, u represents the release probability while U denotes the baseline for u. We note
that in facilitating synapses, the term apaq is scaled by w.

A complete list of synaptic parameters is provided in Table 3 as well as the
associated synaptic weights in Table 4.

4.4.3 Task Designs

Prior to all simulations, the network’s spontaneous activity was run for 15 s to allow
all slow mGluR-related variables to reach approximate steady state for a given param-
eterization of apag; the resulting mGIluR state at the end of this 15 s period was
saved and used to initialize all subsequent trials.

In this work, we employ two task designs to probe the functional consequences of
trans-thalamic mGluR modulation. We first mimicked optogenetic activation of layer
6 CT neurons following the protocol of [61]. In our simulation, we delivered trains of
brief current pulses (235 pA, 2 ms) to L6 neurons at 10 Hz for 1 s. Each train was
preceded by a 500 ms pre-stimulus period and followed by a 2 s ITI.

We next had the network perform a detection task where a stimulus was delivered
to the sensory area (L5 and L6 neurons) through external AMPA synapses following
a fixation period of 500 ms. The stimulus consisted of Poisson spike trains with time-
dependent rate r(t), applied for 150 ms. During stimulus presentation, r(¢) was drawn
from a Gaussian distribution with mean p and standard deviation o (8 Hz). Network
decisions were read out following stimulus offset by determining whether the decision
area exhibited sustained activity, defined as a firing rate exceeding 20 Hz for at least
200 ms. A trial in which the decision area lacked sustained activity was classified as a
miss whereas if the decision area generated sustained activity the trial was classified
as a hit. To generate psychometric functions, we varied the input strength p between
49 and 66 Hz (which were subsequently normalized from 0 to 1, for visualization
purposes). For each value of p, the average performance of the network in the detection
task was calculated from 135 independent stimulus presentations. Finally, to quantify
history-dependent effects, we introduced a variable-length ITI (default: 2 s) where
stimuli of a fixed input strength were presented in sequences of three consecutive trials;
an independent sequence was repeated 135 times and the average performance in each
trial across the sequences was computed.
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Fig. 1 Model Schematics at different levels of biological abstraction (a.) Trans-thalamic
connections indirectly route information between cortical areas through the higher-order sensory
(HOs) thalamus in parallel to direct cortical-cortical connections. Two main classes of excitatory
glutamatergic connections (triangles) make up trans-thalamic circuitry: ‘Driver’ inputs (blue) are
depressing synapses that do not engage mGluRs, while ‘modulator’ connections (red) are facilitat-
ing synapses that engage mGluRs. For simplicity, a third excitatory class (black) is modeled without
short-term synaptic plasticity and engaging only ionotropic receptors. ‘Driver’ inputs carry feedfor-
ward information from sensory areas to the decision areas indirectly through HOs thalamus. Two
‘modulator’ pathways regulate the trans-thalamic circuit: Layer 6 corticothalamic (CT) projections
modulate HOs thalamus, while thalamocortical (TC) feedback modulates the apical dendrites of
Layer 5 pyramidal neurons (PNs). The thalamic reticular nucleus (TRN) forms a disynaptic inhibitory
motif that inhibits (black circles) HOs thalamus. Inset: Layer 5 inhibitory neuron (IN) subcircuit.
HOs thalamic neurons preferentially target VIP INs in sensory areas to disinhibit cortical dendrites,
enabling dendritic plateau potentials. (b.) Phenomenological model of the mGluR EPSC. mGluR
activation engages Gq-protein signaling to activate PLCS (not shown) to hydrolyze PIP2 and pro-
duce DAG, which inhibits Kt leak channels (K2P), resulting in a long-lasting depolarization.
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Fig. 2 Phenomenological Model of the mGluR EPSC (a.) Two experiments from [33] con-
strain our model parameters. Time course of K2P channel efficacy at room temperature (21°C) under
excessive DGK condition (left). We assume that intracellular DAG rapidly returns to baseline, and fit
a single-exponential to approximate 7x. A temperature correction (Q10 = 10) is applied to extrapo-
late T to body temperature (36.5°C), yielding 7x = 331.6 ms. Dose-response relationship between
DAG concentration and K2P efficacy (right). We find Kp,in, = 0.2 and use the steady-state analytical
expression Kgs to fit B = 5.22 x 10~% M~ ms~! (see Methods). (b.) mGluR EPSC recordings
from cerebellar unipolar brush cells evoked by mossy fiber stimulation (20 x 100 Hz) [34], together with
a model unipolar brush cell, fit the remaining parameters apag and Tpag. The model reproduced
slow and fast EPSC waveforms with apag = 0.135 uM, Tpag = 2800 ms (left) and apag = 1.6 uM,
mpAG = 130 ms (right). (c.) Using apag = 0.135 uM and mpac = 2800 ms, mGluR EPSCs summate
across repeated trials of presynaptic input (20 x 100 Hz, 2 s ITI, gray bar) until the peak depolar-
ization saturates (left) as a result of DAG accumulation (right). (d.) Using parameters from c, 20
pulses of input are given and the peak mGluR EPSC is recorded as a function of the input frequency.
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Fig. 3 Group I mGluR-mediated K2P Suppression Modulates Activity of Dendrites in
Pyramidal Neurons (a.) In a fully reconstructed multicompartmental model of a L5 PN in V1,
we computed the electrotonic length along a fixed path from the soma to a distal apical dendritic
compartment. Reducing the K2P scaling factor K decreased the electrotonic length of this path,
indicating enhanced somato-dendritic coupling. (b.) The dendritic tree is mapped into electrotonic
space, where one unit of distance is defined by the space constant A. Stronger K2P suppression renders
the dendrite more electrotonically compact (left to right). (c.) Experimental paradigm probing the
interaction between K2P suppression and active dendritic currents. Coincident synaptic input is
given to basal dendrites and distal apical tufts while simultaneously recording from somatic and
apical trunk compartments. (d.) With sufficiently strong mGluR-mediated K2P suppression, a fixed
synaptic input (50 tuft and 50 basal inputs) is capable of triggering a dendritic Ca?t spike in the
apical trunk. (e.) Somatic and apical trunk voltage integrals as a function of decreasing K for fixed
synaptic input (50 tuft and basal inputs). Voltage integrals changed non-linearly as K decreased,
revealing a sharp increase in the dendritic voltage integral with K < 1.0 coinciding with the onset of
a dendritic Ca?t plateau potential. (f.) Greater mGluR-mediated modulation of K2Ps (K = 0.5) led
to an increase in somatic spiking for fixed synaptic input compared to the baseline case (K = 1) due
to the interplay between strengthened somato-dendritic coupling and dendritic plateau potentials.
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Fig. 4 A Trans-thalamic Network of Spiking Neurons to Investigate the Role of TC
mGluR Activation (a.) Task Design for the Spiking Network (left): The network is presented a
stimulus input for 150 ms given in the form of Poisson rates in time that obey a Gaussian Distribu-
tion after a 500 ms fixation period. Example trials at various stimulus strengths are shown (right)
with stimulus presentation denoted with the gray vertical bar. In the task, a hit occurs when the
decision area displays sustained activity after stimulus presentation, defined as a firing rate exceed-
ing 20 Hz for at least 200 ms. Otherwise, the trial is a miss. (b.) Schematic depicting how the role of
TC modulation is probed. The parameter apag is increased to mimic a stronger mGluR activation
resulting from thalamic activity. (c.) An example trial where a medium strength stimulus is presented
to demonstrate the role of TC modulation. A stronger engagement of TC group I mGluRs increases
the gain of sensory neurons (left) and is reflected by increases of voltage-dependent Ca?* (L-type)
currents (middle). This stronger input enables the higher-order decision area to undergo a dynamical
bifurcation where its cortical activity is sustained (right). (d.) By varying across different stimulus
strengths and the strength of TC modulation, we find that an increase in mGluR strength decreases
the perceptual threshold. (e.) To confirm a synergistic interaction between mGluR and L-type Ca?t
channels we lesion Ca?t channels and find that even with TC mGluRs (apag = 0.024 M), percep-
tual threshold increases, aligning with results from [50, 51]. (f.) We also confirm the importance of L5
driver inputs to HOs thalamus in perceptual detection as with their silencing (at apag = 0.024 uM),
the perceptual threshold is increased, aligning with results from [5].
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Fig. 5 mGluR-mediated modulation of thalamic bursting across trials of cortical input.
(a.) Simplified circuit diagram of CT modulatory synapses (top). Layer 6 CT neurons form modula-
tory synapses onto HOs thalamic neurons. Simultaneously, to keep thalamic neurons hyperpolarized
enough to engage low-threshold T-type Ca?t channels, cortical L6 neurons also make connections
with the TRN, to strongly inhibit thalamic neurons. In our example simulation, L6 CT neurons fire at
~ 10 Hz across three consecutive 1-second trials of L6 CT stimulation. Each trial begins with a 500 ms
pre-stimulus period and is separated by a 2-second ITI to align with the experimental setup from [61]
(bottom). (b.) As a result of L6 stimulation (gray bar), mGluR-mediated EPSCs accumulates across
trials (left) while NMDA currents decay during the ITI due to their shorter time constant (TnMpDA
= 100 ms, middle). The depolarizing effect of group I mGluR EPSCs progressively decreases the
inactivation variable hr, reducing available T-type Ca?* current (right). (c.) Burst rate in pulvinar
neurons decreases across repeated trials of L6 CT photostimulation in reanalysis of experimental data
from [61] (n = 383; p < 0.001; Wilcoxon signed rank test). This decrease in thalamic bursting does
not result from activity-dependent changes to synaptic strength as burst rates show no significant dif-
ference following trials with no photo-stimulation and trials where high-frequency photo-stimulation
is given to L6 CT neurons (p > 0.2; Wilcoxon rank sum test). The observed decrease in burst fir-
ing across trials is qualitatively captured by our model synapses (right), where results are averaged
across 15 simulated sequences of consecutive trials in 1000 thalamic neurons. This effect emerges
only when mGluR-mediated modulation is present (apac, cT = 0.05 M, blue) and is absent with-
out it (apag, cT = 0.0 uM, black). (d.) An example sequence of trial responses of model thalamic
neurons following L6 CT stimulation displays decrease in thalamic bursting at slow timescales in a
raster plot of 1000 neurons (top) and their PSTH (2 ms bins, bottom) (e.) Functional consequence of
facilitating synapses: presynaptic bursting enhances postsynaptic responses compared to tonic firing
as facilitating variables do not decay as much during the inter-spike interval.
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Fig. 6 CT mGIluR activation mediates cross-trial adaptation. (a.) To study CT mGluR’s
effects at seconds-long timescale, we introduce a 2 second inter-trial interval (ITI), between trials
in our detection task and fix TC mGluR strength to apag = 0.012 pM. (b.) Trial-averaged firing
rates (15 simulated sequences of three consecutive trials) in the sensory area (left) and decision area
(right) in response to inputs of medium strength. Gray vertical bars mark stimulus presentations, with
input strength drawn from a Gaussian of fixed mean. Sensory firing decreases across trials, in turn
diminishing the post-stimulus response in the decision area. (c.) Trial-averaged traces from the same
sequences: CT mGluR EPSCs accumulate across trials (left), reducing the T-type Ca?* inactivation
variable and shifting thalamic neurons from burst to tonic firing (middle), which lowers average den-
dritic currents in sensory cortex (right). (d.) With CT mGluR activation (apac,cT = 0.05 pM), the
psychometric function shifts progressively rightward across trials, indicating an increasing perceptual
threshold. (e.) Elongating the ITI from 2 seconds to 5 seconds nearly abolishes the cross-trial shift in
the psychometric function. (f.) Across various seconds-long ITIs, we find that the Trial 2 perceptual
threshold (the input strength with 50% detection rate) decreases with ITI length. Inset: This change
in detection threshold is mediated by the decay of mGluR-mediated EPSCs during a longer, 5 s, ITI
as the slowest dynamic, Tpag, is only 3 s.
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Fig. S1 Additional example fits. Three example mGluR EPSCs fit with apag = 0.0997 uM,
TAG = 1820 ms (left) , apag = 0.09067 uM, Tpac = 10000 ms (middle), and apag = 0.5711 uM,
TpAG = 1166.03 ms (right).
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Fig. S2 Slow Kinetics of mGluR in the presence of short-term synaptic facilitation An
example synapse onto model cerebellar unipolar brush cells is endowed with short-term synaptic
facilitation dynamics. (a.) Even in the presence of facilitation, with apag = 0.135 uM, Tpac = 2800
ms, the model displays accumulation of mGluR EPSCs resulting from presynaptic input (20 x 100
Hz, time period denoted by gray bars) due to DAG’s slow decay. (b.) The saturated peak mGIluR
EPSC as a function of input frequency has an equivalent relationship as what is seen in Fig. 2.
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Fig. S3 Functional attenograms of L5 PN following K2P suppression (a.) Centrifugal
somatic attenogram. Distance in this space corresponds to the log attenuation of voltage propagating
from the soma toward distal dendrites (see Methods for details). From left to right, increasing mGluR-
mediated suppression of K2Ps in apical dendritic compartments reduces attenuation, indicating that
somatic depolarizations propagate more effectively into distal dendrites. (b.) Centripetal somatic
attenogram. Distance in this space corresponds to the log attenuation of voltage propagating from
the dendrites toward the soma. From left to right, increasing mGluR-mediated suppression of K2Ps
in apical dendritic compartments reduces attenuation, reflecting stronger dendritic integration and
electrotonic shortening of distal apical branches to the soma.
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Fig. S4 K2P suppression enhances dendritic NMDA plateau potentials (a.) Experimental
protocol in multicompartment model. A fixed coincident synaptic input is provided to synapses at
apical and basal dendrites (11 tuft and 9 basal inputs) while simultaneously recording the membrane
voltage at activated apical tufts and the soma. (b.) Voltage integrals changed non-linearly as K
decreased, revealing a sharp increase in the dendritic voltage integral with sufficiently small K (K <
0.8) coinciding with the onset of a complete dendritic NMDA spike waveform. (c.) Example voltage
traces at the apical tuft display an NMDA spike with sufficient mGluR~mediated suppression of K2P
channels.
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Fig. S5 L5 Driver Synapses Requires High Presynaptic Firing Rates to Drive Thalamic
Responses when synapses are Depressed (a.) Simulated thalamic membrane voltage in response
to L5 cortical input under three conditions: a fully recovered synapse receiving a single spike (black),
a depressed synapse receiving a single spike (red), and a depressed synapse receiving a burst of 3
spikes at 100 Hz (blue). While a single input through a recovered synapse is sufficient to evoke a
thalamic action potential, synaptic depression causes depolarization resulting from single spikes to
be subthreshold. Only when presynaptic spikes arrive in rapid succession does the depressed synapse
reliably drive thalamic firing. (b.) Number of thalamic spikes evoked as a function of presynaptic
firing rate, for a fixed number of pulses (3 presynaptic events). Thalamic spiking is absent at low
firing rates and emerges sharply only above a critical rate threshold, illustrating that high-frequency
cortical activity is necessary to overcome synaptic depression and reliably recruit thalamic responses
in L5 driver synapses.
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Fig. S6 Network Design Constraints. (a.) Raster plots of sensory-area neurons (top) and their
population firing rates (bottom) with TC feedback onto sensory cortex intact (wgnal—scortex = 1.0)
versus removed (Wihal—ycortex = 0.0). Without thalamic feedback, stimulus-driven cortical activity
is substantially reduced, consistent with [52]. (b.) Average dendritic Ca?t currents in sensory-area
PNs with the VIP—SST disinhibitory motif intact (wvip—ssT = 1.0) versus removed (wyip_sssT =
0.0). Recruited by thalamic feedback via VIP interneurons, this motif gates dendritic Ca?t plateau
potentials by opening temporally precise windows of reduced SST-mediated dendritic inhibition [53].
(c.) Decision-area population firing rate with the higher-order sensory thalamic relay to the decision
area intact (left) versus silenced (right); silencing the relay markedly reduces the stimulus-evoked
decision-area response with the network relying solely on cortico-cortical connectivity. Gray bars mark
stimulus onset. Rasters show a single representative trial; firing-rate and dendritic-current traces are
averaged over 10 trials of medium-strength stimulus presentation.
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Fig. S7 Silencing L5 to HOs thalamus projection attenuates perceptual detection. Silenc-
ing L5 to HOs thalamus projections during stimulus presentation (black) reduces stimulus-evoked
firing in both cortical areas. In the sensory area (left), this reflects the loss of depolarizing L5 CT
input, which weakens TC modulation of sensory cortex. In the decision area (right), firing is further
reduced because silencing this projection also removes the thalamic relay that links the two cortical
regions, lowering effective connectivity between them.
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Fig. S8 TC mGIluR Activation Lowers Perceptual Threshold in the Tonic Firing Regime
We repeated the simulations of Fig. 4 with a 30 pA constant current injection to HOs thalamic neurons
(in addition to their baseline CT mGluR depolarization), causing them to fire tonically rather than
in burst mode. (a.) An example trial showing sensory area firing rates (left), sensory area dendritic
currents (middle), and decision area firing rates (right) when we increase mGluR activation (apag
= 0.000, 0.012, 0.024 pM). As was the case in Fig. 4, stronger mGluR engagement increases the
firing of sensory neurons, reflected in larger voltage-dependent Ca?t (L-type) currents, and drives
the decision area toward sustained activity. (b.) Detection probability as a function of input strength
for the three levels of mGluR activation. Increasing apag shifts the psychometric curve leftward,
lowering the perceptual threshold.
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Fig. S9 Backpropagating action potential calibration (a.) Schematic of the multicompart-
mental PN model used to calibrate the bAP in two-compartment PNs in the spiking network. Basal
synapses are activated to elicit a somatic spike, and the resulting backpropagated voltage is recorded
at the apical trunk. (b.) Relationship between the fraction of open K2P channels (K) and bAP
amplitude measured at the apical trunk. A linear fit ((16.431 — 4.783K) mV, red) captures the K-
dependent voltage response used to set the bAP magnitude in the reduced two-compartment model.

39


https://doi.org/10.64898/2026.07.25.740691
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.07.25.740691; this version posted July 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

Table 1: Neuronal Parameters in Trans-thalamic Network

Parameter Value Reference
Layer 5 PNs

Cs 260 pF [41]
Cq 120 pF [41]
JL.s 20 nS [41]
9grL.d 23.26 nS [41]
Je 15.38 nS [41]
Er s -70 mV [41]
Er.a -60 mV [41]
9dca 70 nS [41]
FEca 120 mV [41]
JAHP 4 nS [41]
EAHP -90 mV [41}
TAHP 80 ms [41]
‘/threshold -47 mV [41]
Vieset -52 mV [41]
Trefractory 1 ms [41]
Layer 6 PNs

C 75.6 pF

ar 4.3 nS

Eq -70 mV

Vihreshold -50mV

‘/reset -55mV

Trefractory 2 ms

Thalamic Neurons

C 340 pF

qgr, 12 nS

Ey -63 mV

9ca,T 15 nS

Th- 20 ms [57]
Th+ 100 ms [57]
Vi -60 mV [57]
Ecq 120 mV

Vihreshold -35 mV [57]
‘/}eset -50 mV [57]
PV Interneurons

C 60 pF

qgr, 8.33 nS

Ey -70 mV

Continued on next page
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Table 1 — Continued from previous page

Parameter Value Reference
JAHP 0 nS

‘/threshold -50 mV

‘/}eset -55 mV

Trefractory 2 ms

SST Interneurons

C 70 pF
Jgr 4 nS
Er -65 mV
JAHP 0.3 nS
TAHP 500 ms
EAHP -90 mV
Vvthreshold -50 mV
V}eset -55 mV
Trefractory 4 ms

VIP Interneurons

C 56 pF
gL 2.77 nS
Ep -656 mV
JAHP 0.4 nS
TAHP 500 ms
EAHP -90 mV
‘/threshold -50 mV
‘/}eset ‘55 mV
Trefractory 4 ms

TRN Interneurons

C 80 pF
qgr, 3.79 nS
Er -656 mV
JAHP 0 nS
Vvthreshold -50 mV
V}eset -55 mV
Trefractory 2 ms
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Table 2 Network Connectivity Matrix - Connection Probabilities

Pre \ Post ‘ L5 L6 Dec Thal FF Thal FB PV SST VIP PV,L6 PV,D SST,D VIP.D TRN
L5 0.11 - 0.0625 0.0015625 0.0015625 0.1 0.1 - - 0.1 0.1 - 0.1
L6 - 0.1 - 0.0625 0.0625 - - - 0.1 - - - 0.1
Dec - - 0.11 - - 0.1 0.1 - - 0.1 0.1 0.1 -
Thal FF - - 0.1 - - - - - - - -

Thal FB 0.1 - - - - - - 0.1 - - - -

PV 0.1 - - - - 0.1 - - - - - -

SST 0.1 - - - - 0.1 - - - - - -

VIP - - - - - - 0.1 - - - - -

(PV, L6) - 01 - - - - - : - B}

(PV, decision) - - 0.1 - - - - - - 0.1 - -

(SST, decision) - - 0.1 - - - - - - 0.1 - -

(VIP, decision) - - - - - - - - - - 0.1 -

TRN - - - 0.1 0.1 - - - - - -

Table 3: Synaptic Parameters in Trans-thalamic Network
Parameter Value Reference

Synaptic Parameters

Eanpa 0 mV [17]
Exnvpa 0 mV [17]
EcaBa -70 mV [17]
TAMPA 2 ms [17]
TNMDA, decay 100 ms [17]
TNMDA, rise 2 ms [17]
TGABA, dend 20 ms [54]
TGQABA, soma 5 ms [54]
QNMDA 0.5 ms™* [17]
B 5.22¢—4 uM~'ms~!
Eny 0 mV 78]
Ex1, -100 mV

TK 331.6 ms
Thalamocortical Modulators

TDAG 150 ms [32]
Corticothalamic Modulators

TDAG 3000 ms [22]
QDAG 0.05 uM

L5 PNs

JAMPA, soma, ext 3.0 nS

JAMPA, dend, ext 0.5 nS

JAMPA, soma 0.227 nS

GAMPA, dend 0.250 nS

9INMDA, soma 1.62 nS

Continued on next page
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Table 3 — Continued from previous page

Parameter Value Reference
gNMDA, dend 0.7 nS
JGABA, soma 12.5 nS
JGABA, dend 10.625 nS
L6 PNs

GJAMPA, ext 1.8 nS
JAMPA 0.168 nS
gNMDA 0.336 nS
JGABA 1.5 nS
Thalamic Neurons

GJAMPA, ext 0.32 nS
JAMPA 18 nS (84]
GNMDA 28 nS [84]
JGABA 2.5 nS
PV INs

GAMPA, ext 0.6 nS
JAMPA 0.25 nS
gNMDA 0.625 nS
JGABA 1.88 nS
SST INs

JAMPA, ext 0.25 nS
GAMPA 0.25 nS
GNMDA 0.5 nS
JGABA 0.625 nS
VIP INs

GJAMPA, ext 0.18 nS
JAMPA 0.1 nS
gNMDA 0.12 nS
TRN INs

GJAMPA, ext 1.2 nS
GAMPA 0.156 nS
GNMDA 0.1875 nS

Short-Term Synaptic Plasticity

™ 423 ms [45]
TF 250 ms [30]
P 0.6 [77]
U 0.1 [77]
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Table 4 Network Connectivity Matrix - Synaptic Weights

Pre \ Post ‘L5 L6 Dec ThalFF ThalFB PV SST VIP PV,L6 PV,D SST,D VIP.D TRN

L5 0.5 - 0.4 1.0 0.9 0.75 0.1 - - 0.1 0.01 - 0.3
L6 - 05 - 0.9 1.0 - - - 0.15 - - - 1.25
Decision ctx - - 0.825 - - 0.2 0.01 - - 0.85 0.2 0.15 -
Thal FF - - 0.3 - - - - - - - - - -
Thal FB 1.0 - - - - - - 1.0 - - - - -
PV 0.6 - - - - 3.0 - - - - - - -
SST 0.8 1.0

VIP - - - - - - 1.0 - - - - - -
(PV, L6) - 05 - - - - - - - -
(PV, decision) - - 0.6 - - - - - - 2.75 - - -
(SST, decision) | - - 0.85 - - - - - - 1.0 - - -
(VIP, decision) | - - - - - - - - - - 1.0 - -
TRN - - - 1.0 1.0 - - - - - - - -
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