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“A neural circuit model of the striatum

resolves the conflict between context
and dominance apparent in the
prefrontal cortex.”
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Rule-based decisions of non-dominant features

are not resolved in the prefrontal cortex (PFC)

Task Observations
Orientation Rule Trials : Color Rule Trials
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The bias might be mediated by short-term

synaptic depression acting within the striatum

* 'Trigger: Emerging alpha activity in the PFC after the cue onset in the population encoding
the dominant feature (Buschman et al., Neuron 2012)

z-Score of Rule-Specific Changes in Coherence
Stronger for Orientation Rule (N=117)  Stronger for Color Rule (N=90)
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» Cortical inputs target the principal neurons of the striatum, both of the direct (D1 SPNs) and
the indirect (D2 SPNs) pathway

* Short-term synaptic depression acts on DI and D2 SPNs



Testing the hypothesis in a computational model

Neural circuit model derived from Ardid et al., PNAS (2019):
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* Two modules according to feature selectivity: Orientation (dominant) and Color (non-dominant)

* Stronger inhibition between than within feature-selective populations




75}
)
-
Q.
k=
(0]
3=
)
St
o
&)
o
-
()
(7))
<
o
Q.
(7))
()
St
g o)
-
(0]
>N
=
>
)
)
(o]
(7))
-
o
(D)
-
(0]
-
<
o
Q.
0p)

D) Synchronous input
(beta frequency)
x10% ‘ ‘

C) Synchronous input
(alpha frequency)
x10* ‘ ‘

Asynchronous input

)

B
x10%

[(EessSeeisserniadetinget et St s aniaigh t
RSO hrrK e A R R i e

bag) T e A e a T

FRo1 = 24 spls, FRp2 = 21 sp/s

o % °% 00 o g
g 000 %% pe O o
000 %® % %0 °%° 0 .,

\... ...u.n oot
Soe% 2%e% e o0 ,0%0 0 o N
N ° ed oeee

FRpb1 = 25 sp/s, FRoz = 21 sp/s

Cgoce o -~ Lo’ so.a.
o 0®0 wmy 90 %% oo LI 7Y QI.\
e P s Sentka Lot

o fees o g Ceeq SH cend
o0 o &% %es Qo 0 oBp o

FRp1 = 25 sp/s, FRp2 = 21 sp/s

9 %o o0
o o % ...,...m P X

A) Spontaneous activity

[Te} o

4
10 x10

(s/ds) arey

.oo-\u . ®°

-
.
°
°
.
3
°
'
X
L
.
8
o
e
.
Cd
°
.

e % %o A 0 00 %

.19
.
o

[

FRb1p2 ~ 2 sp/s
3
8

S8 e Se o

R T ¥ PR MY E R Y

suoinaN

o O o
o
-

(s/ds) ¥41

0.5

0.5

0.5

0.5

Time (s)

Time (s)

Time (s)

Time (s)



“n
=
ol
p)
2
3
3
=
ST
g
Q.
N
O
o
i=
O
=

Trials resolution

B) Color trial

x10%

A) Orientation trial
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Conclusions

* PFC drives the bias for the dominant feature when it is relevant (orientation trial)
* However, PFC activity dees not resolve acting upon the non-dominant feature (color trial)
* Hypothesis: a bias could be present in the striatum mediated by short-term synaptic depression

* Trigger: alpha activity appears in the dominant PFC population (orientation) previous to the stimulus
presence

* Assumption: long-range inhibition between populations is stronger than short-range inhibition within
populations

* The model shows a bias in the direct pathway following the context: higher instantaneous firing rate
amplitude in the orientation trial and higher average firing rate in the color trial

* Next steps:
— Currently analyzing the properties of a single read-out for the two types of biases

- In a follow-up study, we are testing the hypothesis that the pattern of long- vs. short-range
inhibition is shaped during feature-selectivity learning
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