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We deconvolve single-trial activity into interpretable components using algorithm unrolling [1].

Reward prediction error responses of dopamine neurons are modulated by two

components, salience and value [2].

We deconvolve the two factors in an unsupervised manner and attribute a kernel and a code to each factor.
o o o . o . . . > from [2]
We show that the inferred codes are more informative than firing rates estimated using ad-hoc windows. - A/\ -
Methods ST
- = Sparse codes "\ Dictionary Baseline Estimated i
Observed spikes Deep sparse deconvolutional encoder (event onsets) | (kemel shapes) firing rate . firing rates e Observed spikes
non-linearity rep;,:;e':tfsethe -
r spiking?activity :
- —5p- =3 i e
g(.) éT éT}:
Time '
Inverse problem inference Conerativemodel

at trial | with K kernels characterizing neurons’ responses to time-sensitive sparse events [3].

. ] K n 0 Detection | | Detection | ~ from [2].
Generative Model: = g( k=1 e+ X+ d ) i picen
dictionary events and strength baseline A —12ml
(kernels) of response activity S —oami
73 — 0.1 ml
. . - i K . . . . % 10-
Observations: y)|{hy, x"¥}’_; ~ Binomial or Gaussian with mean Bt
Lo 20 o
Time (s)
Optimization: min ZL logP(y’ ‘{hk, xR )+ Zk 1/1Hx’kH s.t. ||hi]l, =1
Results
d Surprise | EXPQC'CQ‘;l b Odor Cue Reward | (Salience)Reward Il (Value) € Spearman Correlation
160 01wl 03 ul - 5 ul 0.6 X X -
cue - 1.2 pl 10 pl h =L .« .
140 F reward 2.5 pl 20 pl | 2 S
| = 0.4F Nl 2
g 2' .. o3
120 N A N
P L RN L e IR i 2|
:OO :’:::" i *,; ‘,z'f.,, A {:“ 0.0 | L . L | | 0.0 0.5 5 00 0.5 1.0
Seob 3 o¥ecd o R L N U e 2,1 0 - 300 600 0 - 300 600 0 - 300 600 @ Reward II (value) code Reward II (value) code
- T AR N S GRS L AL e Time [ms] Time [ms| Time [ms| R :
o i T LT L - eward | (Salience) Code Reward Il (Value) Code
60 F | i B surprise . — —— —
ol .“' CNLLTARS AP S L 'i :.,‘ 5.0 ": - | | 'j?ri , I ' exp.ected ' n £ = == = =——— ; 10
: N e :,;.-.: " PO RN TS ‘I = "Fpe} .,",.,, % 2.03 r’ ) : g = §I
Lol B VR ! 1 Follax 3 * = == —
20 vofl oo . O 00t O =—=—=— == ="
N X o oot et T, e el 1 ®e qret o ey 1 surprise 2 = — —— —:I
ol .°..'.£. ..-P. “.::;:.E":.‘ '.:.l.}:‘. ':'-'.,..:v.:°.;:-..'.:-:. :.{.:-. - :-...‘-','::: ..:-';:;.8.:.;. ..;..':-'..8:':.. '_'.. ° '{- .:‘.':;.-:'..:- —25F° - expected -:‘ : — — —— =" _ 10
_5bo 0 15|()0 25|00 _5b0 0 1500 25|00 (I) 1IO. 2IO (I) 1IO. 2IO (I) 1|O. 2|0 0.1 0.3 1?2 25 5 10 2IO Oil 013 172 275. é _1|O_ 20
Time [ms| Time [ms] Reward size |ul] Reward size |ul] Reward size |ul] Reward size |ul] Reward size |ul]

We study 40 optogenetically identified dopaminergic neurons recorded in a classical conditioning task [4].
a) Surprise trials: a reward was delivered without cue. Expected trials: an odor cue preceded reward delivery.

b) (top) Kernels: characterizing the neural response. (bottom) Codes: a measure of neurons’ tuning to reward amount.

c) Value codes carry more information about reward amount than the firing rates over ad-hoc windows.

Model Characterization
Known kernel

d) Value codes across the neural population show a diverse sensitivity to reward size.

Learn kernel

Code amplitude recovery error Event recovery error Code amplitude recovery error Kernel recovery error
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We acknowledge Sara Matias? for the feedback and collection of valuable data which we are currently processing for extension of this project.
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