Neural activity as samples: evidence from visual and auditory cortex

Pietro Berkes1, Stephen V. Davidz, Jonathan Fritzz, Maté Lengyel3, Shihab A. Shammaz, Jozsef Fiser

1 Volen Center for Complex Systems, Brandeis University 2 Institute for Systems Research, University of Maryland 3 CBL, Dept Engineering, University of Cambridge 4 Dept of Psychology and Neuroscience Program, Brandeis University

Introduction Predictions 1 ﬂ Results from visual cortex (V1)
-
The central nervous system is believed to maintain internal models of its environment for ' . [ P29 4l By adulthood, spontaneous The match between EA and SAis due to a match of
perception, motor control, and decision making. For such internal models to be useful, Poly) — Py (y(%) Paata(x) dx Instantaneous nsural activity wf = activity is significantly more  their correlational structure.
they need to be adapted to the statistical properties of the environment. While the learning from patterns in the movie and ; similar to movie-evoked - P e s
statistical optimality of internal models has been demonstrated in several behavioral data(X z’;"og:g‘fg;se :‘;’:‘fgry";‘ifmlaﬂy activity than Iiogﬂ‘seljor e DI eAvs ool s
studies, direct neural evidence for it has been lacking. We recently introduced a novel — > (Pg X SC0 gratings-evoked activity. 3w
approach to quantify how much the of multi are adapted Psa (y) < LA(y‘ )>Pdata( ) distributed with age. 2 - control distribution:
™ 16
st to an ble of stimuli by the statistical structure of spontaneous evoked  natural = b= TP
spontaneous and stimulus-evoked activity (SA and EA) (Fiser et al., TICS 2010). Using activity acivity  scenes = Movie 2 ) l:[. ()
this approach, we have shown that the population activity of primary visual cortical (V1) o Bl Gratngs 1
cells of awake, freely-viewing ferrets becomes gradually adapted to the statistics of The distribution of spontaneous activity and that of evoked activity, averaged over 5 postmatal age (days
natural-scene film images from the time of eye-opening to maturity. Here we report novel natural stimuli, will become increasingly similar with accumulating visual experience 2 600) Fek X . .
data from the primary auditory cortex of awake ferrets showing a similar adaptation for . . o N 3 250 Temporal correlations are also increasingly matched
natural sounds, suggesting the match between SA and EA may be a universal hallmark 1. Probability of visiting a given neural activity pattern should be identical = T between subsequent neural activity patterns.
of representation and computation in sensory cortex. 2. Probability of transitioning between patterns should also match £ i 2T e o
3. ilarity should be specific to natural scene ensembles, not to other i o &5 “ =2 msee 3 EAvs. control SA
stimulus ensembles N P <0.005 < o T = state-transition
Neural activity as samples . e g 100 g dlstrbution
Data analysis S 1o o 22 Plysrlye)
* 2 control distribution
. Visual data ° 63-62 129-151 s Pyesslye) = P
features y; Q @ Y2 posterior st age (daye) P129-151 “ (Yesrlye) = Ply)

» p(lx)

o< p(x[y1, ¥2)p(v1, o) awake ferrets

multi-unit recordings from layers 2-3 in V1
aged P29 (eye opening) — P151 (mature visual system)

input  x ﬂ

p— plor 16 implanted electrodes, with 200 ym spacing 1 Results from auditory cortex (A1)
. : analysis performed on 16 channels
X=Y1 #+Y2 S +noise Y2 r ~each cross 100
ivity i it i corespondstoa = =
y spontaneous activity in / drifing gratings In A1, the distribution of Combhatonof s £ The distribution of transitions 5 4
g darkness A neural activity patterns Junisinasession S between neural states in g
neural activity = c . uring activity 4 spontaneous activity is also 5 6
samples from posterior movie evoked activity dynamic block noise is significantly more similar v g closer to speech evoked 2
to speech-evoked activity bootstrapping ; activity than noise evoked ; 4
Y2 than noise-evoked activity. *colors cortespond 3 activity. E
T Auditory data animals
time / trials
awake ferrets KLIH speech (percent) KL/H speech (percent)
N e uni : [ speech [ EAvs. SA P P [ speech
This accounts for several experimental predictions: high trial-by trial variability, noise ¢, single-unit recordings from A1 W Noise [ EAvs. control SA Tnoise = [ Noise Toise =
correlations, neural responses to bistable percepts, and visual illusory contours. i aged 1-3 years ) ) = a0 2 a0 _ 9 / 199°speccly _ a0 =9  2.06°spos
1-4 electrodes, recording 4-7 single units E g * z ; Y g4 g
analysis performed on all combinations of 4 units 8 g 8 / 3 5 £ d
- . § § s d ; 4 g ;
Spontaneous activity as samples from the prior " 7 5 31 . Y 8] ./
ot spontaneous activity in white noise (0-20 kHz) £ 3 1 g4t/ 2 s R <£—-
posterlor of 1,y silence 9 1) ° 24 ] L.
= y I 19 z 19| z £ 19| .
: | oroty s d o2 2 o9 2] 2 <
2 f stream of continuous o0 00 b = X o0l 1 oo
H I speech TS T E T T
Ny V_, KLIH speech (percent) KLIH speech (percent)
f\ Ccamparlng distributions of neural activity ;’ @ Results from prefrontal cortex (PFC)  Conclusions
IS 16 ul Preliminary results show that SA and EA do not match in PFC. however, it is unclear at * The distribution of instantaneous neural activity patterns, and the
~ spontaneous activity = time (sec) present whether this is due to a different coding strategy in PFC, or to of of pattern collected during spontaneous activity
‘samples from prior high|  posterior = prior the representation in PFC, and thus to a poor estimation of the integral over the closely match those collected during activity evoked by stimuli with natural
T YY) condition 1 condition 2 posterior. The data here serves as a control. statistics.
ow
\ sifflooco P(y) (9, darkness) Ply) (eg., movie) — « This match is significantly better for natural than for artificial stimuli,
0 din v 0w Wl 11000001 compare _ g = i suggesting that the sensory cortex is optimally adapted to process natural
+ Anumber of natural dels have th rty that the posterior distributi Hiteis = histograms f : : 8 ! bt
s number of natural "“aﬁes models ?Vel, edpmpe y n at the posterior distribution se9cioio § o / g 1 « The similarity between the two distributions can be found in both the visual
or zero contrast or zero luminance stimuli reduces to the prior: _ s0000000 KL divergence e Er 5 1 and the auditory cortex, suggesting that it might be a hallmark of a
— models with contrast or luminance variables, e.g. Gaussian scale mixture models sefffooire p— p— p— p— 2 .S 2 4 universal computational strategy in sensory cortex.
(Schwartz & Simoncelli, Nature Neurosci, 2001) oofooosy gg3 R gg3 B 2 3 £
— models with object identity variables, e.g. Berkes et al. (PLoS Comp Bio, 2009) 91000000 g§8g... 88 g8 ... 2% z 3 2 * The results support the hypothesis that the sensory cortex represents the
— models with occlusion (Luecke et al.. NIPS 2010) $005030 ggs T Ed 88  iE < | ot < '"”'“'”9(5:!"‘““ and their using a pling
288 o4 888 aa " representation.
« Consistent with observations of invariance in evoked activity network g8 B g8% EE T T T LI i
(Rossi, Science 1996) and human psychophysics (Adelson, Science 1993). state 888 23 888 g3 KLIH speech (percent) KLIH speech (percent) Supported by the Swartz foundation.

«
<



