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It is well accepted that stimulus responses in the primary auditory cortex (A1) can be transformed when an animal learns to associate a sound with an appetitive or aversive stimulus. For many decades, it has been suggested and observed that some types of learning can be reflected as a change in the receptive fields of cells within A1 and/or a modification at the scale of tonotopic maps. However, it questionable at the moment whether becoming expert at an auditory task could not only affect sound representation in A1, but would also reorganize the efficacy of functional interactions between neurons independently of the stimuli.

Here, we characterize the evolution of responses to pure tones after learning a negative reinforcement task, followed by a description of the change in correlation between cells of A1 during periods of activity outside stimulus times.

MOTIVATIONS

HIT

MISS BEHAVIOURAL TASK

Animals have to escape an electric shock temporally associated with a pure tone. Mice learn to reach the safe side of the box, opposit to where they stand when a « target » tone starts (HIT). Not crossing in time equals receiving a shock (MISS).

STIMULI

We use amplitude modulated pure tones.

RECORDING BRAIN ACTIVITY

We perform 2-photon imaging on awake head-fixed animals, using GCaMP7f as a reporter for neural activity.

Importantly, in this configuration we record the brain in a radically different environment from the training box.

« target » is conditioned with the shock, while « foil » serves as an internal control.
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We record brain activity at the level of the primary auditory cortex (A1) before and after the animals learn the task in order to characterize learningrelated evolutions at the single cell level. Data from 4 CBA mice which successfully completed the learning paradigm.

We also recorded the brain of 4 control mice that were only habitued to sound in the training box, without any unconditioned stimulus.

ANIMAL COHORTS AND BEHAVIOUR ROBUSTNESS OF RESPONSES TO SOUNDS

For a given sound repetition r and a cycle θ of amplitude modulation (5Hz) during a pure tone, we take the integral of the fluorescence F(r, ) θ over this cycle.

We compare F(r, ) θ to the standard deviation of similar integrals computed outside stimulus times, and assign bin(r, ) θ = 1 if F(r, ) θ > σ and bin(r, ) θ = 0 otherwise.

By averaging bin(r, ) θ over all repetitions for each , θ we define how reliably a neuron responds to a given sound (robustness).

sound

EVOLUTION OF POPULATION ROBUSTNESS AFTER LEARNING

Average population robustnesses of target, foil and control (i.e. habituated) sounds show specific evolutions in time.

Δ ROBUSTNESS OF EARLY RESPONSES

robustness is Δ defined as the difference in response reliability between the naive and expert recordings for each neuron.

We look at offstimulus activity, and ask whether learning has an effect on pairwise correlations in this part of the recording.

Δ ROBUSTNESS OF EARLY RESPONSES

We compare the evolution of correlations between naive and expert animals by taking their differences.

Structure of « spontaneous » activity is impacted differently in trained animals from control animals.

TIMELINE OF THE EXPERIMENT ASSESSING ACTIVITY OUTSIDE STIMULUS TIMES

• We show that neurons in layer II/III of the mouse primary auditory cortex modify their representation of pure tones differently between simple habituation and association with an operant negative reinforcement task.

• Moreover, we observe that neuronal activities outside stimulus times is also modified differently between trained and control animal when we look at pairwise correlations, suggesting a learning rewiring of neurons inside the A1 network.

• We are now clustering the matrices of correlations to test whether there is a link between the change in responses to sounds and the stimulus-free evolutions.

• To characterize better the nature of the changes in the « spontaneous » activity, we resort to maximum entropy models.

In particular, by setting the hamiltonian in the form of an Ising model, we perform maximum likelihood estimation of the probability distribution :

where σ i represents binarised activity of neuron i.

CONCLUSIONS AND PERSPECTIVES