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I. Experimental Strategy

Is there a unified strategy to image populations of 
synapses onto both excitatory and inhibitory cell types?



Solution: PSD-95 ENABLED Strategy
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Validation of ENABLED Strategy

1. Does this method mark functional synapses?


2. Can we reliably extract synaptic strength from these images?
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Functional Validation of PSD-95 ENABLED Strategy
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In vivo Imaging of Synaptic Dynamics: Persistence, Addition, and Elimination
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II. Gross Observations of Synaptic Stability

Are there any differences in excitatory synapse stability 
onto either excitatory or inhibitory cell types?



Excitatory Synapses onto PV Interneurons are More Stable than those onto Pyramidal 
Cells



Validation of ENABLED Strategy

1. Does this method mark functional synapses?


2. Can we reliably extract synaptic strength from these images?



In vivo Observation of Synaptic Strength Dynamics
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In vivo Observation of Synaptic Strength Dynamics
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How can we quantify weight dynamics and extract biological principles?



III. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics 
across cell types?


Are the dynamics additive or multiplicative?


Are they time-reversible?
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Markov Chain Model of Single Synapse Dynamics
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Markov Chain Model of Single Synapse Dynamics
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Transition Matrix

How well can these Markov chains predict synaptic distributions

over very long time scales?



Pyramidal PV
Weakest

Strongest

Day T+4 State Day T+4 State

D
ay

 T
 S

ta
te

State i State i

St
at

io
na

ry
 D

is
tr

ib
ut

io
n

Markov Models Accurately Predict Stationary Strength Distributions

Mi,j = P(w(T + 4) = j | w(T ) = i)
<latexit sha1_base64="41oE04N4Vyvvx28taOkKzYVCCCo=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VoUUqiBd0IRTduhAp9QRvCZDJpp508mJkoJeQv3Pgrblwo4lZ3/o2TtgttPTBw7jn3MvceJ2JUSMP41nJLyyura/n1wsbm1vaOvrvXEmHMMWnikIW84yBBGA1IU1LJSCfiBPkOI21ndJ357XvCBQ2DhhxHxPJRP6AexUgqydYrt3ZCT4YpvIQ9H8mB4yT1tPRQahxXy0obKpW6UNVZRcu2XjQqxgRwkZgzUgQz1G39q+eGOPZJIDFDQnRNI5JWgrikmJG00IsFiRAeoT7pKhognwgrmdyVwiOluNALuXqBhBP190SCfCHGvqM6s93FvJeJ/3ndWHoXVkKDKJYkwNOPvJhBGcIsJOhSTrBkY0UQ5lTtCvEAcYSlirKgQjDnT14krdOKeVYx7qrF2tUsjjw4AIegBExwDmrgBtRBE2DwCJ7BK3jTnrQX7V37mLbmtNnMPvgD7fMHUkicNg==</latexit>

M~⇡ = ~⇡
<latexit sha1_base64="J7R23YKNO2P2cZi/vrux6yt09do=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KokKuhGKLpxI1SwF2hCmUxP2qGTSZiZFErswldx40IRt76GO9/GaRtEW38Y+PjPOZwzf5BwprTjfFkLi0vLK6uFteL6xubWtr2zW1dxKinUaMxj2QyIAs4E1DTTHJqJBBIFHBpB/3pcbwxAKhaLez1MwI9IV7CQUaKN1bb3b70B0MxL2Ahf4h9u2yWn7EyE58HNoYRyVdv2p9eJaRqB0JQTpVquk2g/I1IzymFU9FIFCaF90oWWQUEiUH42uX+Ej4zTwWEszRMaT9zfExmJlBpGgemMiO6p2drY/K/WSnV44WdMJKkGQaeLwpRjHeNxGLjDJFDNhwYIlczcimmPSEK1iaxoQnBnvzwP9ZOye1p27s5Klas8jgI6QIfoGLnoHFXQDaqiGqLoAT2hF/RqPVrP1pv1Pm1dsPKZPfRH1sc3riCV4Q==</latexit>

Transition Matrix



III. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics 
across cell types?


Are the dynamics additive or multiplicative?


Are they time-reversible?
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<latexit sha1_base64="hBaSShqEDysgAhRbFCqiVAjWLFA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r9AvapWTTbBubTZYkq5Rt/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD26nffKRKMylqZhRTP8J9wUJGsLFSY/xUqp2Nu4WiW3ZnQMvEy0gRMlS7ha9OT5IkosIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pwBHVfjq7doJOrdJDoVS2hEEz9fdEiiOtR1FgOyNsBnrRm4r/ee3EhNd+ykScGCrIfFGYcGQkmr6OekxRYvjIEkwUs7ciMsAKE2MDytsQvMWXl0njvOxdlN37y2LlJosjB8dwAiXw4AoqcAdVqAOBB3iGV3hzpPPivDsf89YVJ5s5gj9wPn8AFaiOzA==</latexit>
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Changes

|w(T )|
<latexit sha1_base64="hBaSShqEDysgAhRbFCqiVAjWLFA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r9AvapWTTbBubTZYkq5Rt/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD26nffKRKMylqZhRTP8J9wUJGsLFSY/xUqp2Nu4WiW3ZnQMvEy0gRMlS7ha9OT5IkosIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pwBHVfjq7doJOrdJDoVS2hEEz9fdEiiOtR1FgOyNsBnrRm4r/ee3EhNd+ykScGCrIfFGYcGQkmr6OekxRYvjIEkwUs7ciMsAKE2MDytsQvMWXl0njvOxdlN37y2LlJosjB8dwAiXw4AoqcAdVqAOBB3iGV3hzpPPivDsf89YVJ5s5gj9wPn8AFaiOzA==</latexit>

|w(T )|
<latexit sha1_base64="hBaSShqEDysgAhRbFCqiVAjWLFA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r9AvapWTTbBubTZYkq5Rt/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD26nffKRKMylqZhRTP8J9wUJGsLFSY/xUqp2Nu4WiW3ZnQMvEy0gRMlS7ha9OT5IkosIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pwBHVfjq7doJOrdJDoVS2hEEz9fdEiiOtR1FgOyNsBnrRm4r/ee3EhNd+ykScGCrIfFGYcGQkmr6OekxRYvjIEkwUs7ciMsAKE2MDytsQvMWXl0njvOxdlN37y2LlJosjB8dwAiXw4AoqcAdVqAOBB3iGV3hzpPPivDsf89YVJ5s5gj9wPn8AFaiOzA==</latexit>

w(T + 4) = w(T ) · (1 + ")
<latexit sha1_base64="XH2Z8VLc4wEp8Gd5lxD31xRGTSY=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFlkKZ0YJuhKIblxV6g85QMmmmDc0kQ5KplNIncOOruHGhiFvX7nwb03YW2vpD4OM/53By/iBmVGnH+bbW1jc2t7YzO9ndvf2DQ/vouKlEIjFpYMGEbAdIEUY5aWiqGWnHkqAoYKQVDG9n9daISEUFr+txTPwI9TkNKUbaWF07/1ColypFeA0NFKGHe0LDggtL0BshSWJFmeDFrp1zys5ccBXcFHIgVa1rf3k9gZOIcI0ZUqrjOrH2J0hqihmZZr1EkRjhIeqTjkGOIqL8yfycKcwbpwdDIc3jGs7d3xMTFCk1jgLTGSE9UMu1mflfrZPo8MqfUB4nmnC8WBQmDGoBZ9nAHpUEazY2gLCk5q8QD5BEWJsEsyYEd/nkVWiel92LsnNfyVVv0jgy4BScgQJwwSWogjtQAw2AwSN4Bq/gzXqyXqx362PRumalMyfgj6zPHxbomQU=</latexit>

|w
(T

+
4)

�
w
(T

)|
<latexit sha1_base64="OSWvKw2SA1hANero3Gy14RuW02g=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQotYZrSgy6IblxV6g3YomTTThmYuJBmlTvskblwo4tZHcefbmLaz0NYfAh//OYdz8rsRZ1JZ1reRWVvf2NzKbud2dvf28+bBYVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHtrN56oEKyMKircUQdHw8C5jGClbZ6Zn7yWKyfVUroHGkoTXpmwSpbc6FVsFMoQKpaz/zq9kMS+zRQhGMpO7YVKSfBQjHC6TTXjSWNMBnhAe1oDLBPpZPMD5+iU+30kRcK/QKF5u7viQT7Uo59V3f6WA3lcm1m/lfrxMq7dhIWRLGiAVks8mKOVIhmKaA+E5QoPtaAiWD6VkSGWGCidFY5HYK9/OVVaF6U7cuydV8pVG/SOLJwDCdQBBuuoAp3UIMGEIjhGV7hzXgyXox342PRmjHSmSP4I+PzB9UakT8=</latexit>

|w
(T

+
4)

�
w
(T

)|
<latexit sha1_base64="OSWvKw2SA1hANero3Gy14RuW02g=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQotYZrSgy6IblxV6g3YomTTThmYuJBmlTvskblwo4tZHcefbmLaz0NYfAh//OYdz8rsRZ1JZ1reRWVvf2NzKbud2dvf28+bBYVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHtrN56oEKyMKircUQdHw8C5jGClbZ6Zn7yWKyfVUroHGkoTXpmwSpbc6FVsFMoQKpaz/zq9kMS+zRQhGMpO7YVKSfBQjHC6TTXjSWNMBnhAe1oDLBPpZPMD5+iU+30kRcK/QKF5u7viQT7Uo59V3f6WA3lcm1m/lfrxMq7dhIWRLGiAVks8mKOVIhmKaA+E5QoPtaAiWD6VkSGWGCidFY5HYK9/OVVaF6U7cuydV8pVG/SOLJwDCdQBBuuoAp3UIMGEIjhGV7hzXgyXox342PRmjHSmSP4I+PzB9UakT8=</latexit>

�
(~s

T
+
4
|~s

T
=

i)
<latexit sha1_base64="D+OFf/71YxDorF2mXIN2dEXolRQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiXRgm6EohuXFfqCJoTJZNoOnUnCzKRQQv7Bjb/ixoUibt2482+ctgG1euDC4Zx7ufceP2ZUKsv6NApLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/upn6nTERkkZhU01i4nI0CGmfYqS05JknjqQDjirOmOBUZl7aPK1l0OE0gN9SBq8gPfbMslW1ZoB/iZ2TMsjR8MwPJ4hwwkmoMENS9mwrVm6KhKKYkazkJJLECI/QgPQ0DREn0k1nP2XwSCsB7EdCV6jgTP05kSIu5YT7upMjNZSL3lT8z+slqn/ppjSME0VCPF/UTxhUEZwGBAMqCFZsognCgupbIR4igbDSMZZ0CPbiy39J+6xqn1etu1q5fp3HUQQH4BBUgA0uQB3cggZoAQzuwSN4Bi/Gg/FkvBpv89aCkc/sg18w3r8A846dig==</latexit>�
(~s

T
+
4
|~s

T
=

i)
<latexit sha1_base64="D+OFf/71YxDorF2mXIN2dEXolRQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiXRgm6EohuXFfqCJoTJZNoOnUnCzKRQQv7Bjb/ixoUibt2482+ctgG1euDC4Zx7ufceP2ZUKsv6NApLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/upn6nTERkkZhU01i4nI0CGmfYqS05JknjqQDjirOmOBUZl7aPK1l0OE0gN9SBq8gPfbMslW1ZoB/iZ2TMsjR8MwPJ4hwwkmoMENS9mwrVm6KhKKYkazkJJLECI/QgPQ0DREn0k1nP2XwSCsB7EdCV6jgTP05kSIu5YT7upMjNZSL3lT8z+slqn/ppjSME0VCPF/UTxhUEZwGBAMqCFZsognCgupbIR4igbDSMZZ0CPbiy39J+6xqn1etu1q5fp3HUQQH4BBUgA0uQB3cggZoAQzuwSN4Bi/Gg/FkvBpv89aCkc/sg18w3r8A846dig==</latexit>

State i (~sT = i)
<latexit sha1_base64="kCQcLmjRQjpCyqa/u26+ImNzVH0=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDGJuyqoI0QtLGMmBckIcxObpIhsw9m7gbDsp9g46/YWChia2nn3zh5FJp44MKZc+5l7j1uKIVG2/62UkvLK6tr6fXMxubW9k52d6+qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7uBm7NeGoLQI/DKOQmh5rOeLruAMjdTOHjcRHjC+R4ZAEzF90STfHAKPddKOywm9ouKknc3ZBXsCukicGcmRGUrt7FezE/DIAx+5ZFo3HDvEVswUCi4hyTQjDSHjA9aDhqE+80C34slBCT0ySod2A2XKRzpRf0/EzNN65Lmm02PY1/PeWPzPa0TYvWzFwg8jBJ9PP+pGkmJAx+nQjlDAUY4MYVwJsyvlfaYYR5NhxoTgzJ+8SKqnBeesYN+d54rXszjS5IAckjxxyAUpkltSIhXCySN5Jq/kzXqyXqx362PamrJmM/vkD6zPH7QEnPY=</latexit>

State i (~sT = i)
<latexit sha1_base64="kCQcLmjRQjpCyqa/u26+ImNzVH0=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDGJuyqoI0QtLGMmBckIcxObpIhsw9m7gbDsp9g46/YWChia2nn3zh5FJp44MKZc+5l7j1uKIVG2/62UkvLK6tr6fXMxubW9k52d6+qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7uBm7NeGoLQI/DKOQmh5rOeLruAMjdTOHjcRHjC+R4ZAEzF90STfHAKPddKOywm9ouKknc3ZBXsCukicGcmRGUrt7FezE/DIAx+5ZFo3HDvEVswUCi4hyTQjDSHjA9aDhqE+80C34slBCT0ySod2A2XKRzpRf0/EzNN65Lmm02PY1/PeWPzPa0TYvWzFwg8jBJ9PP+pGkmJAx+nQjlDAUY4MYVwJsyvlfaYYR5NhxoTgzJ+8SKqnBeesYN+d54rXszjS5IAckjxxyAUpkltSIhXCySN5Jq/kzXqyXqx362PamrJmM/vkD6zPH7QEnPY=</latexit>

Pyramidal PV

r = 0.85 r = 0.87

r = 0.82r = 0.91



Evidence of Multiplicative Dynamics Across Cell Types
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Changes

|w(T )|
<latexit sha1_base64="hBaSShqEDysgAhRbFCqiVAjWLFA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r9AvapWTTbBubTZYkq5Rt/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD26nffKRKMylqZhRTP8J9wUJGsLFSY/xUqp2Nu4WiW3ZnQMvEy0gRMlS7ha9OT5IkosIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pwBHVfjq7doJOrdJDoVS2hEEz9fdEiiOtR1FgOyNsBnrRm4r/ee3EhNd+ykScGCrIfFGYcGQkmr6OekxRYvjIEkwUs7ciMsAKE2MDytsQvMWXl0njvOxdlN37y2LlJosjB8dwAiXw4AoqcAdVqAOBB3iGV3hzpPPivDsf89YVJ5s5gj9wPn8AFaiOzA==</latexit>

|w(T )|
<latexit sha1_base64="hBaSShqEDysgAhRbFCqiVAjWLFA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r9AvapWTTbBubTZYkq5Rt/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD26nffKRKMylqZhRTP8J9wUJGsLFSY/xUqp2Nu4WiW3ZnQMvEy0gRMlS7ha9OT5IkosIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pwBHVfjq7doJOrdJDoVS2hEEz9fdEiiOtR1FgOyNsBnrRm4r/ee3EhNd+ykScGCrIfFGYcGQkmr6OekxRYvjIEkwUs7ciMsAKE2MDytsQvMWXl0njvOxdlN37y2LlJosjB8dwAiXw4AoqcAdVqAOBB3iGV3hzpPPivDsf89YVJ5s5gj9wPn8AFaiOzA==</latexit>

w(T + 4) = w(T ) · (1 + ")
<latexit sha1_base64="XH2Z8VLc4wEp8Gd5lxD31xRGTSY=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFlkKZ0YJuhKIblxV6g85QMmmmDc0kQ5KplNIncOOruHGhiFvX7nwb03YW2vpD4OM/53By/iBmVGnH+bbW1jc2t7YzO9ndvf2DQ/vouKlEIjFpYMGEbAdIEUY5aWiqGWnHkqAoYKQVDG9n9daISEUFr+txTPwI9TkNKUbaWF07/1ColypFeA0NFKGHe0LDggtL0BshSWJFmeDFrp1zys5ccBXcFHIgVa1rf3k9gZOIcI0ZUqrjOrH2J0hqihmZZr1EkRjhIeqTjkGOIqL8yfycKcwbpwdDIc3jGs7d3xMTFCk1jgLTGSE9UMu1mflfrZPo8MqfUB4nmnC8WBQmDGoBZ9nAHpUEazY2gLCk5q8QD5BEWJsEsyYEd/nkVWiel92LsnNfyVVv0jgy4BScgQJwwSWogjtQAw2AwSN4Bq/gzXqyXqx362PRumalMyfgj6zPHxbomQU=</latexit>

|w
(T

+
4)

�
w
(T

)|
<latexit sha1_base64="OSWvKw2SA1hANero3Gy14RuW02g=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQotYZrSgy6IblxV6g3YomTTThmYuJBmlTvskblwo4tZHcefbmLaz0NYfAh//OYdz8rsRZ1JZ1reRWVvf2NzKbud2dvf28+bBYVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHtrN56oEKyMKircUQdHw8C5jGClbZ6Zn7yWKyfVUroHGkoTXpmwSpbc6FVsFMoQKpaz/zq9kMS+zRQhGMpO7YVKSfBQjHC6TTXjSWNMBnhAe1oDLBPpZPMD5+iU+30kRcK/QKF5u7viQT7Uo59V3f6WA3lcm1m/lfrxMq7dhIWRLGiAVks8mKOVIhmKaA+E5QoPtaAiWD6VkSGWGCidFY5HYK9/OVVaF6U7cuydV8pVG/SOLJwDCdQBBuuoAp3UIMGEIjhGV7hzXgyXox342PRmjHSmSP4I+PzB9UakT8=</latexit>

|w
(T

+
4)

�
w
(T

)|
<latexit sha1_base64="OSWvKw2SA1hANero3Gy14RuW02g=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQotYZrSgy6IblxV6g3YomTTThmYuJBmlTvskblwo4tZHcefbmLaz0NYfAh//OYdz8rsRZ1JZ1reRWVvf2NzKbud2dvf28+bBYVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHtrN56oEKyMKircUQdHw8C5jGClbZ6Zn7yWKyfVUroHGkoTXpmwSpbc6FVsFMoQKpaz/zq9kMS+zRQhGMpO7YVKSfBQjHC6TTXjSWNMBnhAe1oDLBPpZPMD5+iU+30kRcK/QKF5u7viQT7Uo59V3f6WA3lcm1m/lfrxMq7dhIWRLGiAVks8mKOVIhmKaA+E5QoPtaAiWD6VkSGWGCidFY5HYK9/OVVaF6U7cuydV8pVG/SOLJwDCdQBBuuoAp3UIMGEIjhGV7hzXgyXox342PRmjHSmSP4I+PzB9UakT8=</latexit>

�
(~s

T
+
4
|~s

T
=

i)
<latexit sha1_base64="D+OFf/71YxDorF2mXIN2dEXolRQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiXRgm6EohuXFfqCJoTJZNoOnUnCzKRQQv7Bjb/ixoUibt2482+ctgG1euDC4Zx7ufceP2ZUKsv6NApLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/upn6nTERkkZhU01i4nI0CGmfYqS05JknjqQDjirOmOBUZl7aPK1l0OE0gN9SBq8gPfbMslW1ZoB/iZ2TMsjR8MwPJ4hwwkmoMENS9mwrVm6KhKKYkazkJJLECI/QgPQ0DREn0k1nP2XwSCsB7EdCV6jgTP05kSIu5YT7upMjNZSL3lT8z+slqn/ppjSME0VCPF/UTxhUEZwGBAMqCFZsognCgupbIR4igbDSMZZ0CPbiy39J+6xqn1etu1q5fp3HUQQH4BBUgA0uQB3cggZoAQzuwSN4Bi/Gg/FkvBpv89aCkc/sg18w3r8A846dig==</latexit>�
(~s

T
+
4
|~s

T
=

i)
<latexit sha1_base64="D+OFf/71YxDorF2mXIN2dEXolRQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoCiXRgm6EohuXFfqCJoTJZNoOnUnCzKRQQv7Bjb/ixoUibt2482+ctgG1euDC4Zx7ufceP2ZUKsv6NApLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGA1JS1HFSDcWBHGfkY4/upn6nTERkkZhU01i4nI0CGmfYqS05JknjqQDjirOmOBUZl7aPK1l0OE0gN9SBq8gPfbMslW1ZoB/iZ2TMsjR8MwPJ4hwwkmoMENS9mwrVm6KhKKYkazkJJLECI/QgPQ0DREn0k1nP2XwSCsB7EdCV6jgTP05kSIu5YT7upMjNZSL3lT8z+slqn/ppjSME0VCPF/UTxhUEZwGBAMqCFZsognCgupbIR4igbDSMZZ0CPbiy39J+6xqn1etu1q5fp3HUQQH4BBUgA0uQB3cggZoAQzuwSN4Bi/Gg/FkvBpv89aCkc/sg18w3r8A846dig==</latexit>

State i (~sT = i)
<latexit sha1_base64="kCQcLmjRQjpCyqa/u26+ImNzVH0=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDGJuyqoI0QtLGMmBckIcxObpIhsw9m7gbDsp9g46/YWChia2nn3zh5FJp44MKZc+5l7j1uKIVG2/62UkvLK6tr6fXMxubW9k52d6+qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7uBm7NeGoLQI/DKOQmh5rOeLruAMjdTOHjcRHjC+R4ZAEzF90STfHAKPddKOywm9ouKknc3ZBXsCukicGcmRGUrt7FezE/DIAx+5ZFo3HDvEVswUCi4hyTQjDSHjA9aDhqE+80C34slBCT0ySod2A2XKRzpRf0/EzNN65Lmm02PY1/PeWPzPa0TYvWzFwg8jBJ9PP+pGkmJAx+nQjlDAUY4MYVwJsyvlfaYYR5NhxoTgzJ+8SKqnBeesYN+d54rXszjS5IAckjxxyAUpkltSIhXCySN5Jq/kzXqyXqx362PamrJmM/vkD6zPH7QEnPY=</latexit>

State i (~sT = i)
<latexit sha1_base64="kCQcLmjRQjpCyqa/u26+ImNzVH0=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSDGJuyqoI0QtLGMmBckIcxObpIhsw9m7gbDsp9g46/YWChia2nn3zh5FJp44MKZc+5l7j1uKIVG2/62UkvLK6tr6fXMxubW9k52d6+qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7uBm7NeGoLQI/DKOQmh5rOeLruAMjdTOHjcRHjC+R4ZAEzF90STfHAKPddKOywm9ouKknc3ZBXsCukicGcmRGUrt7FezE/DIAx+5ZFo3HDvEVswUCi4hyTQjDSHjA9aDhqE+80C34slBCT0ySod2A2XKRzpRf0/EzNN65Lmm02PY1/PeWPzPa0TYvWzFwg8jBJ9PP+pGkmJAx+nQjlDAUY4MYVwJsyvlfaYYR5NhxoTgzJ+8SKqnBeesYN+d54rXszjS5IAckjxxyAUpkltSIhXCySN5Jq/kzXqyXqx362PamrJmM/vkD6zPH7QEnPY=</latexit>

Pyramidal PV

r = 0.85 r = 0.87

r = 0.82r = 0.91



III. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics 
across cell types?


Are the dynamics additive or multiplicative?


Are they time-reversible?



Are Synaptic Dynamics Time-Reversible?

s1
<latexit sha1_base64="Mo8ytjfQl1LV9IVJVGo7CIKmqE4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwS8jZ0=</latexit>
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“The Path to Death is the Reverse of the Path from Birth”
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Birth and Death Weight Symmetry

r = 0.88
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4. The future: comparing this baseline synaptic dynamics to the 
process of synaptic change during task learning
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