
b f tpre before post

post before pre

Δt = timepre - timepost

Bi, GQ and Poo, MM. Synaptic modifications in cultured 
hippocampal neurons: dependence on spike timing synaptic Song Miller and Abbott Competitive Hebbianhippocampal neurons: dependence on spike timing, synaptic 
strength, and postsynaptic cell type.
J Neurosci. 1998 Dec 15;18(24):10464-72.

Song, Miller and Abbott, Competitive Hebbian 
learning through spike-timing-dependent synaptic 
plasticity.
Nat Neurosci. 2000 Sep;3(9):919-26.



Experience-Dependent Asymmetric Shape of 
Hippocampal Receptive FieldsHippocampal Receptive Fields

Mehta, Quirk and Wilson

* When a rat moves through an environment, neurons in the hippocampus 
fire in a spatially and directionally selective fashion and provide an accurate 
estimate of the location of the rat. 

* Changes in these fields as a result of experience in novel and familiar 
environments suggest that mechanisms of plasticity may be involved. 

* In this work, it is shown that the hippocampal receptive fields have an 
asymmetric shape and that this asymmetry is experience dependent. 



- Hippocampal pyramidal cells fire significantly more than rest when rat 
moves through a specific place in the environment. 

- "Best place" is the exact location for which the cell fires most. 

- "Place field" is the environment around the best place  for which cell fires
significantly more than rest. 



- On a linear track, place fields, p
are asymmetric (or skewed) with 
respect to the best place. 

rat movement rat movement



last laplast lap

first lap

- Asymmetry of place fields depends on rat's experience with a given environment. 

- Asymmetry is not just time dependent. Place fields of cells that have acquired 
asymmetry in one environment are symmetric when rat is first placed in a novel 
environment in which the same cells are active. 



* In previous work experience-dependent changes in place field location  In previous work experience dependent changes in place field location 
and firing rate were reported. 

* A 51% increase in the place field size (from 426 to 643 cm × Hz) and a 
predictive or backward (i.e., in a direction opposite to the direction of 
movement of the rat through the place field) shift in the location of the 
center of mass of the place fields by 8.2 cm were observed. 

* Further, the location of the peak of the place field shifted backward by 5.5 
cm, and the first spike in the place field occurred 9.2 cm earlier, whereas 
the last spike in the place field occurred 6.5 cm earlier. the last spike in the place field occurred 6.5 cm earlier. 

* This resulted in an experience-dependent widening of place fields by 7.9 
cm.



* Experience-dependent changes of place fields could result from the LTP and 
LTD of NMDA-dependent synapses. 

* NMDA dependent synapses are strengthened if postsynaptic activity lags * NMDA-dependent synapses are strengthened if postsynaptic activity lags 
behind presynaptic spiking and depotentiated if the converse is true

*Further, the amount of LTP/LTD is inversely related to the absolute value of , / y
the time lag between the pre- and postsynaptic neuronal spike times. 

* It is known that pyramidal neurons in CA1 receive excitatory inputs from 
pyramidal neurons in CA3, which also exhibit place-specific firing. LTP of these 
CA3 CA1 connections has been shown to be NMDA dependent.



A very simple computational model
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Intracortical mechanism of stimulus-timing-dependent 
plasticity in visual cortical orientation tuningp y g

Yao Shen and DanYao, Shen and Dan















1) Measure orientation selectivity of cell in response to stimulation of each eye. This results in 
an orientation tuning curve for each cell with an optimal orientation S0.

Orientation

Fig. 1. Conditioning stimuli used to induce shift in orientation tuning. (a) Orientations of 
conditioning stimuli (arrows) relative to tuning (curve) of the cell. So, optimal orientation; S+15°
and S-15°, 15° clockwise and counterclockwise from optimal. (b) Four types of conditioning stimuli. 
For interocular transfer experiments, only So and S±15° (according to tuning measured through the 
conditioned eye) were used. To measure orientation specificity of the effect (Fig. 6), other 
orientations were also used. 



1) Measure orientation selectivity of cell in response to stimulation of each eye. This results in 
An orientation tuning curve for each cell with an optimal orientation S0.

2) Then “condition” the cell by repeatedly presenting two stimuli at 8.2 ms 
intervals. Two conditioning paradigms were used: 
A) S0 – S+/- 15 separated by 8.2 ms
B) S S t d b 8 2B) S+/-15 – S0 separated by 8.2 ms.
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and S-15°, 15° clockwise and counterclockwise from optimal. (b) Four types of conditioning stimuli. 
For interocular transfer experiments, only So and S±15° (according to tuning measured through the 
conditioned eye) were used. To measure orientation specificity of the effect (Fig. 6), other 
orientations were also used. 
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1) Measure orientation selectivity of cell in response to stimulation of each eye. This results in 
An orientation tuning curve for each cell with an optimal orientation S0.

2) Then “condition” the cell by repeatedly presenting two stimuli at 8.2 ms 
intervals. Two conditioning paradigms were used: 
A) S0 – S+/- 15 separated by 8.2 ms
B) S S t d b 8 2B) S+/-15 – S0 separated by 8.2 ms.

3) After the conditioning phase, the
orientation selectivity was measured again 
b ti ti li t th diti d !by presenting stimuli to the non-conditioned eye!  

Fig. 1. Conditioning stimuli used to induce shift in orientation tuning. (a) Orientations of 
conditioning stimuli (arrows) relative to tuning (curve) of the cell. So, optimal orientation; S+15°
and S-15°, 15° clockwise and counterclockwise from optimal. (b) Four types of conditioning stimuli. 
For interocular transfer experiments, only So and S±15° (according to tuning measured through the 
conditioned eye) were used. To measure orientation specificity of the effect (Fig. 6), other 
orientations were also used. 
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a) Shifted followed by best 
orientation

b) Best followed by shifted 
orientation

c) Conditioning leads to similar
shifts in orientation tuning in response
to stimuli in both eyesto stimuli in both eyes
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Human psychophysics

50 %Right               50% Left

300 i300 ms presentations, 
1 sec ITI
orientations 1, 2 or 3o from vertical

Test: Percentage of gratings judged to be on left or right side. 
Control subjects usually judge an average of 50% to be on either side



Human psychophysics Conditioning: 

50 %Right               50% Left

300 i

8.3 ms 100 ms

300 ms presentations, 
1 sec ITI
orientations 1, 2 or 3o from vertical

Test: Percentage of gratings judged to be on left or right side. 
Control subjects usually judge an average of 50% to be on either side



Human psychophysics Result: Perceptual shifts in agreement
with electrophysiological data

Right                    Left

300 i300 ms presentations, 
1 sec ITI
orientations 1, 2 or 3o from vertical



Mechanism? 



Mechanism? Cell 1    S0

Cell 2    S0+22

8.3 ms

Cell 1
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S0+22 S0

Cell 2                        Cell 1

pre before post! 



Vk(t): membrane voltage of pyramidal cell k. 
To: membrane time constant
V ff(t): feedforward (afferent) input (green arrows)Vk

ff(t): feedforward (afferent) input (green arrows)
Vk,jrec(t): recurrent input from other cells. 

This equation describes how the membrane voltage evolves in time due to external inputs (leaky integrator). 

Remember: τ dv/dt = -v + inputs 

In response to a give stimulus orientation, each cell receives a combination of feedforward input, output of other
Cells (narrowly tuned) and input of more broadly tuned cells. 



phasep



SS

phase

S0S0+15

pre post

p

prep

post



SS

phase

S0S0+15

pre post

p

prep

post



SS

phase

S0S0+15

pre post

p

prep

post









Froemke, Dan, Nature 2002



-26% +67%

Independent contribution -> +24

Contribution of second spike
is suppressed! 



Efficacy of nexy spike is suppressed 
and recovers exponentially. 




