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Fig. S1. Change in correlations of individual hemispheres. (A) Correlation differences relative to baseline

of five control hemispheres. (B) Same as A but for five deprived hemispheres. Note that for deprived

hemispheres 2 and 4, correlations at MD3 are used for the slope analysis (see Fig. 1E, right).
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Fig. S2. (A) Top: correlation comparisons between MD2 and MD3 (left), between MD3 and MD4 (middle),
and MD4 and MDS5 (right) at the single cell-pair level of a control hemisphere from one animal. Different
colors represent the correlations between different neuron types. Dashed lines are fitted regression lines
crossing the origin. Bottom: same as top but for the deprived hemisphere from the same animal. (B) Same

as A but for another animal. (C) Slopes of fitted regression lines for the correlation comparisons in A and B.
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Fig. S3. Correlation matrices from other deprived hemispheres at three different time points. Each panel is

a different deprived hemisphere.
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Fig. S4. Weights and neuronal thresholds in the model with persistent Hebbian LTD and homeostatic
plasticity. (A) Average excitatory-to-excitatory weights for each assembly and across assemblies. The
vertical dashed line indicates the onset of MD. (B) Average inhibitory-to-excitatory weights which target all
excitatory neurons independent of assembly membership. (C) Average firing thresholds of excitatory (blue)
and inhibitory (red) neurons. The horizontal dashed line indicates the initial firing threshold. The shaded
gray triangle indicates the linear decrease of thalamocortical connections onto both excitatory and inhibitory
neurons, while the gray rectangle indicates the continuous action of different homeostatic mechanisms, as
in Figures 4.
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Fig. S5. Average weight change within assemblies induced by the different synaptic plasticity and homeo-
static mechanisms. The shaded gray triangle indicates the linear decrease of thalamocortical connections
onto both excitatory and inhibitory neurons, while the gray rectangle indicates the continuous action of

different homeostatic mechanisms, as in Figure 4.
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Fig. S6. Top (A-C): More intense and prolonged thalamocortical LTD during MD in the model. The feed-
forward thalamocortical connections onto excitatory and inhibitory neurons linearly decreased by 15% and
20% from 810 seconds to 1210 seconds. (A) The average normalized firing rates of excitatory (blue) and
inhibitory (red) neurons. (B) Average excitatory-to-excitatory weights for each assembly and across assem-
blies. (C) Correlation matrix during the orange region in A (left) immediately after feedforward connections
stop decreasing, and during the yellow region in A (right) where firing rates have recovered to 90% of their
baseline. Bottom (D-F): Prolonged thalamocortical LTD during MD in the model. The feedforward thalam-
ocortical connections onto excitatory and inhibitory neurons linearly decreased by 8% and 15% from 810
seconds to 1210 seconds. (D) Same as A. (E) Same as B. (F) Same as C. In A,B,D,E, the shaded gray
triangle indicates the linear decrease of thalamocortical connections onto both excitatory and inhibitory
neurons, while the gray rectangle indicates the continuous action of different homeostatic mechanisms, as

in Figure 4.
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Fig. S7. Comparison of average firing thresholds of excitatory (blue) and inhibitory (red) neurons between
the models with normal (as in the main manuscript) and prolonged (as in Fig. S6) thalamocortical LTD.
The horizontal dashed line indicates the initial firing threshold. The first vertical dashed line indicates the
offset of thalamocortical LTD for the model as in the main manuscript, while the second vertical dashed line

indicates the prolonged offset for the model as in Fig. S6.
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Fig. S8. Average excitatory-to-excitatory weights for each assembly and across assemblies without synap-
tic scaling. The vertical dashed line indicates the onset of MD. The shaded gray triangle indicates the
linear decrease of thalamocortical connections onto both excitatory and inhibitory neurons, while the gray

rectangle indicates the continuous action of different homeostatic mechanisms, as in Figure 4.
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Fig. S9. Changes of firing rates and correlations during MD in the co-tuned networks. (A) The average
normalized firing rates of excitatory (blue) and inhibitory (red) neurons. The vertical dashed line indicates
the onset of MD. The horizontal dashed line indicates a normalized firing rate of 1.0. The shaded gray
triangle indicates the linear decrease of thalamocortical connections onto both excitatory and inhibitory
neurons, while the gray rectangle indicates the continuous action of different homeostatic mechanisms, as
in Figure 4. (B) Correlation matrix at baseline (left, brown region in A), at early MD (middle, orange region

in A) and at late MD (right, yellow region in A).
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Fig. $10. Individual homeostatic mechanisms have different functionality during MD in the co-tuned net-
works. (A, D) The average normalized firing rates of excitatory (blue) and inhibitory (red) neurons without
synaptic scaling (A) or without intrinsic plasticity (D). The vertical dashed line indicates the onset of MD.
The horizontal dashed line indicates a normalized firing rate of 1.0. (B, E) Spontaneous activity of ex-
citatory (blue) and inhibitory (red) neurons during late MD without synaptic scaling (B) or without intrinsic
plasticity (E). (C, F) Correlation matrix during late MD indicated by the yellow region in A, D, without synaptic
scaling (C) or without intrinsic plasticity (F). In A,D, the shaded gray triangle indicates the linear decrease of
thalamocortical connections onto both excitatory and inhibitory neurons, while the gray rectangle indicates

the continuous action of different homeostatic mechanisms, as in Figure 4.



Supplementary Table

Table S1: Co-tuned Network Model Parameters

Symbol Value Unit Description

JH 0.1 - I-to-1 connection weight

J=E 0.75 - Initial external-to-E connection weight
Jext=1 0.76 - Initial external-to-1 connection weight
A~ 0.0091 - Amplitude of LTD

758 300 S Time constant of synaptic scaling

P 0.0005 mV/s Learning rate of intrinsic plasticity



Supplementary Text

Here we demonstrate that synaptic scaling alone in the absence of intrinsic plasticity cannot re-
cover the inhibitory firing rates when excitatory and inhibitory connections onto inhibitory neurons
(E-to-1 and I-to-I connection) do not change during MD. We also demonstrate that the addition of
intrinsic plasticity enables the recovery of inhibitory firing rates.

The firing rate of inhibitory neurons at baseline can be described by the following equation (1, 2):

TdTIBL__BL goeBL_ 7 BL ’
1= = + f(Jrerg — Jiry- + 91) (1)

where 8- and 8- are the average firing rate of excitatory neurons and inhibitory neurons at

baseline, respectively, 7; is the time constant of inhibitory firing dynamics, J;g and J;; denote
the average synaptic strength from excitatory and inhibitory neurons onto inhibitory neurons, g; is
the feedforward input onto inhibitory neurons at baseline and f is the input-output function of the
inhibitory population.

Similarly, the firing rate of inhibitory neurons at MD can be expressed as follows:

Tdrle__MD JrepMD _ g .MD _A 2
1=y =T + f(Jr1ETE - 91 gr) (2)

where Agy is the amount of change in the feedforward input onto inhibitory neurons since feedfor-

ward drive is reduced following MD.

To simplify the analysis, we assume that the input-output function is a linear function. Here we
assume a gain of «, but we note that the gain of the input-output function can be controlled by
intrinsic plasticity because it denotes how excitable the population firing rate is as a function of

total synaptic input:

dr?" BL BL BL

TI 7 =-r; tuo (JIETE — J][TI + g[) (3)
dr?"D MD MD MD

T =T ta (JIETE —Jiry- +9r — Agl) - (4)

If we assume that J;p and J;; do not change during MD, and there is no intrinsic plasticity at
baseline and during MD which changes the input-output gain, then we can calculate the steady
states of inhibitory firing rates in these two different time periods in terms of the firing rates of

excitatory neurons

et = a(Jrerd + g1)/(1+ o) ©)
P = a(Jrer® + g1 — Agr) /(1 + o). (®)
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Therefore, given our assumption that .J;z and J;; do not change during MD, and the result from the
data that excitatory firing rates recover to the baseline during prolonged MD, leads us to conclude

that the inhibitory firing rates during MD are always smaller than at baseline
' <t (7)

Without intrinsic plasticity, inhibitory firing rates therefore cannot recover under the above assump-
tions. If, however, we allowed for intrinsic plasticity to change the gain of the inhibitory population

to 3, then Eq. 4 becomes

drMPD
7 dIt = —MP 4 (JIET%D — JrrP 4 gr — Agl) : (8)

At steady state,
' = B(Jier® + g1 — Agr) /(1 + BJ 1) ©

so that the condition that the firing rates at MD recover to that at baseline leads to

Oé(J[ET'%L + g[)/(l + OéJ[[) = ﬂ(J[ET'%D + 97 — Ag[)/(l + ﬂJ[[). (10)

This implies that there exists a solution for intrinsic plasticity to modify the gain 5 of the inhibitory
population, so that the inhibitory firing rates at MD recover to that at baseline. We note that the
results would also hold for nonlinear input-output functions f assuming that they are monotonically
increasing as a function of synaptic input, which is the case for many commonly used functions

like a threshold-linear or sigmoidal nonlinearities.

We further analyze under which conditions inhibitory firing rates can recover by changing either
E-to-l connections or I-to-1 connections in the absence of intrinsic plasticity.

If we allow excitatory connections onto inhibitory neurons J; g to be plastic while keeping inhibitory
connections onto inhibitory neurons J;; static, the firing rate of inhibitory neurons at baseline and

MD can be described as follows,

drBt BL BL..BL BL

T =T ta (JIETE — Jrry +91) (11)
drMD

TI dIt = —T’L\—/ID + « (J}wgr%[) — JHTyID + 91 — Agj) . (12)

We then obtain the condition that firing rates of inhibitory neurons at MD recover to that at baseline

Agr

I = JiE+ =5 (13)
g

11



If inhibitory connections onto inhibitory neurons J;; are plastic while excitatory connections onto

inhibitory neurons J;p static, the firing rate of inhibitory neurons at baseline and MD can be ex-

pressed by
drBL
TI djt = —T'?L + (JJET%L - IBILTIBL + 91) (14)
drMD
I d]t =P +a (JIET%ID — TP + g1 - AQI) : (15)

The condition that firing rates of inhibitory neurons at MD recover to that at baseline is

Agr

I = Jir — =5 (16)
7

Therefore, the analysis indicates that the firing rates of inhibitory neurons can recover if either

E-to-l or I-to-I connections is plastic and either the above-listed condition is fulfilled.
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