
Supplemental material 
For the sake of simplicity, the model presented in the main text deals with an 

excitatory current that is fixed over time. In the visual system, this would correspond 

to input from a visual stimulus that changes slowly relative the duration of a single 

gamma cycle. However, under other circumstances there may be both a fast 

synchronized input as well as an unsynchronized steady input (for justification of this 

point, see below). In the main text, we analyzed the role of gamma oscillations under 

conditions where there is only a steady component. Here we extend that analysis to 

the case where there is both a steady (Isteady) and a fast (Ifast) excitatory cuurent. 

Iexc t( )= Isteady t( )+ I fast t( ) (S1) 

Ifast is modeled as an instantaneous rise (Asteady) followed by a linear decrease (eq. 2 in 

main text). All other currents are modeled as in the main text. The circuit used here is 

the same shown in Fig. 1 of the main text. 

 

Figure S1 – Illustration of the selection process. A) Component currents. Neurons receive 
the same onset of inhibition, but both the fast and steady excitatory inputs of N2 (dashed line) 
are 10% smaller than N1 (solid line). B) N1 fires (at 19 ms), but N2 does not. 

 

These currents in two integrate-and-fire neurons are shown in Fig. S1A. The 

excitation in N1 is slighty higher than in N2: both the peak fast current and the steady 



currents are 10% smaller in N2 than N1.  Fig. S1B shows that N1 fires, but N2 is 

prevented from firing by feedback inhibition, similar to the results in Fig. 3.  

We next tested if E%-max is stable for a large range of excitation and if 

different proportions of Ifast and Isteady could influence this number. In Fig. S2 each 

curve represents a different proportion between Ifast and Isteady: for the red curve Ifast = 

Isteady, for the blue Ifast > Isteady and for the green Ifast < Isteady. E is defined by the sum 

and steady current and the peak fast current. As can be seen, E%-max is nearly 

constant over a wide excitation range and has the value defined by eq. 11 (10%) 

 

Figure S2 – E%-max is fairly constant over a wide range of excitations and with 
different proportions of fast and steady current. The current on the x-axis is defined as the 
steady current plus the peak of the fast current.  

In further analysis, we kept Isteady fixed and increased Ifast. (for two values of 

steady current, 5 and 15 nA). In both cases, E%-max is fairly fixed over a wide range 

of fast excitation (Fig.S3). 

 

Parameters: For the simulations here, the following parameters (see definition in 

Methods of main text) were utilized: Asteady=4 nA; Afast=14 nA; τfast=2 ms; AAHP=-3 

nA; τAHP=17 ms; AGABA= -30 nA; τGABA=3 ms. 

 



 

Figure S3 – Influence of fast current. If the peak of the fast current is excessively bigger than 
the steady current the value of E%-max tends to fall from the theoretical value. 

 

The basis for assuming that there is a steady component of excitatory input is 

now discussed. Neurons generally have between 10,000 and 100,000 excitatory 

synapses (we take the average as 50,000). Taking a low value of spontaneous activity 

of 0.1 Hz, then 500 of the inputs will be active within the integration time of the 

NMDAR (~0.1s for NR2A or NR2B, although longer for NR2C,D). About 50% of 

the synaptic charge at resting potential is generated by NMDARs (Keller et al, 1991). 

Thus, the background current generated by unsynchronized activity will be equivalent 

to the synchronized AMPA-mediated charge of 250 inputs. This is approximately the 

size of a neural ensemble that gives rise to the fast input (de Almeida et al, 2007). 

Thus, the fast and steady component are likely to be of the same order. 
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