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We have read with interest and pleasure the review made by Sedigh-Sarvestani et al based on 
our original paper on “Hidden complexity of synaptic receptive fields in cat V1” (Fournier et al., 
2014). We would like to further discuss here two particular issues they raised, since our own 
work suggests a different interpretation. 

 

1. Receptive field subunits recovered from spiking responses   

Sedigh-Sarvestani et al. summarize the consensus that studies using spike-triggered 
covariance (STC) techniques “generally indicate[d] that simple and complex cells are not purely 
linear and nonlinear operators but instead form a continuum”. Previous STC analyses 
performed in macaque V1 indeed showed that the second-order components of spiking 
receptive fields (RFs) generally cover up multiple subunits, tuned to distinct stimulus features, in 
both Simple and Complex cells (Rust et al., 2005; Chen et al., 2007). But in cats, STC methods 
suggested that the second-order nonlinearities of V1 RFs are consistent with the LN model for 
Simple cells and the energy model for Complex cells (Touryan et al., 2002, 2005; Felsen et al., 
2005). Our combined analysis on spiking and subthreshold responses solve this apparent 
controversy: by mapping the selectivity of the spiking response in the stimulus subspace 
identified at the subthreshold level, we showed that the diversity of RF subunits observed in the 
subthreshold response is actually represented in the spike train, although it is not readily 
accessible from the spiking response with classical STC techniques (see Figure 10 in Fournier 
et al., 2014). The apparent discrepancy between previous STC reports in cat and macaque V1 
is therefore most likely due to the sensitivity of STC methods to the number of recorded spikes 
relative to the dimensionality of the input stimulus (Rust et al., 2005; Levy et al. 2013) rather 
than to interspecies differences. More generally, our intracellular approach shows that 
subthreshold responses are much more appropriate than spike records to infer the diversity of 
the synaptic input map and assess the functional continuity between Simple and Complex 
receptive fields (also see Priebe et al., 2004). 

 

2. Diversity in the tuning of excitatory and inhibitory synaptic inputs 

As reviewed by Sedigh-Sarvestani et al., our intracellular work revealed Complex-like subunits 
with a wide variety of orientation preferences and with no systematic relationship to the 
selectivity of the linear RF (Fournier et al., 2014, Fig. 7). Sedigh-Sarvestani et al. underline quite 
rightly the interest of combining covariance-based techniques with direct conductance 
measurements. Nevertheless, while they relay the view that existing conductance studies are 
not supportive of such diversity of synaptic inputs, they limit their review to reports arguing for 



iso-oriented excitation and inhibition (Anderson et al., 2000; Tan et al., 2011) and overlook 
several other in-depth studies which clearly showed a much larger diversity of configuration of 
orientation selectivity between excitation and inhibition (Martinez et al., 2002; Schummers et al., 
2002; Monier et al., 2003, 2008; Mariño et al., 2005). We already demonstrated (Monier et al., 
2003) that the apparent discrepancy between those different reports stems from methodological 
issues related to the way the tuning curves were fitted and that the diversity in the selectivity of 
the conductance inputs seems equally present in the raw data. A consensual view would be to 
acknowledge, once and for all, that while excitation and inhibition are often tuned to the same 
orientation (~60% in Monier et al., 2003), a significant proportion of cells also reveal cross-
oriented inhibition (~40% in Monier et al., 2003).  

One should keep in mind that all these conductance studies measured global excitation and 
inhibition, pooling the contributions from many different presynaptic cells which might 
individually have different selectivity. Therefore, these studies could only look at the tip of the 
iceberg of the functional diversity conveyed by the synaptic afferents. Sedigh-Sarvestani et al. 
also emphasize that while we found non-oriented inhibitory RF subunits, there has been no 
clear evidence of untuned inhibition in previous conductance studies or earlier STC reports. This 
finding is furthermore interesting, because untuned inhibition was proposed first as a 
mechanism necessary to account for contrast invariance of V1 cells (Lauritzen and Miller, 2003) 
before being confirmed experimentally (Hirsch et al., 2003; Lauritzen and Miller, 2003; Nowak et 
al., 2008; Liu et al., 2009). 

We agree that further conductance measurements would definitely help clarifying the synaptic 
nature of the RF subunits identified with covariance-based methods. The similarity between the 
distributions of orientation selectivity we reported lately (Fournier et al., 2014) and in our 
previous conductance measurements (Monier et al., 2003, 2008) suggests that one should 
expect at least a comparable functional diversity of RF subunits at the conductance level to 
what we described at the membrane potential level. 
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