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Review of Hansel and van Vreeswijk

In visual cortex (V1), neurons are highly
organized for many different stimulus
properties including orientation selec-
tivity, retinotopy, and ocular domi-
nance. Since the discovery of functional
architecture in monkeys (Powell and
Mountcastle, 1959) and the detailed ex-
amination of orientation columns in cat
(Hubel and Wiesel, 1962), it has been
thought that V1 organization is essential
for extracting sensory information and
generating highly selective responses in
neurons. Surprisingly, however, this func-
tional architecture has not been found in
some visual animals, particularly rodents. In
the visual cortex of rats, mice, and the gray
squirrel there is no evidence for orientation
maps or cortical columns, although there
still exists highly orientation-selective neu-
rons (Ohki and Reid, 2007). Instead, extra-
cellular recordings and two-photon calcium
imaging have revealed a salt-and-pepper or-
ganization of orientation selectivity (Ohki
and Reid, 2007).

Visual cortex organization appears to
diverge among mammals, with primates
and carnivores possessing a regular co-
lumnar architecture, while rodents show
no obvious structure, despite all having
neurons strongly selective for oriented
visual stimuli. This species difference
raises questions about the role of colum-
nar organization in information processing

and sensory computation. For example,
does the emergence of orientation selectivity
require organized cortical connectivity or are
random connections sufficient? Hansel
and van Vreeswijk (2012) sought to de-
termine whether robust orientation
tuning in animals without columnar or-
ganization can arise merely from ran-
dom connectivity. To address this issue,
the authors constructed a network model
of visual cortex and demonstrated that
strong orientation selectivity can emerge
from random connectivity (Fig. 1).

Envisioning cortical cell layers as two-
dimensional sheets, the authors defined
connection probability between neurons as
a function of cortical distance and not simi-
larity in stimulus preference. This neural
network has a feedforward design, such that
synaptic inputs from one neuron sheet
(layer 4) converge onto neurons in a sec-
ond (layer 2/3; Fig. 1). Since neurons in
layer 4 have a salt-and-pepper organiza-
tion of orientation selectivity, neurons in
layer 2/3 receive a random mixture of in-
puts (Fig. 1). There is also recurrent input
in layer 2/3, with connection probabili-
ties defined only as a function of cortical
distance and not functional similarity.
Using a realistic conductance-based cell
model and a network comprised of both
excitatory and inhibitory neurons, Hansel
and van Vreeswijk (2012) demonstrated
that a cortical network without any func-
tional structure, either between neuron lay-
ers or within a layer, can still generate
orientation selectivity (Hansel and van
Vreeswijk, 2012, their Fig. 4).

This remarkable finding can be ex-
plained by considering the orientation

tuning of individual inputs. Since orien-
tation tuning of synaptic inputs onto
layer 2/3 are random, the ensemble tun-
ing is reduced through simple averaging as
the number of inputs increase. This creates a
very large untuned component and a rela-
tively nonexistent tuned component. Be-
cause this network is populated by both
excitatory and inhibitory neurons operating
in a balanced activity regime, untuned excit-
atory and inhibitory inputs roughly cancel
each other (Hansel and van Vreeswijk,
2012, their Fig. 2). This cancellation causes
the remaining tuned components to domi-
nate responses and render neurons strongly
orientation selective. Interestingly, Hansel
and van Vreeswijk (2012) found that the
emergence of orientation selectivity is
largely independent to the degree of orien-
tation selectivity in the input layer. In fact,
in agreement with empirical evidence
showing that stimulus orientation and
spatial frequency preference is roughly
equivalent across laminar layers (Niell
and Stryker, 2008), differences in the de-
gree of selectivity between layer 4 and
layer 2/3 were either small or nonexistent
(Hansel and van Vreeswijk, 2012, their
Table 2). They also show that abolishing
tuning of layer 4 inhibitory neurons does
not drastically affect the emergence of ori-
entation selectivity, which is important
considering that inhibitory neurons are
more broadly tuned than excitatory neu-
rons in mouse visual cortex (Kerlin et al.,
2010). These findings show that orienta-
tion selectivity can be generated through
random synaptic inputs, with local connec-
tion probabilities determined by cortical
distance, suggesting a nonspecific synap-
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tic mechanism which rodents might use to
extract visual stimulus features.

Although their model exhibits aspects
of rodent visual cortex, Hansel and van
Vreeswijk (2012) do not make any claims
about this being the sole mechanism in
generating orientation selectivity. Ran-
dom connections might be sufficient, but
this does not imply that feature-selective
functional connectivity is absent in ani-
mals with “salt-and-pepper” organiza-
tion. It is possible that the orientation
selectivity arising from random connec-
tions is further strengthened by precise
fine-scale local connectivity and that these
two systems work in tandem (Fig. 1). For
example, it has been shown that there ex-
ists fine-scale organization in intracortical
connections between neighboring neu-
rons in mouse visual cortex, where nearby
neurons with similar orientation prefer-
ence have a higher probability of being
connected to one another (Ko et al.,
2011). Given this knowledge, Hansel and
van Vreeswijk (2012) could modify their
recurrent network component and weight
connection probabilities between neu-
rons by both cortical distance and stimu-
lus preference. For example, increasing
the connection probability of nearby neu-
rons with similar orientation preference
might further enhance their selectivity
(Fig. 1).

It should be mentioned that func-
tional connectivity arising purely from
random connections is unlikely when
considering synaptic plasticity. During
spike timing-dependent plasticity, for
example, synaptic connections between
neurons of similar orientation prefer-
ence can be strengthened by repeated
stimulus presentations. A synergistic resolu-
tion to random versus specific connectivity
might be found when considering ex-
perience-dependent plasticity during devel-
opment. Before the critical period, mice are
exposed to relatively little visual stimulation,
yet orientation selectivity exists (Wang et al.,
2010). Random connectivity may initially

provide a scaffolding for orientation tuning,
which is improved upon during develop-
ment. This suggests a developmental pro-
gression whereby random connections
generate selectivity that is later shaped by
learning mechanisms in the form of feature-
selective plasticity.

These authors have shown that robust ori-
entation tuning in animals without a func-
tional map can arise merely from random
connectivity, dislodging the notion that
functional organization of neuron response
properties is required to generate orienta-
tion selectivity. In addition, this emergent
selectivity was largely independent of the in-
put orientation selectivity and constraints
placed on inhibitory neurons. In the future,
it will be important to establish the role of
random synaptic connections in generating
stimulus feature selectivities, particularly
during development, whereby these types of
synaptic mechanisms could create the
framework of cortical organization and a
basis for strengthening selectivity through
experience-dependent plasticity.
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Figure 1. Schematic of network model from Hansel and Vreeswijk (2012). Orientation selectivity in layer 4 is distributed
randomly in a salt-and-pepper fashion. Selectivity in layer 2/3 emerges through random connections (gray lines). Fine-scale
connections (red lines) are not necessary for emergent tuning, but might enhance selectivity in tandem.
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