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EFFECTS OF LONG-RANGE CONNECTIONS ON GAIN CONTROL IN AN
EMERGENT MODEL OF VISUAL CORTICAL ORIENTATION SELECTIVITY.
D. Somers*, S.B. Nelson, and M. Sur, Dept. of Brain and Cognitive Sciences, MIT,
Cambridge, MA 02139.
- Wepl_'wiwslycousuucte_damddvisualoorﬁcaldrwitwithm-rmge(< 300u)
mtracomeal excitatory and inhibitory connections which yielded emergently sharp
orientation selectivity (Somers et al ’93). The model predicts a smail contribution
toa'gmtgnonumingﬁ'omdirectinhibitayinputstosingleoeﬂs. but a substantial
omplzuhmﬁogntbedish‘ibutedinhibitoryinputstoaoorﬁcaloolumn. Intracortical
excitation selectively amplifies responses to preferred stimuli, and inhibition primarily
regulates the gain of excitatory feedback. Here we demonstrate that cortical gain
also depends on stimulus contrast: the gain rises to boost mild suprathreshold stimuli
and drops off as stimulus strength increases. This mechanism yields cortical contrast
mgmseﬁ:mcﬁmsthatﬁsemerapidlyandsaunatemequicklythmdotheir
geniculate inputs.
We}mveaddedtoourmodeltwofamsoflongermgewﬁmlamnecﬁons: very
sparse_mhibitpry mputs from oblique or cross orientations (300 — 600x) and more
extensive excitatory inputs from iso-orientations (> 1mm). Long range inhibitory
connections comprise less than 20% of inhibitory and less than 5% of all model
synapses. Although long-range inhibitory connections are not required to achieve sharp
men.atfmuming.ﬂ:esecmnwdmspemitd:edraﬁtmmainminsharpaimmﬁm
selectivity and contrast gain control across the full range of suprathreshold stimulus
contrasts (Skottun et al. '87). As in the short-range model, inhibition is strongest at
theprgferedaimmﬁmmdhaspredominatdydisuibuwdmhuthmdireaeﬁeas
on tuning. Addmg long-range excitatory connections produces biphasic effects that
depend on stimulus context. Strong iso-orientation surround stimuli can up- or down-
modulate the responses to stimuli within the classical receptive field; responses to
subthreshold or weak center stimuli are amplified, while those to strong center stimuli
are reduced. Supported by McDonnell-Pew, MH10671, EY06363, and EY07023.
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