Relation between Patterns of Intrinsic
Lateral Connectivity, Ocular Dominance,
and Cytochrome Oxidase-Reactive
Regions in Macaque Monkey Striate
Cortex

To help understand the role of long-range, clustered lateral connec-
tions in the superficial layers of macaque striate cortex (area V1), we
have examined the relationship of the patterns of intrinsic connections
to cytochrome oxidase (CO) blobs, interblobs, and ocular dominance
(OD) bands, using biocytin based neuroanatomical tracing, CO histo-
chemistry, and optical imaging. Microinjections of biocytin in layer 3
resulted in an asymmetric field {average anisotropy of 1.8; maximum
spread—3.7 mm ) of labeled axon terminal clusters in layers 1-3, with
the longer axis of the label spread oriented orthogonal to the rows of
blobs and imaged 0D stripes, parallel to the V1/V2 border. These la-
beled terminal patches (n = 186) from either blob or interblob injec-
tions (n = 20) revealed a 71% (132 out of 186) commitment of patches
to the same compartment as the injection site; 11% (20 out of 186) to
the opposite compartment, and 18% (34 out of 186) to borders of blob-
interblob compartments, indicating that the connectivity pattern is not
strictly blob to blob, or interblob to interblob (p < 0.005; x2). In injec-
tions placed within single OD domains (n = 11), 54% of the resulting
labeled terminal patches (43 out of 79) fell into the same 0D territories
as the injection sites, 28% (22 out of 79} into the opposite 0D regions,
and 18% {14 out of 79) on borders, showing some connectional bias
toward same-eye compartments (p < 0.02 ANOVA). Individual injec-
tion cases, however, varied in the degree {50-100% for CO patterns,
22-100% for OD patterns} to which they showed same-compartment
connectivity. These results reveal that whife connectivity between
similar compartments predominates {(e.g., blob to blob, right eye col-
umn to right eye column), interactions do occur between functionally
different regions.

The superficial layers 2 and 3 of macaque V1 are character-
ized by an extensive connection system of laterally spreading
axon collaterals, arising from pyramidal neurons in the same
layers and establishing repetitive patchy terminal fields (Rock-
land and Lund, 1983; Lund et al., 1993). Previous studies, using
cross-correlation analyses (Ts’o et al., 1986; Ts’o and Gilbert,
1988) and combined biocytin connectional anatomy and
functional imaging (Malach et al., 1993), suggest a predomi-
nance of connections between cortical regions preferring
similar stimulus orientation. Another feature of the superficial
layers is the pattern of CO-rich blobs, which mark the ter-
mination sites of thalamic inputs from the intercalated layers
of the dorsal lateral geniculate nucleus (LGN), and which pos-
sess the same repeat distance as previously described lattice-
like connections arising from pyramidal neurons (Rockland
and Lund, 1983); it has also been shown that lateral connec-
tions preferentially link blobs together and interblobs togeth-
er, less frequently linking blob to interblob regions (Living-
stone and Hubel, 1984b; Lund et al., 1993; Malach et al., 1993).
A different geometry characterizes eye-specific domains in
the superficial layers, which form stripe-like patterns appar-
ently in register with the pattern of ocular dominance co}-
umns derived from geniculocortical afferents in layer 4C (Hu-
bel and Wiesel, 1969; Hendrickson and Wilson, 1979; Horton
and Hubel, 1981; Blasdel and Salama, 1986). Although the
clear segregation of functional and anatomical modules has
been emphasized in these previous studies, it has also been
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noted that conspicuous interactions between different chan-
nels and modules occur in the visual cortex mediated by both
excitatory and inhibitory neurons (Ts'o and Gilbert, 1988;
Lund and Yoshioka, 1991; Kritzer et al., 1992; Malach et al.,
1994).

In this study, we further explore the commitment of ana-
tomical connectivity patterns to two cortical modules—cy-
tochrome oxidase (CO)rich and CO-poor compartments—as
well as ocular dominance domains as visualized by functional
imaging. Since these two compartments differ markedly in
their geometry across the superficial layers, we were anxious
to determine if one or other feature might take a predominant
role in the distribution of connections, and thus expand upon
the observations of Malach et al. (1993).

The division of the supeftficial layer territory into CO-rich
blobs and CO poor interblob regions is a prominent feature
of its organization; the blobs lie in register with the OD bands
of layer 4 (Horton and Hubel, 1981). The blobs receive direct
input from a neurochemically distinct (CaM II kinase positive)
population of the LGN cells found in the intercalated layers
(Fitzpatrick et al., 1983; Hendry and Yoshioka, 1994; see Cas-
agrande, 1994, for review) as well as relays from layers 4B and
4A (Yoshioka et al., 1994). Neurons in blobs and interblobs
show certain physiological differences, cells in the blob ter-
ritory are largely monocular, orientation-nonspecific, color-
specific, and show high contrast sensitivity, whereas cells in
the interblob regions are mainly binocular, orientation specif-
ic, color-nonspecific, and possess high contrast sensitivity
(Livingstone and Hubel, 1984a).

Another robust functional characteristic of visual input to
the cortex is the separation of information transmitted from
each eye. Relays from the dorsal lateral geniculate nucleus
(LGN) to the primary visual cortex establish topographically
segregated terminal zones in layer 4C of area V1 where left
and right eye relays terminate in alternating stripe-like OD
bands (Hubel and Wiesel, 1969; LeVay et al., 1975). Binocular
interaction begins within layer 4C, particularly in 4C alpha,
but becomes more prominent as visual information is relayed
from layer 4C to the more superficial layers 4B and 3B where
substantial binocular interactions take place (Wiesel, 1982).
Despite considerable further binocular interaction in the su-
perficial layers following relays from layers 4B and 3B to lay-
ers 1-3A, dominance of one or other eye is seen in the ma-
jority of recorded neurons in the superficial layers (Living-
stone and Hubel, 1984a), and OD banding, in vertical align-
ment with the layout of thalamic inputs in layer 4C, can still
be detected in the activity patterns of the neurons in layers
2 and 3 using 2-deoxyglucose (2-DG; Hendrickson and Wilson,
1979; Tootell et al., 1988) or optical imaging techniques (Blas-
del and Salama, 1986; Bartfeld and Grinvald, 1992; Blasdel,
1992a,b; Malach et al., 1993). In New World monkeys such as
owl and squirrel monkeys, however, ocular segregation is min-
imal in the superficial layers of V1 as well as in V2, and the
contribution of ocularity in forming organized connectivity
therefore appears to be negligible in these species (Malach et
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