
In many areas of sensory cortex, layer 
six (L6) principal cells form cortico–
cortical (CC) and cortico–thalamic 
(CT) pathways. The physiological 
roles of these pathways remain poorly 
understood; however, a new study 
by Margrie and colleagues in mouse 
primary visual cortex (V1) shows 
that the CC pathway is broadly tuned 
to the orientation of visual stimuli, 
whereas the CT output is finely tuned 
to stimulus orientation, and that the 
pathways differ in their upstream 
monosynaptic connectivity.

To examine the CC and CT 
pathways, the authors conducted 
whole-cell recordings in V1 of anaes-
thetized mice. On the basis of the 
recorded cells’ intrinsic physiological 
properties and of morphological 
reconstructions of these cells, they 
identified two distinct subpopula-
tions of L6 neurons that constituted 
the CC and CT pathways. The CC 
neurons had large dendritic trees — 
with dendrites that only occasionally 
extended into L4 — and elaborate 
axons with arbors that were mainly 
located in L5 and L6 and that often 
projected to other visual areas. By 
contrast, CT neurons had less elabo-
rate dendritic trees — with dendrites 

that always extended into L4 — and 
an axonal arborization that projected 
into the thalamic tract.

Interestingly, the two bio-
physically and anatomically distinct 
groups of L6 neurons responded 
differently to visual stimuli. CC 
neurons fired in response to a grating 
moving in several directions, whereas 
CT neurons mainly fired in response 
to gratings moving in one direction. 
This indicates that these two subpop-
ulations of L6 neurons have distinct 
sensory response properties.

Finally, the authors examined the 
upstream connectivity of individually 
recorded CC and CT L6 neurons 
through the use of retrograde tran-
synaptic tracing involving a modified 
rabies virus. They found that more 
than 90% of cells projecting onto 
CC neurons were located 
in V1, and mainly in L6 
and L5. Most (~75%) 
cells projecting onto CT 
neurons were also located 
within V1; however, ~20% of the 
presynaptic cells in the CT pathway 
were found in secondary visual and 
retrosplenial cortices (versus ~4% 
of presynaptic neurons in the CC 
pathway).

Together, these data show that the 
two main L6 pathways in mouse V1 
differ in terms of their connectivity 
and function, thereby revealing 
distinct microcircuits for visual 
processing.
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