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Fig. 1 Schematic illustrations of anatomical structure of rat S I and intra-/ inter- hemispherical connections

(a) Schemetic drawing of cytoarchitectonic zones in rat S | , including GZ (gray), PGZ (stippled), and DZ (stripes). (b) Intra- and inter- hemispherical

connections in S [ . Thin arrows represent intrahemispherical connections (All connections here should be bidirectional. But for simplicity, only one

direction is shown). In the corpus callosum are the interhemispherical pathways, the DZ pathway (solid thick arrow) and the PGZ pathway (dashed thick

arrow). When the whisker ipsilateral to imaged hemisphere is stimulated, the ascending sensory signal first activates the GZ in the hemisphere opposite

to the imaged cortex (opposite hemiphere). The activation of GZ in the opposite cortex then reaches the PGZ and DZ areas via intrahemispheric

connections. The PGZ or the DZ pathways in the corpus callosum are two possible pathways for the information to the imaged cortex which are the

main objective of this report.
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Fig. 2 S 1 activation by contralateral or ipsilateral whisker stimulations

(a) Pseudocolor movie frames of S [ activation in response to contralateral E2 (cE2, top row) and ipsilateral E2 whisker (iE2, bottom row). On each

detector, the amplitude of the signal is converted to pseudocolor according to a linear color scale (top right, peak, red; baseline, blue). The first frame is

taken approximately 12.3 ms after the whisker deflection (post-stimulation time, PST) for contralateral E2 and 23.3 ms after the whisker deflection for

ipsilateral whisker. Note that the activations by cE2 or iE2 started from different locations (marked by the broken line boxes in the top and bottom row

images). And the activity evoked by ipsilateral E2 was slower than that of contralateral E2 for about 20 ms. These images are created by 5-trial averaged

data. (b) Initiation sites of S | activations in responses to different whiskers. Note that the locations of initiation sites of contralateral whisker activations

are scattered while those of ipsilateral whiskers activations are clustered. (c) The locations of the initiation sites in B superimposed onto a schematic

diagram of cytoarchitectonic whisker barrel map. The locations and distances between contralateral initiation sites were used to orient and scale the

map, to demonstrate the spatial relationship of contralateral and ipsilateral initiation sites. Based on this map, the sites of ipsilateral whiskers responses

were clustered at the outside of the BFC.
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Fig. 3 Initiation sites of S I activation by ipsilateral
rostal or caudal whiskers
We stimulated different ipsilateral whiskers and imaged the activation
of S I . Different whiskers correspond to different barrels where the
contralateral activation started (left figure, red, E1; yellow, D1; green,
C1; cyan, E4; magenta, D4; black, C4). While the Ist arc barrels were far
from the 4th arc barrels, the activation by different ipsilateral whiskers

started from nearly the same site.
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Fig. 4 Application of muscimol to opposite S I abolished activation by ipsilateral whisker
(a) Pseudocolor movie frames of S [ activation in response to ipsilateral E2 in control condition (top row) and after inactivation of opposite S [
(bottom row). The first frame is taken approximately 39.9 ms after the whisker deflection for ipsilateral E2. These images are created by single trial data.
(b) Left hexagon showing the imaging field, the initiation sites of iE2 and cE2 are located by imaging the cortex under control conditions. A
photodetector R in between the initiations sites is chosen and the VSD signal from this detector is presented on the right traces. Right traces: In
recording trials the iE2 whisker was deflected followed by cE2 deflection (diagrams on the bottom of the traces). The duration of pseudocolor movie

frames in (a) is marked by blue vertical dashed lines on the traces.
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Fig. 5 Activation by ipsilateral whisker stimulus or electrical shocking opposite cortex
(a) The initiation sites of cortical activation (averaged from 10 trials) in response to ipsilateral whiskers stimuli (the top two images) and electrical
stimuli to the opposite cortex (the bottom three images). The electrical stimulus is applied to the D2 barrel (brown), D3 barrel (red) or the DZ area
(blue). Note that all the initiation sites of activations by these two kinds of stimuli are clustered in a small area, the DZ area. (b) The initiation sites of
the data shown in (a) and electrical stimulation sites in the opposite cortex (EH) superimposed with the schemetic cytoarchitectonic whisker barrel map
determined by the initiation sites of contralateral activation (data not shown). The initiation sites in response to the two ipsilateral whisker stimuli are
clustered outside the E barrel row (colored circles, same colors as in (a)). The crosses in EH mark the locations of electrical stimuli in opposite S [ (IH,

imaging hemisphere; EH, electrical stimulation hemisphere).
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Transcallosal Pathway of Whisker Information Between Rat
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Abstract It has been suggested that rodent primary somatosensory cortex (S [ ) can be activated by ipsilateral
whisker stimulation, while S I only receives the ascending input from contralateral whiskers. Previous anatomical
research revealed two transcallosal pathways transferring whisker information between bilateral cortices:
perigranular zone (PGZ) pathway and dysgranular zone (DZ) pathway. But which pathway plays more important
role in transferring whisker information remains unknown. We used voltage-sensitive dye (VSD) imaging to
visualize the S [ activation by stimulating whiskers. We found that the contralateral whisker stimulation first
activates the barrel (granular zone, GZ), then the activity forms a propagating wave and spread to the DZ outside
the sub-barrel field cortex (BFC). In contrast, ipsilateral whisker stimulation first activates the DZ outside the BFC.
The evoked activity in the DZ forms a propagating wave and spreads into the BFC in S [ . Inactivating opposite
cortex blocks this ipsilateral whisker activation. Electrical stimulus to opposite cortex also first evokes DZ in the
imaging cortex. Our results suggested that whisker stimulation first activated the barrel and then DZ in the opposite
S I . After a delay of transcallosal transfer, the DZ of the other hemisphere (ipsilateral to the whisker being
stimulated) was activated. The callosal fibers connecting the DZs on the two hemispheries play a major role in the

S 1 activation by the ipsilateral whisker stimulation.

Key words voltage-sensitive dye imaging, ipsilateral whisker stimulation, somatosensory cortex, inactivating
cortex, cortical electrical stimulus
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