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Golgi Cell Dendrites Are Restricted by Purkinje Cell Stripe
Boundaries in the Adult Mouse Cerebellar Cortex
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Despite the general uniformity in cellular composition of the adult cerebellar cortex, there is a complex underlying pattern of parasagittal
stripes of Purkinje cells with characteristic molecular phenotypes and patterns of connectivity. It is not known whether interneuron
processes are restricted at stripe boundaries. To begin to address the issue, three strategies were used to explore how cerebellar Golgi cell
dendrites are organized with respect to parasagittal stripes: first, double immunofluorescence staining combining anti-neurogranin to
identify Golgi cell dendrites with the Purkinje cell compartmentation antigens zebrin II/aldolase C, HNK-1, and phospholipase C�4;
second, zebrin II immunohistochemistry combined with a rapid Golgi–Cox impregnation procedure to reveal Golgi cell dendritic arbors;
third, stripe antigen expression was used on sections of a GlyT2-EGFP transgenic mouse in which reporter expression is prominent in
Golgi cell dendrites. In each case, the dendritic projections of Golgi cells were studied in the vicinity of Purkinje cell stripe boundaries. The
data presented here show that the dendrites of a cerebellar interneuron, the Golgi cell, respect the fundamental cerebellar stripe
cytoarchitecture.
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Introduction
There are multiple Purkinje cell classes in the cerebellum, which
form an elaborate array of transverse zones and parasagittal
stripes [for review, see Hawkes et al. (1992), Voogd et al. (1996),
Hawkes and Eisenman (1997), Hawkes (1997), Herrup and Kue-
merle (1997), Oberdick et al. (1998), and Armstrong and Hawkes
(2000)]. The granular layer is also subdivided into stripes (for
review, see Ozol and Hawkes, 1997) that also align with the over-
lying Purkinje cell compartments [e.g., mossy fiber terminal
fields (Matsushita et al., 1991; Akintunde and Eisenman, 1994; Ji
and Hawkes, 1994; Voogd et al., 2003; Pijpers et al., 2006)], and
an elaborate mosaic of patches is revealed both in tactile receptive
field maps (Welker, 1987) and by histological treatments
(Hawkes et al., 1997, 1998). Finally, functional studies have also
demonstrated parasagittal stripes in the cerebellum (Ekerot and
Larson, 1973, 1980) (for review, see Voogd et al., 1996) with
direct correlations with particular Purkinje cell stripes (Chock-
kan and Hawkes, 1994; Chen et al., 1996; Hallem et al., 1999).

Thus, we arrive at a gap in our current understanding of cer-
ebellar function. We understand cerebellar connectivity in some
detail, and we have a growing picture of the global architecture,

but have little data to bridge the two. Specifically, how are the
cerebellar inhibitory interneurons arranged with respect to Pur-
kinje cell compartments? Are their synaptic fields constrained
within modules, do they span modular boundaries, or is their
organization independent of boundaries? There are valuable
physiological data from Gao et al. (2006) showing functionally
that cerebellar inhibitory interneurons respect Purkinje cell com-
partments: this study comprises the equivalent structural studies.
We focus on Golgi cell dendrites. In principle, Golgi interneu-
rons’ apical dendrites could interact with cerebellar parasagittal
stripes in any of four ways (Fig. 1A–D): (1) a Golgi cell might be
restricted to the same stripe that contains its soma; (2) the den-
drites might receive input from one compartment but have its
soma in the neighboring compartment; (3) the dendritic arbor
might straddle boundaries between compartments; or (4) they
might represent an altogether different network (for example,
related to the parallel fiber system) and have their dendrites dis-
tributed independently of Purkinje cell compartmentation. Each
hypothesis has unique structural implications that can be distin-
guished experimentally. First, anti-neurogranin immunohisto-
chemistry, to identify the dendritic arbors of Golgi cells (Singec et
al., 2003), was combined with Purkinje cell stripe antigens, zebrin
II/aldolase C (Brochu et al., 1990; Ahn et al., 1994), HNK-1 (Mar-
zban et al., 2004), and phospholipase C�4 (Sarna et al., 2006), to
explore interneuron cytoarchitecture in the context of cerebellar
topography. Next, Golgi–Cox impregnation was combined with
anti-zebrin II immunohistochemistry to relate Golgi cell den-
drites to stripe boundaries. Finally, we examined a second subset
of Golgi cells, as revealed by a glycine transporter T2-EGFP trans-
gene [GlyT2-EGFP (Zeilhofer et al., 2005; Simat et al., 2007)]. In
each case, the data reveal that Golgi cell dendrites are restricted
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such that they do not cross Purkinje cell stripe boundaries and
that cerebellar interneurons are organized around cerebellar
architecture.

Materials and Methods
All animal procedures conformed to institutional regulations and the
Guide to the Care and Use of Experimental Animals from the Canadian
Council for Animal Care. Adult CD1, BALB/c, and C57BL/6 mice (20 –30
g; no strain-specific differences were noted) were obtained from Charles
River Laboratories (St. Constant, Quebec, Canada) and maintained in
the Animal Resource Centre at the University of Calgary. In addition,
transgenic mice were used that specifically express enhanced green fluo-
rescent protein under the control of the glycine transporter 2 promoter
[GlyT2-EGFP (Zeilhofer et al., 2005)].

All antibodies were diluted in 10% normal goat serum in PBS. Anti-
zebrin II is a mouse monoclonal antibody produced by immunization
with a crude cerebellar homogenate from the weakly electric fish Apter-
onotus (Brochu et al., 1990) and subsequently shown to bind the respi-
ratory isoenzyme aldolase C (Ahn et al., 1994; Hawkes and Herrup,
1996); it was used directly from spent hybridoma culture medium. Rab-
bit anti-neurogranin was raised against full-length recombinant rat neu-
rogranin protein (Millipore, Billerica, MA; catalog #AB5620; used di-
luted 1:1000); it recognizes Purkinje cells in the neonatal cerebellum and
Golgi cells in the adult cerebellum, as previously reported (Singec et al.,
2003; Larouche et al., 2006), and on Western blots of newborn or post-
natal day 20 cerebellar homogenates reveals a single polypeptide band of
apparent molecular weight 10 kDa (Larouche et al., 2006), consistent
with that of neurogranin/RC3 (Watson et al., 1990). Mouse hybridoma
cell line TIB200 secreting monoclonal anti-HNK-1 (Abo and Balch,
1981) was obtained from the American Type Culture Collection (Rock-
ville, MD). Culture supernatants were harvested every 2–3 d and used for
immunocytochemistry without further purification (diluted 1:50). Rab-
bit anti-phospholipase C�4 was raised against a synthetic peptide repre-
senting amino acids 15–74 of the mouse PLC�4 protein fused to
glutathione-S-transferase and expressed in bacteria; it was a generous gift
from M. Watanabe (Hokkaido University, Sapporo, Japan). Control im-
munohistochemistry using either antibodies preabsorbed with antigen
polypeptides or cerebellar sections from a PLC�4 knock-out mouse
yielded no significant immunostaining (Nakamura et al., 2004; Sarna et
al., 2006, Marzban et al., 2007). Anti-PLC�4 recognizes a single polypep-
tide band of 134 kDa apparent molecular weight on Western blots of
mouse (Nakamura et al., 2004) and human (our unpublished data) cer-
ebellar homogenates. The band is absent from Western blots of cerebellar

homogenates from a PLC�4 null mouse (Jiang et al., 1996; Nakamura et
al., 2004).

Perfusion and cryostat sectioning was as described by Sillitoe et al.
(2003). Cerebellar sections were processed for single and double flu-
orescent immunohistochemistry as described previously (Sillitoe et
al., 2003). Whole-mount cerebellar immunohistochemistry was de-
scribed by Sillitoe and Hawkes (2002). Golgi–Cox staining was per-
formed according to Glaser and Van der Loos (1981) as modified by
Gibb and Kolb (1998). Subsequently, the cerebella were transferred to
30% sucrose in distilled water for �48 h, sectioned at 200 – 400 �m on
a Vibratome, and immunoperoxidase stained for zebrin II, with dia-
minobenzidine as the substrate (Eisenman and Hawkes, 1993). Pho-
tomicrographs were captured with a SPOT Cooled Color digital cam-
era (Diagnostic Instruments, Sterling Heights, MI) and assembled in
Adobe (San Jose, CA) Photoshop. The images were cropped and cor-
rected for brightness and contrast but not otherwise manipulated.
Images for deconvolution were captured from 200-�m-thick trans-
verse sections through lobule VIII of an GlyT2-EGFP (green) cerebel-
lum that was immunofluorescence labeled by using anti-zebrin II,
using a Retiga SRV camera mounted on a Leica (Bannockburn, IL)
DM6000 microscope. Images were acquired and analyzed using Vo-
locity software (version 4.1.0). Changing the light paths captured
FITC and CY3 channels, and a total of 64 Z-slices (0.25 �m step size)
were collected by moving a “Leica Focus Drive.” The Z-stacks were
rendered in Volocity using iterative restoration with the confidence
limit set at 98% and the iterative limit set at 25. Three-dimensional
images were assembled in Volocity and then imported into Adobe
Photoshop CS2 and Adobe Illustrator CS2 to assemble the final fig-
ure. For cell counts, we focused on lobule VIII of the posterior zone of
the cerebellum: the zebrin II/PLC�4 stripe array was very clear here,
and there is an alternating array of stripes of approximately equal
widths (see Fig. 2) (however, our overall observations suggest strongly
that the same conclusions apply throughout the cerebellar cortex).
Golgi cells were assigned to a stripe based on the location of their
somata. Stripe boundaries were defined by zebrin II/PLC�4/HNK-1
expression. To visualize the GlyT2-EGFP-positive Golgi cell den-
drites, we have exclusively used the posterior region (lobule VI–IX) of
the cerebellar cortex, because it is hard to see the EGFP-
immunoreactive dendrites in the anterior part of the cerebellum.

A Golgi cell apical dendrite was only analyzed if it reached at least
one-half the thickness of the molecular layer; it was judged to cross a
stripe boundary if it extended �10 �m into the neighboring stripe.

Figure 1. Schematic representation of four possible ways that Golgi cells may interact with Purkinje cells compartment boundaries. A, The somata and dendrites are restricted to one single
compartment. B, The dendrites are restricted to one compartment, and the soma is located in a neighboring compartment. C, The dendrites of a single Golgi cell span different compartments. D,
There is no restriction of Golgi cells with respect to Purkinje cell compartments.
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Results
The mouse cerebellum is comprised of four
transverse zones: anterior (�lobules I–V),
central (�lobules VI–VII), posterior
(�lobule VIII and dorsal lobule IX), and
nodular [ventral lobule IX and lobule X
(Ozol et al., 1999)]. Each zone is further
divided into narrow parasagittal stripes.
Zebrin II (Brochu et al., 1990) [for review,
see Hawkes et al. (1992) and Hawkes and
Herrup (1996)] [also known as the meta-
bolic isoenzyme aldolase C (Ahn et al.,
1994)] is expressed by all Purkinje cells in
the central and nodular zones and in stripes
of Purkinje cells in the anterior zone and
posterior zone (Fig. 2A,B) (Ozol et al.,
1999; Sillitoe and Hawkes, 2002).

Golgi cells (Golgi, 1883) are large inter-
neurons with their cell bodies dispersed
throughout the granular layer and numer-
ous radiating dendrites (Palay and Chan-
Palay, 1974). Golgi cell apical dendrites
ramify through the molecular layer and are
contacted by the axons of granule cells. In
addition, a few basolateral dendrites extend in the granular layer
(for review, see De Schutter and Bjaalie, 2001). In the adult mouse
cerebellar cortex, neurogranin immunoreactivity is restricted to
the somata and dendritic arbors of Golgi cells (Singec et al., 2003)
[plus weak expression in a small subset of Purkinje cells, re-
stricted primarily to the nodular zone, which is easily distin-
guished from Golgi cell immunoreactivity (Larouche et al.,
2006)]. We have therefore used double-label neurogranin/zebrin
II fluorescence immunohistochemistry to explore the behavior of
Golgi cell apical dendrites at the boundaries between Purkinje cell
compartments (Fig. 3A). Figure 3B–D shows three examples
taken from lobule VIII of the vermis (the posterior zone) double
labeled for zebrin II and neurogranin. In each case, a Golgi cell
apical dendrite extended from the soma into the molecular layer,
where it reached a boundary between a zebrin II� and zebrin II�

stripe but did not cross it. This is the case both for Golgi cells with
their somata beneath a zebrin II� stripe and those beneath a
zebrin II� stripe. Restriction at stripe boundaries was seen both
in the anterior zone and the posterior zone. In all, 4281 Golgi cell
dendrites (primary and secondary branches) were examined in
this manner [all from lobule VIII of the posterior zone, where
alternating zebrin II�/� stripes range from 100 to 230 �m in
width (Fig. 2); n � 8 animals]: 4164 (97.3%) were confined to a
single compartment, and 117 (2.7%) appeared to cross into the
neighboring compartment (with some appearing to straddle the
boundary and others with their dendritic arbors preferentially in
the neighboring stripe). Restriction of Purkinje cell dendrites is
not confined to zebrin II�/� boundaries: a similar pattern of
Golgi cell restriction was also found both at boundaries revealed
by HNK-1 expression in ventral lobule IX and lobule X [the
nodular zone (Eisenman and Hawkes, 1993; Marzban et al.,
2004)], where all Purkinje cells are zebrin II� (Fig. 3E), and at
boundaries of expression of PLC�4 (see Fig. 5A,B) [unsurpris-
ingly, because PLC�4 expression is complementary to zebrin II
and shares common stripe boundaries (Sarna et al., 2006)].

In a second approach, 200 – 400 �m sections through the
adult cerebellum were first Golgi–Cox impregnated and then im-
munoperoxidase counterstained for zebrin II (Fig. 4). Although

this rapid Golgi–Cox procedure gave less satisfactory cell fills
than others, it proved better when combined with zebrin II im-
munohistochemistry. In all, 104 Golgi cells were studied. When
Golgi cell dendritic morphology is viewed in the context of para-
sagittal Purkinje compartments, it is clear that the great majority
of Golgi cell neurites do not cross Purkinje cell stripe boundaries
(n � 102/104). The somata may lie under either zebrin II� or
zebrin II� stripes; in either case, the dendritic arbor of the Golgi
cell extends into the molecular layer but does not cross over into
the neighboring Purkinje cell compartment. In only two of these
cases did we encounter Golgi cells whose dendritic arbors appar-
ently spanned a Purkinje cell stripe boundary, both where signif-
icant curvature of the cortical surface occurred, with the result
that zebrin II stripe boundaries were difficult to trace with confi-
dence (Fig. 4C).

Finally, we examined a second subset of Golgi cells, those that
express a GlyT2-EGFP transgene (Zeilhofer et al., 2005); Golgi
cells that express neurogranin are GABAergic (and not glyciner-
gic), whereas the Golgi cells devoid of neurogranin are either
GABAergic/glycinergic or glycinergic only (Simat et al., 2007). In
transverse sections through the GlyT2-EGFP cerebellum immu-
nofluorescence stained for PLC�4 or zebrin II, it was possible to
examine these Golgi cell dendrites in the vicinity of Purkinje cell
stripe boundaries by using a combination of epifluorescence
[GlyT2-EGFP � PLC�4 (Fig. 5)] and confocal [e.g., GlyT2-EGFP
� zebrin II (Fig. 6)] microscopy. As in the previous cases, apical
dendrites are restricted within a Purkinje cell stripe; dendrites
from 68 Golgi cells were chosen that came within 20 �m of a
stripe boundary, and in no case was one seen to cross.

Discussion
Golgi cell dendrites are restricted by Purkinje cell
stripe boundaries
The data presented here show for the first time that a cerebellar
interneuron, the Golgi cell, respects the fundamental cerebellar
stripe cytoarchitecture. Several limits on these data should be
underscored. First, we have examined the apical dendritic arbors
within individual sections (40 �m for neurogranin/zebrin II and
PLC�4/GlyT2-EGFP immunohistochemistry; 200 – 400 �m for

Figure 2. Zebrin II and PLC�4 expression in the posterior zone (�lobule VIII) reveals an array of parasagittal stripes. A,
Posterior view of a whole-mount cerebellum immunoperoxidase stained using anti-zebrin II. B, A transverse section cut through
the posterior cerebellum immunoperoxidase stained for anti-zebrin II. C, Posterior view of a whole-mount cerebellum immuno-
peroxidase stained for PLC�4. D, A transverse section cut through the posterior cerebellum immunoperoxidase stained for
PLC�4. The zebrin II-positive (P1� to P4�) and PLC�4 negative (P1� to P3�) stripes are labeled in all panels [for stripe
terminology, see Sillitoe et al. (2002)]. The roman numerals refer to the lobules. Scale bars: A (for A, C), B (for B, D), 1 mm.
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Golgi–Cox-stained tissue) but have not recon-
structed the cells beyond this, because it
proved too unreliable. In the future, intracel-
lular fills might be used to overcome this short-
coming. Second, it is difficult to be sure that
the dendrites are completely stained in either
immunofluorescence or Golgi–Cox material:
for example, some bleaching of the finest pro-
cesses certainly occurred during confocal fluo-
rescence microscopy, and the Golgi–Cox im-
pregnations are likely incomplete. Therefore,
the possibility that the most distal axonal and
dendritic branches behave differently from the
rest cannot be excluded (although there is no
reason to assume that this is the case). Third,
several Golgi cell phenotypes are known (Ill-
ing, 1990; Neki et al., 1996). Indeed, Simat et
al. (2007) have recently shown that five distinct
subtypes of Golgi cell can be characterized
based on their neurotransmitter phenotype
and morphology. We cannot be certain that all
express neurogranin or the GlyT2-EGFP
transgene, and although selective Golgi–Cox
staining would seem improbable, we cannot
exclude the presence of a small class of Golgi
cells that plays a different functional role, for
example to straddle compartment boundaries
(as in Fig. 1B). Finally, technical limitations,
both with immunohistochemistry and Golgi–
Cox impregnation, made it impossible to ex-
amine whether Golgi cell axons are also re-
stricted to compartments. Golgi cell axons are
usually described as forming a dense plexus
that extends in the granular layer beyond the
dendritic expansion (Palay and Chan-Palay,
1974). Such axons as are impregnated by our
Golgi–Cox procedure are close to the somata
(Fig. 4), but the fills are incomplete and
whether they cross stripe boundaries is uncer-
tain. With these caveats, it is clear that Golgi
cell apical dendritic arbors are strongly re-
stricted to the same Purkinje cell stripe that
contains their somata (Fig. 1A) [�3% of api-
cal dendrites were apparent exceptions (Fig.
4C); although these might reflect the selective
inhibition of the neighboring stripe (Fig. 1B),
we think it more likely that these were artifacts
of folial curvature].

Functional implications
What might dendrite restriction imply func-
tionally? If all granule cell input to Golgi cells
were derived from parallel fiber synapses, it
would seem to make little difference where the

Figure 3. Golgi cell apical dendrites are restricted to parasagittal Purkinje cell compartments as defined by stripe anti-
gens. A, Low-power view of a transverse section double-immunofluorescence stained for zebrin II (green; the P1� and
P2� stripes are labeled) and neurogranin (red). It is likely that neurogranin-positive Golgi cells are more common beneath
zebrin II-immunoreactive Purkinje cells. B–D, Three higher-power examples illustrating the restriction of neurogranin-

4

immunoreactive Golgi cell apical dendrites to zebrin II � (B) and to
zebrin II � (C, D) stripes. E, An example from a transverse section
through lobule IX double labeled for HNK-1 (green) and neurogranin
(red) showing the restriction of the apical dendrite at the HNK-
1 �/� boundary. The arrows point to the Golgi cell dendrites at com-
partment boundaries. ml, Molecular layer; pcl, Purkinje cell layer; gl,
granular layer. Scale bars: A, 200 �m; B–E (in D), 50 �m.
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Golgi cell dendrites terminate, because
most parallel fibers extend widely across
the molecular layer (Ito, 1984), and thus all
regions of the molecular layer are equiva-
lent. However, at least two factors may
modify that conclusion. First, there may be
an important contribution from the as-
cending portions of the granule cell axons
(Gundappa-Sulur et al., 1999), thereby fa-
voring mossy fiber-granule cell inputs
from the mossy fiber pathway that termi-
nate in the stripe. Second, although the
same parallel fiber input may be received
by all stripes, it may be modulated locally,
for example the same mechanisms that in-
duce long-term depression at parallel
fiber3Purkinje cell synapses might also at
parallel fiber3Golgi cell synapses [espe-
cially given evidence for the role of nitric oxide-dependent long-
term potentiation at parallel fiber3stellate cell synapses (Rancil-
lac and Crépel, 2003) and at mossy fiber3granule cell synapses
(Maffei et al., 2003)]. By this hypothesis, the restriction of Golgi
cell dendrites to within a stripe would allow patterns of inhibition
to be customized to specific patterns of mossy fiber activity. If the
axonal arbors of Golgi cells were similarly restricted, this would
imply that Golgi cells feed back on the same mossy fiber pathway
by which they are preferentially stimulated. This is similar to the
suggestion of Ito (1984) that Golgi cells act as “codon size regu-
lators,” and that a Golgi cell compartment is a functional unit of
the mossy fiber input pathway. It is also consistent with the sug-
gestions of Sugihara et al. (1999) that climbing fiber collaterals
could terminate on the Golgi cells beneath the Purkinje cell stripe
that they innervate. Finally, these data are also consistent with
optical imaging results showing that molecular layer inhibition is
compartmentalized into zebrin II parasagittal domains that dif-
ferentially modulate the spatial pattern of cerebellar cortical ac-
tivity (Gao et al., 2006).

Possible developmental mechanisms
The main conclusion of this study is that the dendrites of cere-
bellar Golgi interneurons do not cross Purkinje cell compartment

boundaries. What is the chance that such a result would occur
purely by chance? It is not straightforward to estimate how often
Golgi cell dendrite restriction would occur randomly. In our
sample, the average transverse displacement of the Golgi cell api-
cal dendrite from its soma was 82 � 28 �m (SEM; n � 40) in the
case in which the dendrite did not cross a boundary, and 90 � 41
�m (n � 22) when it did. Therefore, for example, if we take the
width of a stripe in lobule VIII (either zebrin II� or zebrin II�) as
�180 �m, and set the lateral extent of a Golgi cell apical dendrite
from its soma at 90 �m, then one-half of all Golgi cell apical
dendrites would cross a stripe boundary. In the present data, the
proportion is �3%. This implies a mechanism for restriction.
Restriction might come about because Purkinje cell compart-
ments are separated by neurite-impervious boundaries [similar
to the inhibitory boundaries described elsewhere in compart-
mentalized neural structures: e.g., whisker barrel fields in the
somatosensory cortex (Faissner and Steindler, 1995)]. However,
no such barriers to growth have been reported in the cerebellum,
and neurite restriction at compartment boundaries is not a gen-
eral feature of the cerebellum because parallel fibers cross para-
sagittal compartments with impunity. Alternatively, Golgi cell
dendritic arbors may be restricted because they develop in con-
cert with the Purkinje cell dendrites (Hekmat et al., 1989; Nagata
and Nakatsuji, 1991) [as proposed to explain the topographical

Figure 4. Three examples illustrating the restriction of Golgi–Cox-stained Golgi cells to zebrin II compartment boundaries. A, B, The Golgi cell dendrites are restricted to the same zebrin II
compartment as the somata. C, The dendrites appear to be restricted to a neighboring zebrin II compartment (although the dendrite could not be traced far into the molecular layer). The arrows
point to the Golgi cells dendrites at compartment boundaries. Scale bar, 50 �m.

Figure 5. Double immunofluorescence with a GlyT2-EGFP transgene (Golgi cell dendrites) and anti-PLC�4 (Purkinje cell
stripes) reveals that Golgi cell dendrites are restricted at Purkinje cell stripe boundaries. Two examples of GlyT2-EGFP � Golgi cell
dendrites (green; arrowheads) in the vicinity of a PLC�4 �/� stripe boundary (red); in 68 cases examined, the dendrite never
crossed between stripes. ml, Molecular layer; pcl, Purkinje cell layer; gl, granular layer. Scale bar, 50 �m.
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association between mossy fiber terminal fields and specific Pur-
kinje cell stripes (Sotelo and Wassef, 1991; Ji and Hawkes, 1995)].
In such a model, no compartment-specific restrictions are re-
quired: the newly born Golgi cells would migrate via the white
matter tracts (Zhang and Goldman, 1996) into the embryonic
Purkinje cell clusters. There they would affiliate with the local
Purkinje cells and extend their dendrites along the nascent Pur-
kinje cell dendrites. Subsequently, as the granule cells begin to
innervate the Purkinje cells, the Golgi cell dendrites would be
displaced and would synapse with their parallel fiber and ascend-
ing axon synaptic partners locally, while retaining their original
topographical restriction. Hence, as the Purkinje cell clusters dis-
perse into a monolayer perinatally, individual Golgi cell dendritic
arbors would automatically be restricted to one side of a
boundary.
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