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Galagos are prosimian primates that resemble ancestral primates
more than most other extant primates. As in many other mammals,
the facial vibrissae of galagos are distributed across the upper and
lower jaws and above the eye. In rats and mice, the mystacial
macrovibrissae are represented throughout the ascending trigemi-
nal pathways as arrays of cytoarchitecturally distinct modules, with
each module having a nearly one-to-one relationship with a specific
facial whisker. The macrovibrissal representations are termed
barrelettes in the trigeminal somatosensory brainstem, barreloids in
the ventroposterior medial subnucleus of the thalamus, and barrels
in primary somatosensory cortex. Despite the presence of facial
whiskers in all nonhuman primates, barrel-like structures have not
been reported in primates. By staining for cytochrome oxidase,
Nissl, and vesicular glutamate transporter proteins, we show a
distinct array of barrelette-like and barreloid-like modules in the
principal sensory nucleus, the spinal trigeminal nucleus, and the
ventroposterior medial subnucleus of the galago, Otolemur garnetti.
Labeled terminals of primary sensory neurons in the brainstem and
cell bodies of thalamocortically projecting neurons demonstrate that
barrelette-like and barreloid-like modules are located in areas of
these somatosensory nuclei that are topographically consistent
with their role in facial touch. Serendipitously, the plane of section
that best displays the barreloid-like modules reveals a remarkably
distinct homunculus-like patterning which, we believe, is one of
the clearest somatotopic maps of an entire body surface yet found.
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Nearly all mammals use facial vibrissae as a sensory organ to
transduce distant touch. In some species, but most famously

in rats and mice, individual whiskers have been shown to be
represented as distinct modules in the ascending lemniscal and
paralemniscal somatosensory pathways (1). These modules have
been termed barrelettes, barreloids, and barrels in the brainstem,
thalamus, and cortex, respectively (2–5). The discovery of the
barrel pathway has allowed researchers to visualize how so-
matosensory inputs are anatomically organized in the brain. The
barrel pattern provides clear anatomical landmarks that enable
further research on the development, connection, functional
organization, and plasticity of the somatosensory system. Many
investigators have embraced this system in their research pro-
grams (for review, see refs. 6 and 7). Beyond the experimental
convenience of the system, the nearly perfect correspondence of
one whisker to one barrel invokes questions about the devel-
opment and evolution of nervous systems in general, such as
whether development of the organization of sensory systems is
largely controlled by properties intrinsic to the central nervous
system or largely dictated by the arrangement of peripheral re-
ceptors (8, 9). In addition, do whisker modules have a function,
or are they just a spandrel (10, 11) that tells us more about the
morphology of the periphery and brain development than sen-
sory processing (12)?
Despite the plethora of work examining the function and or-

ganization of barrel structures, mostly in mice and rats, similar

structures have yet to be identified in primates. Evidence for
barrel-like structures in primates would provide a concrete an-
atomical link between primates and the body of work on rodent
somatosensory systems.
Prosimian galagos (Fig. 1A) were selected because galagos

have an array of whiskers on the face with muscular and nerve
attachments at the base of the whisker follicles (13), suggesting
they have some whisking function. In addition, galagos are a
member of the most basal clade of primates, one that retained
the nocturnal and arboreal lifestyle of early primates (14). We
hypothesized the somatosensory system of galagos could resemble
that of the common ancestor of primates.
The trigeminal lemniscal pathway in galagos, the main path-

way leading to the barrels in the mouse and rat cortex, is illus-
trated in Fig. 1B. Our research systematically examined central
nervous system nuclei within this pathway. First, we examined
the whisker pattern on the face of galagos (Fig. 1 C and D). Then
we used histology and neural tracers to investigate the anatomy
and connections of the principal sensory nucleus (PrV) and the
spinal trigeminal nucleus subnucelus interpolaris (SpVi), two di-
visions of the somatosensory brainstem that have distinct barrelette
patterns in rodents. We then used the same techniques to in-
vestigate the anatomy of the ventroposterior medial subnucleus
(VPM), the site of barreloids in the rodent thalamus. Additionally,
we related the cortical histology to dense electrophysiolgical mul-
tiunit recording in the face representation in contralateral primary
somatosensory area 3b, which receives projections from barreloid
structures in VPM.

Methods
The PrV, SpVi, VPM, and cortex were examined in nine prosimian galagos
(Otolemur garnetti). Four were used for neural tracers and histology (two
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Nearly all mammals have tactile hairs. Distinct modular repre-
sentations of the vibrissae within the central nervous system
have been found in five mammalian orders (Marsupialia, Car-
nivora, Eulipotyphla, Lagomorpha, Rodentia). This work docu-
ments vibrissae-related modules in a sixth order: Primata. The
presence of subcortical barrel-like modules in the prosimian
galagos suggests broad similarities in the processing of sensory
information among rodents and primates. Additionally, the
thalamic “galagounculus” appears to show the representation
of the entire body surface with unusual clarity.
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male; all adult) and five were used for histology only (two male; one juvenile,
four adults). All research was conducted in compliance with the guidelines
established by the National Institutes of Health and were approved by the
Animal Care and Use Committee of Vanderbilt University.

Thalamic tracer experiments were completed in five hemispheres from
four animals. Animals were anesthetized with a mixture of ketamine hydro-
chloride (10–25 mg/kg) and isoflurane [1–2% (vol/vol) isoflurane in oxygen].
Area 3b of cortex was exposed and microelectrode multiunit recordings
(1 MΩ at 1 kHz) were used to map receptive fields under ketamine and
xylazine anesthesia. Small amounts (0.02 μL) of the neural tracer cholera
toxin subunit B (1% CTB; Sigma) in sterile distilled water were injected into
selected cortical regions at depths of 600–1,000 μm. Additionally, 10 μL of
CTB-HRP (cholera toxin B subunit linked to horseradish peroxidase) was
injected into the whisker follicles on the face of one animal. The opening
was closed and the animal was monitored in recovery. Prophylactic antibi-
otics and analgesics were administered postoperatively. After 3 to 5 d, the
animals were anesthetized as described above, and cortical mapping was
resumed until a dense map of the face region of area 3B was obtained. All
galagos were euthanized with sodium pentobarbital and perfused trans-
cardially with phosphate-buffered (PB) saline followed by 2–3% (wt/vol)
paraformaldehyde (in PB; pH 7.5). The brain from each animal was removed,
blocked, and cryoprotected in 30% (wt/vol) sucrose overnight. Each block was
cut on a freezing sliding microtome into 40-μm sections. Cortical blocks were
flattened and cut tangential to the pial surface. Brainstem blocks were cut
coronally, and thalamic blocks were cut 15° off of horizontal (see Fig. 3H).
All brains were processed so that alternate sections highlighted different
features. Tetramethylbenzidine immunohistochemistry was used to visualize
CTB-HRP. Architectural boundaries were defined with stains for cytochrome

oxidase (CO), Nissl substance, or for vesicular glutamate transporter 1 or 2
protein (vGluT1, vGluT2). The specificity of the vGluT antibodies has been
confirmed in primates (15, 16). Details of the reagents used for the immuno-
histocemisty can be found in Table S1. The skin of the face was removed from
four animals, of which three were cleared with xylene to remove skin pigmen-
tation while leaving blood sinuses visible (17). One was stored in 10% (wt/vol)
formaldehyde and then processed for hematoxylin and eosin.

High-resolution images of the processed tissue were obtained by using a
SCN400 Slide Scanner (Leica) or a Nikon DXM1200 camera mounted on the
microscope Nikon E800 microscope (Nikon). The images were manipulated
only for brightness and contrast by using Adobe Photoshop (Adobe Systems).
Distributions of labeled cells and terminals were plotted on the images, which
were then overlaid on to adjacent sections stained for architectural features.

Results
Vibrissae. In galagos, the mysticial vibrissae are as thin as the other
facial vibrissae, similar in length to some of the caudal vibrissae
just above the mouth and on the chin, and are not obviously
whisked. Because the prefix “macro” and “micro” is ambiguous
in this situation, we refer to galago vibrissae as mystacial, man-
dibular, and maxillary vibrissae (Fig. 1E).
Galagos have eight or nine mystacial vibrissae just caudal to

the nose and numerous vibrissae near the mouth on both the
upper and lower jaws (Fig. 1 C–E). The number and distribution
of the mystacial vibrissae varied between animals and sometimes
between sides of the face on the same animal (Fig. 1C). In the
three animals investigated, the four mystacial vibrissae rows, from
dorsal to ventral, contained one, three, two to three, and two
vibrissae each. The vibrissae above and below the mouth were
abundant. The number of maxillary vibrissae ranged from 39 to
51, and the number of mandibular vibrissae ranged from 35 to
37. All tactile hairs were thin hairs, with hair shafts measuring
approximately 60 μm in diameter at the base. Mystacial vibrissae
were 0.5–1.1 mm long; both the maxillary and mandibular vi-
brissae were mostly under 0.2 mm in length, although in both sets
the most caudal vibrissae measured 0.7–0.8 mm.

Brainstem. Barrelette-like modules are present in the PrV and
caudal SpVi (Fig. 2). In SpVi, the modules are apparent as
densely stained circles in sections processed for CO and vGluT1,
but were not observed in Nissl stained sections (Fig. 2 E–H). In
the PrV, the modules were less clear but still visible as densely
stained areas in CO and vGluT1 stained sections. Similar PrV
structures appeared as disorganized groups of cells separated by
lightly stained septa in Nissl preparations (Fig. 2 A–D). The
vGluT2 and CO dense modules were 50–60 μm in diameter in
SpVi and 50–90 μm in the PrV.
In both the PrV and the SpVi, there are two separate clusters

of the barrelette-like modules, one dorsomedial in the nucleus
and one ventrolateral in the nucleus. In both nuclei, an injection
of CTB-HRP in the vibrissae follicles of the upper jaw labeled
terminals in the ventrolateral region (Fig. 2 J–O) and an injection
in the lower jaw labeled terminals in the dorsomedial region
(Fig. 2 P–U). The two distinct patches of label in the PrV fol-
lowing the upper-chin injection (Fig. 2Q) may be indicative of
label filling two distinct barreloid-like modules. In both the SpVi
and the PrV, there are too few barrelette-like structures in any
one section for a one-to-one relationship between the vibrissae
and the brainstem modules.

Thalamus. The best plane for visualizing barreloid-like modules in
the VPM is 15° off the horizontal plane as illustrated in Fig. 3H.
This angle was found based on extrapolating from the rod-like
anatomy visible in coronal sections of the VPM and with limited
trial and error. In that favorable plane, there are distinct bar-
reloid-like structures that are most apparent in vGlut2-stained
sections (Fig. 3 A and B). These darkly stained areas reflect the
density of vGluT2 protein in the presynaptic terminals. The
barreloid-like structures are also visible in the patchy distribution

Fig. 1. (A) An adult galago (O. garnetti). (B) A simplified diagram of the
trigeminal somatosensory lemniscal pathway. (C and D) Cleared skin samples
of the upper (C) and lower (D) face reveal the blood sinuses of vibrissae. The
white arrow in C points to an asymmetrically present blood sinus. (E) Sche-
matic of one side of a galago face indicating the mystacial, mandibular, and
maxillary vibrissae. (F) A transverse section of the flattened skin of the face
stained for hematoxylin and eosin showing the blood sinuses and in-
nervation of a vibrissae follicle. The arrowhead indicates a blood sinus; ar-
rows indicate nerves innervating the follicle. (Scale bar: 500 μm.) 3b, primate
primary somatosensory cortex; STN, spinal trigeminal nucleus; TG, trigeminal
ganglion; VPM, ventroposterior medial subnucleus of the thalamus.
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of cell bodies in sections stained for Nissl substance, yet are
barely detectable as darkly stained CO modules (Fig. 3 C, D, F,
and G). The vGluT2 dense patches were 65–140 μm in diameter
and were visible over multiple adjacent sections, spanning ap-
proximately 200 μm. The densely stained modules organized into
two distinct groups, with one more caudal and lateral than the
other. As in PrV and SpVi, there are not enough barrelette-
like structures for a one-to-one relationship between vibrissae
and thalamic modules.
In addition to the barreloid-like modules, there was an area

with five larger segments in the posteromedial region of the VPM.
These measured between 50 and 100 μm in diameter. Cell bodies
in this area were labeled after tracer was injected into the tooth
representation in area 3b.
Serendipitously, this best plane of cut for the barreloid-like

modules also resulted in a galago-specific somatotopic pattern in
the ventral posterior lateral subnucleus (Fig. 3E). The likely
hand/face border, septa between digits, and a border between the
palm of the forelimb and hindlimb were readily visible in all
stained sections.
Microelectrode recordings were used to identify injection sites

in S1 (area 3b), whose neurons responded to touch on various
locations of the face and body. At selected locations, CTB tracer
was injected to examine the thalamo-cortical connections. The
results from the injection of tracers in area 3b indicate that
thalamo-cortical projections are somatotopically arranged in the
VPM (Fig. 4). The somatotopy following tracer injections matches
the somatotopy suggested by the pattern of septa. Injections into
the face representation in cortex (two in the lower jaw, two in the
upper jaw, and one in the teeth representations) resulted in la-
beled cell bodies overlapping the barreloid-like structures in the
thalamus. Locations of labeled neurons resulting from the sepa-
rate injections in the arm, digits of the forelimb, and hindlimb
representations confirmed the orientation of the thalamic repre-
sentation and were consistent with the interpretation of the other

major septa between the hand and face, the digits, and the hand
and hind limb within VPM.

Cortex. Dense mapping of the face region of 3b revealed that
most of the area devoted to the face representation was re-
sponsive to the vibrissae of the upper and lower jaw, whereas
only a small region had receptive fields corresponding to the
mystacial vibrissae. In the five hemispheres mapped, 387 elec-
trode penetrations had tactile receptive fields on the head, 152
had receptive fields on the vibrissae of the upper lip, 76 on the
vibrissae of the lower lip, and only 16 on the mystacial region.
We were unable to find barrel-like structures in our histology of
sections of the cortex in cytochrome oxidase, Nissl, vGluT2,
parvalbumin, and myelin stains of adult and juvenile tissue (both
coronal sections and sections cut tangenital to the surface of
area 3b).

Discussion
Using histology and labeled connections, we found barrelette-
and barreloid-like modules in the brainstem and thalamus of
prosimian galagos. As anatomically distinct segments of the cen-
tral nervous system that represent tactile hairs, they are similar in
appearance to the barrel structures seen in rodents. However,
there are differences between the modules found in this study
and those seen in other animal groups. Regardless, the overarching
theme of modular representation of discrete sensory organs is
consistent. To our knowledge, such clear whisker-related mod-
ules have not been previously reported in primates, making these
modules an important link between research on the rodent barrel
system and research on primate sensory processing.

Vibrissae. Our findings on the morphology of the mystacial vi-
brissae are in agreement with Muchlinski et al.’s recent com-
parative study (13), in which galagos were found to have discrete
rows of mystacial vibrissae with well-developed intrinsic muscu-
lature. Our study differed from theirs in that we examined the

Fig. 2. (A–D) Histology of the PrV. (A) A coronal section stained for CO showing densely stained modules. (B) A schematic of the anatomy in A. (C and D)
Adjacent sections stained for CO and Nissl substance showing the CO dense modules and disorganized clumps of cell bodies. Asterisks mark the same blood
vessels and arrows mark barrelette-like modules. (E–H) Histology of SpVi. (E) A coronal section stained for CO showing densely stained modules. (F) A
schematic of the anatomy in E. (G and H) Two magnifications of a section adjacent to E, stained for vGluT1 in which modules are visible. (I) The location of the
injections of the tracer (cholera toxin subunit B conjugated to horseradish peroxidase). (J–O) The results from the tracer injection into the tip of the upper jaw;
a section stained for vGluT1 (SpVi, G; PrV, M), an adjacent section stained for the HRP conjugate of the tracer (SpVi, H; PrV, N), and an overlay schematic of
G and H (SpVi, I; PrVm, O). (P–U) The results from the tracer injection into the tip of the upper jaw organized the same way as J–O. Mo5, motor nucleus of the
fifth nerve; sp5, spinal tract of the fifth nerve. (Scale bars: 500 μm.)
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vibrissae distribution on both sides of the face in three galagos, as
opposed to one animal, and also examined the maxillary and
mandibular vibrissae. It is unclear whether our unique finding of
supernumerary whiskers is biologically significant. If variation in
vibrissal arrays applies broadly to this species, then it could be
indicative of relaxed selection on a nonvital sensory array. How-
ever, animals investigated here all originated in the same research-
breeding colony, so the trait could be specific to this population.
Vibrissae number is known to vary in between different strains of
mice (18).
Another extensive comparative study counted whiskers on the

upper jaw of 527 species, including O. garnetti (19). They found
that galagos had 22 macrovibrissa and 12 mandibular vibrissae.
Even allowing for different definitions of a macrovibrissa and a
microvibrissa, this number is less than we counted. The difference
is likely due to a difference in methodology; although Muchlinski
(19) counted hairs and rete ridge collars visible by external
examination of the snout with a dissection microscope, we used a
pigment-clearing method to visualize and count blood sinuses in-
nervating individual vibrissae. It is possible that there are more
hair follicles with blood sinuses than externally visible rete
ridge collars.

Brainstem. Barrelettes were first defined as a cell-free hollow
surrounded by a cell-dense perimeter separated from other
barrelettes by a cell-sparse septa, all features that were visible in
Nissl-stained sections of mouse brainstem (2). These barrelettes

also stain darkly for CO, succinic dehydrogenase, and vGluT1 (5,
20) in rats and mice. Such clear nuclear organization was not
observed in galagos, but densely stained CO and vGluT1 fields
were identified. As in rats, the barrelette pattern was more easily
delineated in SpVi than in the PrV (5). It is possible that the PrV
barrelette pattern could be better visualized in sections cut at a
slightly different angle, which facilitated the visualization of the
PrV somatotopic map in other species (21).
In many species, the individual barrels are larger in the SpVi

than in the PrV (5, 22). In mice, barrelettes in the SpVi have a
cross-sectional diameter of approximately 140–170 μm and 75–
105 μm in the PrV (2). The comparatively large SpVi follicle
representations are intriguing, given that the smaller represen-
tations in the PrV are the main conduit for driving impulses to
the large cortical representation. However, it has been hypoth-
esized that the SpVi is important for monitoring sensations from
self-generated movement—something that would be important
for whisking species (23). In galagos, the cross-sectional diameter
of the modules was much more similar in the SpVi and PrV. It is
possible that similar-sized modules in the SpVi compared with
the PrV are related to the minor role of vibrissal movement in
galago tactile behavior.
The densely stained CO region in SpVi of galagos has distinct

dorsal and ventral regions separated by a lightly stained septum.
This lima-bean shape differs from the SpVi in mice and rats but
looks remarkably similar to the SpVi in wallabies (24). Based on
the location of the tracer-stained terminals in the tracer study,
we hypothesize that the dorsal region corresponds to the man-
dibular region and the ventral portion to the maxillary region.
The lima-bean shape probably comes from devoting a similar-
sized volume of tissue to the representation of both the upper
and the lower jaws, instead of the nucleus being dominated by
the representation of the upper jaw. The inverted representation
is consistent with that found in other animals, including rodents
(25, 26), cats (27), moles (28), and pigeons (29).
Previously, macaques and squirrel monkeys have been shown

to have a parcellated organization in the PrV and an unparcellated
SpVi in CO-stained sections (30). Our results differ from those in
that in galagos, the most distinct organization was seen within the
SpVi and both nuclei had more distinct modules overall.

Thalamus. The VP nucleus of the thalamus in primates has ar-
chitectural features that reflect its somatotopic organization (31–
33). For example, a distinct cell-poor septum, the arcuate lamella,
marks the border between the hand and face representations.
Other septa delineate the representations of the digits, and a more
lateral septum separates the hand representation from the foot
(34). In the VPM of macaques, there are rod-like segmentations
that correspond to facial and oral regions such as the hard palate
and regions of the posterior oral cavity (35). Our study adds to
those findings by locating barreloid-like modules for facial vibris-
sae in the VPM of prosimian galagos.
Van der Loos defined mouse barreloids as rod-shaped domains

roughly 70 μm in diameter (3), similar to the size of the structures
in galagos. In mice, the barreloids have a cell-poor core sur-
rounded by a cell dense perimeter three to four cells thick (3).
Later investigations have been able to visualize the barreloids as
areas of dense staining for a variety of other reaction products,
such as succinic dehydrogenase, CO, and vGluT2 (5, 36). Our
procedures did not reveal clear cell-hollow cylinders and only
faintly labeled CO clusters; however, we found clear vGluT2
dense clusters. It is interesting that these modules were de-
lineated so strongly by the localization of vGlut2 protein but not
by more traditional stains. In rats, vGluT2 is expressed in the
synaptic terminations from the PrV (37, 38), and an intact PrV is
necessary for barreloid formation (39, 40). The patterning of the
vGluT2 clusters in the VPM of galagos suggests that PrV also
sends vGluT2-expressing projections to the VPM in primates.

Fig. 3. (A) Photomicrographs of a section of the ventroposterior nucleus in
a galago stained for vGluT2 showing distinct septa between representations
of different body regions, including the barreloid-like structures on the face
representation and the septa for the digits of the hand. The dotted line in A
displays the perimeter of B. (B) Enlarged selections of A showing barreloid-
like clumping of vGluT2 positive terminals. (C and D) Adjacent sections
stained for Nissl (C) and CO (D). (E) Diagram of the septa seen in A, C, and D
showing the “galagounculus”. (F and G) Enlarged selections of C and D
showing patchy neuron distribution, and subtle areas of CO dense staining.
(H) Schematic of the angle of cut for the sections in A and B, C and D, and F
and G. (Scale bars: 500 μm.)
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In addition to the barreloid-like segmentation, we located
another region within the VPM with larger segments. Based on
the location of these segments between the hypothesized lower
and upper jaw representations, and considering the location of
the label resulting from an injection into the cortical represen-
tation of a tooth (Fig. 4), we believe these segments are relevant
to the representation of the teeth and mouth. It is possible that these
segments are similar to the VPM rods found in macaques (41).
The serendipitous finding of a plane of section resulting in a

visible representation of the thalamic galago somatosensory map
is, we believe, one of the clearest somatotopic maps of an entire
skin surface of a mammal yet reported. Although the presence of
a neural representation of the body surface in the somatosen-
sory thalamus is of no great surprise, such a clear visualization
reveals the somatosensory order of the representation with no-
table precision.

Cortex. The topographic representation of the galago body sur-
face in S1 (area 3b) has been established (42), but the details of
the face representation had not been thoroughly investigated. In
doing so, we found that the cortical area devoted to the mystacial
vibrissae was small compared with the area devoted to the max-
illary and mandibular vibrissae. The relative size of the repre-
sentations of body areas in primary somatosensory cortex (S1) is
loosely related to how important that body area is to the animal’s
sensory biology. For example, the large representations of lips and
hands in humans illustrate how important these regions are to us
(43). More specifically, the size of each representation is often
related to the sensitivity and acuity of touch for that body area (44,
45). The small size of the mystacial vibrissae representation sug-
gests that these vibrissae are not highly important sensory organs
to galagos. Based on the cortical representations, galagos are more
invested in the tactile information from the small vibrissae on its
chin and lips than the mystacial vibrissae.
Experiments in rats and mice suggest that microvibrissae of

the chin and lips are important in object recognition, whereas the
longer macrovibrissae are more important for gauging distances
of near objects (46). Visual observations of galagos during reg-
ular feedings revealed no distinct whisking behavior related to

the mystacial vibrissae. Actively foraging galagos were most often
observed to reach for food items with their hands and then bring
the grasped item to their faces; they infrequently grabbed for
food directly with their mouth. It is possible that having grasping
hands and improved visual acuity reduces the importance of
macrovibrissae.
Our failure to find barrels in the cortex does not guarantee

they are not present because the use of other histological markers
or sections from an earlier timepoint in galago development could
also reveal them. However, our group has performed research on
galagos for decades and we have access to a collection of brain
sections from these studies. Despite surveying cortex sections from
more than 20 cases from previous studies that were processed for
various stains (cytochrome oxidase, Nissl, vGluT2, parvalbumin,
and myelin stains), cut at various angles (flattened preparations,
coronal, and horizontal sections) and in animals of ages 1 d to
mature adults, we found no evidence of barrel-like structures.
These additional negative results support the conclusion that
barrel-like structures are not present in area 3b of galagos.
The presence of subcortical whisker modules in species rang-

ing from marsupial wallabies to primates suggests that mammals
share many features of subcortical somatosensory processing.
The absence of cortical whisker modules in many species sug-
gests that the cortex may be the most likely site for species-
specific changes.

Conclusion
Sensory vibrissae are a part of the tactile sensory system that is
present in some form in nearly all species of mammals (excluding
monotremes, anteaters, and humans) (19, 47). The phylogenetic
distribution of barrel-like modules in the central nervous system
is more disparate but is still well distributed among mammals.
Here, we demonstrate these modules in the trigeminal somato-
sensory nuclei of the thalamus and brainstem in a primate. The
wide distribution of discrete units in the trigeminal lemniscal
pathway suggests that the units form because of a basal and shared
trait related to the sensory possessing of the whisker array. The
answer to “what is a barrel for?” needs to account for their pres-
ence in such a wide range of animals. Progress on this question

Fig. 4. Somatotopy of the connections from the ventroposterior nucleus of the thalamus to cortical area 3b. (A) Summary schematic of the nine cortical
injection sites (stars) for the tracer CTB in the five hemispheres investigated (four animals). The placement of the injection sites were defined experimentally
with 100–300 points in each cortex as well as reference to ref. 42. The stars are numbered and colored to match the rest of the figure. FSp, posterior frontal
suclus; IPS, Intraparietal sulcus; LS, lateral sulcus. (B) The multiunit receptive field recorded at the tracer injection sites. (C) A summary schematic of the lo-
cations of CTB-stained cell bodies. (D–H) The location of CTB-stained cell bodies (colored dots) mapped onto the adjacent section stained for vesicular glu-
tamate transporter 2 (vGluT2). D–H are all from different hemispheres. Black arrowheads, hand/face border; black arrow, oral fissure border; white
arrowhead, barreloid-like vGlut2 clusters; white arrows, hand/foot border. (Scale bars: 1 mm.)
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might be made by investigating differences in sensory processing in
an animal with prominent whiskers but without whisker-related
modules. Although only mammals possess whiskers, some non-
mammals have sensory arrays that, like whiskers, have punctate
distributions [e.g., the integumentary sensory organs on croco-
dilians (48) and barbels on fish and turtles (49)]. It would be
interesting to see whether these too are represented by modular

units in the brainstem, because such a result would suggest broad
commonalities in how the brain organizes sensory input across an
even wider range of life.
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