Somatosensory cortex: The designation of area 3b and 3a as primary sensory cortex were
known since the early maps of Brodmann and Vogt [1, 2]. Interestingly, the region medial to
3a and 3b, which Brodmann designated as area 5, was shown later, through the usage of
cortical stimulation by Penfield, to encode the pelvis, including genitalia, and lower limb
somatic representations [3]. Similarly, using relative myelin density MRI protocol, the
medial region 5m was recently reported with the same myelin density as areas 3a and 3b
[4]. In accordance with these findings, the border of S1-3a and S1-3b of the current
resource is not limited to areas 3a and 3b of Brodman and Vogt, and additionally constitute
the rostral and caudal sections of 5m respectively. Moreover, based on the
cytoarchitectonic atlas of von Economo and Koskinas [5], which desighated their area PA1
(comparable with 3a) to stretch caudally at its most medial location and directly connect
with medial area PA2 (comparable to Brodmann area 2), the medial border of S1-3a of the
current atlas was manually redrawn to connect with medial S1-2 (see figure S1 in
supplemental material).

Posterior/middle dorsal insula (VS, INC1, PIVC, G1): The granular and dysgranular insula
are located ventrally to the primary somatosensory cortex and similarly participate in
encoding somatosensations. Like 3a and 3b, these regions also receive ascending
afferents from the same thalamic complex, the ventro-lateral thalamic nuclear group [6-
11].

VS+INC1: The posterior half of the posterior insula receives input from the posterior
ventromedial thalamic nucleus (ThVMpo), which is the target of the spino-thalamic tract
(the pathway encoding the protopathic sensations). An interesting finding of the current
analysis is a division of labor in this territory with a posterior section, encoding the
protopathic sensations of temperature, itch, and pleasant light touch (presented here with
the label ventral somatosensory cortex, VS, based on previous nomenclature in monkeys
[12]), and with an anterior section, encoding chiefly nociception (presented here with the
new label, INC1). The borders between these regions is identifiable when the area is
investigated using electrical stimulation, with stimulation to area VS reported to induce
temperature sensations and INC1 pain [13].

PIVC: The posterior insula additionally includes the primary vestibular cortex, PIVC. This
region receives ascending afferents from a different thalamic nucleus than VS and INC1,
the medial pulvinar and superior ventro-posterior nuclei (VPs, ThPulM) [14, 15], which

receives in turn afferents from the vestibular complex of the pons. The location of PIVC in



this resource is based on a study combining cytoarchitectonic and fMRI evidence [16].
However, to what degree this region is distinct from its neighbors VS and INC1 (if indeed
distinct) still needs to be established.

G1: In contrast to S1-3a and S1-3b, which encode the sensations from the exteroceptive
surface (e.g., skin, lips, etc), the dysgranular insula shows a transition towards inner
somatic representations, including the heart, lungs, digestive tract, and taste sensations
from the tongue. Interestingly, in monkeys only a small subsection of this region (only 3% of
the neurons [17, 18]) actually encode taste with the remaining neurons encoding
viscerosenations. Based on this finding, the area was deemed in the current resource to
contain two distinct regions a primary cortex for taste, G1, and a primary cortex for visceral
sensations, Visc1 (the term G1, however, was used in the current resource as it is more
commonly used). The two cortices are not completely unrelated as the topography here
appears imported from the topographic map of the solitary nucleus, in which the rostral
section encodes taste, middle section encodes the digestive tract, and the caudal section
the heart and lungs [19].

Auditory cortex (PAC-R, PAC-A1): Historically, Heschl’s gyrus was regarded as the primary
auditory cortex, and is known as A1. However, following tonotopic studies in monkeys, two
additional primary auditory fields, each with its own tonotopic map was reported in
moneys, rostral area R, and rostrotemporal area RT [20, 21]. Area R (labelled PAC-R in the
current resource) was further confirmed in humans [22-32]. Functionally. PAC-R differs
from PAC-A1 for its further involvement in sound recognition [33-35].

PT: Interestingly, the area posterior to PAC-A1, the planum temporale (PT in the current
resource; aka area Tpt or areas CM and CL), is regarded as a secondary (associative)
auditory cortex [36]. This chiefly the outcome of a monkey study by Rauschecker et al [37],
who reported that following lesions of A1, 70-80% of the neurons in CM lost their
responsivity to sounds. However, the authors do acknowledge that the remaining neurons
still responded to sounds (although the response was to complex sounds, not pure tones).
Nonetheless, later studies showed that neurons here respond to sound (mostly complex
sounds) before any response is registered in areas A1 or R [38, 39]. Recently, using intra-
cranial recordings similar findings were reported in humans [40]. This implies that not only
the posterior auditory cortex is a primary auditory cortex, it further indicates of an
alternative sub-cortical auditory processing stream, in which complex sounds are analyzed
and recognized independently to pure tones.



ProS: Located anterior to V1, anterior to the section of V1 encoding the extreme visual
periphery, there is an additional retinotopic field, known as area ProS. Remarkably, a large
percentage of neurons here become responsive to flashes of light before responsiveness is
recorded in most V1 neurons (at approximately 35 ms latency) [41]. Functionally, ProS
appears specialized for the detection of moving objects at the visual periphery [41-43], and
thus having this region receiving direct ascending afferent input, bypassing V1, provides an
adaptive advantage.

MT: The visual cortex responsible for the detection of localized coherent visual motion, the
middle temporal cortex, also exhibits the characteristics of a primary sensory cortex. First,
it receives direct ascending afferent input from the retina via relay stations in the superior
colliculus and inferior pulvinar thalamic nucleus (ThPuli) [44, 45]. Using both
cytoarchitectonic mapping and relative myelin density MRI [4, 46], MT was also was shown
with a very dense underlying myelin sheet, which is consistent with primary sensory
regions. Moreover, in monkeys, a small percentage of MT neurons showed responsiveness
to visual stimuli before V1 [47]. Using MEG similar latency for the two regions was also
reported in humans [48]. Finally, in the classic study of Flechsig, which mapped cortical
fields in post-mortem human fetuses based on myeloarchitectonic developmental order,
MT was shown myelinated during the fetal pre-natal period [49] (like other sensory
cortices).

PEF: The most counter-intuitive inclusion into this category is PEF. However, like other
sensory cortices, PEF exhibits a dense underlying myelin sheet [4, 50, 51]. Moreover, like
MT and other sensory cortices, Flechsig reported this region to develop prenatally [49]. This
is in contrast to all its parietal neighbors which become myelinated during the first year of
life. Finally, recordings in both monkeys and humans showed this region to respond to
visual stimuli with similar latency to V1 [52, 53], and di-synaptic labelling in monkeys
showed this region to receive afferent input that originate in the superior colliculus [54].
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