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Parcellating the structure and function of the
reading circuit
Avniel S. Ghumana,b,c and Julie A. Fiezb,c,d,1

Reading is a uniquely human skill, learned through
extensive experience during childhood, with literacy
becoming widespread only in the past few hundred
years. Consequently, the neural circuitry underlying
language could not have evolved to have circuitry
genetically predefined for reading; this is unlike other
expert skills such as face recognition, which can be
seen in some of our evolutionary ancestors. Therefore,
understanding the nature of the reading circuit strikes
at the heart of the nature versus nurture debate about
how expert skills shape, and are shaped by, brain
circuitry. The PNAS article by Lerma-Usabiaga et al. (1)
focuses on understanding the specialization of a par-
ticular brain territory, the left ventral occipitotemporal
cortex (vOTC), known to be critical for visual word rec-
ognition. The study uses a combination of magnetic
resonance imaging (MRI) and behavioral methods to
carefully dissect two functionally and structurally dis-
tinct regions located within the vOTC that contribute
to reading.

Lerma-Usabiaga et al. (1) were motivated by pre-
vious studies that have used functional MRI to localize
the “visual word form area” (VWFA). Conceptually, the
VWFA is a brain region within the left vOTC that re-
sponds preferentially to printed words and word-like
stimuli. This orthographic selectivity emerges with the
acquisition of literacy, indicating that reading experi-
ence tunes this region for skilled reading (2). Indeed,
individuals with poorer reading ability exhibit reduced
selectivity in the vOTC (3), and damage in adulthood
causes acquired alexia, in which printed words can no
longer be recognized automatically (4). While re-
searchers agree on these broad facts about the VWFA,
they disagree on the precise location of the VWFA and
its specific role in reading (4–6).

These disagreements could arise because different
types of stimulus comparisons weight differentially for
perceptual versus linguistic aspects of visual word
recognition. Thus, like the proverbial men discussing
different parts of the elephant, different groups may

be localizing functionally different pieces of the vOTC
and interpreting each as the VWFA. Instead, it might
be more appropriate to regard the VWFA as an
extended territory with distinct subregions. To test
this idea, Lerma-Usabiaga et al. (1) employed two dif-
ferent types of stimulus comparisons: (i) perceptual
comparisons localized vOTC tissue that responded
more to printed words compared with meaningless
stimuli without word-like visual structure, and (ii) lexi-
cal comparisons were finer grained and localized
vOTC tissue that responded more to printed words
compared with meaningless but visually word-like
strings of letters and characters. Both the perceptual
and lexical contrasts identified locations within a par-
ticular portion of the vOTC, the occipitotemporal sul-
cus (OTS) (Fig. 1). However, the perceptual contrasts
yielded a maximal location within the posterior OTS
(pOTS) region, while the lexical contrasts yielded a
maximal location within the middle OTS (mOTS)

Fig. 1. View of the ventral brain surface. Lerma-Usabiago
et al. (1) found two word-selective regions located along
the OTS, which lies between the fusiform (pink) and the
inferior temporal (blue) gyri, and abuts the inferior
occipital (green) gyrus. A pOTS region (circle) showed
functional specialization for the perceptual aspects of
visual word recognition, while an mOTS region (square)
showed specialization for the lexical aspects.
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region. These results suggest that word-responsive tissue within
the vOTC can be functionally segregated, with the perceptual
processing of visual word forms supported by the pOTS and the
lexical processing supported by the mOTS.

To examine the functional relevance of the pOTS and mOTS
regions, Lerma-Usabiaga et al. (1) investigated the relationship
between the neural response to orthographic stimuli and behav-
ioral measures from a simple word-recognition task. Individuals
with stronger functional specialization of the pOTS and mOTS,
as indicated by larger signal differences in the perceptual con-
trasts, were able to distinguish between words (in the mOTS)
and consonant letter strings (in both the pOTS and mOTS) more
quickly than individuals with smaller signal differences. In other
words, more-skilled readers putatively specialized the vOTCmore
strongly for reading.

Having differentiated the two vOTC regions on the basis of
their functional characteristics, Lerma-Usabiaga et al. (1) consid-
ered whether these regions are also structurally distinct from each
other. First, they evaluated the connections of the vOTC to other
brain regions. Using diffusion imaging, a form of MRI that can
visualize the anatomical connections of the brain, they found that
connections from regions involved in visual processing terminated
in portions of the vOTC that included the pOTS, but not the
mOTS, region, whereas the opposite was true for the connections
from regions involved in language processing. With the caveat
that recent studies suggest diffusion imaging may be limited in
its ability to make fine-grained connectivity comparisons (7), these
results indicate that the two vOTC regions communicate with
different processing networks within the brain, as appropriate
for the different roles they play in word recognition.

Lastly, Lerma-Usabiaga et al. (1) evaluated the cellular structure
of the vOTC. Building on previous research that defined vOTC
subregions based on differences in cellular organization (8), they
examined a component of the MRI signal that is influenced by the
cellular structure of the tissue from which the signal arises. They
observed differences in cellular structure across the vOTC and,
importantly, found that their mOTS and pOTS regions fell on op-
posite sides of a vOTC border delineating portions of the vOTC
with differing cellular structure. These results are provocative be-
cause differences in cellular structure are thought to endow brain
regions with differing capacities for information processing (9).

In summary, the study by Lerma-Usabiaga et al. (1) provides
compelling evidence for an extended VWFA territory that falls
along the OTS. A pOTS region is more sensitive to perceptual
information, and an mOTS region is more sensitive to linguistic
information. Furthermore, these two regions show distinct cellular
structures and anatomical connectivity, with the pOTS region pos-
sessing greater connectivity to visual areas, and the mOTS region
to language areas.

Lerma-Usabiaga et al. (1) make a substantial contribution to our
understanding of localized regions within the vOTC that support
reading, but important questions remain. A recent study showed
that a single word-sensitive location within the vOTC can partic-
ipate in multiple stages of word processing. Activity shortly after
seeing a word showed coarse representational structure sufficient
to distinguish between visually dissimilar words. Activity about
100 ms later was sufficient to distinguish visually similar words
from each other, suggesting a shift to lexical representation (10).
Future studies are required to determine how interactions among

the pOTS, mOTS, and other visual and language processing re-
gions give rise to the dynamic representation of words within and
across word-selective regions.

Perhaps the biggest questions regarding the influence of
nature versus nurture in shaping the brain for expertise are how
and why do regions modified by reading experience end up in the
same vOTC locations across individuals? The structure–function
relationships found by Lerma-Usabiaga et al. (1) provide an im-
portant clue. The major connections and cellular structure of the
brain are under genetic control and substantially in place early in
life (9, 11), and prereading morphological and connectivity differ-
ences in the vOTC predict the ultimate location of word-sensitive

The study by Lerma-Usabiaga et al. provides
compelling evidence for an extended VWFA
territory that falls along the OTS.

tissue and reading skill (12, 13). Such findings indicate that vOTC
regions likely have predetermined structural characteristics that
make them especially suited for reading (14). At the same time,
the countless hours of reading practice needed to become a
skilled reader may sculpt the cellular structure and anatomical
connections of the mOTS and pOTS so that the parts of the brain
that need to “work together” end up being more strongly “wired
together”. This can explain why literacy drives changes in cellular
structure and connectivity of the vOTC, even when it is acquired in
adulthood (2). Thus, nature and nurture both seem to be at play in
shaping the brain for reading.

A remaining question is why there should be a region in the
visual processing stream that has connectivity to the language
system before the onset of reading. Visual stimuli such as objects
and faces are named, so some connectivity between the visual
and language system is necessary (15); historically, many writing
systems evolved from the use of pictograms (16). While learning
to read, visual words may appropriate a portion of the visual sys-
tem that is connected to the language system because this is
precisely the infrastructure needed for visual word recognition.
Another possibility is that the left vOTC is part of a circuit for
lipreading (17). Even nonhuman primates have the capacity for a
form of lipreading (18), face- and word-sensitive regions are
interdigitated in the vOTC (19), and acquired alexia has been
associated with lipreading deficits (20). Thus, a genetically and
evolutionarily predetermined circuit for lipreading is feasible,
and a portion of this circuit may be appropriated for word recog-
nition because both of these processes involve visual forms being
associated with spoken sounds. Testing these various hypotheses
would provide an important contribution to our understanding of
how cultural innovations, such as reading, capitalize on the innate
potential of the brain for adaptation.
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