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Brain Mapping: The (Un)Folding
of Striate Cortex
Neurons in the primary visual cortex of mammals form an orderly
representation of the visual field. A recent study shows that the cortical folding
pattern of the human brain accurately predicts not only the extent of this area,
but also the location of cells that represent different points of visual space,
leading to further considerations of the cortical mapping principles operating
in related species.
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mapping. Many of the building blocks
underlying the findings of Benson et al.
[1] have been previously proposed,
including the automatic estimation of
V1 boundaries in individuals [4], and
a precise algebraic model of the visual
field map in human V1 [5]. However,
putting these elements together into
an integrated whole, including new
methods for quantifying and visualizing
structural–functional relationships, has
provided a much more compelling
argument.
The strikingly systematic relationship
between structural and functional
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data are not available; this is an
achievement that will most likely find
application in other areas of brain

The paper recently published in
Current Biology by Benson et al. [1] is
the latest in a long tradition of studies
exploring the topographic organization
of visual cortex, starting with the
seminal studies of Tatsuji Inouye in
1906 [2] and Gordon Holmes in 1918 [3].
It has been long established that much
of the primary visual area (area V1) of
various primate species is located
within a deep furrow, named the
calcarine sulcus. Benson et al. [1]
take the analysis of the coupling of
structure and function in visual cortex
significantly further, by providing
strong evidence that the topology
of the calcarine sulcus (a gross
anatomical feature) and the map
of the visual field in V1 (a functional
measure, which correlates with
visual acuity) are closely linked in
the human brain.
Demonstration of this tight
association allowed Benson et al. [1] to
fit an algebraic model of the retinotopic
map — a topographic description of
which parts of the visual field are ‘seen’
by different neurons — to the cortical
surface. Their innovative methodology
allows the prediction of the parts of V1
that contain cells representing different
parts of the visual field in other
individuals, for which functional MRI

Figure 1. Comparison of the extent and retinotopic maps of area V1 in three primate species
with very different brain sizes (marmoset monkey, macaque monkey and human).
Each panel shows medial (left) and posterior (center) views of partially ‘inflated’ right hemispheres of the brains of the three species, based on MRI reconstructions of the middle layers
of the cortex (prepared with CARET [19]). The location of area V1 is indicated in red. On the
right are two-dimensional models of the retinotopic organization of V1, fitted to high-resolution
data as described elsewhere [13,16]. The map of human V1 indicates the positions of
imaginary lines that join the locations of neurons representing parts of the visual field located
at different distances from the point of fixation (2.5 , 5 and so on), as well as regions representing the upper (+) and lower (–) parts of the visual field, and the representation of the
horizontal meridian (red line). The grey region indicates the part of V1 that is buried within
the calcarine sulcus, and the yellow region indicates the part that is exposed on the surface
of the occipital lobe (white indicates regions that are exposed on the mesial surface of the
brain). Corresponding landmarks are shown for macaque and marmoset monkey. Whereas
in the human brain there is good correspondence between the representation of the horizontal
meridian and the main fold of the calcarine sulcus (dashed line), this simple relationship is not
present in marmoset and macaque. This occurs despite the striking similarity in retinotopic
organization, across brains that differ over 100 times in mass. Scale bars in all panels = 5 mm.
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Figure 2. ‘Rungs’ across the calcarine sulcus
may help predict eccentricity mapping.
An inflated three-dimensional reconstruction
of the gray-white matter boundary from one
human subject. Light and dark gray patches
illustrate the pattern of gyri and sulci, respectively. The transparent red overlay signifies
the calcarine sulcus, the red lines illustrate
the horizontal and vertical meridian representations in V1. Finally the star denotes the
representation of the fixation point, and the
arrows point to small internal gyri, which
run orthogonal to the calcarine sulcus like
the rungs of a ladder. We found the position
of these ‘rungs’ very reliable across subjects
(9 out of 10 subjects for both hemispheres),
reliably coinciding with the 0.5 and 5 (green
dotted line = 5 ) isoeccentricity lines. The
third pair of arrows points to a third, less
pronounced rung that is present in some individuals, coinciding approximately with the
20 isoeccentricity line.

features in human V1 raises questions
about the underlying causality,
possibly in the form of morphogenetic
interactions between developing
connectivity and the mechanics of
cortical folding [6]. Here, the findings
of Benson et al. [1] may prompt new
studies using mathematical models
to explore the development of
relationships between structure and
function in cortical morphogenesis.
For example, the tight spatial
linkage between the fundus of the
calcarine sulcus and the representation
of the horizontal meridian (the
imaginary line across our fixation
point dividing our visual fields into
upper and lower halves) that has
been demonstrated by the authors
appears to be, according to current
knowledge, specific to human brains
(Figure 1). In most monkeys, and in
the related prosimians, this fold
divides V1 into unequal halves [7–10]
and the part inside the calcarine

shows little tendency for the horizontal
meridian to conform to the fold of the
fundus.
The notable differences in V1
folding across different species
raise challenging questions for the
understanding of its morphogenesis,
as the relative invariance of V1
within species lends weight to the
view that the outline of this area is
to a large extent genetically
determined, as suggested by
molecular biological studies of
corticogenesis [11]. In comparison,
the boundaries and topographic
maps in other areas are likely to
mature later, partially under
‘instructions’ conveyed by V1
projections, and constrained by the
need to keep map continuity between
adjacent cells. This iterative process
is hypothesized to allow more degrees
of freedom, which translate into
individual variability [12].
It has been long recognized that
the boundaries of V1 in human
are well co-localized with the lips
of the calcarine sulcus. The work
by Benson et al. [1] shows that the
internal folding pattern along the
length of this sulcus also provides
practical landmarks for other
features of the map. They demonstrate
a strong correspondence between
the representation of the horizontal
meridian and the fundus of the
calcarine sulcus. Moreover, they use
a template map to help predict the
location of other parts of the visual
field, for example those that are
immediately above or below this
meridian, or near the vertical
meridian (another imaginary line
across the fixation point, which
divides the visual field into left and
right halves).
We would like to take this concept
further by suggesting that there
are, in most individuals, visible
landmarks that may provide anchors
for another dimension of the
mapping — eccentricity (distance
from the fixation point). These are
characteristic folds running across the
width of the calcarine sulcus, forming
‘rungs’ that run between its upper
and lower lips. Encouraged by the
results from Benson et al. [1], we
re-examined retinotopic mapping
data in humans [13], finding that these
rungs tend to be located at
reproducible locations in different
individuals, corresponding to the
representation of eccentricities 0.5

and 5 of visual angle from the fovea,
and perhaps a third one around 20
(Figure 2). These features may help
constrain algebraic models of the
visual field representation [5], thus
providing a more complete prediction
of the functional mapping solely from
anatomical data. Exploring the
retinotopic consistency of these
internal landmarks has the potential to
provide surgeons and experimenters
with further ‘signposts’ to navigate
the brain, including, for example,
the positioning of prosthetic devices
aimed at eliciting artificial vision in the
blind [14].
Finally, the work of Benson et al. [1]
also raises a number of other questions
that will stimulate further research on
the topographic organization of V1, and
its relationship to visual acuity. One
potentially controversial observation is
that their average V1 map shows
a strong overrepresentation of
the horizontal versus the vertical
meridian. This feature of the proposed
human V1 template is peculiar because
it is not apparent in previous work
addressing this issue in different
primate species [7,13,15–17]. The
authors acknowledge this in their
supplementary materials, proposing
that ‘‘At least some of this variation in
areal magnification across polar angle
is a consequence of the cortical
inflation process and projection to
a two-dimensional surface’’. This is
an important point, because without
this context their results could be
interpreted as predicting substantially
greater visual acuity for objects
located near the horizontal than the
vertical meridian (but at similar
distances from the fovea). If further
work confirms that the normalization
and flattening procedures introduce
a systematic distortion of the V1
topography, this would indicate an
inherent (Gaussian) curvature in
the intrinsic shape of V1, with
a shape more similar to a rugby
ball rather than flat. Previous
detailed analyses suggested that
there is little systematic curvature
in human V1 [15], and accordingly
current mathematical models of the
V1 map are strictly two-dimensional
[5,18]. In the light of the results
from Benson et al. [1], the degree
of local V1 curvature and its
integration into accurate conceptual
models of V1 deserves reinvestigation,
ideally using high-resolution
techniques.
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Intracellular Transport: New Tools
Provide Insights into Multi-motor
Transport
Teams of kinesin and dynein motors drive bidirectional transport of intracellular
cargoes along the microtubule cytoskeleton. How do opposite-polarity motors
interact to achieve targeted trafficking? A new study uses tools from synthetic
biology to probe collective motor function.
Adam G. Hendricks1,
Alison E. Twelvetrees1,2,
and Erika L.F. Holzbaur1
Many intracellular cargoes move
bidirectionally along the microtubule
cytoskeleton, transported by teams of
kinesin and dynein motors [1]. Kinesin
drives motility towards microtubule
plus ends, while dynein moves towards
the minus end. The collective function
of motor teams allows cargoes to move
bidirectionally over large distances.
This long-range transport is vital for
extended, polarized cells such as
neurons. Indeed, defects in
microtubule motors cause
neurodegenerative disease, and
impaired axonal transport has been
identified in models of amyotrophic
lateral sclerosis, and Alzheimer’s and

Huntington’s diseases [2]. Despite its
fundamental importance, an
understanding of how interactions
among motors on a cargo modulate
their function to achieve targeted
trafficking in the cell remains poorly
understood.
Several mechanisms have been
proposed to describe bidirectional
transport. One hypothesis is that
directional switches are the result of
a regulatory event [1]. Alternatively,
bidirectional motility may result from
a stochastic tug-of-war between
opposite polarity motors bound to the
same cargo. In this case, switching is
a consequence of the force-dependent
dissociation kinetics of the motors, in
the absence of regulation [3]. These
mechanisms are not mutually
exclusive, and both are likely to
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contribute to the motility of intracellular
cargoes [4].
Diverse approaches have been used
to elucidate the mechanisms of
multi-motor transport, ranging
from in vitro reconstitution using
purified motors bound to latex beads
to high-resolution tracking of
endogenous cargoes moving in the cell
(Figure 1). In a recent paper published
in Science, Derr et al. [5] implement
a novel synthetic biology approach.
The authors construct a scaffold using
DNA origami — a technique that allows
the creation of complex
three-dimensional structures from DNA
[6]. Motor proteins can be specifically
attached to these artificial scaffolds via
strands of complementary DNA, and in
this way the number and type of motors
can be tightly controlled. Derr et al. [5]
use these scaffolds to examine motility
by teams of dynein and kinesin motors.
In agreement with previous work [7,8],
the authors find that the run length of
the cargoes increases with the number
of motors, while velocity is largely
unaffected [9]. They next examine
teams of dynein and kinesin bound to
the same cargo. Although the human
kinesin-1 and yeast cytoplasmic dynein
motors used in this study have similar
unitary stall forces, a few dynein motors

