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Abstract

In 1994 Vivien Casagrande published a review paper in which she summarised
evidence for a koniocellular pathway to visual cortex. Here we try to explain how that review
moved the field forward, and summarise some key unanswered questions about koniocellular

pathways.

Commentary

In February 2012 Vivien Casagrande visited the Queensland rain forest to attend the "Vision
Down Under” symposium, presenting then unpublished and important results showing that
the pulvinar plays a major role in regulating activity levels in primary visual cortex
(Purushothaman, Marion, Li, & Casagrande, 2012). Vivien and husband James (Mac)
McKanna then drove from Queensland to our visit our laboratories in Sydney. We spent four
pleasant days discussing science and life, and enjoying Mac's fine baritone singing. The
afternoons were devoted to planning a "New Review of Koniocellular Pathways"; our goal
was to assess progress since Vivien’s groundbreaking review of the topic 20 years earlier
(Casagrande, 1994). We made notes on an office whiteboard, which has miraculously
remained un-erased. There is enough material there to stoke more than one review and inspire
many new experiments, but now we will need to do it without Vivien.

The purpose of the 1994 review was to challenge the accepted wisdom that
thalamocortical pathways in the primate comprise only two afferent channels — parvocelluar
(P) and magnocellular (M). By assembling extensive anatomical, neurochemical, and
functional data she showed that in addition to these two channels, there was a third,
konicellular (K), pathway from retina to visual cortex, passing through the (koniocellular /
interlaminar) regions of the lateral geniculate nucleus (Figure 1). The K-cells, she showed,

form a clear and consistent third cortical afferent stream, with direct access to the
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supragranular cortical layers including cytochrome-rich blob regions of primary visual cortex,
across all primate species studied to that time. The review made clear that the K-cell layers
were not simply interneurons, nor a vestigial remnant, and that they could provide distinct
contributions to image-forming vision. But the review also made clear that K-cells likely
comprise more than one functional subgroup, and raised the possibility that different types of
K cells play distinct and specialised roles in visual processing. The question can now be
posed: how are K-cells of one kind, and how are they of many kinds? Let's put that more
simply: how can I tell if I'm a K-cell?

Anatomically, K-cells are defined by uniform expression of neurochemical markers
such as calbindin and preferential projection to superficial layers of primary and association
visual areas (Hendry & Yoshioka, 1994) But physiologically, K-cells are defined by their
heterogeneity. Some K-cells (for example, blue-on cells and suppressed-by-contrast cells)
have a very clear and unique functional signatures (Roy et al., 2009; Tailby et al., 2007). But
others do not, and many K-cells are almost completely unresponsive to visual stimuli (White,
Solomon, & Martin, 2001; Xu et al., 2001). As we learn more about the physiological
properties of K-cells, the big question arises whether we should continue to "lump" these
populations or start to "split" them.

Since Vivien's 1994 review our field of study has gained new and detailed knowledge
about K-cell pathways. But each new discovery raises new and difficult questions. We have
learned that there is a substantial direct K-cell projection to extrastriate motion-processing
area MT (Sincich, Park, Wohlgemuth, & Horton, 2004), and that blindsight depends on the
geniculate (implicating this pathway; Schmid et al., 2010) but the functional properties of the
K-cells driving MT, and the importance of this pathway for normal vision remain unknown.
We have confirmed that activating K-cells causes direct activation of supragranular layers of

V1 (Chatterjee & Callaway, 2003; Klein et al., 2016), and that K-cells are selectively linked
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to slow changes in cortical activity (Cheong, Tailby, Martin, Levitt, & Solomon, 2011;
Pietersen et al., 2017). These observations that are consistent with proposals that K-cell
activity could act to regulate cortical activity originating P and M pathways (Casagrande,
1994; Jones, 2001), but we still do not know whether one, some, or all K-cell sub-populations
are involved.

We continue to find parallels in structure and function between K-cells and the "non-
standard / W" populations previously identified in cat retina and lateral geniculate nucleus
(Cleland, Levick, Morstyn, & Wagner, 1976; Hoffmann, Stone, & Sherman, 1972). Like W-
cells in cat, the K-cells originate from diverse ganglion cell populations and supply multiple
low-acuity signals in parallel to the cortex (Figure 2). But whether the numerical dominance
of high-acuity X/Y pathways in cats and P/M pathways in primates implies anything but high-
acuity detection of species-specific survival clues (mice for cats? fruit for monkeys?), and
where other homologies lie between rodent, carnivore and primate visual systems are
stubborn unsolved questions that have persisted for over 30 years. We have made much
progress and much more needs to be done. The whiteboard stands for us as testimony to

Vivien's enthusiasm, acumen, and enormously generous scientific spirit. We miss her.
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Figure Legends

Figure 1. Simplified schematic after Casagrande (1994, Fig. 1) showing subcortical
and cortical connections of Koniocellular (K), Magnocellular (M), and Parvocellular (P)
pathways. The main points to be made at that time were 1) the projection of K pathways to
primary visual cortex, 2) the direct acess of some K pathways to superficial layers of primary
visual cortex and the cytochrome oxidase-rich ‘blobs’ in supragranular layers, and 3) the
selective interaction of K pathways with attention-regulating centers such as superior

colliculus.

Figure 2. Sampling of visual space by ganglion cells. a, Each panel shows a schematic
mosaic of sampling units (ganglion cells / receptive fields). Upper row: Parvocellular (P)
cells. In central visual field (left column) the P cell mosaic has smallest sampling unit size and
correspondingly highest acuity. Sampling unit size rises and acuity fall dramatically in the
peripheral visual field. Centre row: Magnocellular (M) cells. Acuity drops on passing from
central to peripheral visual field; note that M cell acuity in central visual field is comparable
to P cell acuity in the periphery. Lower row: Koniocellular (K) cells. Multiple populations of
K cells (indicated by distinct size and shape of symbols) are present at low numbers in the
central visual field, but K cells acuity approaches that of P and M cells in the periphery. b.
Comparison of cat and monkey cell populations. The P, M and K populations in monkeys
occupy the same relative positions as X, Y and W populations in cats, but at approximately
five-fold higher sampling density. Axis values are estimated from behavioural, receptive field,
and cell density measurements. The values are subject to many assumptions, of course, but we

hope that the reader gets our message.
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Figure 3. The whiteboard. A transcription of the text is available on request to the

autnors.
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Figure 1. Simplified schematic after Casagrande (1994, Fig. 1) showing subcortical and cortical connections
of Koniocellular (K), Magnocellular (M), and Parvocellular (P) pathways. The main points to be made at that
time were 1) the projection of K pathways to primary visual cortex, 2) the direct acess of some K pathways
to superficial layers of primary visual cortex and the cytochrome oxidase-rich ‘blobs’ in supragranular layers,
and 3) the selective interaction of K pathways with attention-regulating centers such as superior colliculus.
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Figure 2. Sampling of visual space by ganglion cells. a, Each panel shows a schematic mosaic of sampling
units (ganglion cells / receptive fields). Upper row: Parvocellular (P) cells. In central visual field (left
column) the P cell mosaic has smallest sampling unit size and correspondingly highest acuity. Sampling unit
size rises and acuity fall dramatically in the peripheral visual field. Centre row: Magnocellular (M) cells.
Acuity drops on passing from central to peripheral visual field; note that M cell acuity in central visual field is
comparable to P cell acuity in the periphery. Lower row: Koniocellular (K) cells. Multiple populations of K
cells (indicated by distinct size and shape of symbols) are present at low numbers in the central visual field,
but K cells acuity approaches that of P and M cells in the periphery. b. Comparison of cat and monkey cell
populations. The P, M and K populations in monkeys occupy the same relative positions as X, Y and W
populations in cats, but at approximately five-fold higher sampling density. Axis values are estimated from
behavioural, receptive field, and cell density measurements. The values are subject to many assumptions, of
course, but we hope that the reader gets our message.
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Figure 3. The whiteboard. A transcription of the text is available on request to the authors.
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