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e SemabA is expressed in On DSGCs innervating AOS brain
targets

e SemabA is required for the development of AOS axon
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e PlexA2 and PlexA4 serve as attractive ligands for Sema6A*

On DSGCs

e PlexA2/A4-SemabA reverse signaling facilitates
compensatory eye movements
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In Brief

The molecular mechanisms that direct
the development of the accessory optic
system (AOS) are poorly understood. In
this study, Sun et al. show that PlexA2/
A4-SemabA reverse signaling regulates
the functional assembly of AOS
connections critical for compensatory
eye movements.

Cell


mailto:kolodkin@jhmi.edu
http://dx.doi.org/10.1016/j.neuron.2015.03.064
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuron.2015.03.064&domain=pdf

Neuron

Functional Assembly of Accessory Optic System
Circuitry Critical for Compensatory Eye Movements

Lu O. Sun,"-5 Colleen M. Brady, -6 Hugh Cahill,%” Timour Al-Khindi," Hiraki Sakuta,® Onkar S. Dhande,* Masaharu Noda,?
Andrew D. Huberman,* Jeremy Nathans,? and Alex L. Kolodkin'-*

1The Solomon H. Snyder Department of Neuroscience

2Department of Molecular Biology and Genetics, Department of Neuroscience, Department of Ophthalmology

Howard Hughes Medical Institute, The Johns Hopkins University School of Medicine, Baltimore, MD 21205, USA

3Division of Molecular Neuroscience, National Institute for Basic Biology, 5-1 Higashiyama, Myodaiji-cho, Okazaki 444-8787, Japan
4Department of Neurosciences, Neurobiology Section in the Division of Biological Sciences, Department of Ophthalmology, University of

California, San Diego, San Diego, CA 92093, USA

5Present address: Department of Neurobiology, Stanford University School of Medicine, 299 Campus Drive, Stanford, CA 94305, USA
SPresent address: Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030, USA
"Present address: Joan C. Edwards School of Medicine at Marshall University, 1600 Medical Center Drive, Huntington, WV 25701, USA

*Correspondence: kolodkin@jhmi.edu
http://dx.doi.org/10.1016/j.neuron.2015.03.064

SUMMARY

Accurate motion detection requires neural circuitry
that compensates for global visual field motion.
Select subtypes of retinal ganglion cells perceive
image motion and connect to the accessory optic
system (AOS) in the brain, which generates compen-
satory eye movements that stabilize images during
slow visual field motion. Here, we show that the
murine transmembrane semaphorin 6A (Sema6A) is
expressed in a subset of On direction-selective
ganglion cells (On DSGCs) and is required for retinor-
ecipient axonal targeting to the medial terminal
nucleus (MTN) of the AOS. Plexin A2 and A4,
two SemabA binding partners, are expressed in
MTN cells, attract Sema6A™ On DSGC axons, and
mediate MTN targeting of Sema6A* RGC projec-
tions. Furthermore, Sema6A/Plexin-A2/A4 signaling
is required for the functional output of the AOS.
These data reveal molecular mechanisms underlying
the assembly of AOS circuits critical for moving
image perception.

INTRODUCTION

The detection of object motion is an essential visual system func-
tion mediated by direction-selective (DS) circuitry in the retina
and in retinorecipient brain regions targeted by DS retinal gan-
glion cells (RGCs). In addition to tracking moving objects, a crit-
ical function served by visual system DS responses is the ability
to compensate for global visual field motion. This can be caused
by the observer’s rapid head movements or by overall slow
movement of the observer through the visual scene. Failure to
execute image-stabilizing eye movements that compensate for
self-induced global visual field motion results in blurred image
perception. To prevent this, the accessory optic system (AOS)
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of the mammalian visual system and the vestibular system
converge to direct oculomotor output critical for image sta-
bilization (Simpson, 1984). The vestibular semicircular canals
compensate for rapid head movements by driving eye rotation
in the opposite direction to generate the vestibular ocular reflex
(VOR). The AOS, responding to slow velocity motion of the visual
field, elicits finely graded eye movements called the optokinetic
reflex (OKR) that compensate for retinal slip and stabilize slowly
moving images (Masseck and Hoffmann, 2009). The AOS consti-
tutes the primary visual system motion circuitry present in all ver-
tebrates, including humans (Fredericks et al., 1988; Kubo et al.,
2014; Masseck and Hoffmann, 2009; Simpson, 1984), and it in-
cludes subpopulations of DS ganglion cells (DSGCs) and their
central targets in the midbrain. In mice, these central targets
are the medial terminal nucleus (MTN) in the ventral region of
midbrain adjacent to the cerebral peduncle and substantia nigra,
and the dorsal terminal nucleus (DTN) and the nucleus of the
optic tract (NOT), which together are located in the dorsal
midbrain anterior to the superior colliculus (SC) (Dhande and
Huberman, 2014).

Although AOS anatomy was described over a century ago (re-
viewed in Simpson, 1984), the recent development of genetic
tools has aided in the identification and functional analysis of
its various components (Dhande et al., 2013; Kay et al., 2011; Tri-
plett et al., 2014; Yonehara et al., 2009; Yonehara et al., 2008).
AOS brain targets receive direct retinal input from both On
DSGCs and a subpopulation of On-Off DSGCs. On DSGCs,
which respond to bright objects moving at slow speed, are major
retinal AOS components. The dendrites of On DSGCs co-stratify
with On starburst amacrine cell (On SAC) dendrites in the S4 sub-
lamina of the retina. On DSGC axons project to all three AOS
nuclei in the midbrain: the MTN, DTN, and NOT (Dhande et al.,
2013; Yonehara et al., 2009; Yonehara et al., 2008). In addition
to On DSGCs, a newly discovered population of On-Off DSGCs
with relatively small dendritic fields and a preference for forward,
slow-velocity image motion target the NOT and SC (Dhande
etal., 2013). DSGC innervation of the different AOS brain targets
mediates distinct OKR responses; innervation of the MTN drives
vertical OKRs (VOKRs), whereas innervation of the DTN/NOT
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