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l. Unlike mammalian RGCs, L. stagnalis CNS neurons undergo
spontaneous regeneration after injury by stimulating microtubule
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V. Methods for assessing neurobehavioural and phototactic activities in L. stagnalis

Phylogenetics
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Assess locomotory behavior in
injured and naive snails during dark
and light phases of a new
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Il. L. stagnalis as a model system for visual processing and optic nerve

injury
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Figure 1. Schematic depiction of the L. stagnalis CNS and visual system. (A) Dissection of L. stagnalis CNS (central ring
ganglia), with left cerebral ganglia depicted (blue arrow). Left optic nerve (red arrow) and eye (green arrow) are indicated.

(B) General depiction of the L. stagnalis visual system located in the snail mantle, with optic nerves, central ring ganglia, statocyst
(gravitometric sensing organ)? and buccal mass noted. Neurons known to be responsible for phototransduction and the phototactic
response extending from the eye to the central ring ganglia and statocyst are indicated in orange and blue, respectively.

lll. The L.stagnalis eye is comprised of structurally homologous
anatomical features to mammals
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VI. Presence of retinal rhodopsin in L. stagnalis
supports the conservation of phototransduction ganglia and mantle/eyes
pathways in m0"u5ks Central Ring Ganglia ~ Mantle and Eyes
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Figure 3. Rhodopsin is present in the central ring ganglia and mantle with eyes of L.

stagnalis. Western blot of total ganglionic and mantle with eyes protein lysate showing that the

rabbit anti- Octopus rhodopsin (1:1000; CosmoBio) recognizes a single protein with a molecular

weight of 40 kDa corresponding to the predicted molecular weight of rhodopsin (RHO) in L.
stagnalis
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VII. Rhodopsin is present in L. stagnalis central ring
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VIIl. Focal application of green laser to target the
function of rhodopsins in L. stagnalis and
o Sl e e e produces an optic injury to the photoreceptors
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Figure 3. Rhodopsin is conserved in L. stagnalis. Conservation of Rhodopsin reveals animal(s) in injury arena for 10 e

. . . mins. Shine laser in each eye 3 » Recovery
conservation between homologs from H. sapiens, M. musculus, and L. stagnalis. Muscle

times for 10 seconds/time s Period
alignments?* were completed between H. sapiens, M. musculus and the predicted homologs from i ikl Record Neurobehavior
L. stagnalis using our group’s refined transcriptome® and analyzed using Jalview Software®. H.
sapiens and M. musculus sequences were obtained from the NCBI database; H. sapiens
Rhodopsin (NP_000530.1) and M. musculus Rhodopsin (NP_663358.1).
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X. PRELIMINARY: Assessing the phototaxis response and potential for
photoreceptor recovery in L. stagnalis before and after optic laser

injury
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Figure 6. Locomotory patterns of L.stagnalis during phototactic response testing in naive control and laser injury snails.
Single-blind analyses of phototaxis neurobehavioral testing of snails, aged 5-months, in naive control (n=4) and laser injured (n=4)
groups. Analysis of plots depict mean outcomes and SEM of (A) total trajectory lengths of travel during the testing period, in pixels,
(B) latencies to reach a fixed, designated light box within the phototaxis arena, in seconds, and (C) time spent in the designated
light box during the testing period, in seconds, in naive control and laser injured snails. Individual outcomes for naive control (1B-
4B) and laser injured (1A-4A) snails depicts (D) total trajectory lengths of travel during the testing period (pixels) (E) latencies to the
designated light box (secs) and (F) time spent in the designated light box (secs). Time-lapse video data was labelled and analyzed
using the DeepLabCut machine learning pipeline and line graphs were generated in R coding software?.

Figure 2. (A) Brightfield micrograph of the L. stagnalis left eye structures using brightfield microscopy (10X) reveals structurally
homologous structural features to mammals. CO, cornea; EC; eye capsule; L, Lens; OpN, optic nerve; R, retina. L. stagnalis mantle
tissue was dissected under lit conditions, fixed in 4% paraformaldehyde, embedded in OCT and sectioned (30um) with the cryostat.
Slice through the tissue is are relative to embedded tissue positioning. Images were acquired using Zeiss LM-500 confocal
microscope, and scale bar is indicated. (B) Schematic depiction of the L. stagnalis eye depicts anatomical features of the eye. The
lens, vitreous body, retinal layers (microvillus, pigment, somatic, and neural), and optic nerve are indicated. Photoreceptor cells
extending from the pigment layer through the optic nerve to the central ring ganglia are indicated (green)3.

IV. Rationale and Objective

While it is thought that phototactic behaviors are due to photoreceptor activation in the retina,
the downstream signaling cascades have not been well-identified. As well, L. stagnalis’ response
to in vivo optic injury phototactically has not been investigated, due largely to a lack of suitable
experimental models. Establishing a robust pipeline to assess molluscan phototactic and visual
processing activities allows us to develop and verify systematic protocols to study
neurobehavioral and phototactic activities of L. stagnalis

IX. Developing a phototaxis response neurobehavioral pipeline to assess ocular photoactic response in L.
stagnalis after optic laser injury using DeepLabCut
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Figure 5. DeepLabCut software can be used to create and deep neural network that can estimate L. stagnalis locomotory activity in videos acquired from the phototactic response
neurobehavioral assays. A phototaxis open-field arena containing a light source and designated light box was created to test the movement of an animal from the start end toward the light source.
During the phototaxis neurobehavioral testing, time-lapse video recordings were taken during an acclimation phase in the dark (10 mins), after which a snail is returned to the starting end, and a
testing phase in the light (15 mins) commences. After acquisition of the recording, videos are processed in a DeepLabCut”:8 machine learning model, where snails are labelled at various anatomical
points on their body and the XY-coordinates of the labelled points can be plotted. Using labelled videos, a deep neural network can be trained to ‘learn’ animal locomotory movement in the open-field
arena.

Xl. Conclusions and Future Directions

- This study will establish a new in vivo model to study neurobehavioral and phototactic
activities of L. stagnalis. Furthermore, this model will allow us to probe for new
signalling molecules and cascades involved in the L. stagnalis pro-regenerative
response in the optic nerve that could be evolutionarily conserved in mammals

- Future experiments will use immunohistochemistry to investigate the integrity of the
retina in naive control and laser injury animals

- Future studies will determine how the pro-regenerative molecules that promote
microtubule assembly in L. stagnalis CNS neurons function in optic nerve injury
through in vitro and in vivo assays

XIl. Significance

We anticipate that this work will enable us to deduce new molecular and cellular cascades
involved in optic nerve regeneration. Probing these cellular and molecular cascades underlying
optic injury and regeneration in L. stagnalis will allow us to further probe new cellular and
molecular identities involved in visual system processing and regeneration in mammals.
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