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What are opsins?
Opsins are transmembrane proteins which encapsulate chromophores. When the opsin absorbs light, the
chromophore changes shape, resulting in a neural signal. Changes in the amino acid composition of opsins may
impact their sensitivity to light. This “spectral tuning” may allow for adaptive evolution to new lifestyles.

1.) Light enters the 2.) Opsins in the retina absorb 3.) Absorption of light 4.) Neural signal is
eye and is focused specific wavelengths of light excites the chromophore, generated and sent
on the retina B causing it to change shape to the brain
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The function & evolution of non-visual opsins is not well understood in frogs

Visual vs non-visual opsins Non-visual opsin genes found in frogs Where are these genes expressed? What light are they sensitive to?

Visual Opsins LNEUR1 wewrorsn @PAR (Parietopsin) Eyes Pineal Complex Some information is available
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non-visual opsins in vertebrates
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Oljjectives

1. Identify which non-visual opsin genes are expressed in frog eyes

2. Compare selective pressure between non-visual opsin genes and
test for positive selection

3. Test for potential adaptive evolution by comparing selection
between discreet lifestyle classes within each gene

Methoals

Inferred selective pressure
(dN/dS) acting on each gene
using PAML codon models

RNA extracted & sequenced
from 42 frog species

P.A.M.L. = Phylogenetic Analysis by Maximum Liklihood

dy / dg

(Nonsynonymous substitution) | (Synonymous substitution)
RNA Codon—y Amino Acid RNA Codon—y Amino Acid

ﬁlll# Asparagine ﬁlll# Asparagine

(substitution) (substitution)

.Il# Aspartic acid Il. # Asparagine
different amino acids® same amino acids”

5 Tested for variation in selection between

Q discreet classes using PAML clade models

GNocturnaI Vs. (8% Diurnal
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EE dv/ds Z dy/ds

Significant disparities in selective
pressure could indicate adaptive evolution

2 Assembled & allignhed non-visual
opsin genes for each species

using Xenopus & Nanorana references
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Generated trees for all

recovered genes
(NEUR2, NEURS5, PAR, PARA, & PIN not recovered)
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Ascaphus trueii

Bombina orientalis
Rhinophrynus dorsalis
Hymenochirus curtipes
Xenopus epitropicalis
Xenopus tropicalis
Xenopus laevis
Scaphiopus couchii

Spea bombifrons
Limnodynastes peronii
Mixophyes fasciolatus
Pseudophryne coriacea
Ceratophrys ornata

Acris blanchardi
Dryophytes cinereus
Dendrobates auratus
Anaxyrus terrestris
Anaxyrus speciosus
Rulyrana mcdiarmidi
Eleutherodactylus marnockii
Eleutherodactylus planirostris
Haddadus binotatus
Noblella lochites
Pyxicephalus adspsersus
Ptychadena perreti
Cornufer guentheri
Occidozyga lima
Hoplobatrachus occipitalis
Nanorana parkeri
Boophis erythrodactylus
Lithobates catesbeiana
Lithobates clamitans
Austrochaperina robusta
Cophixalus australis
Arthroleptis poecilonotus

— Afrixalus dorsalis

Hyperolius tuberculatus
Hyperolius bolifambae
Hyperolius ocellatus
Hyperolius platyceps
Hyperolius concolor
Hyperolius olivaceus
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dN / dS > 1 . positive selection Higher proporti_on of non-synonymous substitutions
Suggests adaptive evolution

dy/ds = 1: neutral selection

Lower proportion of non-synonymous substitutions

d N / ds < 1 - negative selection € Suggests strong selective constraint
Most functional genes are subject to selective constraint

Average Selective Constraint (PAML MO) Test for Positive Selection (PAML M8)
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Greatest selective constraint =2
(slowest gene evolution)

‘Comparing Selection Between Lifestyle Classes (PAML Clade Model Analyses)
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(No evidence for variation in selection between lifestyle classes was found in NEUR1, NEUR3, OPN4x, RGR, RRH, TMT2, or TMT3)

SUMmMary

12 of the 17 non-visual opsin genes were consistently recovered across frog species

* Selective constraint was similar across non-visual opsins with the exception of NEURS,
which displayed elevated d,/d;

* Positive selection in 5 genes suggests potential adaptive evolution

 Environmental light variations associated with lifestyle appear to have influenced the
evolution of 5 non-visual opsins and may reflect functional adaption in these genes
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