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(a) A pigment spot; (b) a simple pigment cup;
(¢) the simple optic cup found in abalone;
(d) the complex lensed eye of the marine snail and of the octopus.

Designed according to Emst Mayr "What evolution is" (2001 p. 206)

Nilsson, 201



Task complexity
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@ Class IV: High resolution vision

Class lll: Low resolution vision
@ Class lib: Multiple directional photoreception

@ Class il Directional photoreception

@ Class I: Non-directional photoreception

No opsin-based light detection

Nilsson, 2013
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T'odos os olhos compartilham a mesma

célula fotorreceptora’
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Mesmo caminho de fototransducao

1 - Percepcao da luz por rodopsinas
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4 - resposta elétrica percebida pelas células
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Randel N, Jekely G. 2016
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Figure 1. Diversity of simple eyes in planktonic larvae. Schematic drawings of simple eyes from marine invertebrate larvae. Rhabdomeric photoreceptors are shown

in yellow, dliary photoreceptors in blue, lenses in grey and pigment granules in black.




Cones e
bastonetes

Inner
segment

Synaptic
terminal
Rod Cone

Current Biology
cone ¢€ fisiologicamente muito mais

Figure 2. The morphology of rods (left) and
cones (right) in modern jawed vertebrates.

Note the outer segment lamellae (L) and in-
ternalised cytosolic disks (D) characteristic

of cones and rods, respectively. After [12].
Warrant, 2015

parecido com um bastonete




Historico das células fotorreceptoras

Drosophila mouse

molluscs

Limulus

arthropods lamprey

Platvnereis

amphioxus

e

annelids

chordates hagfish

primitive bilaterians

cnidarians

)
box jellyfish . . L. .
Q 1 - animais primitivos tinham
) primitive metazoans
apenas uma estrutura

Morshedian and Fain, 2017

Duas teoriais principais:




2 — presenca de estruturas ciliares, rabdomericas e celulas pigmentares
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Figure 1. A phylogenetic tree of photoreceptive systems in the main branches of
Bilaterna.
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Expressao Genética
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Head W

Trunk

(2) Optic vesicle

(1) Norma.l (3) Optic vesicle is
induction removed; no
of lens by lens is induced

optic vesicle

(4) Tissue other than
optic vesicle is
implanted; no
induction occurs

cannot induce
ectoderm that
is not competent

Gilbert, S. Developmental Biology

(A) (8)

Lateral nasal
prominance

. \ Nasal pit

Medial nasal prominance

(D)

Figure 6.2

Induction of optic and nasal structures by Pax6 in the rat embryo. (A, B) Histology of
wild-type (A) and homozygous Pax6 mutant (B) embryos at day 12 of gestation
shows induction of lenses and retinal development in the wild-type embryo, but not
in the mutant. Similarly, neither the nasal pit nor the medial nasal prominence is in-
duced in the mutant rats. (C) Newborn wild-type rats show prominent nose as well as
(closed) eyes. (D) Newborn Pax6 mutant rats show neither eyes nor nose. (From
Fujiwara et al. 1994; photographs courtesy of M. Fujiwara.)




Formacao da retina e células
fotorreceptoras
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¢ At birth d 2 weeks e 4 weeks

Lamb et al., 2007




Formacao da lente

epithelium

Primary
lens fibers
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Gilbert, S. Developmental Biology
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Figure 12.30
Differentiation of the lens cells. (A)
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(After Paton and Craig 1974.)
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Cetalépodes

4 dobras ectodérmicas sucessivas
Differentiation of

Undifferentiating Differentiation of dark Migrating rhabdom_eric and  Rhabdomeric
cells and light cells (DC and LC) nuclei supporting cells  photoreceptors

a secundaria

stage 18 stage 21 stage 23 stage 25 stage 26 stage 28 stage 30

Imarazene et al., 2017
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Drosophila

First instar Second instar SR

disco imaginal do olho

750 omatidia
Regulates organizer Promotes eye Induces MF initiation and Affects ommatidial polarity
establishment proliferation determines eye specificity
Eye imaginal disc from third larval instar Differentiation of ommatidia
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- 20 células arranjadas
-8 dessas células sao fotorreceptores

- restantes sao lentes

diferenciacao dos neurdnios fotorreceptores R8

The Drosophila Adult Ommatidium

cone cell process

RS rhabdomere

¢

| e

aXONS — — — — — — — Tt p l—P anterior
!

Jenestrated membrane  — — equator

Copyright 1993 Donald Ready
used with permission

Current Opinion in Genetics & Development
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Human Molecular Genetics, Volume 9, Issue 6, 2000, Pages 917-925, https://doi.org/10.1093/hmg/9.6.917
The content of this slide may be subject to copyright: please see the slide notes for details.

Wawersik and Maas, 2000
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Planaria

A Schmidtea mediterranea | B  The Planarian Eye
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Deochand et al., 2016
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Deochand et al., 2016



day 0 day 1 day 2

day 4 day 5 day 6

4

Inoue et al., 2004
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Deochand et al., 2016
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PERDA DA VISAO ?



) Astyanax mexicanus
Jeffery and Martasian, 1998
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Yamamoto et al., 2005

Surface Fish Cavefish

A Surface Fish

A
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'\ 1@
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Optic Cup Sh h Optic Cup

X T

Fig. 7. The relationship between Shh signaling, oral-pharyngeal constructive traits, and
eye degeneration in Astyanax surface fish (A) and cavefish (B) indicating the effects of
Shh signaling on oral-pharyngeal, lens, and optic cup development. Letter size indicates
relative increase or decrease in cavefish compared to surface fish. See text for other
details.
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FROM LIGHTTO DARKNESS:

evolutionary istory of the photosensory
systerm 1n planarians
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Girardia tigrina Girardia multiverticulata
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Girardia tigrina Girardia multiverticulata Girardia multiverticulata
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(Quais mecanismos moleculares envolvidos?
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1) Compreender as etapas
do desenvolvimento dos
olhos das planarias

2)Realizar experimento
simples de recuperacao
mecanica
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