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To suppose that the eye, with all its inimitable contrivances... could have
been formed by natural selection, seems, | freely confess, absurd in the
highest possible degree... Yet reason tells me, that if numerous gradations
from a perfect and complex eye to one very imperfect and simple, each
grade being useful to its possessor, can be shown to exist... and if any
variation or modification in the organ be ever useful to an animal under
changing conditions of life, then the difficulty of believing that a perfect and
complex eye could be formed by natural selection, though insuperable by
our imagination, can hardly be considered real. Charles Darwin (1809—
1882) - from The Origin of Species (1859)
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Land and Nilsson, 2002
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Table 3.1 The resolution of a selection of animal eyes

Name Maximum resolvable Equivalent Method Ref.
spatial frequency inter-receptor
(cycles per radian) angle (degrees)
- —> X /i Aquila (eagle) 8022 0.0036 B,A 1
—> 4 ¢ Man (fovea) 4175 0.007 B.A 2
R I A 2632 0.011 A 2
H B 1 Betmk  Portia (jumping spider) 716 0.04 A 3
W Cat 573 0.05 B 4
33 409 0.07 B 5
&i'%‘iki— Aeschna (dragonfly) 115 .25 A 2
% £ Hooded rat 57 0.5 B 4
% & Worker bee 30 0.95 B,A 2
¥% {& Leptograpsus (crab) 19 1.5 A 6
% B Pecten (scallop) 18 1.6 B.A 2
A tmkk Lycosa (wolf spider) 16 1.8 A 5
pr-S ﬁfgi Littorina (sea snail) 6.5 4.5 A 2
By Drosophila (fly) Sl 5 B.A 2
% Limulus (horseshoe crab) 4.8 6 A 6
F#ge?  Nautilus (cephalopod) 3.6 8 B.A 2
S %‘P‘"ﬁ Cirolana (deep-sea isopod) 1.9 15 A 6
% & Planaria (flatworm) 0.8 35 A 2

Methods: A, anatomical; B, behavioural. Where the behavioural methods give a lower resolution than the receptor

separation, the behavioural result is used. In vertebrate eyes pooling may result in reduced resolution.

References: 1. Reymond (1985). 2. Land (1981). 3. Land (1985). 4. Charman (1991). 5. Nicol (1989). 6. Land and
2011/5/25 Nilsson (1990).

Land and Nilsson, 2002
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Trichroms: Dichromatic
Vision Vision

The text and backgrounds shown at left
’ are redrawn in this column as they
might appear to a colorblind person
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' The text and backgrounds shown at left

are redrawn in this column as they
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nature Vol 4618 October 2009 doi:10.1038/nature08401

LETTERS

Gene therapy for red-green colour blindness in adult
primates

Katherine Mancuso', William W. Hauswirth?, Qiuhong Li?, Thomas B. Connor?, James A. Kuchenbecker',
Matthew C. Mauck?, Jay Neitz' & Maureen Neitz'
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Vol 444(9 November 2006|d0i:10.1038/nature05161 nature

LETTERS

Retinal repair by transplantation of photoreceptor
precursors

R. E. MacLaren'*, R. A. Pearson®*, A. MacNeil', R. H. Douglas®, T. E. Salt’, M. Akimoto®+, A. Swaroop®”’,
J. C. Sowden® & R. R. Ali"®
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Photoreceptor identity and synaptic connectivity of integrated cells

10 weeks
post-transplant
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Integration and restoration of light sensitivity in degenerating recipient retinas
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Self-organizing optic-cup morphogenesis
in three-dimensional culture

Mototsugu Eiraku"?, Nozomu Takata', Hiroki Ishibashi®, Masako Kawada', Eriko Sakakura™?, Satoru Okuda®,
Kiyotoshi Sekiguchi®, Taiji Adachi®® & Yoshiki Sasai'+
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Photoisomerization of retinal gates ionic currents through
Channelrhodopsin-2 (ChR2)
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Ectopic Expression of a Microbial-Type
Rhodopsin Restores Visual Responses in Mice
with Photoreceptor Degeneration
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Light-activated channels targeted to ON bipolar cells
restore visual function in retinal degeneration

Pamela S Lagali'4, David Balya!**, Gautam B Awatramani’**4, Thomas A Miinch!, Douglas S Kim?,
Volker Busskamp!, Constance L Cepko? & Botond Roska!

NATURE NEUROSCIENCE VOLUME 11 | NUMBER 6 | JUNE 2008 667
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Genetic Reactivation of Cone
Photoreceptors Restores Visual
Responses In Retinitis Pigmentosa

Volker Busskamp,™** Jens Duebel,** David Balya,* Mathias Fradot,>*> Tim James Viney,*
Sandra Siegert,> Anna C. Groner,?® Erik Cabuy,* Valérie Forster,>*> Mathias Seeliger,’
Martin Biel,® Peter Humphries,” Michel Paques,®*>%** saddek Mohand-Said,**>*°

Didier Trono,*® Karl Deisseroth,*® José A. Sahel,>*>1% Serge Picaud,?*>** Botond Roska’t

2011/5/25 wild-type



2011/5/25

LR IR S A K

New views. A visual prosthesis (artist’s illustration) developed by
Intelligent Medical Implants in Germany employs a goggles-
mounted camera and a belt-attached processor (modeled below)
that compresses visual images and transmits data to a device
implanted in the eye.

Wickelgren, 2006



Epiretinal vs. subretinal approaches
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Retina

A profile of electrical
S excitation
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