Results and Problems in Cell Differentiation

Series Editor:
W. Hennig 7



Springer

Berlin
Heidelberg
New York
Barcelona
Hong Kong
London
Milan
Paris
Tokyo



Kevin Moses (Ed.)

Drosophila Eye
Development

With 58 Figures

€)) Springer



Dr. KEVIN MOSES

Department of Cell Biology

Emory University School of Medicine
1648 Pierce Drive NE

Atlanta, Ga 30322-3030

USA

ISSN 0080-1844
ISBN 978-3-642-53640-3 ISBN 978-3-540-45398-7 (eBook)
DOI 10.1007/978-3-540-45398-7

Library of Congress Cataloging-in-Publication Data

Drosophila eye development / Kevin Moses (ed.).
p. cm. - (Results and problems in cell differentiation ; 37)
Includes bibliographical references.
ISBN 978-3-642-53640-3
1. Drosophila melanogaster - Sense organs. 2. Eye - Differentiation. 1. Moses, Kevin,
1959~ II. Series.

QH607 .R4 vol. 37
573.8'815774 - dc21

This work is subject to copyright. All rights reserved, whether the whole or part of the material is concerned,
specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilm or in any other way, and storage in data banks. Duplication of this publication or parts thereof
is permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current
version, and permission for use must always be obtained from Springer-Verlag. Violations are liable for
prosecution under the German Copyright Law.

Springer-Verlag Berlin Heidelberg New York
a member of BertelsmannSpringer Science+Business Media GmbH
http://www.springer.de

© Springer-Verlag Berlin Heidelberg 2002
Softcover reprint of the hardcover 1st edition 2002

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

Cover design: Meta Design, Berlin
Typesetting: SNP Best-set Typesetter Ltd., Hong Kong
SPIN 10780814 39/3130 -5 4 3 2 1 0 - Printed on acid-free paper



Contents

Introduction

K. Moses

References

................................................

Retinal Specification and Determination in Drosophila
K. Pappu and G. Mardon

I Introduction ...........oiiiuiiiiiiiiiiiiii i
2 Structure and Early Development of the Drosophila Eye ..........
3 The Retinal Determination Network .........................
3.1 twin of eyelessand eyeless ...........coiiiiiiiiiniiinn
3.2 eyesabsentand sineoculis ........ ... oot
33 dachshund .......... it e
4 Retinal Determination Genes: New Members? ..................
41 teashirt ... ..o i i e e
42 OPHIX oot et e
43 eYegone ... i i i i
4.4 homothorax and extradenticle ................ ... ... ....
5 Patterning Genes and Retinal Determination ...................
5.1 hedgehog ......... ..ot
5.2 decapentaplegic . ......... ... il
53 wingless . ... e
6 Conclusions and Future Directions .............coiiviunenn.
References . ......oviiniiin ittt

Regulators of the Morphogenetic Furrow
].D. Lee and J.E. Treisman

1 Introduction ...ttt ittt
2 Notch Activation Defines the Initiation Point ..................
3 Hedgehog is Essential for Morphogenetic Furrow Movement ... ...
4 Decapentaplegic Promotes Morphogenetic Furrow Movement . . ...

5 Wingless

Inhibits Morphogenetic Furrow Movement ............

(S O1s) o To] [V T3 1o ) o V- A

References

................................................

21
21
23
25
27
28
29



V1 Contents

NOTCH and the Patterning of Ommatidial Founder Cells
in the Developing Drosophila Eye

N.E. Baker
1 Introduction ...........uiiiiiiiniiiiii i 35
2 The Discovery of Ommatidial Founder Cells ................... 37
2.1 Founder Cells for Each Ommatidium ..................... 37
2.2 Spacing Patterns, Lateral Inhibition and Notch .............. 38
3 R8 Cell Specification and Patterning ......................... 39
3.1 Specification and Differentiation of R8 Precursors ........... 39
3.2 Mechanism of N Signaling During Lateral Inhibition
Of R Precursors ........oouuiniiniiiiiinninnnnnnennenn. 40
3.3 Selection of Particular Cells Within Each Intermediate
Group as R8 Precursors ...........ccoiuiiiinvnennennan. 42
4 Intermediate Group Specification and Patterning ............... 44
4.1 Making an Intermediate Group - Proneural Enhancement .... 44
4.2 Spacing the Intermediate Groups ..................... ..., 48
4.3 Roleof the EGFReceptor .........couiiiiniinnnnnnnnnn.. 50
5 Conclusions ... i e 51
5.1 Summary of R8 Specification and Patterning ............... 51
5.2 Comparisons with Other Proneural Groups ................ 53
References .........cooiiiiiiiiiiiiiiii it 54

The Epidermal Growth Factor Receptor
in Drosophila Eye Development

J. Kumar

I Introduction ...........oiiiiiiiiiiiii i 59
2 EGFR Gene Organization, Protein Structure and Mutant Classes . .. 59
3 EGFR Pathway .. ....ovveeineeinee e e ee e, 60
4 Origin and Structureof the Eye ............................. 61
5 Eye Specification ........ ..ot i i 62
6 Cell Fate Specification .............cciiiiiiiniiiniiinennn.. 65
7 Programmed Cell Death ............. . ... . .ooiiina... 68
8 Concluding Remarks .............coiiiiiiiiiiinnn... 69
References ........ .ot e 69

Cell Fate Specification in the Drosophila Eye
R. Nagaraj, ]. Canon, and U. Banerjee

1 Introduction ..........iuiiiiiiiiiiii ittt 73
2 Early Events in Cell Fate Specification ........................ 73
3 Undifferentiated Cells ........... ...t iiiininnnenn. 75
4 The Precluster ... .. cviti ittt it et et 76

4.1 R8 Specification .......... ..o 76

4.2 R2/R5 Specification . .........ooiiiiii i 77



Contents VII
4.3 R3/R4 Specification ........... ...ttt 78
5 The Second Wave of Morphogenesis ...................cc.... 78
5.1 R1/R6 Specification ..........c.ooiiuiiiiin i nan.. 79
5.2 R7 Specification .........coviiiiiiiiiiiiiiin i 79
5.3 Cone Cell Specification ...............cooiiiiiiiiniinn. 81
5.4 Pigment Cell Specification .................. ..o, 81
6 Generating and Testing Combinatorial Models ................. 83
References .. ....vviriri it i e e e e e 84
Tissue Polarity in the Retina
M. Mlodzik
1 Tissue Polarization in Development .......................... 89
1.1 What Is Tissue Polarity? .............ccoiiiiiiiinennnnn.. 89
1.2 Why Is the Retina Polarized? ........................0ut. 89
2 The Arrangement of the Ommatidia Within the Plane
ofthe Retina .. .......oiiininiin ittt ittt iieiannnn 90
2.1 Establishment of Ommatidial Polarity During Development . .. 90
2.2 The Role of the R3 and R4 Photoreceptors in Ommatidial
Polarization . .......co ittt i i e e e 93
3 Genetic Control of Retinal Polarization ....................... 93
3.1 The “Tissue Polarity” or Planar Polarity Genes .............. 93
3.2 Frizzled and Dishevelled ..............c.iiiiiiinvnn.. 94
3.3 A Frizzled Mediated Planar Polarity Signaling Pathway
IsEmerging ........oiiiiiii i e 96
3.4 How Is Frizzled Activity Regulated? ....................... 98
3.5 Other Primary Polarity Genes Involved in Retinal Polarity .... 99
4 How Is the Polarity Signal Interpreted Within
a Single Ommatidium? .......... .. oottt 100
5 Ommatidial Rotation .. ....coiiiiii ittt iii it i it enn e 101
6 General ConclusionsS .. .v.vvtiiiniine ittt iiieneennns 102
2 (=3 (=3 1oL =1 103
Regulation of Growth and Cell Proliferation During
Eye Development
T.P. Neufeld and I.K. Hariharan
I Introduction .........oviintr i neenrenenennnnnnnnneenen, 107
2 Growth and Cell Proliferation During Eye Development .......... 108
3 Mechanisms That Regulate Imaginal Disc Growth .............. 111
3.1 Disc Autonomous Mechanisms That Regulate Growth ........ 111
3.2 Non-Autonomous Control of Disc Growth ................. 112
3.3 Signaling Pathways Regulating Imaginal Disc Growth ........ 113
3.3.1 PI-3 Kinase Pathway .............. ... .o oLt 113
332 MYC + ottt te et e 115
333 Ras/MAPK ... e e e 115



VIII Contents

334 CyclinD/edk4 ...t i 117
335 Tscland TSC2 oo vvvnv e iin it i inn i 118
3.3.6 Drosophila “Tumor-Suppressor” Genes ................ 118
3.3.7 Non-Autonomous Regulators of Growth .............. 118
4 Mechanisms That Regulate Growth and Cell Proliferation
in the Eye-Imaginal Disc .........cooiiiiiiiiiiiinniin e, 119
4.1 Cell Proliferation in First and Second Larval Instar Discs ..... 119
4.2 Cell Proliferation in the Anterior Domain
of the Third-Instar Discs ..........cooiiiiiiieiinnneenn. 120
4.3 Synchronization of Cells in the Morphogenetic Furrow ....... 120
4.4 Regulation of the Second MitoticWave .................... 121
4.5 Exitfromthe CellCycle .........cov i ... 123
4.6 Post-Mitotic Growthof theEye .......................... 124
5 Connections Between Disc Patterning and Growth .............. 124
5.1 Lessons from the Wing Disc . ............coiiiiinanon.. 124
5.2 Patterned Growth in the Eye Disc; Notch and Morphogen
Gradients .. ....coviii it i e e 125
5.3 Growth Control by Other Patterning Factors ................ 127
5.4 Influence of the Peripodial Membrane .................... 127
5.5 Interactions Between Patterning Networks
and Growth Pathways .............. ... .. oo, 127
6 Concluding Remarks .......covviiiiiniiiiiiiniiinnenen, 128
References ........c.uuiiiiiiniiiiniiiiiiii i, 128

Evolution of Color Vision
F. Pichaud and C. Desplan

1 The Retinal Mosaic of the Compound Eye ..................... 135
1.1 Rhabdomere and Photoreception ........................ 136
1.2 Image Formation and Neural Superposition ................ 137
L3 Ocelli vvvni i e e 138

2 Photoreceptors and Visual Pigments .............. ... ... 138
2.1 Color Vision .....ovviiiini it iiin i, 139
2.2 Evolution and Properties of Rhodopsins ................... 139
2.3 Polarized Light Vision .. ..........ooiviiiiiiiii i, 140

3 Spectral Organization of the Fly Retina ....................... 141
3.1 Inner Photoreceptors and Color Vision .................... 141
3.2 Yellow and Pale Ommatidia ............ ..o, 142
3.3 Regulation of Rhodopsin Expression ..................o... 144

References ........ ..ottt 145

Developmental Regulation Through Protein Stability
J.A. Fischer



Contents X

3 Regulation of Ttk88 Protein Stability ......................... 153
3.1 Sina and Phyl Regulate Ttk88 Stability .................... 155
3.1.1 GeneticEvidence ............. ..ot 155

3.1.2 Biochemical Evidence .............. ..., 157

3.1.3 Involvement of UbcD1 ............covvivennnnan... 157

3.2 Ebi, an E3, Also Controls Ttk88 Degradation ................ 157

4 Control of Cell Communication by Faf,aUbp .................. 158
4.1 Faf Prevents the Mystery Cells from Becoming R-Cells ....... 158
4.1.1 Faf Functions OutsideR-Cells ...................... 159

4.1.2 Faf Indirectly Downregulates Egfr Activity in R-Cells .... 159

4.2 Faf Activity Antagonizes Ubiquitination and Proteolysis ...... 160
4.3 The Key Substrate of Faf May Be Lqf, Drosophila Epsin ....... 160
4.4 Faf Activity Facilitates Endocytosis ....................... 161
4.5 Faf Also Has a Redundant Function in Eye Development .. .. .. 162
4.6 Models for the Faf Pathway ............................. 162

5 Future Directions ...............iiiiiiiiiiiiiiiiiinaann. 164
References ..........ouuuuuiiniiiii ittt 164

Programmed Death in Eye Development
R. Hays, C. Craig, and R. Cagan

I Introduction ...ttt 169
2 Downstream Components: Molecules of Death ................. 170
3 Adaptive Apoptosis: DNADamage .........covuvuuununnnnenennn 173
4 Upstream Signals: Death Decisions in the Fly Eye ............... 174
5 Morphogenesis of Lattice Patterning: Making a Hexagon ......... 178
6 Retinal Degeneration ..............ooiiiiiniiiiiinnnnnnnn 181

6.1 Loss of Trophic Support ..........ccoiiiiiiiiiinnennnnnn 181

6.2 Phototransduction Mutants ..............ccouuuuiinennnnen 182
7 Concluding Remarks ...t iiiiiinenn., 183
References ....... ...ttt 184

Drosophila Compound Eye Morphogenesis:
Blind Mechanical Engineers?

D.F. Ready

I Introduction .......ovuiiiiiiiiniin ittt 191
2 Morphogenic Forces Are Grounded in Epithelial Tension ......... 191
3 Apical Cell-Cell Contacts . ..ovovventennnennnninneeeneennnnn 192
4 Apical-ECM Contacts . ...vvviiiiuin it eennnnnnneeenaenanns 195
5 Basal-ECM Contacts . ...oovvvuiiniiiiiinneeunnneneeeennnenns 198
6 Rhabdomere Morphogenesis ..................cccoiiviian.. 199
7 The Rhabdomere Terminal Web ............................. 200
8 Constrained EXpansion ...........ooiiiiiiniiiiinnnneeenn. 202
9 Conclusion ......oiiii i e 202

References .. .o.oviit ittt it i e e e e e 203



X Contents

The Establishment of Retinal Connectivity
U. Gaul

Introduction .........c.oviiiiiiiii i
The Structure of the Adult Visual System ......................
The Development of the Photoreceptor Projection ..............
Anterograde Signals: Incoming Retinal Fibers Trigger Target
Cell Development . ........ ..ot
5 Retrograde Signals ........... ... i i
5.1 Retinotopic Map Formation .............cooiiiiiuninn.,
5.2 Axon Guidance and Target Layer Selection .................
6 Signal Transduction in Photoreceptor Axon Growth Cones .......
7 OUutloOKk . ovtii i e
References .......ooviiiiiinn ittt

B W N =

Homologies Between Vertebrate and Invertebrate Eyes
V. Hartenstein and T.A. Reh

1 Eye Field Topology ......cvvnviiniiin ittt
1.1 Definition of the Anterior Brain/Eye Anlage ................
1.2 Topology of the Anterior Brain/Eye Anlage .................

2 The Expression Pattern of Regulatory Genes ...................

Signaling Pathways That Partition the Eye Field ................

4 Eye Morphogenesis ........... .ot
4.1 Drosophila Visual System: Embryonic

and Early Larval Development ........... ... ... ..o 0t
4.2 Drosophila Visual System: Adult Eye Differentiation ..........
4.3 Vertebrate Eye Morphogenesis ................ ... .ot
5 Retinal Differentiation ............... ... ... o il
5.1 Homology of Cell Types in the Vertebrate Retina
to the Drosophila Eye .........oooiiiiiiiiiiiiiiiiinn.
5.2 Ganglion Cells Differentiate in a Regular Array
in the Developing Chick Retina ................coovvna...
5.3 How is the Wave of Ganglion Cells Initiated and Propagated? ..
5.4 Molecular Mechanisms of Ganglion Cell Differentiation ......
5.5 Are the Mechanisms of Photoreceptor Differentiation
Conserved? ... ... it e
6 Evolution and Homologies .........c..ooiviiiiniinvinnn,
References .........ooiiiiiiiiiiiiii i i

W

Applications of the Drosophila Retina to Human Disease Modeling
N.M. Bonini and M.E. Fortini

IIntroduction .........couuiiiiiiiiniiniii i,
2 Classic Forward Genetics in the Drosophila Retina ..............
2.1 Eye Specification Genes ...............cciiiiiiiiia....



Contents XI

2.2 Developmental Signaling Pathway Mutants ................. 261
3 Phototransduction Cascade Mutants ...................ooon.. 262
4 Creating Directed Models for Human Disease .................. 265
4.1. Polyglutamine Expanded Repeat Disease .................. 265
4.1.1 Modeling the Disease in the Drosophila Retina ......... 265

4.1.2 Defining Modifiers of Polyglutamine Disease Using
Drosophila Genetics . .....vovviiiiiii i, 267
4.2 Applications to Parkinson’s Disease .................c.o... 268
4.3 Alzheimer’s Disease-Related Presenilin .................... 269
5 Concluding Remarks .......... ..o, 270
REfErENCES v\ttt ittt it it it i 271

SubjectIndex ........ ... .. i 277



