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a-actinin, 102, 115
actin
effect of cytochalasin B, 34, 43, 102, 105,
108, 112, 160, 190, 192-5, 199, 204,
219, 225, 248
gel contraction, 34, 38, 112, 204
interaction with integrins, 66, 77, 84
locale, 101, 192
role in rearrangement, 248
see also purse-string closure and
microfilaments
actin—myosin cables, see stress fibres
actinotricia, 133
adherens junction, 87
adhesion
making and breaking, 97, 128, 146, 171,
182, 219, 227, 258
substrate adhesion, 13, 68, 72, 84, 141,
183, 236
see also cell adhesion
adrenergic differentiation, 73
aggregation in Dictyostelium, 18, 124, 154
alarm clocks, 246
algae (Volvox), 110
alignment of cells, 133, 135, 173
allantois, 213
Ambystoma gastrulation, 123
aminopterin, 114
ammonia, use in precipitating collagen, 80
amnion, 213, 220
amphibian development, an overview, 25,
28
amputated mutant in mouse, 253
anchorin, 66, 69, 75
angiogenesis factors, 124, 207, 212
animalcule, 8
antenna, 194
antibodies, 73, 90, 163, 171, 234
anti-L-CAM, 90
anti-N-CAM, 91, 92, 98, 169, 258
anurans, 171
aorta, 92
apodemes, 191
arc-1 adhesion molecule, 85

archenteron formation
in sea-urchin gastrulation, 28, 64, 138
in Xenopus gastrulation, 28, 229, 232
arg—gly—asp peptides, 74, 234
associative movement, 146, 250
astrocytes, 104
ATP, 102
axolotl, 60, 72, 135, 139, 173, 232
axon, 87, 97, 98, 105, 114, 118, 124, 133,
135, 141, 179

basal lamina
composition, 67
function, 66, 69, 74, 77, 90, 183
turnover in ducted-gland morphogenesis,
44
bending of epithelia, 18, 191, 193
bifurcation
blood vessels, 209, 211, 245
ducted-gland morphogenesis, 43-8, 209,
211, 245
biogenetic law, 7, 10
birds, 37, 191, 207
blastemal cells in kidney, 261
blastocoel, 26, 30, 33, 138, 203, 222, 228,
253
blastoderm, 8, 114, 220, 234
blastodisc
in birds, 62
in frogs, 60
blastomeres, 123, 217
blastopore, 26, 37, 133, 228, 229-37
blastula
cell movements over, 213, 220
Fundulus, 124, 217, 222
sea urchin, 29-33, 92, 138, 183, 192
Xenopus, 228-34
blebbing, 107, 124
blood-vessel morphogenesis, 8, 77, 124,
207-9, 211, 245, 260
BM-1 glycoprotein, 44
bone formation
in vitro, 23, 69, 73, 79, 121, 151, 159, 173,
246, 256
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mechanisms of morphogenesis, 23, 121,
157, 159, 173, 253, 259
ossification process, 157, 260
bottle cells, 106, 231, 233
boundaries
as constraints, 118, 141, 239, 242, 251, 252
role in morphogenesis, 3, 5, 63, 117, 118,
147, 151, 165, 213, 239, 241, 242, 251
brain morphogenesis
closure of folds, 201-5
involvement of heperan sulphate, 205
role of buckling, 199
branching, 46, 172, 209
bridges, cytoplasmic in Volvox, 110
buckling, 32, 193, 196, 199, 204, 246, 249
butterfly
ripple formation, 223
scale formation, 223, 224
wing morphogenesis, 8

cables, see stress fibres
cadherins, 85-92, 165, 171, 182, 187, 266
calcification, 260
calmodulin, 102
c-AMP, 124
canalisation, see chreod
capillary
bifurcation in, 207, 208
formation of, 207
in ciliary body morphogenesis, 197
capping, 99
capsule, 81, 117
cardiac cushion, 74, 132
cartilage formation, 28, 69, 77, 81, 151,
156-61, 178
catastrophe theory, 246
caterpillar, 8, 10
cDNA, 88
ced-2 and ced-3 mutant, see C. elegans
C. elegans, 179, 265
ced-2 and ced-3 mutant, 178
cell death, 178
nerve deposition, 179, 265
cell
adhesion, 3, 13, 20, 32, 54, 63-77, 84,
87-93, 96-8, 124, 126-47, 154, 160-71
death, 18, 122, 125, 173
detachment, 92, 124
division, 12, 16, 20, 25, 33, 43, 122,
173-5, 209-12
junctions, 13, 84, 87, 90, 104
lineage effects, 135
shape change, 22, 29, 34, 38, 10010,
121, 146, 161, 171
substratum interaction, 48, 69, 71, 75, 77,
128-37, 154-6, 169, 175
surface, 15, 17, 26, 30-2, 3740, 43, 56,
58, 63, 66, 704, 79, 82-99, 171
thinning, 107

Index 303

cell movement
in vitro, 20, 75 84, 104, 113, 114, 122-45,
155, 212-24, 258
in vivo, 52, 75, 84, 113, 115, 121-45, 212-
24, 258
of neural-crest cells, 52, 74, 75, 123, 126,
132, 136, 141, 257
mechanisms, 112
cell rearrangement, see epithelial
rearrangement
cell-adhesion molecules (CAMs), 84, 89, 96,
133, 165, 168, 189, 190
cell-CAM 105, 87
chalones, 209
chemo-attractants, 124
chemotaxis
angiogenesis factors, 124, 207, 212
in Dictyostelium, 124
in newts, 125
negative, 75, 125
of rat nerves, 124
positive, 124, 207
chick
cornea, 17, 24, 49-59, 61, 63, 70, 73, 76,
80, 123, 141, 144, 184, 245, 251, 257,
260
epiboly, 114, 213, 220, 257
gut, 9, 16, 90, 192, 228
limb development, 18, 79-81, 154, 158
neural-retina, 76, 90, 96
oviduct, 8, 192
scaleless mutant, 161
Talpid mutant, 18, 19, 54, 141
tooth development, 36, 77
chlorcyclizine, 76
chondrocytes, 72, 73, 89, 121, 158
chondrogenesis, 71, 73, 154, 157-61, 168,
243
chondroitin sulphate, 45, 56, 70, 75, 76, 80,
81
chondronectin, 71, 72
choroid, 49, 57, 213
chreod, 239, 252, 253
chromosome, 102, 105, 263, 264
ciliary body
absence of N-CAM, 92, 190, 197
formation in chick eye, 17, 61, 76, 92,
196-9, 212, 246, 253, 256
cleavage, 166, 169, 191
cleft formation in ducted glands, 43-8, 64,
77, 165, 173, 209, 211
clocks, 246, 263
closure of neural tube, 200-5
coelom, 171
colcemid, 110
colchicine, 30, 103, 105, 106, 107, 108, 110,
114, 199
collagen
fibrils, 49, 52, 56, 63, 68, 70, 77-81, 118,
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collagen (cont.) formation of stroma in chick, 52-8
133, 135, 156 formation of stroma in mouse, 59
gels, 75, 81, 113, 121, 132, 142, 155, 168, growth, 58
256 neural-crest migrations of chick, 49, 52,

type 1, 69, 77, 158
type 11, 69-73
type 111, 46, 48, 64, 69, 77
tvpe 1V, 44, 68, 69, 72
type V, 69
type VIL, 69
type 1X, 70
type XI, 70
stroma, See cornea
collagenase, 45, 73, 77, 90, 132, 147, 164,
172,175
columnarisation, 38, 189
community effect, 158
compaction of mouse preimplantation
embryo, 23, 56, 58, 73. 87, 108, 128,
154, 158, 245
computer models, 14, 21, 37, 38
concentration gradient, 97, 124

condensation
formation of cartilage, 18, 121, 151, 154,
157
feather rudiments, 23, 61, 154, 155, 161,
163, 164, 194

nephrons, 172, 260, 264
somites, 154, 155, 164, 165, 168, 172,
259, 264
cone cells, lengthening and shortening, 97,
105, 132, 258
confocal microscope, 15
constraints on morphogenesis, 17, 54, 60,
64, 76, 118, 132, 141, 145, 220, 239,
242, 251-9
constriction in gut morphogenesis, 35, 193
contact inhibition of movement (CIM)
assay of transformation, 142
encouraging colonisation of space, 144,
152
limited role in vivo, 128, 214
maintenance of tissue stability, 214, 257
phenomenon, 142-5
role in virro, 128, 144
role in wound healing, 214, 215
contact guidance, 20, 74, 132, 133, 135,
252, 263, 264
contact-mediated interaction, 175
convergent extension in Xenopus
gastrulation, 228, 232, 236
cooperative properties
mesenchyme, 145-51
rearrangement of epithelial cells, 223-7
cornea
development in mouse, 59
endothelial morphogenesis in chick, 53,
56, 58, 184, 212

56. 61, 63,76, 117, 123, 141, 245, 251,
257

‘cortical-tractor’ model, 33, 40, 62, 189,
201, 226, 227

CSAT antibody, 73, 171

cuticle, 206, 207, 223, 225

cyclohexamide, 96

cytochalasin, 34, 43, 102, 105, 108, 110,
160, 190, 192-5, 199, 204, 219, 225,
248

cytokeratin, 104, 172, 187

cytokinesis, 105

cytoplasmic bridges in Volvox, 110

cytoskeleton, S, 21, 41, 64, 71, 84, 99117,
128, 131, 170, 182, 248, 263

death of cells
and Hox-7 expression, 179
axon invasion of limbs, 179
in limb development, 18, 179, 180
in Mullerian duct, 179
in optic cup, 178
denticle, 150
dermal condensations, 23, 61, 154, 161, 163
dermal-epidermal interaction, 161
dermatan sulphate, 70
dermatoglyphics, 150
dermis, 28, 36, 48, 72, 90, 121, 154, 1614,
182, 210, 212-17
dermotome, 171
desmin, 104
desmosome, 104, 108, 114, 182, 219
detachment
ciliary body, 92, 197
epithelial cells, 92, 124, 247
neural-crest cells, 92
determination, 60, 165
deuterostomes, 29
Dictyostelium discoideum
aggregation of, 18, 124
mutations in, 18
differential-adhesion hypothesis, 93, 98
differential equations, 22
metaphor for morphogenesis, 240
model of condensation formation, 157
Turing kinetics, 57, 159, 178, 232, 243,
249
differential growth as a morphogenetic
force, 18, 159, 178, 194-7, 199
diffusion, 159, 177, 243
digits
formation, 19, 178
in Talpid mutant, {9
role of cell death, 178

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521436125
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521436125 - Morphogenesis: The Cellular and Molecular Processes of Developmental

Anatomy
Jonathan Bard
Index

More information

directive interaction in induction, 36, 65,
84, 89, 135
Discoglossus, notochord elongation, 38
dorsal lip of blastopore, role in Xenopus
gastrulation, 26, 228, 232, 233
Drosophila melanogaster
cell rearrangement, 224-7
disc eversion, 1946, 224, 245, 246
limb elongation, 2247
PS antigens, 85
segmentation, 172
wing development, 18, 108
ducted-gland morphogenesis, 44, 46, 48
B-D-xyloside, 163, 205
dyes, use of, 105, 215, 222
dynamics of morphogenesis, 2, 20, 22, 84,
88, 103, 233, 238, 244-58
dynein, 102

ear
morphogenesis, 190
wounds in rabbit, 207
E-cadherin, 85, 87, 88, 89, 182, 187, 266
ecdysteroid, 224
ectoderm
and invertebrate cell rearrangement,
223-7
of sea urchin blastula, 29-34, 63, 138
growth, 211
inducible by growth factors, 174
in Xenopus gastrulation, 228-37
origin of eye, 49
role in NCC migration, 132
role in neurulation, 26, 3541, 201-7, 215
shape changes, 191-6
egg cortex, movement in, 93, 105
electric fields, 135
elongation
epithelial cells, 34, 40, 43, 106, 115, 161,
191, 205, 223, 226, 231
insect limb, 191, 205, 225, 226, 227
lens cells, 107, 108, 189
nephric duct, 28, 59, 141
notochord, 38, 40, 43, 205, 223
tubule, 30, 40, 43, 207
emboitement principle, 8, 9
endoderm
interactions with mesenchyme, 26, 35,
41, 183, 191, 236
in Xenopus morphogenesis, 26, 106, 183,
228,232
endothelium
blood capillary
morphogenesis in chick cornea, 49, 52—
61, 63,73, 117, 133, 141, 184, 251, 257
energy requirements for morphogenesis, 40,
60-2, 91, 137, 193, 197, 220, 227
entactin, 68

Index 305

Entwicklungsmechanik, 11
epiblast, 220
epiboly
in chick, 114, 213, 220, 257
in Fundulus, 34, 114, 213, 217, 219, 220,
222,232,248
in Xenopus, 222, 232, 248
cpidermal—dermal interactions, 35
epidermis
feather formation, 36, 161, 163
interactions with dermis, 36, 48, 72, 161,
163, 182, 215, 223
placoding, 106, 161-3, 189-91, 196
role of L-CAM, 161, 163, 182
wound repair, 72, 182, 212, 214, 215, 223
wrinkle formation, 48
epigenesis, 7, 8, 9
epithelialisation, 187
epithelial-mesenchymal interactions, 41, 43
epithelial movement
active, 213, 220, 223
bounded, 213, 220, 222, 224
feet, 224
in Fundulus, 213, 220, 222
in wound healing, 212-14
in Xenopus, 222, 224
mechanism, 112-14
passive, 213, 222, 223, 224
unbounded, 213, 2204
epithelial rearrangement
in Drosophila, 34
in Fundulus, 34, 219
in Hydra, 224, 227
in Xenopus, 224, 227
epithelium
bilayering, 50, 108, 215
columnarisation, 188-91
evagination, 191, 194, 195, 196, 205, 212,
219, 222, 224
fusion of sheets, 205
growth, 58, 182, 194, 199, 209-12, 220,
249, 256
invagination, 32, 33, 191, 194-6, 205,
222, 256
palisading, 107, 188, 190, 196
polarisation, 182, 254
rearrangement, 194, 219, 223-5, 227
summary of properties, 181
topological constraints on
morphogenesis, 187, 225, 254, 256
evagination, 106, 184, 191-4, 203, 205-7,
212,219, 222, 224
eversion of wing disc, 194, 224, 226, 245,
246
evolution, 10, 11, 13, 19, 36, 85, 262, 265
exogastrulation, 31
extracellular matrix (ECM)
driving morphogenesis, 246, 249, 254
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extracellular matrix (ECM) (cont.)
growth, 46, 144, 151, 159, 173, 175, 182,
205, 246, 249, 260
role in differentiation, 25, 121, 172, 254
role in migration, 53, 56, 132, 144, 154,
263
space formation, 52, 65, 121, 144, 175,
181
tissue stability, 21, 44, 46, 66, 114
extrusion, 201, 203
eye, 7, 12, 17, 20, 26, 49-59, 73, 76, 79, 89,
141, 150, 196-200, 212, 245, 249

fallacies, 2, 177
feather
formation of rudiments, 23, 36, 61, 90,
161, 163, 194
role of CAMs, 90, 91, 194
fertilisation, 7, 105
fibrils, see collagen
fibrinogen, 85
fibroblast
division, 25, 172-8, 212, 266
movement, 25, 52, 56, 72, 81, 112, 113,
114, 115, 121-46, 151, 155, 176, 237,
248, 252, 257, 264
see also mesenchyme
fibronectin, 29, 44, 56, 66, 68, 71-7, 80, 85,
87, 118, 126, 131-3, 163-5, 171, 182,
187, 234, 237-9, 245
field
bounded, 252, 257, 264
electric, 135
filaggrin, 104
filamin, 102
fimbrin, 102
fin morphogenesis, 74, 123, 133
finger-print patterns
fish
cone movement, 105
epiboly, 217-20
fin development in, 74, 123, 133
neural-tube formation, 184
see also Fundulus, teleosts
fission yeasts, 211
flagellae, 109
fluorescein-labelling, 99
focal adhesions, 115
fold formation, 200, 201
follicles, 36
forces in morphogenesis, 16, 32, 37-40, 48,
62, 73, 126, 128, 135, 155, 191, 195,
199, 219, 222, 227, 232, 236, 238,
247-57
fossil record, 265
framework for morphogenesis, 20, 163,
238, 240, 244
frog, see Gastrothecus and Xenopus

Fundulus
deep cells, 124, 232, 246
epiboly, 34, 114, 213, 217, 219, 222, 232,
248
wound healing, 213

ganglia, 92
gap junction, 90, 182
Gastrothecus, disc embryogenesis, 60
gastrulation
chick, 24, 60, 62, 74, 97, 114, 213, 220,
228, 257
honey bee, 220
sea-urchin, 28, 29, 32, 183, 213
Xenopus, 26, 28, 183, 2224, 227-37, 248
gel, see collagen
gelsolin, 102
genome-based interactions, 6, 9, 46, 77,
240, 244, 262, 264-6
geometry, role in morphogenesis, 56, 147,
159, 195, 199, 248, 251-6, 262-6
germ-cell migration, 74, 115, 133
glial cells, 88, 121
glial-filament protein, 104
global forces in morphogenesis, 17, 37, 196,
200
global models of morphogenesis, 21-3
glomeruli, 184, 260-2
glucose, 62
glycoprotein GP80, 113
glycosaminoglycans (GAG), 70, 72-9
gradient of adhesivity
in pronephros morphogenesis, 136-9
in chick retina, 97
in rat retina, 97
in scale formation, 224
in vitro, 30, 91, 136
grafts, 141
grey-crescent movement in Xenopus, 105
grey mutant in the mouse, 18
grip of cells to their substratum, 108
growth
control, 43, 45, 48, 58, 69, 124, 159,
173-9, 196, 209-12, 246, 25862
differential, 159, 178, 194, 196, 197, 199,
240
factors, 124, 174, 175, 176, 178, 180, 209,
210, 211, 212, 259, 262
inhibitors, 194, 206, 209
regulation, 144, 175, 211
role of cell contact, 43, 59, 124, 146,
175-8, 193, 213, 259, 264
gut morphogenesis, 9, 16, 28, 90, 183, 192,
212, 221, 228

haemoglobin, 4, 19
haemolymph, 205, 206, 207, 225
hair, 17, 36, 147, 161, 189
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haptotaxis, 132, 135-7, 139, 252

Haversian system, 151

heart morphogenesis

migration of cells, 74, 75, 144
role of cell thinning, 194

heat-shock effects, 165, 170

heparin, 72, 205, 212

heperan sulphate, 70

heperan-sulphate-rich proteoglycan, 85

homeobox genes, 19, 172, 180

homeostasis, 2568

honey bee, epithelial movement in, 220

hormones, 183

housekeeping genes and activities, 99, 102,
182

hyaline layer in sea-urchin blastula, 28, 29,
32,33

hyaluronic-acid (hyaluronan), 44, 45, 52,
56, 59, 63, 66, 68, 70-7, 133, 158, 168,
205, 245

hyaluronidase, 44, 45, 46, 48, 52, 56, 73, 75,
77, 158, 205, 245

hybridisation in situ, 14, 133

hybridomas, 171

hydrostatic forces in morphogenesis, 223,
232

hydrostatic pressure, 17, 76, 104, 194, 199,
203, 204, 206, 207, 219, 222, 225

20-hydroxyecdysone, 194, 245

hypertrophy, 151

hypobilast, locations of epitope, 97, 220

imaginal discs
limb morphogenesis, 191, 199
mechanism of eversion, 194, 196
wing morphogenesis, 199
induction
directive, 36
dermal, 35, 41
ducted gland, 35
feather, 36, 90, 91
neural, 24, 26, 357, 41, 64, 85, 90, 104,
245
permissive, 36, 90, 104
inherently precise machines, 258
inhibitors
chalones, 209
of microfilaments, 105, 106, 112, 115, 194
of microtubules, 105, 106, 107, 112, 115
of mitosis, 105, 110, 206
initiation of morphogenesis, 46, 107, 121,
128, 215, 233, 236, 238, 244-7
innervation, 174
insect
gastrulation, 191, 213, 220, 224
limb development, 191, 195, 206, 213,
224
neural migration, 141

Index 307

ripple formation in cuticle, 223
role of epithelial feet, 224
wing formation, 141, 206, 219, 224, 249
instability, role in morphogenesis, 46
integrins, 66, 71-7, 84, 90, 101, 114, 160,
171, 257
integrity of tissues, 17, 20, 34, 44, 66, 69,
84, 89, 114, 128, 182, 203, 214, 226,
260
integument, 150
intercalation, 232, 234
intermediate filaments, 103, 114, 118, 182,
187
invagination
in sea-urchin morphogenesis, 32, 34, 60,
192, 222
mechanisms of, 3, 32, 34, 60, 191, 194
property of epithelia, 3, 32-4, 60, 191-6,
205, 222, 247, 256
invasion
by neural-crest cells, 74, 144, 221
of cornea, 74, 144
of endocardial cushion, 74, 144
inversion of Volvox, 108, 246
irradiation and cell death, 43, 180

jaw-bone formation, 256
jelly-fish, cleavage in cells, 191
junction, see cell junctions

keratan sulphate, 70
keyhole shape formation in neurulation,
22,26, 37, 38
kidney
growth, 97, 210, 213, 256, 260
medulla, 260, 261, 262
metanephros, 184, 262
morphogenesis, 25, 35, 72, 104, 172, 184,
187, 213, 256, 262
nephrogenesis, 35
possible role of traction, 104, 172, 187
pronephric (Wolffian) duct formation,
59, 139
stem cells, 261
ureter, 35, 85, 172, 184-7, 260
kinematic waves, 155, 164, 168
kinesin, 105
kinetics, 48, 243

L2 epitope, 97

lamellipodia, 215, 219

laminin, 44, 66-9, 72, 77, 85, 131, 165, 182,
187, 205

laser ablation of cells, 30, 180

lateral adhesion, 92, 106, 146, 151, 226,
2217, 250, 253

latex beads, 74, 126, 131

L-CAM, see E-cadherin

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521436125
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521436125 - Morphogenesis: The Cellular and Molecular Processes of Developmental

Anatomy
Jonathan Bard
Index

More information

308 Index

lectins, 87, 163
lens formation, 107
leucocytes, 124, 129, 132
limb formation, 195, 213
in chick, 18, 79-81, 154, 158
in mouse, 157
lineage effects, 135
lithium-induced exogastrulation, 31, 236
lizard, pigment-cell migration in, 36, 125
locomotion of cells in vivo, 123
locusts, contact guidance of nerves, 133
long-range order
possible role of traction, 81
role of boundaries, 60, 114, 138, 141,
148, 239, 251
lumen formation, 184, 187, 205, 207, 212,
229
lung
development, 11, 144, 175
fibroblasts in vitro, 144, 175, 176, 178

MAG adhesion molecule, 87
maintenance of tissue structure, 46, 91, 98,
124
mammals
dermal condensations, 191, 201
ducted-gland morphogenesis, {91
ectodermal folds, 202
kidney formation, 184, 260
neurulation, 37, 191, 201, 207
mammary-gland
morphogenesis, 48, 183, 246, 256
self-assembly of cell in vitro, 256
tubule elongation, 48, 206, 211, 256
Manduca
adhesions in wing, 141, 227
role of boundaries, 141
melanocytes, 73
melanophores, 73
membrane
movement, 98
proteins, 5, 69, 70, 84, 85, 87, 90, 99-102
recycling, 99
mesenchymal lamina and tendon
formation, 80
mesenchyme
cooperative effects, 145-51
definition, 66, 121, 191
death, 173, 178, 179, 262
growth, 43-8, 144, 173-8, 211, 249, 259
movement, 46, 122-45, 236, 245
morphology, 121
behaviour, 120
mesenteries, formation of, 213
mesoderm
inducing factor, 174
origin, 139, 184
metanephros, see kidney

micro-environment, 63, 64, 66
microfilament
bundles, 34, 101, 108, 113, 115, 192, 201,
251, 256
contraction, 38, 43, 102-7, 112, 115,
189-96, 201-5, 227, 239, 248, 251, 254
purse-string contraction, 34, 106, 190-6,
201, 205, 231, 254, 256
microscope
confocal, 15
nature of theory, 10, 12, 13, 147, 151,
240, 244
principles, 1, 2, 238
robustness, 239, 252
termination, 60, 165, 263
morphogenetic toolkit, 5, 275
moth
Manduca, 141, 227
Philosamia, 206
scale pattern formation, 141, 223
wing endothelial cells, 141, 206, 223, 227
motility
intrinsic, 124, 128, 257
stochastic nature, 117
moulting hormone, 194, 245
mouse
amputated mutant, 253
compaction of pre-implantation embryo,
87, 108, 128
corneal morphogenesis, 53, 57, 59
Movli3 mutant, 46, 77
palate formation, 76
submandibular-gland morphogenesis, 24,
36, 41, 46
Movli3 mutant, 46, 77
movement
associative, 146, 250
initiation of, 121, 128, 215, 233, 236, 245,
247
mechanism, 110, 112-14
of nuclei, 217
within egg cortex, 93, 105
see also epithelial and mesenchymal
movement
Mullerian-inhibiting factor, 179
muscle
morphogenesis and traction, 79, 81, 102,
104, 156, 164, 191, 203
role of integrins, 73, 85, 171
myoblast behaviour, 73, 171
mutation
amputated in mouse, 253
ced-3 in C. elegans, 179
grey lethal in mouse, 18
Movli3 in mouse, 46, 77
scaleless in chick, 161
Talpid in chick, 18, 54, 141
myoblast
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differentiation, 73, 171
elongation, 168
interaction with CSAT, 73, 171
movement, 131, 171
myocardial folds, 191
myosin, 102, 113, 115, 248
myotome, 28, 165, 171

N-cadherin, 87, 89, 91, 92, 165, 171, 182
N-CAM
adhesion molecule, 85-92, 98, 108, 132,
163-5, 169, 171, 187, 190, 257
pathways, 91
neck
nematode, see C. elegans
nephrogenesis, see kidney
nerve movement
in amphibian tail, 123
in C. elegans, 135
over tectum, 133
nerve-growth factor, 174
neural-crest cells
activation, 52, 89, 124
CAM expression, 89, 128, 132
differentiation, 25, 72, 117, 128, 139, 265
cessation of movement, 129
chemotaxis, 125
in cornea, 53, 56, 63
initiation of movement, 128, 245
migration, 53, 56, 61, 63, 70, 72, 74, 139,
141, 264, 265
role of fibronectin in NCC movement, 131
neural plate, 22, 26, 37, 38, 40, 41, 108,
189, 201, 203, 204, 208, 213, 223
neural retina
folding in ciliary body, 199
interaction with N-CAM, 190, 199
neural tube morphogenesis, see neurulation
neuroepithelial folding, 133
neurofilaments, 104
neurons, 88
neurulation
in chick, 36, 62, 70, 201, 204
in fish, 36, 191, 207
in rat, 204
in newts, 36
Ng-CAM, 87-9
nidogen, 68
N-myc oncogene, 261
nocadazole, 30, 106-18, 114, 190
notochord
extension, 37, 203, 205, 211, 223
limited role in neurulation, 22, 38, 40, 223
nuclear movement, 32, 104, 184, 217
Nuclepore filters, 35, 36, 72

oncogene N-myc, 261
optic nerve movement, 91, 96, 265
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orthogonal arrays
collagen fibrils in cornea, 49, 52, 57-9,
80, 118, 133, 260
in cultured fibroblasts, 49, 52, 57, 59,
118, 147, 151
ossification, see bone
osteoblasts, 121, 260
osteoclasts, 121, 260
otic vesicle
morphogenesis, 190, 194
role of CAMs, 190, 194
ovarian duct formation, 179
oxygen uptake in chick development, 62

palate formation in the mouse, 76, 206, 249
palisading of epithelia, 106, 188, 190, 191,
196
palladium gradient, 137
pancreas morphogenesis, 35, 192, 194, 197,
212
parallel arrays of fibroblasts, 252
pattern-formation
underlying mechanisms, 3, 13, 23, 61, 84,
118, 159, 171, 266
2-D fibroblast patterns, 146-50, 258
3-D fibroblast patterns, 151-3
P-cadherin, 87
perichondrium, 157, 159
periodic patterns, 81
peripodial membrane, role in wing-disc
eversion, 194
permissive interactions in induction, 36, 65,
74, 84,90, 104, 117, 158
phage seif-assembly, 4
phagocytosis, 105
phalloidin, 102
Philosamia, 206
physical models, 11
pigment cells
formation, 26, 122, 169
movement, 72, 122, 126
negative chemotaxis, 125
placode formation, 106, 161-4, 189-91, 196
platelet-derived growth factor, 174
Pleurodeles waltlii, 234, 253
Poisson effect, 199, 204, 250
polarisation
in morphogenesis, 182, 254
of epithelia, 136, 182, 254
preformationism, 7-9, 12
preformationist/epigenetic dichotomy, 9
pre-patterns, 166, 169
pressure, role in morphogenesis, 17, 20, 32,
56, 76, 104, 193, 199, 203, 206, 219,
222, 225, 238, 246, 249
primary induction, see neural induction
primitive-streak formation, 74, 97, 136
principles of morphogenesis, 238
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pronephros, see kidney
porteoglycans, roles in morphogenesis
movement, 25, 56, 70, 182
neurulation, 36, 70
swelling, 56, 76, 118, 199
proto-oncogene, 261
proximal-distal gradient of adhesivity, 224
PS antigens in Drosophila, 85
pseudopodial movement, 30
pumping of water, role in morphogenesis,
52, 136, 247, 249, 252
pupillary ring, role in ciliary-body
morphogenesis, 246
purse-string constriction, 34, 38, 106, 190—
6, 201, 205, 231, 254, 256

quail
neural-crest cells, 125
somitic cells, 136

rabbit-ear wound, 207
Rana, 171
somitogenesis, 171
rat embryogenesis
molecular gradient in retina, 97
nerve chemotaxis, 124
pancreas formation, 35, 192
reaction-diffusion kinetics, 57, 159, 178,
232, 243, 249
rearrangement, see epithelial rearrangement
receptors in cell membranes, 66, 71, 74, 84,
90, 105, 131, 158, 174, 178, 183, 210,
234,237
regeneration
in Hydra, 224
in retinal-tectal interactions, 91, 97
of epithelial polarity, 184
of sponge organisation, 82
regulative embryos, 9, 253, 265
repair, see wound healing
reptiles, 191
dermal differentiation, 191
repulsion, see chemotaxis
retina
N-CAM localisation, 90-2, 98, 133, 190,
197, 199, 258
gradient in, 97, 98, 252
retinal-tectal interactions, 97, 98
Rhodnius, role of epithelial feet, 227
ribs and scelotome differentiation, 264
ring-shaped cells in blood capillaries, 207
ripple formation in insect cuticle, 223
ruffling membranes
in cell movement, 142, 213
role in contact inhibition of movement,
142

salivary gland, see submandibular gland
San Serife, island of, 265

scalar entities, 63, 118
scaleless mutant, 161
scales, 36, 103, 161, 191
scatter factor, 125
sclerotome formation, 28, 73, 75, 141, 165,
171, 263
sea-urchin
cell movement, 123, 248
gastrulation, 28-34, 62, 64, 224, 248
invagination, 32, 34, 60, 192, 222
primary mesenchyme cells, 29
segmentation, see also somites, 19, 172
self-assembly
basis of morphogenesis, 4, 117, 239, 254
of cells, 4, 117, 239, 254, 256
of collagen, 4, 57, 80, 118, 239, 256
of phages, 4
serosal movement in the honey bee, 221
simulations, see models
size regulation
and mitotic regulation, 211
the problem of size invariance, 253
skin
dermal condensations, 23, 161, 163
dermotone movement, 91, 182, 214,
215
somites
amputated mutant in mouse, 253
mechanism of morphogenesis, 28, 74, 92,
164-72, 253
multiple rows, 169
possible role of traction, 81, 164-72, 259
reorganisation, 165, 171
somitomeres, 165, 169
sorting out
in retinal-tectal adhesions, 93, 98
in sponges, 265
models of, 93
morphology of epithelia, S, 184, 224, 249
significance in normal development, 184,
253
the phenomenon, 93, 98, 224
space creation, 53, 55, 70-3, 118, 175, 245
sperm
magical contents of, 8
significance of entry point, 105, 228
sponge, 5, 20, 82, 258, 265
cell movement in, 20, 258, 265
self-assembly of, S
sprouts in blood capillaries, 212
stability
of chreods, 239, 253
of tissues, 66, 77, 89, 96, 114, 239, 241,
253, 256-8
steric constraints, 54, 141
stem cells
in mammary glands, 206
in the metanephros, 261
stickiness of substratum, 129
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stochastic behaviour, 9, 64, 117, 239, 248,
251, 254, 2636
stopping morphogenesis, 46, 54, 256-8
strain as a response to stress, 199
stress
fibres, 102, 107, 115, 257
role in morphogenesis, 16, 17, 77, 102,
110, 115, 118, 159, 196, 204, 256, 231,
257
stroma, see cornea
subcortex movement after fertilisation, 105
submandibular-gland morphogenesis
in Movi3 mutant, 46
mechanism of induction, 24, 41-8, 245
possible role of traction, 43, 190, 192
role of collagen 111, 46
substrate—adhesion interactions, 126-32
substrate-adhesion-molecules (SAMs), 68,
71, 84, 114, 128, 141-5, 183
supergene family, 85, 87
surface tension, 93
role in morphogenesis, 93
swelling as a morphogenetic force, 33, 56,
71, 76, 118, 199, 245, 249, 263
symmetry, 18
syncytium, 29, 217, 224
Fundulus enveloping layer, 217
precursor of sea-urchin skeleton, 29

tadpole, 214
tail
movement of cells, 123
resorption, 73
Talpid mutant, 18, 54, 141
Taricha tarosus
neurulation, 3740
pigment-cell movement, 125
tarsometatarsal epidermis, 36
taxol, 103, 108
teleost fin morphogenesis, 123
tenascin, 72, 80, 132, 141, 187
in kidney development, 72, 187
in tooth development, 72
role in cell movement, 72, 132, 141
tendon formation, 69, 79-81, 121, 191, 260
tension, role in morphogenesis, 10, 57, 62,
81, 118, 151, 204, 213, 223, 227, 248,
263
TGEF factor, 174, 179
thalassaemia, 19
thermodynamics, 2
thyroxin, 58, 245
time-lapse cinemicrography, 29, 138, 144,
213, 215, 217, 222, 236
timing of morphogenetic events, 18, 58, 93,
103
tonofilaments, 104, 114
toolkit for morphogenesis, 5
tooth development, 36, 72, 77, 85
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topology
catastrophes, 246
and kidney organisation, 187
rules constrain morphogenesis, 184, 254,
264
use in analysing cell patterns, 147-50
trachea, 205
tracks, see contact guidance
traction, possible roles in morphogenesis
and contact guidance, 81, 135, 156
cell guidance, 135
cell movement, 30, 38, 81, 122, 135, 155,
168, 182, 196, 232, 236, 249
cartilage formation, 79, 81, 15661
dermal condensations, 23, 36, 1614
ducted-gland morphogenesis, 48
possible role in nephrogenesis, 172, 187
somitogenesis, 81, 154, 164-73, 259
tractoring, 33, 40, 62, 189, 201, 226, 227
trails, see contact guidance
trajectories, see chreod
transalar arrays in Drosophila wings, 108
transformation, 26, 88, 142, 150
treadmilling
microfilaments, 101
microtubules, 103
trichomes, 108
Triturus, see Taricha
tropomyosin, 102, 115
tube formation
blood vessels, 205, 209
ducted glands, 43-8, 206
neurulation, 205
wing veins, 206
tubulin, 102, 114
tumours, 124, 212
Turing kinetics, 57, 159, 178, 232, 243,
249

ulna development, 161
ureter, see kidney
urodeles
homeostatic sorting out, 184, 253
gastrulation, 234
somitogenesis, 171, 253
see also Pleurodeles waltlii, Taricha
uvomorulin, 85

vein formation
angiogenesis factors, 207
in insect wing, 18, 206
in mammals, 207
vertebra development, 164, 171
villin, 102
vimentin, 104, 187
vinblastine, 103
vinculin, 101, 110
vitronectin, 85
Volvox inversion, 108, 109, 246
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water uptake, 17, 103, 106

wavelength of repeated pattern elements,

52, 1585, 159, 169

wing development

and nerve migration, 141

and vein formation, 205

genetic basis, 18

microtubule activity, 108

scale formation, 223
Wolffian duct, see kidney
worms, see C. elegans
wound healing

in epithelia, 207, 212-15, 227

in frog skin, 214
in Fundulus 213
in neurulation, 207, 212

in vitro, 212-15
wrinkles
in mouse skin, 48
in silicone membranes, 132, 155, 168

xanthophores, 73

Xenopus
epiboly, 222, 224, 232, 248
gastrulation, 26-8, 222, 227-37, 248
somitogenesis, 92

B-D-xyloside, 163, 205

yolk, 28, 60, 182, 217, 220-4, 232

zonulae adherens, 219
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Brief index of morphogenetic systems

amphibian development (summary), 25
blood-vessel formation, 207, 212
chondrogenesis, 157

ciliary body formation, 93, 196
corneal morphogenesis (chick), 49
corneal morphogenesis (mouse), 59
disc elongation (Drosophila), 224

disc eversion (Drosophila), 195
epiboly (Xenopus), 222

epiboly (chick), 220

epiboly (honey bee), 221

epiboly (teleost), 217
feather-rudiment formation, 161
fertilization movement (Xenopus), 105
fibroblast pattern formation, 145

fin formation (teleosts), 134
gastrulation in Xenopus, 227

gastrulation in sea-urchin, 26

inversion in Volvox, 111

metanephric (kidney) development, 184,
260

neural-crest cell migration, 123

neurulation (amphibia), 37, 201

neurulation (chick), 203

neurulation (mammals), 204

optic-nerve migration, 97

pancreas formation, 192

pronephros migration (Ambystoma), 139

somitogenesis, 164

submandibular gland, 41

tendon formation, 79

wing formation (invertebrate), 108, 206

wing-scale formation, 223

wound healing, 214
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