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sprouting angiogenesis failure in,
531–532
molecular basis of, 527–528
NDP gene conservation and expression
pattern and, 528, 529f
norrin and, 528–529
transgenic mouse line with norrin
overexpression in lens and, 534
Norrin, 528
ectopic expression in lens, rescue of
knockout phenotype by, 534
overexpression in lens, transgenic mouse
line with, 534
Norrin knockout mice, hematoxylin-eosinstained sections of whole eyes from,
plate 43
Notch pathway
eye field formation and, 301
retinogenesis regulation and, 303–304
Npp, 501
Nr-CAM, retinal ganglion cell axon
divergence at chiasm and, 394f, 395
Nr2e3, rod development and, 316
Nr2e3, photoreceptor development and,
304–305
NRL, gene profiling of purified
photoreceptors and, 676, 677f
Nrl, photoreceptor development and,
304–305
Nrl, rod development and, 316
Nrl −/− knockout mice
as model for central field loss, 613
photoreceptors of
caveats for investigations of, 142
cones as, 139, 141–144
cone-specific genes and their molecular
function and, 143–144
differentiation of, 143
mouse cone protein biochemistry and,
144
prospects for studies using, 143–144
Nuclear posterior polar opacity, 501
Nucleus of the optic tract (NOT), retinal
projections to, 41
Null mutation. See Knockout mouse models
Nystagmus
fast phases of, 99–100, 100f
off-vertical axis rotation engendering, 94
optokinetic, velocity storage integrator
and, 95f, 95–96
optokinetic after-nystagmus and, 94
postrotatory, 94
Nyxnob mice
control of depolarizing bipolar mGluR6
signaling cascade in, 178–179,
179f
retinal ganglion cell responses in, 181
NZB/BINJ strain, taste ability in, 23
NZW strain, mutation and effect in, 62t
NZW/LacJ strain, photoreceptor response
damage by light and, 575, 577

O
ob/ob mice, diabetes in, 550
Ocular dominance (OD), mapping of, plate 26
Ocular dominance (OD) plasticity, 439–446.
See also Visual cortical plasticity,
experience-dependent
adult, 443, 444f, plate 27
enhancement by prior experience, 445f,
445–446, 446f
mechanisms of, 443–445
behavioral correlates of, 447
chondroitin sulfate proteoglycans and,
454–455
extended duration visually evoked
potentials for assessment of, plate 31
juvenile, mechanisms of, 443–445
methods for assessing, 439–443
calcium imaging with two-photon
microscopy as, 441–442, 442f
mapping of gene expression as,
442–443
optical imaging as, 440f, 440–441, 441f
single-unit recordings as, 439
visually evoked potentials as, 439–440
ocular dominance column plasticity and,
465–466
Ocular hypertension, treatment of, 644
Oculography, applications of, 101
Oculomotor control, importance of, 87
Oculomotor neural integrator, 96
Odor discrimination ability, measurement of,
22–23
Odor preference, conditioned, 28
Off-vertical axis rotation (AVOR), 93–94, 94f
Olfactory ability, measurement of, 22–23
Olfactory tubing maze, 28
Oligodendrocytes, in optic nerve, 202
Olivary pretectal nuclei (OPT), retinal
projections to, 41
ON and OFF pathways in mouse retina,
353–360
cellular and synaptic structure of,
353–354, 354f
segregation of
mechanisms of, 358–360, 359f, 360f
retinal synaptic circuitry development
and, 354–357, 355f, 356f
synaptic activity and, 357–358
Onchocerca volvulus infections, 508
129/J. See 129P3/J strain
129P3/J strain
auditory evoked brainstem response in, 22
mutation and effect in, 62t
129P3/PJ, mutation and effect in, 62t
pain sensitivity in, 25
tactile sensitivity in, 24
129/ReJ strain, auditory evoked brainstem
response in, 22
129S1/SvImJ strain
hearing and visual abilities in, 15t
129/S1, olfactory ability in, 22, 23
pattern discrimination in, 18
photoreceptor response damage by light
and, 575, 577
visual acuity of, 20

129S2/Sv strain, anxiety-related behavior
tasks and, 29
129/SvEms strain, learning and memory in,
27
129/SvEvTac strain
avoidance learning in, 28
pattern discrimination in, 18
129SvJ. See 129X1/SvJ
129/SvPasCrl strain, conditioned odor
preference in, 28
129Sv-ter/C57BL/6 mice, olfactory ability
in, 22, 23
129X1/SvJ strain
auditory evoked brainstem response in, 22
pain sensitivity in, 25
Open field test, 29
Operant olfactometer, 22, 23
Opn4 −1− mice, circadian photoentrainment
and, 210, 211
Opsins
of cones, expression of, 136, 138–139
development of, 305
signaling molecules responsible for
expression of, 304–306
Optic chiasm
regulatory genes in retina and chiasm
important for patterning, 396–397
retinal ganglion cell axon divergence at,
393–396
crossed projection and, 395–396
uncrossed projection and, 393–395
retinal ganglion cell axon guidance
toward, 392f, 392–393
Optic disc
directed growth of retinal ganglion cell
axons toward, 382–384, 383f
targeting of retinal ganglion cell axons to,
383f, 383–384
Optic disc astrocyte precursor cells (ODAPs),
390, 390f
Optic fiber layer (OFL)
control of initial retinal ganglion cell axon
outgrowth polarity in, 381–382, 382f
retinal ganglion cell axon restriction to,
379–381, 380f
Optic nerve, 201–204
astrocytes and astrocyte progenitors in,
390, 390f
connective tissue in, 203, 203f
development of, 201–202
glaucomatous excavation of, prevention
by radiation treatment, plate 35
morphological features of, 201, 202f
neuronal and glial tissue in, 202–203,
203f
retinal ganglion cell axon projection
through, 391–392, 392f
vascular supply of, 203–204, 204f
Optic nerve head, 201, 202f
Optic neuritis, retinal ganglion cell axon
regeneration in, 409
Optic neuropathy
glaucomatous, retinal ganglion cell axon
regeneration in, 409
ischemic, retinal ganglion cell axon
regeneration in, 409

traumatic, retinal ganglion cell axon
regeneration in, 409, 409f
Optic vesicle (OV), 267
Optical imaging, for ocular dominance
plasticity assessment, 440f, 440–441,
441f
Optical interferometry tonometry (OIT), 480
Optics, of mouse eye, 74
Optineurin (OPTN), primary open-angle
glaucoma and, 482
Optokinetic after-nystagmus (OKAN),
velocity storage integrator and, 95f,
95–96
Optokinetic drum, 20
Optokinetic nystagmus (OKN), velocity
storage integrator and, 95f, 95–96
Optokinetic reflex (OKR), 88, 91, 91f
adaptation of, 98f, 98–99, 99f
measurement of, 112–113, 114f
Optomotor response, “whole body,” spatial
vision and, 81–82
Optomotor test apparatus, 17f
Organelles, loss during lens differentiation,
278
Orienting vestibulo-ocular reflex, 92
Otolith-ocular reflexes, 91–92, 92f
Outer nuclear layer (ONL), 635, 636f
Outer plexiform layer (OPL), 637
lateral inhibition in, 175
Oxygen, 559–569
delivery to retina, 559–561
choroidal circulation and, 560–561
retinal circulation and, 559–560
inhaled
blocking of vasogenesis by, 563
killing of photoreceptors by, 562–563,
564f, plate 48
lack of oxygen supply to outer retina
and, 562–563, 563f
lack of supply to outer retina, 562–568
acceleration of photoreceptor
degeneration by light and, 566
degeneration of edge of normal retina
and, 566–568, 567f
depletion-induced hyperoxia and,
565–566
inhaled oxygen and, 562–563, 563f
reduction in photoreceptor metabolism
and, 564–565
retinal detachment and, 564
oxygen stress during development and,
568, plate 49
retinal consumption of, 561–562
in adults, 561f, 561–562
developmental onset of, 562
neuroglobin and, 562
retinal degeneration and, 568–569
Oxygen-induced retinopathy (OIR), 285,
553–554
epithelial cell death and, 293
mouse model of, 289–294. See also
Retinopathy, of prematurity (ROP)
characterization of, 289–291, 291f, 292f
cytokines and, 292–293
endothelial cell apoptosis and, 293
microglia and leukocytes and, 293–294
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Oxygen-induced retinopathy (continued)
retinal flat-mount preparation from,
plate 13
VEGF-A and, 291–292

P
P7 knockout mice, plate 42
P7 wild type mice, plate 42
P21 knockout mice, central retina from,
plate 41
P21 wild type mice, central retina from,
plate 41
p107
retinal development and, 313
rod development and, 316
p130, retinal development and, 313
Pac1r, circadian photoentrainment and,
214
Pain sensitivity, measurement of, 24–25
Paramedian pontine reticular formation
(PPRF), 238
Parasitic infections, 508–509
Pars plicata region, 129
Pathogen-associated molecular patterns
(PAMPs), 519
Pattern electroretinogram (PERG), retinal
ganglion cell activity measurement
by, 119–124, 120f
correlates of visual behaviors and,
120–121, 121f
in human clinical research, 124
limitations of, 124
methods for, 120
in mouse models of glaucoma, 122–124,
123f
in study of central nervous system
plasticity and degeneration, 121–122
Pax6
in cornea and lens development, 699–700
eye field formation and, 301
Notch1 retinal development and, 323–324
Pax6
cataracts and, 493
as eye field transcription factor, 299
Le-Cre mice and, 274
lens development and, 275–277, 276f
retinal ganglion cell development and,
194
retinal development and, 322–323
Pax6αCre line, 598
Pax6-Cre;RbLox/Lox mice, rod development in,
314, 315
Pde6b, age-related eye diseases and, 584
Pde6b gene, 14, 63
rd mutation of, 61
rd1 mutation of, 26
Pdeb6b mutations, 650
Pde6brd1 mutation, 271
Pearlman, Alan, 245
PEDF, in gene therapy for retinal
neovascularization, 607, 609
Pentraxins, lateral geniculate nucleus
synaptic remodeling and, 435
Per genes, circadian photoentrainment and,
214, 214f
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Pericyte(s), retinal vascularization and, 288,
290–291
Pericyte recruitment, 642
Pericyte-derived angiopoietin-1, retinal
vascularization and, 288
Perlecan, cataracts and, 499–500
Phakinin, cataracts and, 498
Phenotypic variation
alleles as cause of, 649–651
genetic modifiers as cause of, 651–653,
652t
retinal degeneration and, 652–653
Photokeratometry, 76–77, 78f
Photoreceptors, 635, 636f, 637. See also
Cone(s); Rod(s)
candidates for light damage quantitative
trait loci and, 577–579, 578t
cell death of, pathways of, 678–679, 679f
Cx36 expression by, plate 5
degeneration of
by light, 566
Pde6b mutations leading to, 650
Rpe65 alleles and, 650–651
Rpgrip 1 mutations leading to, 650
degradation of, protection against retinal
neovascularization by, 565
depletion of, raising of oxygen levels in
outer retina by, 565
development of, 304–306
biological network characteristics and
relevance to photoreceptors and,
676–677
critical period in, 568
hierarchy in regulatory networks
underlying photoreceptor
development and, 677–678, 678f
NRL and gene profiling of purified
photoreceptors and, 676, 677f
expression profiling of, degeneration
networks and, 679–680
gap junctions of, 165–166, 166f
killing of, by inhaled oxygen, 562–563,
564f, plate 48
by light damage of, 566
light damage of, 573–579
gene modifier having strong influence
on, 573–575, 576f, 577, 577f
of mouse compared to other mammalian
species, 36
at peripheral margin of retina, stress from
early postnatal life and, plate 49
phagocytosis of outer segments of, 638
promoter transgenes and, 595
reduction in metabolism of, lack of
oxygen supply to outer retina and,
564–565
retinal pigment epithelium relationship
with, 639
targeted ablation to assess role of,
595–596
toxicity of depletion-induced hyperoxia to,
565–566
Photoretinoscopy, infrared, 74–76, 76f, 77
Photosensitivity, circadian, 209
Physical contact, plasticity and, 455f,
455–456

Pigment dispersion syndrome (PDS),
483–485, 484f
Pineal melatonin rhythm, circadian
photoentrainment and, 210
Pitx2, in cornea and lens development, 701
Pitx3, cataracts and, 493–494, 494f
Pitx3, in cornea and lens development, 701
Placental growth factor (PGF), retinal
vascularization and, 286–287
Plasmids, delivery using electroporation. See
Electroporation
Plasminogen activator inhibitor-1 (PAI-1),
diabetes and, 550–551
Plasticity
environmental enrichment and. See Visual
cortical plasticity
in lateral geniculate nucleus, mouse
compared to other species and,
432–433
ocular dominance. See Ocular dominance
(OD) plasticity
reticulogeniculate synapses remodeling
and, 431–432
Platelet-derived growth factor-A (PDGF-A),
retinal vascularization and, 287
Platelet-derived growth factor-B (PDGF-B)
diabetes and, 551
retinal vascularization and, 288
Postrotatory nystagmus (PRN), 94
Posttranslational modifications, of proteins,
715
Potassium currents, in dorsolateral geniculate
nucleus, 220–221
POU homeodomain transcription factors, in
cornea and lens development, 701
POU4f1, retinal ganglion cell development
and, 194
Pou4f2
expression in retinogenesis, plate 16
genes regulated by, 327–328
POU4f2, retinal ganglion cell development
and, 194
POU4f3, retinal ganglion cell development
and, 194
PPT1, 612
P/Q mutants, 101
Presumptive lens ectoderm (PLE), 267
Primary congenital glaucoma (PCG), 483
Primary open-angle glaucoma (POAG)
models of, 489
mouse model of, 481–482
Prior experience, enhancement of ocular
dominance plasticity by, 445f,
445–446, 446f
Promoter transgenes, and photoreceptors,
595
Prostaglandin analogues, for intraocular
hypertension and glaucoma, 644
Protein(s). See also specific proteins
posttranslational modifications of, 715
proteome-wide identification of species of,
715
Rb family of, retinal development and,
311–319
intrinsic genetic compensation and
redundancy and, 312f, 312–313

Protein(s) (continued)
rod development and, 216f, 313–317,
315f
species-specific differences in Rb family
compensation and, 313
synaptogenesis defects in Rb-deficient
retinas and, 317–318, 318f
Protein-bound carbohydrates, cataracts and,
499–500
Proteomics
definition of, 711
glaucoma therapy and, 488
of lens, 711–718
of visual cycle, 727–729
of interacting components, 727–729
Prox1, lens fiber differentiation and, 278
Prox1, in cornea and lens development,
700–701
Prph2Rd2/Rd2 mouse, gene replacement therapy
for, for retinal degeneration in,
610–611
prRdh−/− mice, 723
Pseudomonas aeruginosa infections, 506–507,
508
Ptf1a, Math5 repression in retinal progenitor
cells and, 326–327
Purkinje cell degeneration mice, 101

Q
Quantitative trait genes (QTGs), for light
damage, 577–579, 578t
Quantitative trait locus (QTL) analysis, 63,
64f, 65f
Quantitative trait locus (QTL) mapping,
668–669, 670

R
Radial arm maze, 26–27
Radial glia, midline, in retinal ganglion cell
axon projection pathway, 390–391
Rafferty, Nancy, 270
RALDH3 band, medial, anatomical
locations of, plate 20
Ramón y Cajal, S., 635
Rapid eye movements, saccade-like, 233
electrically induced, in mice, 235–238,
237f
measurement of, 233–234, 234f
spontaneous, in mice, 234f, 234–235, 236f
Rb family of proteins, retinal development
and, 311–319
intrinsic genetic compensation and
redundancy and, 312f, 312–313
rod development and, 216f, 313–317,
315f
species-specific differences in Rb family
compensation and, 313
synaptogenesis defects in Rb-deficient
retinas and, 317–318, 318f
RBP receptor, in visual cycle, 725
RDH5 gene, 725
RDH12 mutations, 723
Receptive fields (RFs), of dorsolateral
geniculate nucleus cells, 221–224, 223f

Refractive errors
induction of, by frosted diffusers or
spectacle lenses, 82–83
in knockout mouse models, 83
Regeneration, of retinal ganglion cell axons.
See Retinal ganglion cells (RGCs),
axon growth and regeneration of
Regulatory networks
degeneration and, expression profiling of
photoreceptors from rd mice and,
679–680
model for retinal ganglion cell
development, plate 15
photoreceptors and, 676–677
underlying photoreceptor development,
hierarchy in, 677–678, 678f
Reinforcement-based tasks, for measuring
visual perception, 109–111,
111f–113f
Reticulogeniculate synapses. See Lateral
geniculate nucleus (LGN), synaptic
remodeling in
Retina
cell types in, 635, 636f, 637
developing, plate 14
electroporation and. See Electroporation
gap junctions in. See Gap junctions
inducible RNAi in, plate 62
layers of, plate 64
lineage tracing in, using cell type–specific
promoters, plate 60
mature, plate 14
mosaic architecture of, 147–153
cholinergic amacrine cells and,
150–151, 151f
development of, 147–148, 148f
dopaminergic amacrine cells and,
151–153
horizontal cells and, 148–150, 149f,
150f
of mouse compared to other mammalian
species, 35–39
multicolor labeling of, using cell type–
specific promoters, plate 59
normal, degeneration of edge of, lack of
oxygen supply to outer retina and,
566–568, 567f
outer, lack of oxygen supply to, 562–568
acceleration of photoreceptor
degeneration by light and, 566
degeneration of edge of normal retina
and, 566–568, 567f
depletion-induced hyperoxia and,
565–566
inhaled oxygen and, 562–563, 563f
reduction in photoreceptor metabolism
and, 564–565
retinal detachment and, 564
outer, raising of oxygen levels in, by light,
565
oxygen consumption of, 561–562
in adults, 561f, 561–562
developmental onset of, 562
neuroglobin and, 562
oxygen delivery to, 559–561
retinal circulation and, 559–560

physiology of, in norrin knockout mice,
530
retinal ganglion cell axon exit from,
391
vascular development of, in norrin
knockout mice, 530–531, 531f,
532f
whole mount, confocal image of, plate 4
Retinal antigen, experimental autoimmune
uveitis induced by, 515, 516t, 517f
Retinal circulation, oxygen delivery to retina
and, 559–560
Retinal degeneration, 675–680
age-related, in human and mouse eyes,
582, 584–588
expression profiling of photoreceptors
from rd mice and, 679–680
expression profiling using microarrays
and, 575–676
gene replacement therapy for, 610–611
gene therapy for, 675
genetic modification of, 652–653
light-induced, 16
mouse strains with, 16
mouse models of, 678–679, 679f
synaptic reorganization due to, 317–318
Retinal detachment
lack of oxygen supply to outer retina and,
564
retinopathy of, oxygen to relieve, 564
Retinal G protein-coupled receptor (RGR),
in visual cycle, 724–725
Retinal ganglion cells (RGCs)
activation of, Math5 and, 325
axon growth and regeneration of,
401–410
area of action of extracellular signals
and, 402–403, 403f
control of neuronal responsiveness to
trophic peptides and, 404f, 404–405
dendrite growth ability and, 406–407,
407f
developmental regulation of intrinsic
growth and, 405–406, 406f
extracellular signals inducing growth
and, 401–402, 402t
glaucoma and, 486–487, 487f
intrinsic and extrinsic control of
regeneration and, 409–410
mechanism of axon induction by
extracellular signals and, 403–404
molecular changes underlying
developmental loss in rapid axon
growth ability and, 407–408
need for specific extrinsic signals for
growth and, 401, 402f
regeneration in mature visual system,
408–409
regulation of, 409–410
study of, 409, 409f
study of regeneration and, 409, 409f
axon outgrowth and pathfinding and,
379–386, 380f
control of initial polarity of outgrowth
within optic fiber layer and, 381–382,
382f
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Retinal ganglion cells (continued)
directed growth toward optic disc,
382–383, 383f
dorsal-ventral differences in
mechanisms regulating, 385–386
growth cones and guidance cues and,
379, plate 21
regulation of, 328
restriction of axons to optic fiber layer
and, 379–381, 380f
targeting to optic disc and exit from
eye, 383f, 383–385
axonal exit from retina and, 391
cell death of, 333, 334
in glaucoma, 479, 481, 485–487, 487f,
plate 33, plate 34
matching sizes of interconnected
neuronal populations and, 335,
335f
molecules involved in signaling,
regulating, and executing, 337, 338
neurotrophic hypothesis of, 336
classes of, distinguishing, 189–190, 190f,
191f, 192
competence of, Math5 and, 324
crush injury of, plate 23
dendrites of, growth ability of, axon
growth ability and, 406–407, 407f
development of, 321–330, 322f
developmental regulation of retinal
ganglion cell subtypes and, 329
early regulatory events in, 322–324
gene regulatory network for, 321–322,
323f
Math5 and, 324–325
regulation of Math5 expression and,
325–327
regulation of retinal ganglion cell
differentiation downstream of Math5
and, 327–329
in vitro generation of retinal ganglion
cells from embryonic stem cells and,
329–330
developmental timing and, 261
differentiation of, downstream of Math5,
regulation of, 327–329
direction-selective
calcium imaging of responses of, 598
genetic tagging to study responses of,
598
functional properties of, 192
development of, 194–197
generation and differentiation of, 193–194
generation from embryonic stem cells, in
vitro, 329–330
genetic approaches for study of, 599
intrinsically photosensitive, 192, 211–212
morphology, ontogeny, and functional
diversity of, 211–212, 212f
phototransduction mechanism and,
213–214
target brain regions innervated by,
212f, 212–213
melanopsin-expressing, circadian
photoentrainment and, 210–211
molecular markers for, 192–193
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morphological properties of, plate 6
development of, 194, 195f, 196f
of mouse compared to other mammalian
species, 35, 37–38
ON and OFF pathway segregation and,
353–354, 355–360
mechanisms of, 358–360, 359f, 360f
retinal synaptic circuitry development
and, 354–357, 355f, 356f
synaptic activity and, 357–358
synaptic circuitry development and,
355f, 355–357, 356f
ON-center, alteration of visually and
electrically evoked responses of, by
GABACR-mediated feedback
inhibition, 183–184, 184f
pattern electroretinogram measurement of
function of, 119–124, 120f
correlates of visual behaviors and,
120–121, 121f
in human clinical research, 124
limitations of, 124
methods for, 120
in mouse models of glaucoma, 122–124,
123f
in study of central nervous system
plasticity and degeneration, 121–122
phenotypes of, complex, altered outer
retinal neurotransmission resulting in,
179
“pioneer axons” of, 389
projections of, 192, plate 6
albinism and, 397
axon divergence at chiasm and,
393–396
early development of, 389, 390f
glia in projection pathway and,
390–391
guidance cues and, 391f, 391–393, plate
21
late phase of development of, 390, 390f
middle phase of development of,
389–390, 390f
new approaches for study of, 397, 398f
regulatory genes in retina and chiasm
important for chiasm patterning and,
396–397
techniques for studying, plate 22
retinal waves and. See Retinal waves
spontaneous burst activities of. See Retinal
waves
subtypes of, developmental regulation of,
329
survival after lesion, 122, 123f
YFP expression, dendritic ramification
patterns of, plate 19
Retinal infections, mouse models of, 509
Retinal neovascularization
Bcl-2 and, 293
gene therapy for, 607, 609–610
limitation by laser burns, 565
protection against, by degradation of
photoreceptors, 565
Retinal network, of mouse compared to
other mammalian species, 36f,
36–37

Retinal pigment epithelium (RPE), 637–639,
639f, plate 64
function of, 638
gene expression in
correlation of retinal pigment
epithelium gene expression and
retinal vascularization and, 692–693
isolation of retinal pigment epithelium
and, 688, 689f, 690f, 690–691
lipofuscin of, 539–544, 540f, 638
autofluorescence of, plate 44
inhibiting formation of fluorophores
and, targeting visual cycle for, 543f,
543–544
Leu450Met variant in murine Rpe65
associated with, 542–543, 543f
Rpe65−/− mice and, 539–540, 540f
Stargardt macular degeneration and
Abca4/Abcr null mutant mice and,
540–542, 541f
relationship with photoreceptors, 639
visual cycle and, 721–722
Retinal progenitor cells (RPCs)
differentiation of, 302
eye field transcription factor expression in,
299, 302–303
Math5 activation in, 325
Math5 repression in, 326–327
proliferation of
control by retinal ganglion cell-secreted
signaling molecules, 328–329
regulation of, 311
Retinal projections, ipsilateral and
contralateral, plate 1
Retinal synaptic transmission, 175–184,
176f
control of synaptic output of bipolar cells
by GABACR-mediated inhibition
and, 182–183
evoked response alteration of ON-center
retinal ganglion cells by GABACRmediated inhibition and, 183–184,
184f
in outer retina, 175–179
altered, complex retinal ganglion cell
phenotypes resulting from, 179
postsynaptic mutants and, 177t,
178–179, 179f
presynaptic mutants and, 177t,
177–178
retinal ganglion cell responses in mutants
with outer plexiform layer
presynaptic defects and, 179–181,
180f
retinal ganglion cell responses in mutants
with postsynaptic defects in
depolarizing bipolar cell signaling
and, 181
Retinal vasculature, plate 45
degenerate capillaries in, plate 46
development of, 285–289, 286f, 289f
gene expression in
correlation of retinal pigment
epithelium gene expression and
retinal vascularization and,
692–693

Retinal vasculature (continued)
isolation of retinal vasculature and
subsequent gene expression studies
and, 688, 689f, 691–692
leukocyte adherence in retinal
microvasculature of diabetic mouse
and, plate 47
Retinal waves, 343–348
cellular mechanisms underlying, retinal
development and, 343–344, 344f
circuits generating, functional stages of,
plate 17
gap junctions and, 346–347
measurement techniques for, 343
mediation of, 357
stage I, properties of, 347, plate 18
stage II
mechanisms of, 345f, 345–346
properties of, plate 18
spatiotemporal properties of, 344–345,
345f
stage III, properties of, 347
visual circuit development and, 348, 349f
Retinaldehyde, 364
Retinaldehyde dehydrogenases (RALDHs), 364
RALDH2, 367, 367f
RALDH3, 367, 368f
colocalization with markers for
neuronal plasticity, 368, 369f
maturation patterns in postnatal cortex
defined by, 369–370, 370f
relationship between neurotrophin-3
and, 368–369, 369f
retinoic acid colocalization with sites of
expression of, 365f, 365–366
Retinitis, viral, 509
Retinoblastoma
human susceptibility to, 311, 313
species-specific differences in susceptibility
to, 313
Retinofugal projections, of mouse compared
to other mammalian species, 39t,
39–40, 40f, 41f
Retinogenesis, early regulatory events in,
322–324
Retinogeniculate pathway. See also Lateral
geniculate nucleus (LGN)
axon segregation in, in developing mouse,
plate 24
development of, 415–426, 425f
functional composition of developing
pathway and, 419–420, 421f, 422
mechanisms underlying remodeling of
connections and, 424
structural composition of developing
pathway and, 418–419
Retinohypothalamic tract (RHT), circadian
photoentrainment and, 209–210
Retinoic acid (RA), 363–374
actions in brain, 364–365
data bank searches and, 370–372
Allen Brain Atlas, 370–371, 371f
Brain Gene Expression Map, 370
evaluation of, 372
dorsal telencephalon function and,
366–367

dorsal visual stream and, 373f, 373–374
photoreceptor development and, 304, 305
RALDH2 and, 367, 367f
RALDH3 and, 367, 368f
colocalization with markers for
neuronal plasticity, 368, 369f
maturation patterns in postnatal cortex
defined by, 369–370, 370f
relationship between neurotrophin-3
and, 368–369, 369f
reporter mice and, 365f, 365–366
retinoid system and, 364
Retinoid flow in visual cycle, in visual cycle,
726–727
11-cis-Retinol dehydrogenase, in visual cycle,
725
Retinol-binding protein, in visual cycle, 725
Retinopathy
of detachment, oxygen to relieve, 564
diabetic. See Diabetic retinopathy
oxygen-induced, 553–554
of prematurity (ROP), 285–294, 642
mouse model for study of, 285, 289
scoring system for, 291
Retinopathy scoring system, 291
Retinorecipient nuclei, of mouse compared
to other mammalian species, 40–45
Retinoscopy, streak, 75
RF/J strain, hearing and visual abilities in, 16
Rgr−/− mice, 724, 725
Rhodopsin gene, 63
Rhodopsin gene mutations, 651
RIIIS/J strain, tactile sensitivity in, 24
Rlbp−/− mice, 726
RNAi, inducible, in retina, plate 62
Rod(s). See also Photoreceptors
bipolar cells of, ON and OFF pathway
segregation and, 354
development of, Rb and, 313–317, 315f,
316f
dysfunction of, cone damage due to, 566
gap junctions of, 167
GFP expression in, plate 63
of mouse compared to other mammalian
species, 36
scaling of, 263
spatial vision and, 81–82
Rod monochromatism, gene replacement
therapy for, 612–613
Rod pathways, proximal, gap junctions in,
167–169, 168f
Rod visual cycle. See Visual cycle, rod
Roscoe B. Jackson Memorial Laboratory,
13
Rpe65, Leu450Met variant in, reduced
levels of retinal pigment epithelial
lipofuscin associated with, 542–543,
543f
Rpe65, photoreceptor response to light and,
574–575
RPE65 alleles, 638–639, 639f
Rpe65 alleles, retinal responses to light
exposure and, 650–651
Rpe65 knockout mice, as model for Leber
congenital amaurosis, 611–612
Rpe65−/− mice, photosensitivity in, 214

Rpe65−/− mice, retinal pigment epithelium
lipofuscin in, 539–540, 540f
Rpgrip knockout mice, as model for Leber
congenital amaurosis, 612
Rpgrip 1 mutations, 650
RPR65, 637
isomerohydrolase reaction and, 723–724
Rupture of lens cataract, 501
Rx, as eye field transcription factor, 299–300
Rx-Cre transgenic mice, 274
RXR-τ, opsins and, 305
Rx/rax homeobox transcription factor, 269

S
Saccade(s), 87, 88, 99
Saccade-like rapid eye movements
(SLREMs), 233
electrically induced, in mice, 235–238,
237f
measurement of, 233–234, 234f
spontaneous, in mice, 234f, 234–235, 236f
Saccadic eye movements, 233–242
study methods for, 233
superior colliculus and, 233. See also
Superior colliculus (SC)
SB strain, mutation and effect in, 62t
Scaling, of eye and cortex, 263–264
Schematic eye modeling, 73–74, 74f
Schlemm’s canal
aqueous humor outflow and, 131
inner wall cells of, 132, 132f
Scotopic signal transmission, of mouse
compared to other mammalian
species, 36f, 36–37
Scotopic threshold response (STR), pattern
electroretinography and, 124
Second messengers, retinal ganglion cell
axon growth ability and, 408
Self-complementary AAV vectors (scAAV),
613–614
Senescence-accelerated mouse (SAM), 500
Senile cataracts, mouse models for, 500
Sequential model of evolution, 6–7, 7f
Serial analysis of gene expression (SAGE),
662, 663, 687
Severe combined immunodeficiency (SCID),
506
Shh, control of retinal progenitor cell
proliferation by, 328
SHIRPA test battery, 30
Shrew mice, 3–5, 8
Single-cell recordings, cones and, 139,
140f–142f
Single-unit recordings, for ocular dominance
plasticity assessment, 439
Sinusoidal stimuli, optokinetic reflex gain in
response to, 91
Sip 1, lens development and, 277
Sip1, in cornea and lens development, 701
Site-specific recombination, Cre-lox
recombinase system for study of,
599–600
Six3, in cornea and lens development, 700
Six homeodomain genes, as eye field
transcription factors, 300

index

751

SJL/J strain
anxiety-related behavior tasks and, 29
conditioned taste aversion in, 29
cued and contextual fear conditioning in,
27
hearing and visual abilities in, 15t, 16
mutation and effect in, 62t
pattern discrimination in, 18
visual acuity of, 20
SKH2/J strain, auditory evoked brainstem
response in, 22
Slit1, retinal ganglion cell axon guidance
through visual pathway and, 392f,
392–393
Slit2, retinal ganglion cell axon guidance
toward optic chiasm and, 392f,
392–393
Slit signaling, control of initial retinal
ganglion cell axon outgrowth polarity
in, 381–382, 382f
Small eye artifact, 74
Smithies, Oliver, 35
SM/J strain
pattern discrimination in, 18
tactile sensitivity in, 24
taste ability in, 23
visual acuity of, 20
Smooth pursuit movements, 87, 88
Snell, George D., 13
Sodium currents, in dorsolateral geniculate
nucleus, 220, 220f
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), in
proteomics, 713–714
Sonic hedgehog. See also Shh
directed growth of retinal ganglion
cell axons toward optic disc and,
383
eye field formation and, 301
optic nerve development and, 201
S-opsin, cone, expression of, 136, 138–139
Sorsby’s fundus dystrophy, gene therapy for,
609–610
Sox, cataracts and, 494
Sox1, lens fiber differentiation and, 278
Sox1, in cornea and lens development,
701
Sox2
in cornea and lens development, 701
lens development and, 276
Spacing rule, in horizontal cell mosaic,
148–150, 149f, 150f
Spatial acuity, primary visual cortex and,
51–52
Spatial frequency (SF) threshold, of
optokinetic reflex, measurement of,
113–115, 114f, 115f
Spatial information, retinogeniculate inputs
and, 221–223, 222f–224f
Spatial regulation, of gene expression,
using cell type–specific promoters,
plate 58
Spatial resolution
of mouse compared to other mammalian
species, 38–39
in mouse eye, 73

752

index

Spatial vision
illuminances and, 81, 81f
rods and cones and, 81–82
Spectacle lenses, refractive errors induced
by, 82
Spemann, Hans, 268
Spiny mice, 3–4, 5, 8
Sp1/Krüppel-like transcription factors, in
cornea and lens development, 702
Spontaneous activity, developmental,
postnatal retinal ganglion cell
development and, 121–122, 122f
SPRET/EiJ strain
hearing and visual abilities in, 15t
pattern discrimination in, 18
visual acuity of, 20
Staggerer mutant mice, olfactory ability in,
22, 23
Staphylococcus aureus infections, 507–508
Starburst amacrine cells (SACs)
retinal waves and, 346
study approaches for, 598
Stargardt disease, 582, 723
in Abca4/Abcr null mutant mice, 540–542,
541f
Stimulation. See also Environmental
enrichment
early-life, neuronal and behavioral
development and, 450–451
electrical, retinal ganglion cell axon
growth and, 404–405
tactile, plasticity and, 455, 456
Stimulus-selective response potentiation
(SRP), 471–472, 472f, 473
Strain background, 65
Stratification patterns, Cre-lox recombinase
system for study of, 601
Stratum album intermediale (SAI), 235
Stratum album profundum (SAP), 235
Stratum griseum intermediale (SGI), 235
burst generation in, 240–241, 241f
cholinergic innervation of, 242
Stratum griseum profundum (SGP), 235
Stratum griseum superficiale (SGS), 43,
235
Stratum opticum (SO), 43, 235
Stratum zonale (SZ), 235
Streak infrared, 75
Streak retinoscopy, 75
Streptozotocin, diabetes induced by,
548–549, 549f
Strong, Leonell C., 13
Sugar-induced cataracts, in mouse, 499
Sulik, Kathleen, 270
Superior colliculus (SC), 233
electrically induced saccade-like rapid eye
movements and, 235–238, 237f
lateral geniculate nucleus synaptic
remodeling and, 433–434
layers of, 235
local circuits of, 238–242
burst generation mechanism and,
239–241, 241f
cellular properties of, 238, 238f
GABAergic, 239
interlaminar connections and, 239, 240f

neuromodulator actions and, 241–242
retinal projections to, 42f, 42–44, 43f
Superoxide dismutase, diabetic retinopathy
and, 553
Suprachiasmatic nucleus (SCN)
circadian photoentrainment and,
209–210, 211, 212f, 212–213
retinal projections to, 40, 41, 212f,
212–213
SvEvTac. See 129/SvEvTac strain
SWR/J strain, hearing and visual abilities in,
16
Synaptic circuitry, retinal, development of,
ON and OFF pathway segregation
and, 354–357, 355f, 356f
Synaptic remodeling, 429–435
description of, 429
in lateral geniculate nucleus, 430f,
430–431, 431f
activity and, 431–432
comparison with remodeling in other
regions of visual system, 433–434
genes involved in, 434–435
plasticity in lateral geniculate nucleus
and, 432–433
lateral geniculate nucleus synapses and,
429–430
Synaptic transmission, retinal. See Retinal
synaptic transmission
Synaptogenesis, defects in Rb-deficient
retinas, 317–318, 318f

T
T cells
antigen-specific
experimental autoimmune uveitis
induced by adoptive transfer of,
515
migration to eye, 521
defects in selection of repertoire of,
susceptibility to experimental
autoimmune uveitis and, 518
deficient peripheral tolerance and,
susceptibility to experimental
autoimmune uveitis and, 518–519
Pseudomonas aeruginosa infections and, 507
Tactile sensitivity, measurement, 24
Tactile stimulation, plasticity and, 455,
456
Tail flick test, 24
TALE homeobox proteins, eye field
transcription factor regulation by,
301
Targeted ablation, to assess role of
photoreceptors, 595–596
Targeted gene manipulations, 594–595,
595f
Targeted mutagenesis, 63, 65–66
Taste ability, measurement of, 23–24
Taste aversion, conditioned, 28–29
Tau-lacZ reporter, for study of retinal
ganglion cells, 599
Taurine, photoreceptor development and,
304, 305
Tcm mutant, 501

Telencephalon, dorsal, retinoic acid and,
366–367
Temporal information, retinogeniculate
inputs and, 223–225
Temporal resolution, primary visual cortex
and, 51–52
Tetrodotoxin (TTX), lateral geniculate
nucleus synaptic remodeling and, 434
Th1, experimental autoimmune uveitis and,
520
Th17, experimental autoimmune uveitis
and, 520
Thalamocortical relay cells (TCs)
calcium current of, 220
hyperpolarization-activated currents of,
221
intrinsic conductances of, modulation of,
226–227
potassium current of, 220–221
Thalamus, dorsal and ventral, visual cortex
connections with, 46
Thanatins, cell death and, 337
Thermal nociception, measurement of,
24–25
Thy-1
fluorescent reporters under control of, 598
as retinal ganglion cell marker, 193
Thy-1-GFP-H line, for study of retinal
ganglion cells, 599
Thymidine birth dating analysis, in retina,
302
Thyroid hormone receptor-β2 (TRβ2), opsins
and, 305
Tilt, static, mouse response to, 92f, 92–93
Tilt vestibulo-ocular reflex (titlVOR), 92
Tilted mice, 101
TIMP3, gene therapy for Sorsby’s fundus
dystrophy using, 610
Tissue inhibitor of matrix metalloproteinase1, herpes simplex virus infection and,
506
Toll-like receptors (TLRs)
autoimmunity triggered by, 519–520
infections and, 508
Tonometry, 480
Tono-Pen tonometer, 480
Toxoplasma gondii infections, 509
Trabecular meshwork (TM), 131f, 131–132,
132f
in pigment dispersion syndrome, 484
in primary open-angle glaucoma, 484
Transcallosal cells, binocularity and, 50–51
Transcription factors. See also specific factors
cell death and, 338
in cornea and lens development, 699f,
699–703, plate 36, plate 66
homeobox, 699–701
non-homeobox, 702–703
photoreceptor development and, 304–305
retinal ganglion cell development and, 194
Transforming growth factor β (TGF-β)
cell death and, 336
retinal vascularization and, 290–291
Transforming growth factor β1 (TGF- β1),
retinal vascularization and, 288
Transgene insertion, 593–594, 594f

Transgenic mice, 14–15. See also specific
transgenic mice
in gene expression analysis, 692
for lens research, 272–273
location of transgene, 65–66
study of amacrine cells using, 597–598
study of role of gap junctions in bipolar
cells using, 596–597
temporal control of gene expression in,
Cre recombinases for, 626, 627f,
plate 57
uses of, 65
Translational vestibulo-ocular reflex
(transVOR), 92
Traumatic optic neuropathy, retinal
ganglion cell axon regeneration in,
409, 409f
Tα1–3RT τTG mice, olfactory ability in,
22, 23
Two-bottle test, of taste ability, 23–24
Two-dimensional electrophoresis, in
proteomics, 714–715
Tyrosine hydroxylase (TH), primary
congenital glaucoma and, 483
Tyrp1b, pigmentary glaucoma and, 483

U
Unmyelinated region, of optic nerve, 201,
202f
Usher’s syndrome, type 1b, 584
Uveitis, 513–523
endotoxin-induced, 513–515, 514f
experimental autoimmune uveitis,
pathogenesis of, critical checkpoints
in, plate 40
experimental autoimmune uveoretinitis,
515–517
associated with anti-tumor response to
melanoma antigen, 517
histology of, plate 39
in human lymphocyte antigen
transgenic mice, 516
induced by active immunization with
retinal antigen, 515, 516t, 517f
induced by adoptive transfer of antigenspecific T cells, 515
induced by injection of antigen-pulsed
dendritic cells, 516
in mice expressing a transgenic target
antigen in the retina, 515–516
spontaneous, 516–517
immunotherapeutic approaches for,
522–523
infectious. See Infectious eye diseases
mechanisms involved in, 517–522
antigen presentation to lymphocytes
and, 519
deficient peripheral tolerance as,
518–519
effector cell migration, infiltration, and
inflammatory cell recruitment as,
521
innate immune signals and, 519–520
natural resolution mechanisms as,
521–522

pathogenic effectors and, 520
T cell repertoire selection and, 518
Uveoscleral outflow pathways, 132–133

V
Vacuolated lens mutant, 500
V-amacrine cells, 597
Vascular cell types, 639–643, 641f, 643f
Vascular endothelial growth factor (VEGF)
gene therapy for retinal neovascularization
and, 609
herpes simplex virus infection and, 506
overexpression of, diabetic retinopathy
and, 554
Vascular endothelial growth factor-A
(VEGF-A)
in angiogenesis, 640–641
oxygen-induced retinopathy and, 290,
291–292
retinal vascularization and, 286, 287
Vascular patterning, 642
Vascularization, 640, 641f
Vasculogenesis, 285, 286
Vasogenesis, blocking of, by inhaled oxygen,
563
Vax1, optic nerve development and, 201
Vax1/2, chiasm patterning and, 396
Vegf, control of retinal progenitor cell
proliferation by, 328, 329
Velocity storage integrator, 94–96, 95f
Ventrolateral geniculate nucleus (vLGN),
retinal projections to, 40, 41
Vergence movements, 87, 88
Vestibular compensation, 99
Vestibulo-ocular reflex (VOR)
angular, 88–91, 89f, 90f
gain and response axis of, adaptation
of, 96–98, 97t
linear, 88
tile (orienting), 92
translational, 92
visual, 89f, 89–90
Vibrissae sensitivity, measurement, 24
Vimentin, cataracts and, 498
Viral retinitis, 509
Virtual optokinetic reflex system, 112–113,
114f
Virtual optokinetic system, 20
Vision
lack of, environmental enrichment and,
453–455, 454f
in tasks evaluating higher order cognitive
functions, 25
Visual ability
measures of
of brightness/visual detection, 16, 17f, 18
gross, 16
of pattern discrimination, 17f, 18, 19f
of visual acuity, 18, 20, 21f
in mice, 15t, 16–20
Visual acuity
of mouse compared to other mammalian
species, 35
operational definition of, 108
of small vertebrate eyes, 73

index

753

Visual behavior, correlates of ocular
dominance plasticity and, 447
Visual circuits, development of, retinal waves
and, 348, 349f
Visual cortex, 245–252
binocular
mapping ocular dominance in,
plate 26
retinotopic mapping of, plate 25
callosal connections of, 46–47, 47f
connections of, 248–251
areal hierarchy of, 251, 251f
consolidation of, environmental
enrichment and, plate 29
between different cortical areas, 249,
250f, 251
with dorsal thalamus, 46
subcortical inputs and, 248
within V1, 248–249
with ventral thalamus and
mesencephalon, 46
Vi, topographic maps of, plate 8
corticotectal cells of, physiology of, 47–48
cytoarchitectonic fields of, 245, 246f
extrastriate, in mouse compared with
other mammalian species, 51–52, 52f
extrastriate lateromedial area intracortical
connections in, plate 9, plate 10
interareal feedforward and feedback
connections in, laminar organization
of, plate 11
intrinsic associational corticocortical
connections of, 46
long-range associational corticocortical
connections of, 46
maps of, plate 7
of mouse compared to other mammalian
species, 45–52
anatomy and, 45f, 45–47
binocularity and, 49–51, 50f
physiology and, 47–59, 48t
spatial acuity and temporal resolution
and, 51–52
nonoriented cells of, physiology of, 47
orientation selectivity of, 48–49
relationship between cytoarchitectonic
areas and topographic maps of, 248
topographically defined areas of, 246f,
246–248, 247f
visuotopic organization of, 45–46
Visual cortical plasticity
environmental enrichment and, 449–459
early-life stimulation effects on neuronal
and behavioral development and,
450–451
neural consequences of environmental
enrichment and, 450
visual system development and,
451–459, 452f, 454f, 455f, 457f,
459f

754

index

experience-dependent, 465–473
adult ocular dominance plasticity and,
472–473, 474f
mechanisms of ocular dominance shift
in mice and, 468–471
monocular deprivation in juvenile mice
and, 468, 469f, 470f
stimulus-selective response potentiation
and, 471–472, 472f
visually evoked potential recording
technique and, 466, 467f, 468
Visual cycle, 721–729
cone, 727, 728f, plate 69
inhibition of formation of retinal pigment
epithelial lipofuscin fluorophores and,
543f, 543–544
proteomic analysis of, 727–729
of interacting components, 727–729
retinoid, 637
rod, genetic analysis of, 721–727, 722f,
plate 68
all-trans-retinol dehydrogenase and,
722–723
ATP-binding cassette A4 and, 723
cellular retinaldehyde-binding protein
and, 726
cellular retinol-binding protein type 1
and, 725
11-cis-retinol dehydrogenase and, 725
interphotoreceptor retinoid-binding
protein and, 726
isomerohydrolase and, 723–724
lecithin:retinol acyltransferase and,
723
retinal G protein-coupled receptor and,
724–725
retinoid flow in visual cycle and,
726–727
retinol-binding protein and RBP
receptor and, 725
Visual detection, measurement of, 16, 17f,
18
Visual evoked potentials (VEPs)
for ocular dominance plasticity
assessment, 439–440, plate 31
pattern electroretinographic measurement
of, 120–121, 121f
recording of, for assessing visual cortical
plasticity, 466, 467f, 468
Visual field, of mouse compared to other
mammalian species, 39t, 39–40, 40f,
41f
Visual function, measuring gains and losses
of, behavioral methods for, 116,
116f
Visual pathways, organization of, plate 1
Visual phenotypes, screening of, behavioral
methods for, 115–116
Visual stimulation, ON and OFF pathway
segregation and, 357–358

Visual system
development of
acceleration by environmental
enrichment, plate 28
consolidation of visual cortical
connections and, plate 29
environmental enrichment and,
451–459, 452f, 454f, 455f, 457f, 459f,
plate 29, plate 30
special features in mouse affecting
research, 66–67
Visual thalamus. See Lateral geniculate
nucleus (LGN)
Visual vestibulo-ocular reflex (VVOR), 89f,
89–90
Visual water box, 16, 17f, 18, 20
Visual water task, for measuring visual
perception, 110–111, 111f, 112f
Visual-somatosensory interaction, 24
Vitamin A. See also Retinoic acid (RA)
deficiency of, 364
excess of, 364
role in vision, 363
uptake from RBP, 725
Vogt-Koyanagi-Harada disease, 516
von Frey filament test, 24
Vpac2r, circadian photoentrainment and,
214

W
Water T-maze, modified, 16, 17f
Whole-cell voltage-clamp recordings, for
retinal wave measurement, 343
Williams syndrome, visual cortical functions
in, 245
Wnt signaling, eye field transcription factor
regulation by, 300–301
Wolbachia, 508

X
X-linked juvenile retinoschisis (XLRS), gene
replacement therapy for, 611
X-linked recessive familial exudative
vitreoretinopathy (XLEVR), 528

Y
Yamamoto, Yuhiro, 270
Yerkes apparatus, 16, 17f

Z
Zernike coefficients, 80
Zic2
retinal ganglion cell axon divergence at
chiasm and, 394f, 395
as retinal ganglion cell marker, 193
Zonular apparatus, 129, 130f
ZRDCT strain, 269

