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1 Introduction
The neuronal information of the visual scene that is processed by the retina is conducted to the brain by a set of 
separate spatio-temporal synaptic pathways. The morphological basis for the formation of these parallel synaptic 
pathways is the laminar-specific structure of the retina, in which specific subtypes of retinal neurons form 
synapses only with highly selective presynaptic and postsynaptic cells (1-3).

Retinal ganglion cells (RGCs) are the output neurons of the retina. In the retina, RGCs synapse with bipolar and 
amacrine cells in the inner plexiform layer (IPL) to receive excitatory and inhibitory synaptic inputs respectively. 
The axons of RGCs travel through the optic nerve to retinorecipient structures in the brain, where they transfer 
their specific aspects of visual information to the higher centers (3). Because different subtypes of bipolar cells 
(Fig 1) (4) and amacrine cells (Fig. 2) (5) have their axonal/dendritic terminals in the specific sublaminae of the 
IPL, it is crucial that dendrites of individual RGCs are also confined to specific strata in order to synapses with 
them.

Thus, the synaptic circuitries processing distinct visual features, the so called “parallel pathways” (1, 2, 6-10), 
start in the retina. In most mammals, RGCs can be divided into about 20 morphological subtypes based on their 
distinctive dendritic structure and synaptic connections (11-19). The wholemount drawings of mouse RGCs 
(Fig. 3) illustrate the diversity of morphologies present in mammalian RGCs ((19). See also RGCs of human, cat 
and rabbit retinas in the ganglion cell chapter in Webvision).

Most of these RGCs have specific dendritic distribution in the IPL in adult retina as exemplified by the schematic 
(Fig. 4) showing the branching patterns of mouse RGCs. In most mammals, these lamina-restricted distributions 
of RGC dendrites and synaptic connections are formed during pre- and post-natal development. The question is 
how this lamination arises.
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Figure 1: The major subtypes of bipolar cells of primate retina (Adapted from Wässle, 2004 (10)). Similar types have been observed in 
the rats (4), rabbit, cat (15, 74), monkey (75) and human (76).

Figure 2. Schematic drawings of some of the amacrine cells of rabbit retina show each type has a characteristic morphology and 
stratification of the dendrites to specific strata (1-5) of the inner plexiform layer. All other mammals have similar cells. Adapted from 
MacNeil and Masland, 1998 (5).
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2 Neurogenesis and synaptogenesis of retina
The neurogenesis and synaptogenesis of mammalian retina is an orderly process. Figure 5 shows an overview 
drawing of the development of mouse retinal neurons. RGCs differentiate first followed by amacrine cells, cones 
and horizontal cells. Rod photoreceptors differentiate shortly afterward. Bipolar cells are the last neurons to 
differentiate. In mammals most retinal neurons differentiate before birth (20-22).

Figure 3. About 22 subtypes of retinal ganglion cells (RGCs) are present in the mammalian retina (See chapter on ganglion cells, 
Webvision). Camera lucida drawings show the RGCs of mouse retina. Adapted from Volgyi et al., 2009 (19).
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The order of synaptogenesis of retinal neurons is somewhat different from the order of neurogenesis. The 
synapses of amacrine cells in the IPL appear first. These are followed by the synaptic formation between 
photoreceptors and horizontal cells in the OPL. The last synaptic element to link photoreceptors in the outer 
retina and RGCs in the inner retina is the synaptic connection between bipolar cells and RGCs (Fig. 5A) (23, 
24). In mouse, the density of both ribbons and conventional synapses in the IPL continuously increases after eye 
opening and reaches the peak level by the age of P21 (Fig. 5B). Functionally, the strength of RGC synaptic inputs 
measured by the frequency of spontaneous synaptic activity is low before eye opening in mice. After eye 
opening, a surge of glutamate receptor-mediated spontaneous excitatory postsynaptic currents (sEPSCs) and 
GABA/glycine receptor-mediated spontaneous inhibitory postsynaptic currents emerges around P25 (Fig. 5B). 
Amplitudes of RGC light responses in cat and ferret retina are also found to increase after eye opening (25, 26). 
In rabbit and rat, the amplitudes of retinal light responses measured by electroretinography continuously 
increases in the first month after birth and reaches the adult level by the ages of P30 to P40 (27, 28).

During synaptogenesis, the dendrites of mouse RGCs undergo very active remodeling. More than 30% of 
dendritic filopodial branches in the mouse are replaced every hour by continuous dendritic growth and 
elimination (pruning) between P10-13 (see Fig 6 and movie 1). This developmental remodeling of RGC 
dendrites is thought to play an important role in synaptogenesis and the formation of lamina-restricted dendritic 
distributions of RGCs.

Figure 4. Dendritic ramification depth of the 22 mouse RGC subtypes (From Volgi et al., 2009 (19)). Solid horizontal lines represent the 
inner and outer borders of the IPL, whereas dashed lines separate the 5 IPL strata. Numbers on the left represent percent depth level in 
the IPL. Summary diagrams of RGCs are separated by vertical lines into the subtypes but do not represent the diameter of the dendritic 
trees.
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3. Formation of lamina-restricted dendritic distributions of RGCs
Many studies have shown that the dendritic morphology and synaptic connections of RGCs undergo profound 
refinement during postnatal development. Early in postnatal development, the dendrites of many RGCs ramify 
diffusely throughout the IPL of the retina in cats, rats and mice (Fig. 7, A1, A2). With subsequent maturation, 
RGC dendrites become much more narrowly stratified in the IPL (Fig. 7, A2, B2 and B3) (26, 29-34) at least 
partially due to a developmental restriction of RGC dendrites (31). Recent studies suggest that different subtypes 
of RGCs acquire their lamina-restricted dendritic ramification patterns in different ways.

Some RGCs seem to achieve their restricted lamina patterns by direct targeting without significant pruning. In 
Figure 8 A1-A3, a bistratified RGC has a bistratified dendritic distribution pattern early at P5 (A1) and retains 
this bistratified pattern into adulthood (A2 and A3) without an initial diffuse distribution pattern. Similarly in 
Zebrafish some RGCs directly elaborate their dendrites to the middle of the IPL and later became strictly 
monostratified, occupying a single stratum in the middle of the IPL (Fig. 8 B1, B2 and B3) (35).

It is also clear that some RGCs form their lamina-restricted dendritic patterns through both direct targeting and 
selective dendritic pruning (Fig. 9). In Figure 9, A1-A3, the dendritic trees of a subtype of RGCs are diffusely 
ramified with many side branches originally and become bistratified to two strata above and below the 
cholinergic starburst type a cell with significant pruning of their dendritic branches (33). Similarly in Figure 9 
B1-B3, a zebrafish RGC starts its dendrites in the inner strata of the IPL and then selectively prunes the 
dendrites in the inner strata and grows the dendrites in the outer strata of the IPL over time (35).

Figure 5. In mouse retina, neurogenesis begins before birth and is largely completed shortly after birth (A.). However neurogenesis of 
rods and bipolar cells starts before birth and continues for 1-2 weeks after birth (77). B: Synaptogenesis of mouse retina begins before 
eye opening and continues for several weeks after eye opening. The density of both ribbon and conventional synapses in the IPL 
reaches peak at P21 (78). The synaptic strength measured as the frequency of RGC spontaneous activity increases with age and peaks 
around 2 weeks after eye opening (55). The curves show the relative cell populations, synaptic densities and frequencies of spontaneous 
synaptic inputs as a function of time. Adapted from Xu and Tian, 2004 (79).
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4. Regulation of the formation of lamina-restricted dendritic 
patterns of RGCs
The regulatory mechanisms for the formation of the lamina-restricted dendritic patterns of RGCs are not 
completely understood. It has been reported that many molecular cues play crucial roles in the formation of 
laminar-restricted dendritic pattern of some subtypes of RGCs. The immunoglobulin superfamily adhesion 
molecules, DSCAMs and sidekicks, have been reported to direct laminar-specific axonal and dendritic 
ramification of bipolar cells and RGCs in chick retina (36) and RGC neurite arborization and mosaic formation 
in mouse retina (37). The transmembrane semaphorin Sema6A and its receptor PlexinA4 (PlexA4) have also 
been reported to control the stratification of the dendrites of dopaminergic amacrine cells, melanopsin 
containing RGCs and calbindin-positive cells into ON and OFF sublaminae of the IPL in mouse retina (38). Fig 
10A shows that transmembrane semaphorin Sema5A and Sema5B normally constrain dendritic targeting of 

Figure 6: Dendrites of mouse RGCs undergo very active remodeling during synaptogenesis in postnatal development. RGC dendritic 
motility was examined using time-lapse confocal imaging on retinas of YFP+ mice at P13-14. A: Representative image of an A1 YFP+ 
RGC of a Thy1-YFP mouse. Scale bar, 60 µm. B: Average lifetime of RGC filopodia of P13-14 mice. Note that more than 30% of the 
filopodia are replaced every hour. Filopodia that existed at the beginning and disappeared before the end of the recording period and 
filopodia that emerged during the recording period and persisted until the end of the recording were discarded since the lifetime of 
these filopodia could not be determined. C: Representative time-lapse images of a segment of the dendrite from the RGC shown in (A) 
(indicated by the dash-line box) taken at 30 min intervals. Arrow, transient filopodia; arrowhead, static filopodia: double arrowhead, 
new filopodia; double-headed arrow, filopodia lost over the recording period. Scale bar, 20 µm. See also Movie . Adapted from Xu et al., 
2010 (44).
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melanopsin-expressing RGCs to the IPL. In Sema5A-/- and Sema5B-/- mice the RGCs exhibit aberrant dendritic 
branching in INL, OPL and ONL (Fig. 10B, 10C and 10G).

Several reports have also shown that both spontaneous synaptic activity mediated by glutamate receptor (GluR) 
before eye opening and light evoked retinal activity after eye opening regulate the normal development of the 
lamina-restricted dendritic patterns of RGCs. In an early developing vertebrate retina like mouse, RGCs fire 
periodic bursts of action potentials that are highly correlated and propagate across the RGC layer in a wave-like 
fashion (39). These spontaneous retinal waves are mainly mediated by cholinergic and glutamatergic synaptic 
transmission (40-45) (see chapter by Ford and Feller, Webvision). The retinal wave mediated by AChR seems to 
have little effect on the formation of laminar-restricted dendritic pattern of RGCs. In mice, genetic deletion of β2 
subunits of nAChR or the sole synthetic enzyme for acetylcholine, choline acetyltransferase, eliminates the 
retinal waves mediated by nAChRs and causes an insignificant or non detectable change of the development of 
the lamina-restricted dendritic ramification of RGCs (40, 46).

On the other hand, intraocular injection of APB, an agonist for class III metabotropic GluRs (mGluR6), results 
in a blockade of glutamate release from ON and rod bipolar cells and causes an arrest of the developmental 
stratification and segregation of RGC dendrites into ON and OFF synaptic pathways in cats, ferrets and rats (29, 
30, 47, 48) (Fig 11).

Also, intraocular injection of antagonists for NMDA and AMPA receptors, AP5 and NBQX, increases the 
density of filopodia by more than 100% after 5 days of treatment in mice (see Fig 12, compare A and B). Xu et al. 
(44) showed that pharmacological blockade of GluR-mediated activity slows the kinetics of RGC dendritic 
growth and elimination by approximately 50% (Fig. 12D). The disrupted GluR-mediated activity in retina during 
early postnatal development is associated with profound and permanent defects of RGC dendritic morphology 
and synaptic function in adults (44). Similarly, Lau et al. (49) showed that blockade of NMDA receptors before 
eye opening increases the spine density of RGCs in hamsters.

However, genetic blockade of glutamate release from ON bipolar cells eliminates spontaneous and light evoked 
synaptic inputs to ON RGCs without effect on the spontaneous and light evoked synaptic activity of OFF RGCs 

Movie 1. Changes in filopodial growth and shape in the course of one hour.
Download video
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and causes no detectable effect on the lamina-restricted dendritic ramification of either ON or OFF RGCs (50). 
In addition, genetic deletion of the mGluR6 receptor, which blocks ON bipolar cell light evoked synaptic activity, 
failed to impair dendritic stratification of mouse RGCs (51). Therefore, the effect of GluR-mediated synaptic 
activity on the development of the lamina-restricted dendritic ramification and synaptic connections of RGCs is 
somewhat controversial and needs to be further investigated. The effect of light evoked synaptic activity on the 
development of RGC dendritic restriction and synaptic connection seems to vary among subtypes of RGCs and 
selective to some synaptic features. Morphologically, dark rearing blocks an age-dependent remodeling of 
dendritic complexity of a class of “aberrant” RGCs in hamster retina (52). In mice, light deprivation increases the 
density of conventional synapses in the IPL (53). The developmental ramification of RGC dendrites into OFF 
lamina of the IPL is selectively impaired by light deprivation in RGCs of mouse retina (54). Functionally, light 
deprivation blocks the surge of spontaneous synaptic inputs to RGCs, the age-dependent increase of inner 
retinal light responses measured by ERG oscillatory potentials (55, 56), the segregation of RGC synaptic inputs 
from ON and OFF synaptic pathways (54), and the maturation of the size of inhibitory receptive field of RGCs 
(57).

However, light deprivation seems preferentially to affect the maturation of dendrites of OFF RGCs, but not ON 
RGCs. Xu and Tian (54) quantitatively analyzed the developmental refinement of the dendrites of a random 

Figure 7: Dendrites of RGCs can reach mature stratified pattern through selective pruning. A1 and A2: Light micrographs of DiI (1,10-
dioctadecyl-3,3,30,30-tetramethyl indocarbocyanine perchlorate) labeled RGCs from transverse sections of the central region of a P2 
and a P10 cat, respectively. In A1, the RGC dendrites are distributed throughout the total IPL at P2 while, in A2, the dendrites have the 
distinct appearance of two tiers of dendrites within the IPL and the stratification pattern of ON and OFF layers. Scale bar in A1, 20 um. 
Reproduced from Bodnarenko and Chalupa, 1993 (29). B1, B2 and B3: Retinal sections from P5, P8, and P12-P13 JAM-B mice, 
respectively. RGCs were labeled with anti-GFP (green) and starburst amacrines with anti-ChAT (red). In B1, the dendrites of JAM-B 
RGC are distributed throughout the total IPL at P5. At P8 (B2), the JAM-B RGC selectively loses dendrites in the inner IPL. At P12-13 
(B3), the dendrites of JAM-B RGC exhibit a lamina-restricted distribution in the outer IPL. Scale bar in B3, 20 um. Adapted from Kim 
et al., 2010 (33).
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group of RGCs in mouse retina and determined the ramification depth and width of RGC dendrites in the IPL at 
different postnatal ages (Fig. 13). They showed that a large proportion of RGCs have a single layer of narrowly 
stratified dendritic plexus ramifying near the centre of the IPL before eye opening (P12), where they could 
synapse with both ON and OFF bipolar cells. After eye opening, a significant portion of RGCs redistribute their 
dendrites from the centre of the IPL toward the inner and outer borders of the IPL (Fig. 14A). This laminar-
specific redistribution of RGC dendrites is associated with an age-dependent decrease of the number of RGCs 
receiving synaptic inputs from both ON and OFF bipolar cells (Fig. 14C). In dark reared mice, the RGC 
dendritic redistribution from the centre of the IPL to sublamina a of the IPL is blocked, which results in a 
significant increase of the number of RGCs ramifying at the center of the IPL, and a decrease of the number of 
RGCs ramifying only in sublamina a, in comparison with age-matched controls (Fig. 14A). Physiologically, the 
number of RGCs responding to both the onset and the offset of light stimulation of mice raised in constant 
darkness from birth to the ages of P27-30 was 4-fold higher than that of age-matched controls raised in cyclic 
light, but comparable to the percentage of ON-OFF responsive RGCs of P10-12 mice (58) (Fig. 14C). Similarly, 
long-term treatment of cat eyes with intraocular injection of APB significantly reduced the number of αRGCs 
ramifying in the sublamina a and increased the number of multistratified α cells (48).

Figure 8. Dendrites of RGCs can reach mature stratified pattern by direct targeting. A1, A2 and A3: Retinal sections from P5, P8, and 
P12-P13 BD mice, respectively. RGCs were labeled with anti-GFP (green) and starburst amacrines with anti-ChAT (red). The BD RGC 
forms the distinct bistratified dendritic distribution pattern early during postnatal development at P5 (A1) without an initial diffuse 
distribution pattern. The bistratified distribution pattern remains throughout the postnatal development to adulthood (A2 and A3). 
Scale bar in A3, 20 um. Adapted from Kim et al., 2010 (33). B1, B2 and B3: In vivo time-lapse image of an isolated immature RGC 
(MYFP) in the Q01 background (MCFP) transgenic zebrafish retina. Time-lapse images taken at 3, 4 and 6 dpf, respectively, show 
orthogonally oriented image stacks of the entire arbor of the RGC. This RGC directly elaborates its dendrites targeting the inner half of 
the IPL that later became monostratified, occupying a single stratum in the middle of the IPL. Scale bar in B3, 10 um. Adapted from 
Mumm et al., 2006 (35).
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5. The possible mechanisms of developmental regulation of RGC 
dendrites
During developmental refinement, the dendritic arborizations of RGCs undergo dynamic elaboration, 
maintenance or elimination to attain their lamina-restricted ramification pattern. Although neuronal activity 
influences this remodeling in many subtypes, the underlying molecular mechanisms have not yet been 
identified. Several studies suggest that calcium is important to link the neuronal activity with dendritic growth 
and patterning (59). Thus, it has been reported that synaptic stimulation induces calcium influx through voltage-
dependent calcium channels and is sufficient to activate a transcriptional program that regulates dendritic 
growth (60).

BDNF/TrkB has also been shown to play an essential role in the activity-dependent development of RGC 
dendrites (61). Activation of BDNF promotes the anatomical segregation of the dendrites of ON- and OFF-
center RGCs in different sublaminae of the IPL (61, 62), while deletion of TrkB strongly inhibits visual 
experience-dependent refinement of RGC dendrites (62). In addition, the expression of BDNF in the retina is 
up-regulated by visual stimulation (61, 63-65). This suggests that light deprivation retards RGC dendritic 

Figure 9. Dendrites of RGCs can reach mature stratified pattern by targeted growth and selective pruning. A1, A2 and A3: Retinal 
sections from P5, P8, and P12-P13 W7 mice, respectively. RGCs were labeled with anti-GFP (green) and starburst amacrines with anti-
ChAT (red). The W7 RGCs selectively distributed their dendrites in the outer IPL at P5 (A1). With development, the dendritic complex 
is further pruned to form two narrowly restricted strata in the outer IPL at P12-13 (A3). Scale bar in A3, 20 μm. Adapted from Kim et 
al., 2010 (33). B1, B2 and B3: In vivo time-lapse image of an isolated immature RGC (MYFP) in the Q01 background (MCFP) 
transgenic zebrafish retina. Time-lapse images taken at 4, 5 and 6 dpf, respectively, show orthogonally oriented image stacks of the 
entire arbor of the RGC. This RGC initially ramifies its dendrites in the inner IPL at 4 dpf (B1). With development, the inner arbor of 
this RGC was pruned, the cell selectively grew dendrites toward the outer IPL and developed a narrowly restricted lamina of dendrites 
in the outer IPL at 6 dpf. Scale bar in B3, 10 μm. Adapted from Mumm et al., 2006 (35).
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maturation by reduction of the expression of BDNF. Conversely, over-expression of BDNF precludes the 
retardation of laminar refinement in dark reared mice (62).

Recent studies demonstrated that genes typically associated with the immune system, such as those in the major 
histocompatibility complex (MHC), are expressed by neurons in various regions of the CNS, including retina, 
and play important roles in synapse formation and activity-dependent synaptic plasticity (66-72). Genetic 
deletion or mutation of a number of MHC class I genes result in the failure of eye-specific segregation of RGC 
axon projections to the dosal lateral geniculat nucleus (dLGN) (68, 72). Also, long-term potentiation, long-term 
depression, learning, memory, and neurogenesis in hippocampus are impaired (68, 73).

Xu et al. (44) reported that the key component of MHCI receptor, CD3ζ is specifically expressed by RGCs in 
mouse retina. Similar to the pharmacological blockade of GluR-mediated activity, genetic mutation of CD3ζ 
profoundly reduces the kinetics of RGC dendritic growth and pruning, and impairs the lamina-specific 

Figure 10. Sema5A and Sema5B constrain dendritic targeting of RGCs to the IPL. WT; Thy-1:GFP-M (A) and Sema5A-/-; Sema5B-/-; 
Thy-1:GFP-M (B and C) adult retina sections were immunostained with anti-GFP or WT (E) and Sema5A-/-; Sema5B-/- (F and G) 
adult retina sections were immunostained with an antibody against melanopsin. A: A representative RGC in WT; Thy-1:GFP-M retina 
exhibits narrowly stratified dendritic plexus. B: A GFP-expressing RGC in a Sema5A-/-; Sema5B-/-; Thy-1:GFP-M retina shows 
dendritic arbors that aberrantly extend into the INL. C: Another GFP-expressing RGC in a Sema5A-/-; Sema5B-/-; Thy-1:GFP-M 
retina shows dendritic arbors that aberrantly extend into the INL, OPL and ONL. E: A representative M1-type ipRGCs in a WT adult 
retina, which normally exhibits dendritic stratification within the S1 sublamina of the IPL. F: A M1-type ipRGCs in a Sema5A-/-; 
Sema5B-/- retina shows dendritic arbors that aberrantly extend into the INL. G: Another M1-type ipRGCs in a Sema5A-/-; Sema5B-/- 
retina shows dendritic arbors that aberrantly extend into the INL as well as other sublaminae of the IPL. Scale bars, 50 um. Adapted 
from Matsuoka et al., 2011b (80).
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segregation of RGC dendrites in the IPL. In addition, CD3ζ-/- mice show a selective reduction of GluR-mediated 
synaptic transmission in RGCs suggesting that CD3ζ-mediated signaling participates in activity-dependent 
synaptic maturation of RGCs. However, some of the important questions, such as what are the exact molecule 

Figure 11. Glutamate released from bipolar cells regulates the dendritic development of RGCs. A, B and C: Light micrographs of DiI 
labeled RGCs from sections of a P2, a P10 and an APB-treated P10 cat retina, respectively. At P2 the RGC dendrites are distributed 
throughout the total IPL (A), at P10 the dendrites have the distinct appearance of two tiers of dendrites within the IPL (B). APB 
treatment prevented the formation of the lamina-restricted distribution of RGC dendrites (C). Scale bar in A, 20 um. Reproduced from 
Bodnarenko and Chalupa, 1993 (29).

Figure 12. GluR-mediated activity regulates the dendritic development of RGCs. A and B: Representative images and dendritic 
reconstructions of YFP-expressing RGCs of P12 retinas in control and with intraocular treatment of NBQX+AP5. Note that 
NBQX+AP5 treatment significantly increase the number of filopodia. C: The average densities of filopodia of A1 and A2 RGCs of 
NBQX+AP5 treated retinas are 80-100% higher than that untreated retinas. D: The speeds of filopodia growth and elimination are 
reduced by NBQX+AP5 treatement. Filopodia growth and elimination were determined by the difference of the length of the filopodia 
recorded at two succeeding time points (recording time interval, 30 minutes). E: Average lifetime of RGC filopodia was significantly 
prolonged in NBQX+AP5 treated retinas. Adapted from Xu et al., 2010 (44).
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mechanisms with which activation of MHC/CD3ζ on neurons affects the maturation of RGC dendrites, and how 
MHC/CD3ζ-mediated signaling interacts with neurotransmitter-mediated synaptic activity in dendritic 
maturation, need to be further addressed.

Figure 13. RGC dendritic distribution in the IPL can be quantified. The dendritic distribution of YFP-expressing RGCs in the IPL was 
quantified from confocal images Thy1-YFP mice. A: A stacked image (A1), the 90° rotation view (A2) and the quantitative dendritic 
distribution (A3) of a bistratified RGC. The dendrites ramified in the sublamina b are colored in blue and the dendrites ramified in the 
sublamina a are colored in green. Dopaminergic amacrine cells are colored in red. In A2, the three dashed lines indicate the inner and 
outer borders of the IPL, and the boundary of the sublaminae a and b, respectively. In A3, double-arrow lines indicate dendritic widths. 
Single arrows indicate the locations of the two peaks of dendritic density. B: A stacked image (B1), the 90° rotation view (B2) and the 
quantitative dendritic distribution (B3) of a mono-stratified RGC. Adapted from Xu and Tian, 2007 (54)..
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Figure 14. Light deprivation alters the dendritic ramification and synaptic inputs of mouse RGCs. A: Peak dendritic location of all 
mono-stratified RGCs of P12, P33 and P33 dark-reared mice. Note that the number of RGC with peak located near 30% of the IPL is 
significantly reduced in dark-reared mice (P33D). B: Representative frequency histograms of RGC light responses of an ON cell (top), 
an ON-OFF cell (middle), and an OFF cell (bottom), recorded using a multielectrode array system. C: Percentage of RGCs that are 
ON-OFF to light decrease with age. Note that light deprivation from birth (blue) prevents the age-dependent decrease of ON-OFF 
responding cells. Reproduced from Xu and Tian, 2007 (54); Tian and Copenhagen, 2003 (58).
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