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Abstract 

Ganglion cells are the output neurons of the retina and are known to remodel under 

subtle plasticity changes following the death of photoreceptors in inherited retinal 

degeneration. Here, we have examined the influence of retinal eccentricity on 

anatomical remodelling as well as ganglion cell morphology well after photoreceptor 

loss. Rd1 mice that have a mutation in the β subunit of phosphodiesterase 6 were used 

as a model of retinal degeneration and gross remodelling events were examined by 

processing serial sections for immunocytochemistry. Retinal wholemounts from rd1-

Thy1 and control Thy1 mice that contain a fluorescent protein that labels a subset of 

ganglion cells were processed for immunohistochemistry at 11 months of age. Ganglion 

cells were classified based on their soma size, dendritic field size and dendritic 

branching pattern and their dendritic fields were analysed for their length, area and 

quantity of branching points. Overall, there was more remodelling in the central 

compared to the peripheral retina. In addition, there was a decrease in the size and 

complexity of A2, B1, C1 and D type ganglion cells located in the central region of the 

retina. We propose that these changes in ganglion cell morphology are correlated with 

remodelling events in these regions and may impact the function of retinal circuitry in 

the degenerated retina.  

 

Keywords: ganglion cell, Retinitis Pigmentosa, plasticity, retina, eccentricity 
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Retinitis Pigmentosa is a family of inherited diseases that result in blindness. The 

disease targets photoreceptors with an initial degeneration of rods followed by cones 

(Hamel, 2006). Following complete loss of photoreceptors, neurons of the inner retina 

also undergo considerable plastic changes (Jones, et al., 2003, Marc, et al., 2003, 

Strettoi and Pignatelli, 2000, Strettoi, et al., 2003, Strettoi, et al., 2002, Greferath et al., 

2015). Ganglion cells, the output cells of the retina, pass information to higher visual 

centres and the influence of photoreceptor degeneration on these cells is particularly 

important for the success of any vision restoring therapies that directly target these cells 

in the retina.  

 

Our previous work, along with others, has described a number of changes in ganglion 

cells in the rd1 retina (Damiani, et al., 2012, Grafstei, et al., 1972, O'Brien, et al., 2014, 

Santos, et al., 1997, Sekirnjak, et al., 2011). Notably, advanced retinal degeneration is 

associated with a reduction in dendritic field size and complexity (Damiani et al., 2012, 

Grafstei et al., 1972, O'Brien et al., 2014). Additionally, cell death has also been 

substantial in late stages of degeneration with one study showing that only 30% of 

ganglion cells remained (Santos et al., 1997). Concurrently with these documented 

morphology changes, several animal models have also been used to show functional 

changes in these ganglion cells with increased spontaneous activity (Margolis, et al., 

2008, Sekirnjak et al., 2011) and higher activation thresholds required in the 

degenerated retina (Jensen and Rizzo, 2007, O'Hearn, et al., 2006, Suzuki, et al., 2004). 

All of the studies highlight that there are substantial changes in ganglion cells following 

photoreceptor loss. 
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The progression of photoreceptor loss in the rd1 mouse model of retinal degeneration, 

which has a mutation in the β subunit of phosphodiesterase 6, occurs in a central to 

peripheral manner and at 2 months there are less than 1% of photoreceptors remaining 

(Jimenez, et al., 1996). The inner retina then undergoes significant remodelling events 

following the loss of photoreceptors (Jones et al.,  2003, Marc et al., 2003, Strettoi et al., 

2003). However, limited information is known about the detailed morphology of 

ganglion cells located at different eccentricities at later stages of degeneration.  

 

The aim of this study was to evaluate the time course of anatomical remodelling in the 

central and peripheral retina and to characterize the morphology of ganglion cells in 

different regions of the rd1 mouse retina utilizing the Thy1 reporter mouse to visualize 

full ganglion cell morphology. We quantified changes in ganglion dendritic morphology 

in the central and peripheral retina of Thy1-rd1 mice compared to control Thy1 mice. 

Our results show that there were changes in the morphology of all of the ganglion cell 

classes examined. Evidence of gross remodelling events were also highlighted in the 

degenerated retina at the same time point.  
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Materials and Methods 

These animal procedures were undertaken with the guidelines outlined by the National 

Health and Medical Research Council and the ARVO Statement for the Use of Animals 

in Ophthalmic and Vision Research and in accordance with the University of 

Melbourne Animal Experimentation Ethics Committee.  

 

Animal and tissue preparation  

The mice used in this study were rd1 and rd1-Thy1 mice and aged to 3, 6, 8 or 11 

months. The rd1-Thy1 mice were a subset of those previously reported in O’Brien et al 

(2014).  Control mice were Thy1 mice.  

 

Mice were sacrificed by an overdose of sodium pentobarbital (Nembutal; Merial 

Australia, Parramatta, NSW, Australia: 60 mg/kg). Eyes were then immediately 

dissected, the anterior contents discarded and the posterior eyecup fixed in one of two 

ways depending on the type of tissue processing to be performed. Posterior eyecups that 

were to be processed for resin embedding and postembedding immunocytochemistry, 

were fixed overnight in a solution containing 1% paraformaldehyde, 2.5% 

glutaraldehyde, 3% sucrose and 0.01% calcium chloride in 0.1M phosphate buffer (PB) 

and then washed in 0.1M PB and stored in 0.1M PB at 4°C until use. Posterior eye cups 

that were processed for indirect immunohistochemistry were fixed in 4% 

paraformaldehyde in 0.1M PB for 30 minutes, washed in 0.1M PB, processed through 

graded sucrose (10%, 20%, 30% w/v sucrose in 0.1M PB) and stored at -20
o
 C until use. 

 

Amino Acid Immunocytochemistry 
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Posterior eyecups were dissected to provide ~0.5mm×0.5mm tissue samples from both 

the central and peripheral retina. These samples were dehydrated through graded 

methanol solutions and embedded in Epon-Medcast resin (Ted Pella, Redding, CA). 

Blocks were sectioned at 350nm on an ultramicrotome using a diamond knife. Serial 

sections were placed in filtered dH20 and dried on a 50ºC heater.  

 

Amino acid immunocytochemistry was performed as previously described by Fletcher 

and Kalloniatis (1996) (Fletcher and Kalloniatis, 1996) and was a slight modification of 

Marc et al (1990) (Marc, et al., 1990). Briefly, slides were deplasticised in a solution of 

sodium ethoxide (containing sodium hydroxide and 100% ethanol in a 1:5 ratio). They 

were then processed through graded methanols of 100%, 60% and 30% before being 

washed in 0.1M PB. Slides were placed in 1% sodium borohydride for 30minutes and 

then washed in 0.1M PB and dried. Slides were then incubated for 1 hour at room 

temperature in a blocking solution containing 5% normal goat serum, 0.8% bovine 

serum albamin in 0.1M PB. Primary antibodies (kindly donated by Robert E Marc, 

University of Utah) were diluted in the 1% normal goat serum in 0.1 PB to the 

appropriate concentrations and applied to retinal sections overnight: anti-glutamate 

1:4500, anti-γ-amino-butyric (GABA) acid 1:4500, anti-glycine 1:4000, anti-glutamine 

1:500 and anti-taurine 1:1000 (Downie, et al., 2010, Fletcher and Kalloniatis, 1996, 

Marc et al., 1990). These antisera are highly selective for protein glutaraldehyde-

conjugated amino acids, as determined by dot immunoassays with synthetically-

manufactured antigens and do not cross react with other amino acids (Marc et al., 1990, 

Marc, et al., 1995). The labelling pattern obtained was similar to that previously 

reported in rat retina (Downie et al., 2010, Downie, et al., 2007, Fletcher and 

Kalloniatis, 1996, Fletcher and Kalloniatis, 1997, Sun, et al., 2007).  
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Following incubation in primary antibody, slides were washed in 1% normal goat serum 

in 0.1PB for 30minutes and then quickly rinsed in PBS and air dried. Secondary 

antibody was 2nm gold conjugated goat anti-rabbit IgG (ProSciTech, Thuringowa, 

QLD, Cat#JB15860) diluted to 1:100 in 1% normal goat serum in 0.1M PB for 1 hour. 

Sections were then rinsed in PBS for 30minutes before being fixed with 1% 

glutaraldehyde in 0.1M PB for 10minutes. Following rinsing in 0.1M PB and 0.2M 

Citrate buffer, sections underwent silver intensification, involving the reduction of 

silver ions in a 1% (w/v) silver nitrate solution to elemental silver on the surface of the 

secondary antibody’s 2nm gold particle. Slides were air dried and cover-slipped using 

Epon-Medcast resin (Ted Pella, Redding, CA).  

 

Immunohistochemistry  

Posterior eyecups were thawed and the retinae dissected and incubated for 3 nights at 

4°C in rabbit anti-GFP-Alexa Fluor 488 (Invitrogen Australia, catalogue #A11034) 

diluted at 1:500 in a buffer consisting of 3% normal goat serum, 1% bovine serum 

albumin and 0.5% Triton X-100 in 0.1M PB. Wholemount retinae were washed in 0.1M 

PB and coverslipped in mounting medium (DAKO, Carpinteria, USA). 

 

Microscopic Analysis 

All resin sections were viewed on an Axioplan microscope (Zeiss, Oberkochen, 

Germany) using a 20x air objective or 40x oil objective and images were captured using 

an attached digital camera and computer software (SPOTCam Image, version 3.5.2 for 

Windows, Diagnostic Instruments, Perth, WA, Australia). Wholemount retinae were 

viewed and imaged on a Zeiss PASCAL LSM-5 confocal microscope (Carl Zeiss, Jena, 
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Germany), using objectives (x20 and x40 oil) and captured at a resolution of 512×512 

or 1024x1024 pixels using image browser software (Zen, Carl Zeiss) and an appropriate 

filter (Alexa TM 488/FITC: excitation 488nm, emission filter 522/32). Ganglion cells 

were identified based on the presence of an axon. Z-stack images of 1μm thickness were 

obtained through the entire cell and tile scans were collected for eccentricity 

measurements. Images were collated using Adobe Photoshop Elements 8.0 (San Jose, 

CA). 

 

Ganglion Cell Analysis 

 

Dendritic stratification: 

For the classification into ON and OFF ganglion cells confocal Z-stack images of entire 

ganglion cells were projected with Imaris software ( 6 ,  . . .  Bitplane   ,   rich, 

3 Switzerland) and the obtained the 3D images turned 90 degrees so that the 

stratification of the dendritic tree within the IPL became obvious. Ganglion cells in both 

wildtype and rd1 retinae were identified as ON cells if they stratified within 0-40% of 

the IPL depth and as OFF cells if they stratified within 60-100%. 

 

 

Dendritic field measurements: 

 

The ganglion cells reported here are a subset of those described in O’Brien et al (2014). 

Each ganglion cell was classed into a group based on methods previously described 

(O'Brien et al., 2014). Briefly, classification was first defined by the soma and dendritic 

field diameters and then further examined by the structure of the dendritic field as 

previously described in Sun et al, (2002). Eccentricity measurements were obtained by 

measuring a straight line between the soma centre and optic disk for each ganglion cell. 

Measurements which were <1500µm were defined as the central retina whereas 
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>1500µm was defined as the peripheral retina. The software program ImageJ was used 

for all calculations (an open source Java application, version 1.44p; National Institutes 

of Health, Bethesda, MD, available online at http://rsbweb.nih.gov/ij/). The structure of 

the dendritic field of each ganglion cell was analysed using the software program 

Metamorph (Molecular Devices) by automatically tracing the cell based on the intensity 

of GFP labelling. The total dendritic length, total dendritic area and the number of 

branch points was calculated for each cell and was included in this study following 

inspection after the automated analysis to ensure minimal dendritic overlapping with 

neighbouring cells.  

 

Statistical Analysis  

Two-way analyses of variances were performed for data of cell morphologies in the 

rd1-Thy1 and control retinae at central and peripheral eccentricities using the software 

program SigmaStat (Aspire Software International, Ashburn, VA). The Shapiro-Wilk 

test was used to test the assumption of homogeneity in variances and logarithmic or 

squared power transformations were performed when required. Significance between 

the mean responses was defined when p<0.05. Tukey’s tests were performed as post-

hoc pairwise comparisons when the interaction terms were significant to evaluate the 

differences between diseases at each locations and they are presented graphically using 

an asterisk. The main effect of disease was tested when the interaction term was not 

significant and this is presented on the graphs using bold font. All values are 

represented as mean ± standard error of the mean. 

http://rsbweb.nih.gov/ij/
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Results 

The major aim of this study was to evaluate whether the morphology of ganglion cells 

in the rd1-Thy1 retina changes with respect to eccentricity. To do this we analysed the 

inner retina at three different time points during degeneration (3, 6 and 11 months) to 

determine gross remodelling events in different regions of the retina at these ages. We 

then analysed the effect that these events may have on ganglion cell morphology by 

analysing ganglion cells in the central and peripheral regions of the degenerated retina 

at 11 months of age, a time point when the highest number of remodelling events were 

noted.  

 

Cell changes in the central and peripheral retina 

We first confirmed the extent of inner retinal remodelling in the rd1 retina. The amino 

acids glutamate, GABA and glycine label virtually all neurons in the rodent retina 

(Downie et al., 2010, Downie et al., 2007, Fletcher and Kalloniatis, 1996, Kalloniatis 

and Fletcher, 1993, Marc, et al., 2008, Marc et al., 1990, Marc, et al., 1998, Sun et al., 

2007). Therefore, we used post-embedding immunocytochemistry in serial sections to 

localize macroscopic changes in neurons. We examined rd1 retina at 3-5, 6-8 and 11 

months old for anatomical changes in neurons and glia within the central retina 

compared with the peripheral retina. The samples were 1116.3±37.1µm in length in the 

central retina and 870.1±74.6µm in the peripheral region. Examples of the changes that 

were noted include the formation of cells stacked onto each other forming cell columns 

(Figure 1 a-c), processes from inner retinal neurons being mislocated into distal regions 

of the retina (Figure 1 d-f) and thickening of Müller cell processes in the subretinal 

position (Figure 1 g,h). In all samples at each age group there was more of an abundant 

of anatomical changes in the central retina than the peripheral retina (Figure 1 i).  
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In order to gain an appreciation for changes in the number of Thy1 labelled ganglion 

cells at the different stages of degeneration, we quantified the number of labelled cells 

in control Thy1 and rd1-Thy1 retinae at 3 (n=4), 6 (n=5) and 11 months (n=6) of age. 

These values are given in Table 2. There was no difference in the number of Thy1 

positive ganglion cells in the central retina of Thy-1 and rd1-Thy1 retinae at any of the 

ages examined (Age: F(1,21)=0.879, p=0.359; Animal type: F(2,21)=0.193, p=0.826). In 

contrast, there was a decrease in the number of Thy-1 labelled ganglion cells in the 

peripheral retina of rd1-Thy1 retinae compared to Thy-1 controls (F(1,21)=13.731, 

p=0.001).  

 

Morphological changes in ganglion cell stratification in rd1 retina 

In order to classify ganglion cells into mono-stratified ON- and OFF-type or ON/OFF 

bi-stratified ganglion cells the dendritic stratification pattern was analysed. Ganglion 

cells were identified as ON cells if they stratified within 0-40% of the IPL depth and as 

OFF cells if they stratified within 60-100% (Figure 2a-d). Ganglion cells of all types 

were observed in both wildtype and rd1 retinae. Interestingly, we observed signs of 

remodelling of ganglion cell dendrites in rd1 retinae. Dendrites of mainly ON ganglion 

cells, which were clearly classified into a mono-stratified type often were not entirely 

confined to a single layer but single dendritic branches were found to weer out into 

neighbouring layers towards the OFF layer (Figure 2c, d).  

 

Ganglion cells in the central and peripheral retina  

In order to further analyse the morphology of the dendritic tree of ganglion cells across 

the entire retina we analysed  80 ganglion cells in the control retina and 75 ganglion 
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cells in the rd1-Thy1 retina and classified them into groups A2, B1, C1 and D (Table 1). 

Comparisons between degenerated and control retina showed clear changes for all cell 

types examined. A2 type ganglion cells showed a significant decrease for the total 

dendritic length in the central retina and, overall, this cell class also showed significant 

decreases in the total dendritic area and the number of branch points in the rd1-Thy1 

retina irrespective of eccentricity (Figure 3 c-e). B1 type ganglion cells showed a 

significant decrease in the total dendritic length and total dendritic area of ganglion cells 

identified in the rd1-Thy1 retina (Figure 4 c,d). C1 (Figure 5 c-e) and D (Figure 6 c-e) 

type ganglion cells showed substantial changes with both cell classes showing a 

significant decrease in the total dendritic length, total dendritic area and the number of 

branch points in the central retina of rd1-Thy1 animals.  

 

We also compared the eccentricity of ganglion cells in the control and rd1-Thy1 retina 

separately. Some analysis parameters showed a difference between central and 

peripheral regions of the control retina. Specifically, A2 type ganglion cells showed a 

significantly larger dendritic field length in the central retina (p=0.011) and C1 type 

ganglion cells showed a significantly larger dendritic field area (p=0.008) and the 

number of branch points (p=0.019) in the central retina compared with ganglion cells 

identified in the peripheral region. D type ganglion cells were the only cell type to show 

any differences between ganglion cells in the central region compared with the 

peripheral region in rd1-Thy1 retinae. There was a significant decrease in the dendritic 

field area (p=0.012) of ganglion cells in the central retina.  
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Discussion 

Morphology changes do depend on eccentricity 

The results in this study indicate that ganglion cells in the degenerated retina undergo 

morphological change in agreement with several other reports (Damiani et al., 2012, 

Grafstei et al., 1972, O'Brien et al., 2014). The current study has also shown that most 

ganglion cells susceptible to changes in their morphology were present in the central 

region of the rd1 mouse model of degeneration. This is in contrast to a previous study 

which did not show any differences between ganglion cells in the central and peripheral 

regions (Lin and Peng, 2013). The differences noted here are possibly due to the greater 

sample size of cells that were analysed. Additionally, this study also showed that in the 

normal retina there are differences in ganglion cells sizes across the retina in some 

classes of cells which has also been found in other animal models (Wassle and Boycott, 

1991) and humans (Dacey and Petersen, 1992).    

 

Morphology changes are most likely driven by remodelling events  

There are a variety of underlying causes that might explain the morphological changes 

described in this study. First, cell loss could contribute to changes in morphology. 

Specifically, ganglion cells may spread to cover larger areas of the retina to encompass 

regions that were previously occupied. However, ganglion cells in the degenerated 

retina have mainly shown a reduction in dendritic field size in this study and previous 

studies (Damiani et al., 2012). Additionally, ganglion cell loss, particularly in the 

central retina, is not significant at these ages (Damiani et al.,  2012, Grafstei et al., 1972) 

and one study only reported a 20% reduction in the number of ganglion cells in the 3-6 

month old rd1 retina (Grafstei et al., 1972). Second, ganglion cells in the rd1 retina may 
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not develop normally as photoreceptor loss begins during retinal development which 

has been shown to have a detrimental effect on the synaptic connections between 

bipolar cells and photoreceptors (Blanks, et al., 1974, Strettoi and Pignatelli, 2000). 

This may potentially also affect other secondary neurons resulting in altered dendritic 

morphology as previously seen in some ganglion cells in the rd1 retina (Damiani et al., 

2012). However, the results of another study show that the majority of ganglion cell 

types show normal morphology at 3 months of age (O'Brien et al., 2014). 

 

A likely cause of the observed ganglion cell changes may result from remodelling 

events that occur in the later stages of degeneration (Jones et al., 2003, Marc and Jones, 

2003). It is known that degeneration and remodelling of the inner retina occurs in 

patches across the retina (Marc and Jones, 2003) and is more heavily abundant in the 

central retina. Additionally, as retinal degeneration progresses these remodelling events 

become more extensive (Jones, et al., 2005). This is in agreement with the data 

presented here that indicates ganglion cell morphology changes at 11 months of age.  

 

 

Conclusions 

This study showed that several subclasses of ganglion cells were affected by retinal 

degeneration. Specifically, there was a decrease in size and complexity of A2, B1, C1 

and D type ganglion cells in the central region of rd1-Thy1 retina. It is thought that 

these ganglion cells in the central region of the retina were more susceptible to 

morphology changes than those in the peripheral region due to the remodelling events 

that also occur in this area. The changes in the dendritic composition of these ganglion 
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cells will most likely impact the function of individual cells as well as the retinal 

circuitry in these areas in the degenerated retina.  
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Tables 

Table 1: The number of retinal ganglion cells that were classified and analysed in 

control (Thy1) and rd1-Thy1 mice 

Cell 

Type 

Thy1(n=4) rd1-Thy1 (n=7) 

C* P^ C* P^ 

A2 7 10 8 5 

B1 3 10 8 6 

C1 3 21 10 28 

D 6 20 3 7 

* C = central; ^ P = peripheral 

All cells were a re-analysis of those described in O’Brien et al 2 14 

 

 

Table 2: The number of retinal ganglion cells in control (Thy1) and rd1-Thy1 mice. 

Values are represented as mean ± SEM. 

Age 

(months) 

Thy1 rd1-Thy1 

C* P^ C* P^ 

3 25±4.3 58±2.1 22±5.7 30±6.8 

6 25±1.9 53±3.8 23±6.4 40±4.6 

11 32±2.3 81±5.7 24±6.4 49±12.1 

* C = central; ^ P = peripheral 
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Figure legends 

Fig 1 Remodelling events in the rd1 retina. Vertical sections of rd1 retinae 

immunolabelled for glutamate, GABA, glycine and taurine. (a-c) A cell column (arrow) 

originates from the ganglion cell layer in the central retina of a 8 month rd1 mouse. (d-

f) Strictures (arrows) which are fragments of processes were seen in the inner nuclear 

layer of a 6 month rd1 retina. (g,h) Glial hypertrophy (arrow) was evident from the 

subretinal position in the retina of a 8 month rd1 mouse. (i) The total number of 

anatomical remodelling events in the central and peripheral regions of the retina at 3-5 

months, 6-8 months and >11 months. There was a larger occurrence in the central retina 

at all ages and the total number of remodelling events increased with age. 

Abbreviations: INL, inner nuclear layer; IPL, inner plexiform layer; GCL, ganglion cell 

layer. Scale bar seen in (h) = 20µm 

 

Fig 2 Remodelling events in ganglion cell dendritic stratification the rd1 retina. 

Retinal wholemounts were processed for fluorescence immunohistochemistry and 3D 

images of confocal z-stacks were tilted 90
0
 using Imaris software to visualise dendritic 

stratification. (a,b) Representative ganglion cells in the Thy1 control retina stratifying in 

the middle (a) and ON sublayer (b) of the IPL. (c,d) Ganglion cells in the rd1-Thy1 

retina stratifying into the ON-sublayer of the IPL. Arrows indicate remodelled dendritic 

branches extending into the neighbouring layer. Scale bars = 20µm.   

 

Fig 3 A2 type ganglion cells in the control and rd1-Thy1 retina. Retinal 

wholemounts were processed for fluorescence immunohistochemistry and ganglion 

cells were analysed using metamorph software. (a,b) Representative examples of A2 

type ganglion cells in the Thy1 and rd1-Thy1 retina in the central region. Scale bar = 
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20µm. (c-e) Analysis parameters of ganglion cells in central and peripheral regions. 

Values are represented as mean ± SEM. Differences between the mean responses were 

considered significant for p<0.05 and are highlighted using bold font. When there was a 

significant interaction, the pairwise comparisons which were also significant are 

represented on the graphs using an asterisk. There was a significant decrease in the 

dendritic length of ganglion cells in the central retina. Additionally, there was a 

significant main effect of disease for all measured parameters  

 

Fig 4 B1 type ganglion cells in the control and rd1-Thy1 retina. Retinal 

wholemounts were processed for fluorescence immunohistochemistry and ganglion 

cells were analysed using metamorph software. (a,b) Representative examples of B1 

type ganglion cells in the Thy1 and rd1-Thy1 retina in the central region. Scale bar = 

20µm. (c-e) Analysis parameters of ganglion cells in central and peripheral regions. 

Values are represented as mean ± SEM. Differences between the mean responses were 

considered significant for p<0.05 and are highlighted using bold font. When there was a 

significant interaction, the pairwise comparisons which were also significant are 

represented on the graphs using an asterisk. There was a significant decrease in the 

dendritic length and area in the central region of the rd1-Thy1 retina 

 

Fig 5 C1 type ganglion cells in the control and rd1-Thy1 retina. Retinal 

wholemounts were processed for fluorescence immunohistochemistry and ganglion 

cells were analysed using metamorph software. (a,b) Representative examples of C1 

type ganglion cells in the Thy1 and rd1-Thy1 retina in the central region. Scale bar = 

20µm. (c-e) Analysis parameters of ganglion cells in central and peripheral regions. 

Values are represented as mean ± SEM. Differences between the mean responses were 
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considered significant for p<0.05 and are highlighted using bold font. When there was a 

significant interaction, the pairwise comparisons which were also significant are 

represented on the graphs using an asterisk.  There was a significant decrease in all 

measured parameters in the central region of the rd1-Thy1 retina 

 

Fig 6 D type ganglion cells in the control and rd1-Thy1 retina. Retinal wholemounts 

were processed for fluorescence immunohistochemistry and ganglion cells were 

analysed using metamorph software. (a,b) Representative examples of D type ganglion 

cells in the Thy1 and rd1-Thy1 retina in the central region. Scale bar = 20µm. (c-e) 

Analysis parameters of ganglion cells in central and peripheral regions. Values are 

represented as mean ± SEM. Differences between the mean responses were considered 

significant for p<0.05 and are highlighted using bold font. When there was a significant 

interaction, the pairwise comparisons which were also significant are represented on the 

graphs using an asterisk.  There was a significant decrease in all measured parameters in 

the central region of the rd1-Thy1 retina 
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